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INTRODUCTION
Dear colleagues,
Welcome to the 6th edition of the International Conference on Cartography and GIS in Bulgaria. The Conference is
dedicated to the International Map Year 2015-2016. The previous events took place in Borovets (2006 and 2008),
Nessebar (2010), Albena (2012) and Varna-Riviera (2014). The conference is organized by Bulgarian Cartographic
Association and University of Architecture, Civil Engineering and Geodesy (UACEG) in Sofia. This year, 2016, the
summer resort Albena will welcome the participants from 13 to 17 June for the second time of the Conference’s history.
The organizers’ aim is to collect knowledge and information about the latest achievements of cartography combined
with GIS in the region of the Balkan Peninsula, Europe by adding also global aspects. Another goal is to discover and
offer decisions for satisfaction of the ever increasing demands for analyses and visualization of geo-spatial data in the
area of science, economy, management, ecology, and crisis situations in our modern times at a national, regional and
global scale.
The main topics of the conference and the Proceedings’ Volume 1 are:


Cartography Concepts in BigData Environment



GIS Technologies and Related Disciplines



Web Cartography and Digital Atlases



Map Design and Production



Cartographic Visualization



Volunteer Geographic Information



3D Cartographic Modelling



Cartography and GIS in Education



Geo-Spatial Analysis and Data Mining



Contemporary Problems Using Geodetic Coordinate Systems and Map Projections



Geospatial Data Acquisition by Remote Sensing Technologies for Cartographic Purposes



GIS for Geology and Natural Sciences

In these years, marked by social and natural crisis, these topics allow us to outline the hunger of our users for
cartography achievements. They also show the need of businessmen, government representatives and scientists for real
time cartographic representations and better SDI, GPS and GIS solutions. To deliver them, we need support of domain
specialists in different branches of the Earth sciences.
During the conference, four ICA commissions on:


Cartography and Children



Cartography on Early Warning and Crisis Management



Map Projections



Commission on Use, User and Usability Issues

will have their annual meetings.
SEMINAR WITH EU COOPERATION ON EARLY WARNING AND DISASTER / CRISIS MANAGEMENT is
organized by Prof. Dr. Milan Konecny, Chair of Commission on Cartography on Early Warning and Crisis
Management and ICA President (former) under the auspices of the Czech ambassador to Bulgaria His Excellency Mr.
Dušan Štrauch and with co-organizer Masaryk University, Brno, Czech Republic.
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The conference is supported by different ministries and government institutions that expect significant results to be
achieved and many new projects to be started during the event. As EU member since 2007 and NATO member since
2004, Bulgaria welcomes all ideas for collaboration in the field of Earth sciences. An example for such cooperation is
the above-mentioned Seminar that has acquired EU dimension built around the Bulgarian and Czech combined efforts.
Among the members of the Local Organizing Committee, numerous universities that specialize in the field of
Cartography and GIS can be distinguished. The organizers are proud to announce that the following leader companies
in geoinformatics and cartography domains participate as sponsors of the event: HERE, DataMap-Europe and GIS
Sofia.
World-famous scientists are invited to present keynote speeches:
Prof. LASZLO ZENTAI
ICA Secretary General and Treasurer, HUNGARY
“ICA’s Modern Cartography”

Prof. LIQIU MENG
Technical University of Munich (TUM), GERMANY
“Cartography and Its Connecting Role”

ALEKSANDAR TODOROV
HERE Ltd. Sofia, BULGARIA
“HERE Maps and Mobility of the Future”

The main international organizer is the International Cartographic Association (ICA) with the exclusive support of the
Secretary General of ICA Prof. Laszlo Zentai and many chairs of ICA commissions. This cooperation arouses interest
among 150 participants from more than 40 countries.
I would like to wish all colleagues successful work, inspiring discussions about present issues and many new
opportunities for improvement and collaboration in the near future.

Prof. Dr. Temenoujka Bandrova
President, Bulgarian Cartographic Association

13

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

6th International Conference on Cartography & GIS

PROCEEDINGS
VOLUME 1
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ICA’S MODERN CARTOGRAPHY
László Zentai
Prof. László Zentai
Eötvös Loránd University, Department of Cartography and Geoinformatics
1117 Budapest, Pázmány Péter sétány 1/A, Hungary
telephone: +36 1 3722975, fax number: +36 1 3722951
e-mail: lzentai@caesar.elte.hu
Abstract
The International Cartographic Association was established in 1959. The mission of the ICA is to promote the
disciplines and professions of cartography and GI science in an international context. The successful development of
modern cartography requires integrated interdisciplinary approaches from domains such as information technology,
communication science, cognitive sciences, and geospatial information management. It is those interdisciplinary
approaches which make sure that we work towards human-centred application developments by applying innovative
engineering methods and tools in a rapidly developing technological environment. Visualization of selected information
means that some features present in reality are depicted more prominently than others, while many features might not
even be depicted at all according to the theory of generalization, which is well-known for experienced cartographers;
however, this can be absolutely obscure for the ordinary users. Abstract visualisation makes a map very powerful, as it
helps to percept and interpret complex situations efficiently.
Keywords: Cartography, visualization, ICA

INTRODUCTION
The information technology revolution of the last fifty-sixty years has transformed all disciplines, including
cartography. As the International Cartographic Association (ICA) was established in 1959, we can state the IT
development has influenced its operation that since the first years of the organisation. The history of the ICA, the focus
of our international cartographic conferences clearly reflect to this development. During this time (mostly from the
internet era) cartographers invented various terms to describe the rapid development process, like cybercartography,
neocartography, cartography 2.0 or modern cartography. (Recently, the last two terms seem to be used most
frequently.). This paper identifies the most important moments (milestones) of these decades based on the development
of cartography, information technology and their effect on the organisation.
The role and place of cartography amongst other sciences have changed time to time. Cartography, as a practice of map
making was known even in the ancient times, but became an independent science only in the first decades of the 20th
century. If we need to list the recent tasks of cartography, our statements can be quite general:


Cartography wants to understand and represent the global problems.



Maps are the best tools to visualise the spatial, economic relationships.



Cartography provides a global forum for experts: the universality of science is one of the most important
opportunities of researchers. Cartography was always open towards other sciences, which is proved by the fact
that the ICA was accepted as a union member of the ICSU (International Council for Science) in 2014.



The adoption of new and more global aims, reflecting the international vision of the ICA’s foundation years,
has led to a more expansive policy of interaction with sister societies and with international organisations.



Cartographers have to follow the technological and IT developments, if necessary they even have to develop
applications.



Using their knowledge and experience of the technological developments, cartographers have to support the
education, the national mapping activities including the preservation of cartographic heritage (Gercsák and
Elek, 2012).
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20TH CENTURY MILESTONES IN CARTOGRAPHY
The cartographic milestones of the 20th century were not based only on the development of informatics (except the last
one or two decades), but there were some other innovations which had a significant role in the history of cartography.
The themes of the ICA’s international cartographic conferences (ICC) reflect on the most relevant new technologies, so
the scientific presentations at the ICCs is one of the most prominent evidences of the rapid technological development.

Aerial photography, photogrammetry
The technology developed quite slowly in the beginning of the 20th century, but it became soon (especially after World
War II) the most important method for creating topographic maps. Due to the complexity of the technology and the
necessary infrastructure, this method was used first by the national mapping agencies (at that time mostly military
mapping agencies). It is also important to mention that nowadays, thanks to the digital cameras and UAVs, this
technology is much more affordable even for individuals supposing that they can handle big data, which definitely
requires very powerful IT devices and sophisticated software solutions. Naturally, the recent users are not really
focusing on the classical topographic mapping (because these data are already available in digital from), but other
thematic applications, like crisis management (flood, forest fire), archaeological, vegetation mapping or similar surveys.
Nowadays the technology is still frequently used, but we have to emphasize two important changes, improvements: the
technology has totally changed to digital and the resolution is also increasing continuously allowing larger scale
thematic applications.

Remote sensing
The space race was one of the most prominent areas of the Cold War era. Both parties (the rivals) wanted to prove their
technological state of development. The Soviet Union launched the first artificial satellite (1957), they successfully
completed the first satellite impact on the Moon (1959) and they completed the first manned satellite mission (1961). At
that time remote sensing was used only for military surveillance and reconnaissance purposes, but due to the limitations
of the early remote sensing technologies the analogue photo films had to be transported back to the earth for
developing. The first digital remote sensing solutions were developed only in the beginning of the 1970s: it requires the
evolving of the sensors, the data transfer methods and the data processing technologies. We have to emphasize the role
of the first earth resources technology satellite, the Landsat, which is the longest running civil acquisition. The success
of the Landsat satellites made the civil areas understand the role of this technology.
We also have to mention that the use of satellite images, the continuously improving resolution made it possible to
cease the secrecy of aerial photographs and topographic maps. Practically this technological improvement coincided
with the political change in Eastern Europe, so it was easier to make the political decision on the free access of such
cartographic products.

Computers
The wider industrial use of computers started at the beginning of the 1960s mostly in North America, but the IT and
electronic support had a very important role on the Japanese industry (particularly on car manufacturing) developing
robot technologies. At that time mostly the governmental organisations (mainly the military and administration) had
access or had enough resources to the information technology. Although the idea of geographic information software
was invented at that time (1960s), it was far from being widely used.
The release of personal computers in 1981 (IBM) brought the real breakthrough in the number of computer users.
Although at the beginning the PC prices were quite high, the prices dropped down very quickly thanks to the clones and
it let even simple home users buy such machines. The very first wide-spread use of computers was word processing to
replace type writing and to allow saving and easy text modification. We have to emphasize the role of other
developments, like computer games, which dramatically increased the number of amateur computer users and increased
the multimedia capabilities of personal computers. The second important step was the development of web in 1990
(Tim Berners-Lee). After a few years – partly thanks to the more and more user-friendly PC graphic environments and
operation systems – the richer and richer content on the websites and new web-based services have made the computer
usage even more attractive for even the non-computer users.
The PC era also supported higher education (and later all lower levels of education) to use personal computers in the
education, which practically influenced not only the training courses and subjects related to information technology, but
all other areas, especially natural sciences. Nowadays it is difficult to find any scientific or scholarly area which is not
influenced by the rapid changes of the information technology.
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Geographic information system
From cartographic point of view the most relevant milestone was the invention of the geographic information system.
As mentioned previously, the GIS was invented about fifty years ago by geographers to process scientifically digital
statistical information. At that time the IT hardware and software environment was very limited. There were two main
constraints in GIS at that time:


digital maps were not available in the early era of GIS; in most of the countries national mapping agencies
have started the digitization of their topographic maps only in the PC era (1980-90s); depending on the size of
the country and the largest available scale, the digitizing process took as many as 10-15 years;



although the visualisation part is not the most important function of GIS (in the early GIS ages it was probably
more important, because the visualisation on computer screens was even more limited), the output
technologies – computer printers – were not suitable for sophisticated output before the maturing of laser and
inkjet printing models.

The continuous development of GIS was a very important contribution to modern cartography. GIS itself is not able to
solve all problems of cartography, but nowadays even the most complex cartographic processes (like the generalisation
or 3D representation) are supported in some GIS packages or the national mapping agencies themselves develop
solutions.

Global Navigation Satellite System
Intercontinental transportation (flights, ship transportation, submarines) required a global navigation system even in the
first part of the 20th century. After World War II several methods were invented, but the first real solution was Navstar,
the first satellite-based global navigation system. The theoretical background was invented in the 1960s, but the space
technologies were able to provide user-friendly and reliable solution only after same decades, in the middle of the
1990s. This solution was also dependent on the development of information technology, where even the simplest
devices were able to manage the required measurements and calculations.
Nowadays the technology is available in more and more simple devices (mobile phones, smartphones, tablets, digital
cameras) allowing practically each citizen to locate their positions continuously and share it with other people on social
media or use any types of location based services.

Laser scanning
Laser scanning is a remote sensing technology, which has already been developed around the 1960s, but the real
cartographic application became available only since the middle of the 1990s. Nowadays this is definitely one of the
most prominent applications which generates big data; the fast and efficient processing requires specially designed
software environment.
Terabytes of data can be generated by laser scanning even in one day or shorter time, so powerful IT solutions are really
necessary to achieve a simple goal: the data processing have to keep space with the generation of laser scanning data. In
many countries laser scanning data are freely available on the websites of national mapping agencies (thanks to the
continuously developing bandwidths), but unexperienced users have no practice on big data (at least not on common
desktop or laptop computers).

Unmanned Aerial Vehicles
Nowadays when we are talking about modern cartography we regularly mention one of the most prominent
characteristic features: the democratised process of mapmaking. Unmanned aerial vehicles (UAVs) or drones are one of
the most prominent tools of this democratisation, but the state cartography and the national regulations are still working
on the proper regulation of these devices. Previously all aerial photography or remote sensing technologies were used
by national mapping agencies or larger companies, because it required large financial investment and technological
experience.
Drones are known as trendy and simple presents, rather toys for ordinary people. Thanks to continuously improving
developments, like modern advanced batteries, digital cameras (CCD sensors), affordable memory cards or solid state
drives as storage devices, remote controlling technologies, simple drones became cheap commercial products. But from
professional point of view unmanned aerial vehicles are real tools not only for cartographers, but all other areas where
fast and affordable remote sensing devices are required. Although the professional UAVs are quite expensive, these are
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still much more flexible and affordable compared to the real airplane based air-borne remote sensing technologies (no
need for close airports/airfields). In addition to autonomous operation, certain drones carry a myriad of verious sensors.
The convenience of inspecting vast infrastructure without significant time and manpower invested is enough of a reason
for GIS experts, surveyors, and construction firms to deploy drones.

WORLD-WIDE MAPPING, GLOBAL MAP SERVICES
Map of the World and its digital realisations
It is difficult to imagine that even fifty years ago the largest scale in which the whole earth (every continent) was
mapped was 1:1 million only. In the Cold War era it was important for both sides to have precise information, detailed
maps of the most relevant areas, but they also tried to collect information on all continental (and marine) areas. The ICA
was established in 1959 by Western countries and socialist (Eastern Bloc) countries were able to join only after 1964.
Eduard Imhof, the first ICA President mentioned at the first General Assembly of the ICA in 1961: Good, accurate
topographical maps at scales larger than 1:100 000 scarcely exist today for more than about 1% of the earth’s surface.
For vast regions it is not even possible to compile the International Map of the World to 1:1 000 000 with uniformly
good topographic quality (Ormeling, 1984). Although the project on producing the International Map of the World
begun in 1913 to create a complete map of the world according to internationally agreed standards, finally only 800 to
1000 of 2500 planned maps were completed, when the United Nations Organisation stopped the project (the idea was
originally suggested by the German geographer Albrecht Penck at the ned of the 19th century).
Only forty years ago from now socialist countries were able to present their 1:2 500 000 scale Map of the World (Karta
Mira) at the ICC 1976 in Moscow (altogether 224 sheets), but certain sheets were not really easily available for Western
countries (Figure 1).

Figure 1. A small section of the 1:2 500 000 scale Map of the World
In the GIS era it was important to have a global digital map (database) available, but without having it in paper form it
was not easy to complete this mission (such maps were created mostly for military purpose). Finally, the first version of
the Digital Chart of the World was released in 1992; this is a consistent world-wide cartographic database at a scale of
1:1 000 000. Since then this unique public domain global GIS database of 1.7 GB has been translated into most major
GIS formats and distributed to several thousand GIS users world-wide. This database became freely available after
2006.
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On-line global mapping services
For ordinary people, for common computer users the best -known cartographic milestone is the appearance of on-line
global mapping services. Even in the very early stage of the web era such services were developed. The first
(experimental) one was the Xerox ParcViewer (1993), but comparing it to the recent services it was a very embryonic
static service, providing only shorelines, country borders and limited hydrography in a raster image. The first
commercial map service was MapQuest (1996), but street-level maps were provided only for US cities. America Online
acquired the company in 2000, but it had the second highest share of the online mapping market in 2015. A UK-based
company, Multimap provided a similar service for United Kingdom. This company was acquired by Microsoft in 2007
and merged into Bing Maps in 2010.
It is also necessary to mention some other, non-commercial (partly experimental) services, which mostly provided
satellite images:


TerraServer (1998–2000): this service was a joint effort of USGS (which serves USA by providing scientific
information to describe and understand the Earth, so we can treat it as a national mapping agency), Microsoft
and HP. It was created as a demonstration system to advertise the scalability of Microsoft's Windows NT
Server and SQL Server, and used satellite images from the USGS and the Russian Federal Space Agency.



NASA World Wind (2003): World Wind was an open-source, graphically rich 3D virtual globe, which was
first developed by NASA in 2003 for use on personal computers in Windows environment. The program
overlays mostly NASA and USGS satellite imagery (Blue Marble, Landsat 7, SRTM, MODIS), aerial
photography, topographic maps.

For most of the ordinary web users (desktop computers and mobile devices) the best -known (and most frequently
installed) map service application is GoogleMaps/GoogleEarth. Since 2005, when Google released this service, its
technological solution (tiles) became a standard. Its user interface and technology became a model of all other web
mapping services. GoogleMaps also provided an API (application programming interface), which made the creation of
mash-up applications possible, thus allowing individual users to combine their own data with the map service. This
option has really democratised the mapping process. Later, Google invented additional applications connected to
GoogleMaps/GoogleEarth in order to provide additional functionality for their users, like Camera, MapMaker and
Fusion Tables (Figure 2).

Figure 2. A Google Fusion Table, from a degree thesis of a Hungarian cartography MSc student, Réka Kis, 2014
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Other global commercial mapping services (MapQuest, BingMaps, YahooMaps, Here) are also providing similar
services, mostly using satellite images and vector-based topographic (street) maps, enriching the content with POIs
(point of interest features). One of the most important functions of these services is the up-to-date map content, which
requires continuous efforts from the companies.
An another great example of global mapping services is OpenStreetMap (OSM), which was inspired by the success of
Wikipedia in 2004. This is a non-commercial, collaborative project to create a free editable map of the world. Two
major driving forces behind the establishment and growth of OSM have been restrictions on use or availability of map
information across much of the world and the advent of inexpensive portable satellite navigation devices which allowed
crowd-sourcing based contribution. Since then, it has grown to millions of registered users, who can collect data using
manual survey, GPS devices, aerial photography, and other free sources.

THE MILESTONE OF SENSORS
Data collection is the initial part of the map making process. Nowadays data are collected by digital sensors. This was
probably the most revolutionary change of the last fifty years: since all the sensors have changed to digital, the quantity
of data are dramatically and continuously increasing. We also have to note that this development was supported by the
continuous development of IT devices: CCDs, memory chips, solid state drives and the increasing data transfer speed.
The development of sensors and the development of IT devices are regularly independent processes: so sometimes the
slower development on one side negatively effects the development on the other side. Now we feel that the data
collected by sensors is overwhelming us and our IT devices are not able to convert these data into useful information;
sometimes even storing the data is a challenge.
The size and price of sensors is continuously decreasing, so the expenses of data storage is also decreasing. Due to the
continuous development, cartography and geoinformatics are now facing with the problem of big data, which requires
considerable contribution from IT experts (Table 1):
Table 1. Typical sensors of cartography
Device

Navigation sensors

Imaging sensors

Communication capability

Smartphone

GPS, compass

CMOS (still and
video)

4G/5G/wifi/USB

Digital camera

GPS

CMOS (still and
video)

wifi, USB

Hobby GPS

GPS

No

wifi, USB

Car navigation

GPS

CMOS

wifi

Social networks

Acces point location,
GPS

webcamera

internet access

Open Source
In a scientific and academia environment the sharing of the results of research is more and more important. Thanks to
the sensors we have more and more data available. It is also essential that we are not just publishing the results of our
work in a scientific paper, but the open access of the collected data (whenever it is possible) would also be useful for the
further development.
Without effective long-term preservation, the environmental data (both current and historical) face the risk of becoming
unusable over time. From this perspective, there is a pressing need for the long-term preservation of the data made
available through Spatial Data Infrastuctures (SDI) like the European Union’s INSPIRE directive. An effective and
coherent approach is required to preserve the individual data repositories made available through the SDI over the longterm. This needs to address various complex issues, such as compatibility of data with future repository technology and
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ensuring its continued access even after its provider has ceased to exist. Long-term preservation of environmental data
exposed through uniform and interoperable SDIs is not currently explicitly addressed in the INSPIRE directive but is
highly important for applications that require continued access to both current and historical data, for instance for
monitoring climate change (Shaon and Woolf, 2011). Most of the SDIs are definitely not freely available, but there is a
tendency of publishing these information freely (Figure 3).

Figure 3. An international portal for providing free environmental data: http://www.ceda.ac.uk/

MODERN CARTOGRAPHY: TRENDS, MILESTONES OF THE FUTURE
The short-term development trends of IT and mobile devices are more and more unpredictable. There are definitely
trends, which look evident, which are easily predictable, but what is really difficult to predict are the user’s behaviour
and the prediction of which applications will be really wide-spread and popular. Just think about the heavily promoted
functions and products of the last years (like MMS or 3D television), but the users finally did not like these products or
the products were ahead of their time.


We have already mentioned the term big data. At the moment we are not able to predict the real effect of the
big data, but it is very characteristic that for example the work of astronomers has totally changed due to the
big data and 99% percent of their job nowadays is not what ordinary people think about astronomy: it is simply
processing and analysing big data. They have to develop new software which can more effectively support this
activity (data mining). So it is not enough to be an astronomer, because they have to be familiar with
programming as well. We may predict similar effect in cartography.



One of the potential answers to the big data problem is the crowd sourcing. Part of the data mining, data
processing can be crowd sourced (like SETI, the search for extraterrestrial intelligence; they have already
faced the big data problem in the 1980s). Cloud computing can provide application and storage solutions for
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big data, but if we can provide the volunteers with suitable applications we can achieve better results. We can
list projects in our domain where the crowd sourcing approach was successfully implemented; one of the most
frequently cited examples is the Haiti earthquake in 2010.


The appearance and wide spreading of mobile devices is as significant as it was in the 1980s, when personal
computers became available. Mobile devices can be not only phones, but rather sensors, data collectors and
sometimes even visualisation and presentation tools. In the last few years the development of the performance
of processors of mobile devices increased the development of desktop processors. The younger generation of
today prefers mobile devices instead of desktop computers or even notebooks.



Digital sensors are really everywhere. Sensors are interconnected and forming the internet of things (IoT).
IoT brought about such new terms like smart cars and smart homes: our main places of stay can communicate
with each other even without the users. All large car manufacturing companies are working on self-driving
cars. The technology is about to be ready, but it probably requires the transformation of the existing
infrastructure (we need not only intelligent cars, but also intelligent roads), changing the legal regulations.
Probably the most important obstacle of the rapid development of IoT-driven technology is the aversion of
human users.



Virtual and augmented reality technologies can help the visualisation of location-based services. The third
dimension (and sometimes the time factor) has an increasing role in the digital databases: more and more SDI
involves such information.



We have already mentioned open source in this paper. Open source is not only a technology, but rather a
philosophy. The continuous spreading of open GIS is similar to the spread of web 2.0. Thanks to the web 2.0
philosophy even the professional GIS users are able to solve their special problems. All national mapping
agencies have their own specialities and sometimes the NMAs are not satisfied with the available commercial
software solutions. We can recognise that some NMAs have already present in this environment and probably
the role of open source data and technologies will be more and more important in cartography.

ICA’S MODERN CARTOGRAPHY
In 1997 Fraser Taylor, the former President of the ICA presented the term cybercartography to describe the changes in
cartography brought about by new technology. In simpler terms, cybercartography involved using computers, and
especially the Internet, to create multimedia and interactive maps. In the ICA term 2011–15 a Commission on
Neocartography was nominated and accepted. The democratisation process of map making, the distinction between
mapmaker and map user has been blurred, with the user having access to data and the ability to generate maps through
using global map services. This kind of citizen mapping has generated a new term, neocartography, which refers to
mapping on the web commonly by nonprofessional cartographers using open-source software and data. Neocartography
operates through what has been called Web 2.0, which describes websites that go beyond static representations and
utilize animation and sound. Cybercartography and neocartography have a similar meaning: both of them are reflecting
the implementation of IT technologies in cartography and GI science (Taylor, 2015).
In the ICA we are continuously discussing these technological changes, the effect of this process on cartography itself,
whether we have to re-define the term of cartography. We can also answer a simple question: are these developments
also favourable for the cartographic discipline? The cartographic discipline cannot ignore these new trends that seem to
happen on two sides of mainstream cartography: in the advanced scientific domain and in the public domain. These
changes require a better utilization of our cartographic design knowledge, including visual and geocomputational
knowledge from other graphics oriented disciplines to develop design guidelines (Kraak, 2011).
Today, maps can be created and used almost for any purpose by any individual having only modest computing skills at
any location on Earth. In this new mapmaking paradigm, which we can even call modern cartography or cartography
2.0, users are often present at the location of interest, and they produce maps that address the needs arising
instantaneously. A number of important technology-driven trends have a major impact on what and how we create,
access and use maps, creating previously unimaginable amounts of location-referenced information and thus put
cartographic services in the centre of the focus of research and development.
While the above advances have enabled significant progress on the design and implementation of new ways of map
production over the past decade, many cartographic principles remain unchanged; the most important one being that
maps are abstractions or models of the reality. Visualization of selected information means that some features present in
reality are depicted more prominently than others, while many features might not even be depicted at all according to
the theory of generalization, which is well-known for experienced cartographers; however, this can be absolutely
obscure for the ordinary users. Abstracting reality makes a map powerful, as it helps to understand and interpret very

22

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

complex situations very efficiently. Maps are most efficient in enabling human users to understand complex situations.
Maps can be understood as tools to order information by their spatial context.
Cartography is essential in many aspects of human societies. Modern cartography enables the general public to
participate in the modelling and visualizing of the risks their neighbourhood may suffer from on a voluntary basis.
Modern cartography also helps to quickly disseminate crucial information. Cartography is also most contemporary, as
new and innovative technologies have an important impact on what cartographers are doing: we are inventing modern
cartography/cartography 2.0.
The present study was sponsored by the Hungarian Scientific Research Fund (OTKA No. K100911).
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Abstract
Starting from a discussion on the evolution of maps from omnipotent documents of rare geographic knowledge to
omnipresent location-based services as digital twins of the corresponding geoobjects in the reality, the author hails the
unprecedented social visibility of cartography. At the same time, she points out that it would be misleading if the
modern cartography is narrowed down to the scope of instant map design and use, thus minimizing user actions to
simple mouse clicks on labels attached to the individual locations rather than exploring the vast information space
between the locations. She appeals for the connection-oriented research and development of visual analytical open
platforms for relational information in big data. In oder to shed some light on cartographers’ contributions in geodata
science and citizen science, she reviewed three doctoral theses dedicated to discovering events, behaviors, correlations
and causal relations embedded in large datasets and social media.

1. FROM LOCATION-ORIENTATION TO CONNECTION ORIENTATION
Since its emergence as a profession, cartography has been steadily supporting the societal and scientific development
and renewing its role. In ancient times, maps were almost omnipotent as they represented the rare and effortfully
accumulated knowledge about the earth surface by a few elite scholars or adventure-loving explorers. With technical
progresses century after century, the power of maps has dropped against the rising popularity of map services which are
created in increasing numbers at decreasing costs. In today’s digital era, maps have become omnipresent. The
ubiquitously available geosensor network has largely accelerated the mass production of topographic maps and their
updates. It remains a responsibility of national mapping agencies to provide seamlessly covered general map series in
given scale ranges and to treat all locations equally from a geocentric perspective. At the same time, semantically rich
data streams from social media are increasingly geotagged and provided as sharable open maps in the Internet. From
ego-centric perspectives of different user groups for their different applications, locations are never equal because they
bear different meanings. Some locations are a prior, or a posteriori important or they become important in any other adhoc ways. Therefore, in the citizen cartography, mapping activities are more concentrated on delivering “just-in-time”
and “fit-for-purpose” information about hotspots and sharing with other people who are just some clicks away
regardless of their physical locations. For time-critical applications, “quick-and-dirty” instant maps made by users for
other users as decision support with bounded errors can efficiently fill some gaps left by unavailable or inaccessible
standard maps.
The seamlessly covered general maps in combination with actual hotspot maps have kept us well-informed wherever
and whenever we go online. What we pervasively encounter in our daily life are mainly news maps, weather maps and
map-based navigation services. They show us what just happened or is happening or will soon happen at what places.
Most of them, if judged by professional designers such as (Klanten et al 2011, Wiedermann et al. 2012), are elaborated
visual stories or infographic masterpieces with an adapted look on diversified display devices. Often they are
collaboratively designed by cartographers, media specialists, mobile phone vendors and automotive industry. Many
design constraints need to be satisfied for the rendering of a map which may be valid only for a couple of seconds. The
involved technical challenges range from incremental data processing, continuous positioning and map-matching, prefetching of data near the current locations of mobile users, dynamic computing of display scales depending on
movement speeds and display size, changing user experiences etc. (Meng, 2015). They are automatically operated in a
“black box” and presented at the user interface as a single mouse click. Indeed, the easy-to-use instant maps have been
progressively penetrated into our daily life. We treat them as travel mates, tranquilizers or digital twins of the reality
because map symbols are nearly synchronized with the corresponding objects or phenomena in the reality.
Taking a closer look at the aforementioned instant maps, we’ll notice that they typically communicate to the public the
known georeferenced information or turn-by-turn navigation guides. Little or no interaction is required. The design
follows a location-oriented principle, drawing users’ attention to individual locations as anchor points for descriptive
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information (e.g. in news maps), predictive information (e.g. in weather maps) and instructive information (e.g. in
navigation maps). The continuous geospace is discretized into individual points with each representing a small
proximity area. Depending on the context of applications, locations may take different geometric forms at different
granularities.
Thanks to the omnipresence of instant map services, the cartographic know-how of translating complex geospatial
scenarios to generalized pictures has reached an unprecedented visibility in the society. However, it would be
misleading if the public begins to narrow the modern cartography down to the scope of design and use of instant map
services. Being locked in the location-oriented view, users tend to identify the labels attached to the individual locations
with the lexical information about “what”, “where” and “when”, “how much” rather than being prompted to explore the
information space between the locations.
In spite of the fact that the location-oriented instant maps have far-reaching impacts on our daily life, professional
cartographers will position them at a corner rather than spreading them over the whole space in the map use cube
defined by MacEachren and Kraak (1997). In other words, the modern cartography embraces a much broader typology
than the omnipresent instant map services. Although geographic locations are the epicenters of human and natural
activities, many things become meaningful only when they are related to other things. However, the discovery of
higher-order knowledge such as hypotheses and solutions, also termed as diagnostic and prescriptive information,
would be impossible if the analytical views describing the individual locations could not be broght into a holistic big
picture.

2. CASE STUDIES OF CONNECTION-ORIENTED VIEW
Facing numerous high complex and ill-defined problems in the real world, cartographers are obliged to look more
deeply into different temporal states of a location and to unveil the nested and latent connections among different
locations. In this paper, the author appeals for a connection-oriented view of cartography. In the following sections,
three doctoral theses accomplished at the Chair of Cartography, Technical University of Munich, are reviewed as case
studies with the aim to promote the awareness among professional cartographers of the research need for the
recognition and visualization of relational information in big data. These research works are respectively committed to
acquisition and visualization of events, nowcasting of dynamic phenomena on the example of lightning data, knowledge
exploration of big geodata on the example of Floating Car Data (FCD).

2.1 Acquisition and visualization of events
With the growing availability of data streams from low-end geo-sensors and volunteered contributors, there is an
increasing awareness of the concept “event”. An event is a spatially and/or semantically perceivable change that
happens within a time period. It usually incorporates both spatial and temporal relationships. The associated research
questions include: How are events within a geospatial and temporal framework defined? What are the fundamental
components of an event? How can events be collected, stored, analyzed, visualized, queried and interpreted?
Polous gave a try in her thesis work to find some of the answers to these questions by developing a platform
“OpenEventMap” (OEM) which can be co-created by developers and users (Polous 2016). OEM is an extension of the
OpenStreetMap (OSM) and is able to handle events as a type of higher-level geoinformation. Each event can be
modeled with five attributes describing what happens, where it happens, when it happens, how it happens and which
subject(s) and object(s) are involved. Two event examples are demonstrated in Fig.1-2. With OEM as a geocollaborative interface, users have free access to the events, may compare the displayed events and explore the explicit
and implicit connections.
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Figure 1. Five tents (red) are involved in a single event “draft beer service” at the October Festival in Munich (Polous
2016)

Figure 2. Two events happening at two different time points to the same street object (Polous 2016)
A number of event collection methods were introduced and implemented in the thesis. First, a plugin “Event Editor”
was created for Internet users to input and edit events (see Fig.3). The collected events are stored in a querable eventOSM database and updated by means of an Event Calendar. This database can be visualized as “OpenEventMap”
application and queried in terms of event name, category, start date, and end date. Following the same working
principle, an Android application of “OpenEventMap” was then developed, which allows users to add, view, edit,
search for events on an OSM server and meanwhile obtains some user information such as the current location. Finally,
in order to enrich the OEM with event information from social media, Polous designed a web crawler for the automatic
detection of event information from four social media - Twitter, Instagram, Flickr and Foursquare. The WebCrawler
identifies at first the start and end tag of an event and then extracts from the text in-between the event information
following crawling rules based on a rough-set matching approach. The event database can be converted to a queryable
format by means of the calendar scheduler “Cron” and visualized in OSM for the users. To assist novice users with
special technical constraints to operate on Web, she made use of open sources and developed a web-based application
Graphical Event Visualization and Analysis Tool (GEVT) for the visualization and analysis of events. Events and their
features can be either overlaid as markers, heat map or pie charts over the OSM or expressed as standalone graphs and
charts.
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Figure 3. A screenshot of Even Editor showing the editable scope of a festival event in the English Garden

2.2 Nowcasting of dynamic phenomena on the example of lightning data
During the recent two decades, cartography has undergone a number of methodological extensions from 2D to 3D, from
static to dynamic, and from geometric to semantic data handling. However, the exponentially growing data amount and
complexity still outpace the expressiveness and analytical power of existing geovisualization tools. One of the most
challenging issues deals with the visual exploration of dynamic object clusters whose behavior is difficult to predict due
to fast changing spatial extension, shape and internal structure. Lightning which is a main cause of thunderstorm
disaster represents a typical case of dynamic object clusters. The individual lightning cells may move, merge, split and
disappear. Realtime visualization of relationships between the spatio-temporally neighboring cells is a prerequisite for
the understanding of lightning behavior.
Peters addressed this challenge in his thesis and developed an interactive visual analytical system which involves three
fundamental tasks - detecting the lightning clusters, tracking their trajectories and measuring their similarities (Peters,
2014). In addition to the extention of the popular static visualization techniques such as kernel density map, table lens,
radar plot and parallel coordinate plot to display the temporal information, he also introduced the uncertainty
presentation of nowcasting results in 2D view, 3D view or a spatio-temporal cube. Moreover, he defined a so-called
Trajectory Complexity Gain (TCG) diagram to reveal movement diversity as well as unusual movement behaviors
along a lightning trajectory.
The system was prototypically implemented for a 3D lightning dataset from the “Lightning Detection Network in
Europe” with 5565 ground-cloud and 2919 intra-cloud lightning cells in the region between Munich and Prag on April
26. 2013 between 2pm and 7pm. As shown in Fig.4, the system provides synchronized spatio-temporal visualizations in
different styles which allow users to make comparative exploration of lifespans of various lightning clusters incl. the
cluster attributes. The analytical methods embedded in the system may support weather researchers to track lightning
clusters based on cell densities and to conduct nowcasting based on the past and present state of a cluster. The
visualization of nowcasted lightning clusters along with their uncertainty buffers as shown in Fig.5 may help decision
makers at an airport to define safety corridors for flying and landing airplanes.
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Figure 4. User interface of the visual analytical system for nowcasting of lightning behavior (Peters, 2014)

Figure 5. Buffered prediction uncertainty of nowcasting: last two lightning clusters (left), predicted clusters (right);
past and predicted clusters (middle) (Peters, 2014)

2.3 Knowledge exploration of big geodata on the example of FCD
In the frame of her thesis project, Ding was engaged in knowledge exploration on a large sample of FCD with the GPS
trajectories of 2000 taxis in Shanghai for the sampling rate of 10 seconds and the time period between May 10 and June
30, 2010. Based on an in-depth study on the synergetic effects of thematic maps and information visualization methods,
she proposed a visual analytical framework consisting of three components - visual querying of the movement database,
interactive clustering and aggregation, and visual representations (Ding 2016).
For a certain taxi on a certain day, she derived 1) the daily income from its trajectories with passengers and the standard
taxi fare, and 2) the stationary duration as the sum of spent time in traffic jams, at street crossings or parking places.
From daily incomes of all taxis on all days, two income groups - “high” and “low” were inferred. A compact display of
stationary durations of all taxis on all days reveals the patterns of sleeping hours, lunch breaks, rush hours during
working days and the time shift at weekends or holidays (Fig.6 left), while the analysis of the trajectories between the
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two income groups showed that the taxis of high-income group had a higher occupancy rate and wasted less idle time
than the low-income group (Fig.6 right). Moreover, a kernel density estimation of the trajectories of the two income
groups revealed that the high-income group left a more compact spatial scope of the idle trips than the low-income
group did as shown in Fig.7.
In addition, traffic hubs such as airports and railway stations could be detected based on the relative densities of dropoffs and pick-ups. In Fig.8 an interesting pattern was illustrated using a space-cube view according to which there are
far more taxi travels without passengers from the airport than to the airport. The drop-off locations other than the traffic
hubs were further aggregated using “Gaussian mixture models” and assigned the label with the dominating function of
surrounding buildings collected as POIs in OSM, such as public building, commercial building, residential building or
industrial building.

Figure 6. Temporal patterns: (Left) The time graph of the stationary durations aggregated into 15-minute intervals (the
stand-by duration is proportional to the darkness of color), (Right) the average hourly duration at the stationary spots
for high and low performing drivers

Figure 7. Spatial distribution of idle taxi travels: low performance drivers (left), high performance drivers (right)
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(a) cruising from Pudong airport

(b) cruising to Pudong airport

Figure 8. The non-occupied travels from vs. to Pudong airport on 31 May 2010

3. CONCLUDING REMARKS
With the exponentially growing high-end and low-end sensor networks and ever-expanding social media, more and
more Internet users have become part of active data producers and meanwhile they are more eager to participate in the
value-adding processes of the data streams which should unveil “what”, “how” and “why” is happening at various
locations and between them. For this reason, the cartographic capability of bringing many analytical views into a
holistic and easily understandable big picture has become a highly sought after skill in geodata science and citizen
science.
In an era of globalization and interdependence where everything can be spatially, temporally and/or semantically
precisely located and related to everything else, cartographers are confronted with two essential challenges and great
opportunities as well: keeping pace with the social demand on more location-oriented instant map services on the one
hand, and getting more committed to developming connection-oriented visual analytical sysems on the other hand.
By reviewing some recent doctoral theses as case studies towards the connection-oriented research, the author attempts
to shed some light on cartographers’ contributions in discovering events, behaviors, correlations and causal relations
embedded in the digital world and using the potential power of these high-level information to support decision making
in front of ill-defined or wicked problems in the reality.
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Abstract
The purpose of this research is to conduct a comparative analysis of the education systems performance in Spain from a
geomatic and cartographic perspective. Currently, the rapid technological changes and the globalization of the
economy require that each country train and educate their young people for a knowledge based society in order to cope
and meet adequate living standards of their citizens. It is a real challenge to identify the characteristics of the best
performing education systems. This, in turn, may be useful to support educators and policy makers in different
scenarios.
Though there are many studies carried out about this research topic, they are focused in a mathematical, economical or
sociological perspective. However, in this work we followed a geomatic and cartographic approach. Spain is a highly
decentralized country since the last Constitution in 1978 and the education competences were transferred to the
regional governments. This research was possible because the availability of many education statistics and indicators
which are gathered regularly by national agencies and international organizations (OECD, Eurostat, World Bank).
These education statistics, together with some relevant socioeconomic data, were linked to base maps and structured in
a GIS database.
Within the GIS framework multiple geomatic products were obtained: thematic maps, 3D models, virtual globes and
animations. These were helpful tools to identify patterns and relationships, find evidences and detect changes. All these
elements were very useful to compare and evaluate the regional education systems performances and their relations
with the socioeconomic systems. The discussion of the results allowed us to identify the characteristics of the most
successful and efficient policies and practices. These findings might be useful for education experts and policy makers
when considering new strategies to increase the possibility of success in the management of complex systems such as
the education system.
Keywords: Cartography, GIS, spatial analysis, education system performance, education quality, Spanish education
systems

1. INTRODUCTION
The education system performance is a structural and strategic feature in every country. It plays a crucial role when
trying to achieve the highest sustainable economic growth and employment. Nowadays, the rapid and complex
technological developments, and the globalization of the economy, require that each country train and educate their
young people for a knowledge based society in order to cope and meet acceptable or adequate living standards of their
citizens.
This relevant topic has been extensively addressed in the literature. In this respect, the influence of the education results
in the society is well expressed by Belfield (2008): “low educational attainment is associated with significant economic
costs for private individuals, for taxpayers, and for society. Higher education levels are associated with higher
earnings, increased labour market participation, better health status, and improvements in family decision-making”.
Because its importance, and in order to organise and manage this complex phenomenon, many education statistics and
indicators are gathered regularly by international organizations (OECD, Eurostat, World Bank, United Nations, etc) and
national agencies (ministry of education, Spanish statistical office). Though most politicians and people, in every
country, would declare that “education is very important”, in practice, there are significant differences in the policies,
strategies and their implementations. This, in turn, produces distinct results in relation to the quality, efficiency and
equity of the individual education systems.
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As far as Spain education system is concerned, some weaknesses, such as high repetition and early school leaving rates,
have been identified. Besides the huge social cost, the economists Garicano & Roldán (2015) estimate the economic
cost of repetition in around 2500 million Euros, which means about 8% of education expenditure. The early school
leaving (ESL) rate in Spain was the highest in EU28 in 2014, according a report published by the Ministry of Education
(MECD, 2015). As described in this report, the ESL rate in Spain has move from 32.2% in 2004 until 21.9% in 2014.
Though the ESL rate has been reduced significantly in the last years, Spain is still too far from the 10% target set by the
European Union for the year 2020. One of the possible factors that might have contributed to this situation is the
difficulty to reach consensus among the different political parties. Since 1980, seven Education laws have been
published in Spain being the LOMCE (Ley Orgánica para la Mejora de la Calidad Educativa) the last published in
2013. This situation has provoked a permanent debate among the different political parties, in the media and in the
society as a whole.
Because the availability of so many education statistics and indicators, and the above mentioned reasons, it might be
worth considering the integration of all this data within a GIS environment. This, in turn, would allow carrying out
some analysis from a geomatic and cartographic perspective and gain some insight about the differences in performance
of the distinct regional education systems. Spain is a highly decentralized country since the last Constitution in 1978.
Because of that, education competence, as many others, was transferred to the regional governments. These are made up
of 17 regional government and two autonomous cities. In this context, we could raise the research question: What are
the different regional education systems performances like, and what are their potential influences in their respective
socioeconomic systems?

2. MATERIALS AND METHODS
Though many studies have been carried out about this research topic, most of them are focused in mathematical,
economical or sociological perspective, which use graphs and diagrams to visualize the results. These papers often
study some particular problem like the costs of early school leaving (see Belfield 2008 and Brunello and De Paola
2013) or other similar subject of interest. In this work, it is proposed a supplementary approach, by using mapping and
GIS methodologies, in order to make the analysis of complex phenomena.
As mention earlier, multiple education statistics and indicators are collected regularly by international organizations and
national agencies. Among these, it is worth mentioning the data collected by Organization for Economic Co-operation
and Development (OECD) in its different projects. Some of the OECD relevant programmes are:


Programme for International Student Assessment (PISA). Published every three years since the year 2000.



Education at a Glance. OECD Indicators. This is published every year.



Programme for the International Assessment of Adult Competencies (PIAAC).

PISA assesses the extent to which 15-year-old students have acquired key knowledge and skills that are essential for
full participation in modern societies. This programme is also considered as the world’s global metric for quality, equity
and efficiency in school education. Angel Gurría (OECD, 2013), Secretary-General of the Organization for Economic
Co-operation and Development, states the goal of this programme as follows:” By identifying the characteristics of
high-performing education systems PISA allows governments and educators to identify effective policies that they can
then adapt to their local contexts.”
After the literature review stage, a workflow was outlined to integrate all the relevant information. In this study many
education statistics and indicators from PISA 2012 and the Spanish ministry of education were used. Some other
socioeconomic variables were also selected from the Spanish statistical office database (www.ine.es ). All these
statistical data were linked to base maps and integrated within a GIS environment (ArcGIS 10.1). The base maps were
downloaded from the national mapping agency (www.ign.es ).
During the initial explanatory phase, more than one hundred digital maps and models were produced attempting to
represent the different education statistics and indicators. However, when reading and analysing the different
distributions and spatial patterns, some maps proved to be more meaningful and useful the others. Thus, in a second
stage, and in order to assess the performance of the different education systems in Spain, a more specific collection of
maps and models were designed and produced. Some of these are presented in the results section and their contents
analyzed separately. Further on, during the discussion section, all the maps will be integrated in a schematic model to be
discussed, in a combined manner, and to draw up the main findings and conclusions.
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3. RESULTS
GIS technology provides a dynamic and flexible map production environment. However, it should underline that
cartography is not only about designing and producing maps, but also, about reading and understanding maps.
Understanding cartographic communication is the starting point for both map design and usability analysis. Considering
the basic cartographic principles, as proposed by Jacques Bertin (1981, 1983), is crucial in any mapmaking process.
Spatial Analysis tries to explain what happens, where it happens, and why it happens.
The PISA 2012 survey focused on mathematics, with reading and science as other areas of assessment. Unfortunately,
three regional governments (Islas Canarias, Castilla la Mancha and Valencia) and the two autonomous cities (Ceuta
and Melilla) did not take part in this study. In short, only the fourteen remaining regional governments appear in some
of the maps and participate in this comparative evaluation. In others cases, the data was available for all the 17 regional
governments. Hopefully, in the upcoming publication of PISA 2015 these shortcomings will be solved.

Figure 1. Map with 2012 PISA Results (low and top performers) vs Repetition rate.
The first map, shown in figure1, tries to represent and analyse the relations between two PISA 2012 education
variables: results and repetition rate. The results are shown by means of proportional symbols which represent the
average of shares of low and top performers in the three evaluated subjects: mathematics, reading and science. The map
reading could lead to the following interpretations:


General pattern: in all the regional governments the share of low performers (or underachievers) is higher than
the share of top performers (or excellent students). This may also happen in the all the PISA countries, though
in Spain the percentage of excellent students is slightly below OECD average.



Zonal Pattern: There is a clear North-South pattern. In the South the results are worse that in the North as
shown by the larger differences in the low and top performers shares.



Relationship: the regions with poor academic results, that is to say with high percentages of underachievers
and low shares of top performers tend to produce high repetition rates. This happens in southern regions like
Extremadura (Ext), Murcia (Mur), Andalucía (And) and Islas Baleares (Bal) where it seems there is a deficit
of excellent students in comparison with the northern regions.
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Figure 2. a) ESL vs Repetition, b) ESL vs Unemployment, c) ESL vs GDP per capita.
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As mentioned earlier, early school leaving (ESL) is too high in Spain. This seems to suggest some particular study in
relation with other education and socioeconomic variables. Eurostat and the European Commission define early school
leaving as the situation that occurs when an individual aged 18 to 24 has attained at most lower secondary education
and do not continue with further education and training. The reduction of early school leaving to less than 10 percent of
the relevant population by 2020 is a main target in the Europe 2020. Figure 2 contains tree models which attempt to
analyze early school leaving in relation with other variables. To make the interpretation and comparison easier, the ESL
variable is shown as extrusion or vertical extension of any of the blocks, in the same manner in all 3D models, and with
the same perspective view which is roughly NE-SW. Keeping this in mind, the other variables appear represented with
its corresponding color ramp. The polygons or blocks represent the regional governments. After this explanatory
information we could interpret the different models:
Model a). Early School Leaving 2012 vs Repetition Rate 2012 (education variables). This model shows an apparent
clear relationship where areas with high repetition rates (dark colors) tend to have large values in early school leaving
(higher blocks) as it happens in the southern regions: Extremadura, Murcia, Andalucía and Islas Baleares. The opposite
pattern can be appreciated in northern regions like País Vasco and Navarra.
Model b). Early School Leaving 2012 (education system variable) vs Unemployment 2012 (social system variable). In
this model, the analysis of the visual patterns seem to reveal a relationship where high early school leaving values
(higher blocks) appear to be connected with high unemployment values (darker colors). There seems to be a NorthSouth global pattern with a positive low-low relationship in the North (País Vasco and Navarra) and a negative highhigh relationship in the South (Andalucía, Extremadura, Islas Canarias). A possible interpretation might be that the bad
performance of the education systems (high ESL) in the southern regions tends to produce a social cost in terms of
higher unemployment rates.
Model c). Early School Leaving 2012 (education system variable) vs GDP per capita 2012 (social system variable). In
this model the high ESL values (higher blocks) appear visually related to low GDP per capita values (light colors) as it
happens in the southern regions (Andalucía, Extremadura). The reverse pattern can be identified in Madrid and some
northern regions like País Vasco and Navarra. That is to say, if young people exit the education system, without the
required knowledge and skills (high ESL), may have greater difficulties to find a well-paid job. It might also be said
that a deficit in human capital tends to weaken the economy.

Figure 3. Map with Unemployment Rate 2012 vs Education level of jobless

36

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

The map in figure 3 try to analyze the unemployment rate in every region in relation to the education level (primary,
lower secondary, upper secondary and tertiary education) of their unemployed people between 25 and 64 year old. The
map reading could lead us to following interpretations:


General pattern: The education level of the people significantly increases their accessibility to the job market
and reduces unemployment values. This seems to happen in all regions regardless of their unemployment rate.



Zonal Pattern: The higher the unemployment rates in a region the greater the influence of the education factor
as shown by the slope of the bar graphs in the southern regions where the unemployment share decreases
quickly as the education level increase. That is to say, the scarcity of jobs tends to favors the educated people.



Final Interpretation: Maps like this one might prove that, in general, education is a good investment from a
personal, familiar and social perspective.

Figure 4. Map with Expenditure per Student 2012 vs PISA Results 2012.
The map in figure 4 attempts to analyze the relationship between the expenditure per student and the 2012 PISA results
portrayed as average of low and top performer shares. During the map reading process some patterns could be
appreciated:


General pattern: There seems to be a kind of “general pattern” where the higher the investment per student the
better the results, being País Vasco (PVa) and Navarra (Nav) good examples of high-high relationship. The
opposite relationship (low-low) can be appreciated in Andalucía (And).



Particular cases: In this context, Madrid (Mad) could be perceived as a positive deviation of the general
pattern, with good results and low investment, while Islas Baleares (Bal) as the case of negative deviation with
the opposite pattern. These cases, in turn, could be interpreted as examples of good or bad management
respectively, or simply, the presence of some other hidden factors.



Warning: The validity of education expenditure benefits is only applicable above a minimum and till a certain
extent. A more in depth analysis will be made in the discussion section, in conjunction with the
“socioeconomic context” in education, and when evaluating the interaction among different variables.
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Though the main is focus is in modeling the education and socioeconomic system variables in the year 2012, some
other supplementary hypothesis have been tested through the next maps.

Figure 5. Map with 212 PISA Results vs Unemployment growth 2006-2013.
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Figure 6. Map with 212 PISA Results vs Book Reading percentage.
The Spanish economy grew a lot during the period 1995-2007. Afterwards, the international economic crisis, combined
with “Spanish bubble” in the construction sector, produced a tremendous unemployment growth. According to the
Spanish statistical office database (www.ine.es ), the unemployment rate increased in Spain from 7% in 2006 until
23.2% in 2013. However, a significant decrease is observed in the period 2014-2015. In this context, the map in figure 5
has been produced in an attempt to assess whether the academic results could be an indicator of the socioeconomic
strength or weakness in events or periods of economic crisis. For this purpose the 2012 PISA results were mapped
against the unemployment growth in the period 2006-2013. The results layer in this map is represented by the
percentage of excellent students in mathematics, reading and science, which are the subjects evaluated in PISA. The
main interpretation of this map’ contents could be described as follows:


The results seem to be much better in the northern regions. In other words, the results are worse in the southern
regions as shown with significant differences in excellent students in the three subjects.



This deficit of excellent students or top performers in the southern regions appears visually correlated with
high unemployment growth in the period 2002-2012 (darker areas).



So, until certain extent, we might say that PISA academic results behave as a kind of indicator of the strength
or weakness of a regional government, in event of economic crisis, as shown by the variation in the
unemployment shares.

According to education experts like Marina (2015): “the quality of an education system is correlated with the reading
level of a society”. To test this hypothesis the map in figure 6 was produced. In this map the 2012 PISA results are
mapped against the book reading percentage. This variable was collected from a study about reading and buying books
habits in Spain in 2012. The study evaluates the percentage of population who was 14 or more years-old and read
regularly books in their leisure time. The study was carried out by Federation of Editors in Spain in collaboration with
the Ministry of Education, Culture and Sport (FGEE, 2013). The analysis of the map content could lead us to the
following pattern identification:


In general, it appears a North-South pattern though there are some regions with more evident relationships.
Roughly speaking, Marina’s hypothesis tends to be true.
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Madrid and País Vasco are clear examples of positive relationships between good academic results and high
reading percentage. The opposite pattern, with poor academic results and lower reading habits, can be
observed in south regions like Extremadura, Andalucía and Murcia.

4. DISCUSSION AND CONCLUSIONS
During the literature review the large number of education statistics and indicators available from international
organizations and national agencies made it clear the complexity of the research matter. In this context, as a preliminary
phase, more than one hundred maps within a GIS environment were produced trying to identify the most relevant
aspects. In this stage, some maps proved to be more meaningful and useful than others in the pattern identification
process and the relevance of the relationships found. For this reason, a specific group of maps were designed and
produced. Some of these maps and models were individually commented in the results section and others in a previous
paper (Pérez-Gómez et al, 2015). In order to analyze and discuss all the maps and models in a combined manner, or
more holistic approach, a general schema has included in figure 7. This schema attempts to combine the most relevant
observed patterns and relationships in order to gain further understanding in the assessment of regional education
systems performances and their influence in their respective socioeconomic systems. Using the schema as a guideline,
some possible interpretation of the previously described cartographic patterns could be the following:
a)

About the education system variables. It seems that whenever a student gets bad results, for any personal,
familiar or social reasons, the subsequent effects also tend to be negative with repetition events and,
eventually, early school leaving (see figures 1 and 2a). This may be perceived as a kind of “friction” that
prevents the student to develop his full potential during the learning and training activities.

b) Interaction between education and socioeconomic variables. A string of low performances in the education
system tends to produce negative impacts in the socioeconomic system, as long as unemployment and income
per capita are concerned (see figures 2b and 2c). This could be seen as a “negative circle” of bad dynamics that
we may need to look into. Of course, it also occurs the “positive circle” of good dynamics, starting in good
results. Each education system has its own frequency distribution of good and bad dynamics. In any case,
measures to reduce repetition and early school leaving must be adopted to improve the performance of any
education system in terms of efficiency and quality.

Figure 7. General schema connecting map contents relationships.
c)

The education system performance has a direct influence in the education level of the working population over
time. This, in turn, will have a straight impact in the unemployment shares (see figure 3).

d) Mapping PISA results against socioeconomic variables. The interpretation clearly show how poor academic
results appear closely connected to low income per capita and high unemployment. This is the well-known
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“socioeconomic context” widely described in the literature in OECD reports or by education experts
(Melgarejo, 2013). In a communication report in December 2013, the Spanish Ministry of Education
(www.mecd.gob.es ), estimates that 85% of the differences in the 2012 PISA results are due to socio-economic
disparities among them. So, the education and economical level of the parents tend to have and strong
influence in the students ´results. This will likely be so, unless the education system considers measures for the
more disadvantaged students and families. So, it is now the socioeconomic context what influences the
education system via de academic results. Combining both circles, it could be interpreted that poor academic
results, at a certain time, may be induced by inadequate unemployment and economic level of people in the
area. This, in turn, may contribute, in the middle and long term, to negative influences in the social system. In
short, the good or bad performance of the education system tends to fortify or debilitate the socioeconomic
system. So, it seems we may need to manage the mutual influence between the two systems in order to
minimize the negative effects and maximize positive outcomes.
e)

An adequate “expenditure per student” as a measure to improve academic results at a short term (see figure 4)
and, in the middle and long term perspective, to reduce unemployment and increase income per capita.
However, money is not enough and the validity of this variable is only to a certain extent. According to many
authors (e.g. Melgarejo, 2013; Marina, 2015; Garicano et al, 2015) after a certain amount in education
expenditure of around 5 to 5.5.% of GDP, what it really matters is the competence and motivation of the
teachers, the quality in management of the education centers. They also point out the importance of an stable
judicial framework reached by education laws developed as a consensus among the different political parties,
education experts and the society as a whole as it was made in countries like Finland. The seven education
laws published in Spain since 1980, and the lack of consensus in this matter, maybe one of the reasons of
some of the weaknesses.

f)

The comparison of PISA results with unemployment temporal data (see figure 5) seems to suggest that the
academic results could behave as a kind of indicator of the strength or weakness of any regional government
socioeconomic system during periods of economic crisis.

g) The final map (see figure 6) appears to confirm, in general terms, Marina´ hypothesis that “the quality of an
education system is correlated with the reading level of a society”.
This cartographic approach is, somehow, supplementary to many other mathematical, sociological and economical
studies conducted about this relevant research topic. However, maps and models can behave as powerful images to
illustrate policy makers how investment in education may be, to a certain extent, a good strategy to work against
unemployment and increase the standard of living of their citizens. During this study a clear North-South pattern was
observed in Spain when analyzing multiple education and socioeconomic variables. As this two systems influence each
other, we may need to pay attention in the future to their mutual influence and find evidences to improve the
management of education systems. This is important because the quality of the education systems, in a country or
region, may be seen as an indicator of its level of development and its present and future social welfare.

5. RECOMMENDATIONS
As education is a very complex phenomenon, with many factors and interactions to be handled, it may be suitable to
address its study in an iterative approach. The work described in this paper may be continued in several ways:


As the PISA 2015 results are to be published soon, the new datasets and reports will open opportunities to
continue and complete this study further on.



It might be interesting the creation of a “cartographic observatory of the education”. This observatory could
design and produce collection of maps and thematic atlases in order to contribute to the understanding and
dissemination of the most relevant aspects, as shown in this paper. These maps, in turn, could be valuable tools
or inputs for education experts and policy-makers.



This cartographic and geomatic approach may be combined with some other mathematical analysis and the
inputs of some education experts in a more multidisciplinary approach.
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Abstract
Land consolidation is a powerful land management planning approach aiming for rural sustainable development. Land
reallocation that involves the land tenure restructuring is the most important process in such schemes. The most critical
parameter used in land reallocation is land value which in Cyprus is reflected by the market value. The conventional
land valuation process is a type of mass appraisal carried out manually and empirically presenting several weaknesses
regarding time, costs, transparency, accuracy, reliability and consistency. A solution to these problems is the
employment of automated valuation models (AVMs) in the context of a proposed new framework for land valuation.
Three models have been used based on linear, non-linear and artificial neural networks (ANN) methods combined with
a GIS. Models have been tested for quality assurance based on international standards. Evaluation showed that AVMs
are highly efficient compared to the conventional approach. In terms of models performance, ANN ranked first closely
followed by the non-linear model and slightly worse the linear model.
Keywords: Land consolidation, Land valuation, GIS, Automated valuation models (AVMs)

1. INTRODUCTION
Land consolidation (Pašakarnis and Maliene, 2010) is an established multi-purpose land management and planning
approach, which traditionally aims towards the sustainable development of rural areas (FAO, 2003a) with focus in
agricultural efficiency. It is widely implemented in EU countries and in several other countries around the world (e.g. in
Asia and Africa). The process involves the reconfiguring of space through land reallocation, both in terms of land
ownership and land parcels boundaries to eliminate land fragmentation (Van Dijk, 2003). In addition, it provides the
necessary infrastructure for rural development, i.e. road and irrigation networks in the case of agricultural-oriented
projects. Land reallocation (Demetriou et al., 2012) is the core part of such a scheme, which aims to settle agricultural
efficiency, costs of infrastructure, environmental impacts and the landowners’ preferences. Land reallocation is based
on land value because each landowner should receive after land consolidation a holding with approximately equal land
value with that of his/her original property. If this value exceeds the original value, then the landowner must pay the
extra cost to the Land Consolidation Corporation and vice-versa. Therefore, land value is a crucial metric in land
consolidation (FAO, 2003b) and hence it should represent a reliable, accurate and fair measure so as to increase the
acceptance of the land reallocation plan by landowners. This value can be the market value or the agronomic value. In
contrast to other countries, the market value is utilized in Cyprus because rural land is attractive to both farmers and
non-farmers for different development perspectives.
In Cyprus, land valuation is a mass appraisal process carried out manually and empirically by a five member Land
Valuation Committee (LVC). It aims to assign the market value of each land parcel and its contents, i.e. the farmstead,
wells, etc., by employing the sales comparison method, which is based on comparison with similar sales transactions
that have occurred in the area concerned. Demetriou (2016a) has shown that this manual current procedure presents
some weaknesses. In particular, the comparison of land parcel characteristics is mainly a result of an empirical analysis
and subjective human judgment, which means the potential presence of inconsistencies across valuators, similar land
parcels and the sub-regions of the study area and it is not the outcome of a robust, standardized analysis using
appropriate tools such as a GIS. As a result, the process is not fully transparent and can lead to unfairness and bias
against landowners. Based on this rationale, FAO (2002) emphasizes that the most important element of land valuation
is not the method employed itself, but the method(s) of analysis utilized for estimating the scores of valuation factors
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involved. In other words, if analysis is reliable and accurate (e.g. through GIS spatial analysis), then it will positively
influence the outcomes, irrespectively the valuation method used. Moreover, the process is not systematic because it
does not involve a standard set of well-defined steps to reach the outcome and it does not rely on recognizing
international or national standards. Furthermore, inevitably, the current process is time consuming, hence costly,
because it is carried out manually and the LVC physically inspects parcel by parcel that may count some hundreds or
more than one thousand for some study areas, suggesting that the process may take several weeks. Although the noted
problems are occurred in other countries as well and they are recognized by land consolidation practitioners, the
existing research work towards addressing those weaknesses is very rare (e.g. Yomralioglu et al., 2007) and it is
focused on urban land consolidation schemes where the land value is represented by non-monetary terms. Similarly,
although there is a huge literature about real estate for residential properties (houses, apartments and urban plots) it is
very limited that focusing on agricultural land (e.g. Bastian et al., 2002; Madureira et al., 2007; Martinelli, 2014).
In order to tackle the noted deficiencies, Demetriou (2016a) has proposed a GIS-based new framework for land
valuation in land consolidation schemes using automated valuation models (AVMs). AVMs (Downie and Robson,
2007; Schulz et al., 2013) are mathematically-based computer software programs employed in mass appraisal (e.g.
Kilpatrick, 2011; IAAO, 2013a) that are able to estimate the market value of various types of properties based on
market analysis and the attributes of properties (IAAO, 2003). The core process in developing an AVM is calibration
that involves the testing of model structure and estimation of variable coefficients/parameters until statistical model
performance indices are acceptable. Calibration is carried out by employing statistical techniques such as multiple
regression analysis (MRA) (which is the most traditional) and newer methods as well, such as artificial neural networks
(ANN) (e.g. Warzala et al., 1995; Nguyen, and Cripps, 2001; Kontrimas and Verikas, 2011) or other methods (e.g.
adaptive estimation procedure and time series analysis) (IAAO, 2003). The noted framework has been applied in a case
study land consolidation area in Cyprus by developing and evaluating three different calibration methods: a linear and a
non-linear hedonic price model (Demetriou, 2016b) and an ANN model (Demetriou, 2016c), all combined with a GIS.
Results showed that AVMs are highly efficient compared to the conventional land valuation method since it may
considerably reduce time and resources used and provide a better reliability and transparency of the process.
In the light of the above, this paper aims to briefly present the proposed new framework, the three models employed to
apply that framework and compare their outputs. Thus, the structure of the rest of the paper involves Section 2 that
concisely describes the proposed new land valuation framework followed by an outline of the case study area
(Section3). Afterwards, Section 4 provides a reference regarding AVMs and the calibration methods employed and
then section 5 reports on results, focusing on the testing and quality assurance metrics for the three models. Eventually,
conclusions are summed up in Section 6.

2. THE PROPOSED LAND VALUATION FRAMEWORK
The proposed by Demetriou (2016a) new land valuation framework is shown in Figure 1. The whole process is
operationally based in a GIS environment. In particular, the basic input data involve sales transactions for land
consolidation areas and the land valuation factors which can be represented by continuous and categorical maps. Both
sales and factors data can be managed and explored using appropriate functions available in a GIS e.g. spatial analysis
tools. Both data can be used to define a representative sample of land parcels to be manually appraised by the LVC (e.g.
10-20% of the population of parcels) so as to feed the AVMs to predict the land values of the rest of the parcels of a
study area concerned. Whether the sample size is adequate or not will be revealed in the model evaluation that follows.
AVMs can involve various basic types of land valuation modelling techniques used in real estate such as linear, nonlinear regression and artificial neural networks (ANN) that employed in this research. Once the type of AVM is defined,
then the three basic modelling steps, i.e. model specification, calibration and evaluation, follow (IAAO, 2013b).
Peculiarly, model specification involves the definition of model type that reflects the valuation method i.e. the sales
comparison approach (in the case of land consolidation in Cyprus) which in essence is transformed in an additive
mathematical formula (hedonic price modelling) (IAAO, 2003). Specification also encompasses the selection of
independent variables will be included in the model as predictors of the market value (depended variable). Both tasks
are very important in order to develop an effective and accurate model. Calibration is the process of testing model
structure to estimate factor coefficients using a different dataset employed in the evaluation. Calibration is carried out
by utilizing the statistical technique already selected in the AVM step. In practice, specification and calibration are a
common iterative process until statistical model performance indices are acceptable.
After specification and calibration, the model output is provided and model evaluation takes place. Evaluation, i.e.
model testing and quality assurance, involves the testing of the model performance with a property sample (called
holdout sample) that has not been used before in model calibration to ensure that it meets the acceptable accuracy and
reliability standards before its deployment. This process involves various statistical diagnostic tests such as exploratory
data analysis e.g. the identification of outliers, normal distribution tests and ratio studies (Sipan et al., 2012) that
compare in various ways the actual values against the predicted values of the model. Ratio studies are recognized as
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powerful tools for evaluating the performance of AVMs based on international standards provided by the International
Association of Assessing Officers (IAAO, 2013b). If model evaluation produces acceptable results, then the land
valuation map based on land value classification and the associated catalogue (providing information per holding and
per landowner) can be prepared. Thereafter, both are subject to the approval of the LVC according to legislation, and
which can afterwards proceed to the publication. On the other hand, if the model evaluation is not acceptable, then
either the sample size needs to be increased or a different model type and/or model specification should be tried.

Figure 1. The proposed framework for a new land valuation process in land consolidation areas (Adapted from
Demetriou 2016a)
This framework has been applied as a whole (apart from the last step) in a case study area in Cyprus which is described
in the sequent section.

3. CASE STUDY AREA
The case study land consolidation area located in the village of Choirokoitia (Figure 2) which is administratively
belongs to the District of Larnaca. The land consolidation area is located northwest of the settlement in lowland with
few hills and it is included in an agricultural zone covering 266 hectares with 488 land parcels. The land use in this area
is mainly citrus, olives, various fruit trees and cereals. Most of the land parcels are dry while others have irrigation via
individual wells or from water reservoir connected via a network. The LVC completed land valuation in the study area
in February 2009. The lowest value was defined at €2000 while the highest is €35000 per decare (1000 m2). All the
information regarding land valuation has been stored in ArcGIS and for each land parcel has been estimated (using
either regular GIS functions or programming routines) a score representing fourteen land valuation factors classified in
four categories: physical attributes, locational characteristics, economic conditions and legal factors. In particular,
physical attributes involve: size (in square meters), shape (measured using the parcel shape index PSI developed by
Demetriou et al., 2013), the mean slope (in percentage), mean elevation from sea level (in meters), aspect (measured
clockwise in degrees), existence of a stream (yes or no) and soil type (that involves two geological types A and B). “A”
represents Skeletic-calcaric-REGOSOLS/calcaric-lithic-LEPTOSOLS and “B” means calcaric-CAMBISOLS/calcaric–
REGOSOLS. Locational characteristics encompass: access through a registered road (yes or no), access through a
registered pathway (yes or no), the distance from residential zones (in meters), the distance from the main road (in
meters) and the existence of sea view (yes or no). Economic conditions involve one factor, that is, land-use/productivity
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for the agricultural economic potential of a parcel, reflected by the expected net revenue per decare for various crops.
Legal factors involve also only one factor, namely, the existence of irrigation rights (yes or no) for a parcel.

Figure 2. The location of Choirokitia village where is situated the case study area

4. AUTOMATED VALUATION MODELS (AVMS) AND THEIR EVALUATION
AVMs are mathematically based computer software programs used in real estate that are able to estimate the market
value of various types of properties based on market analysis of a specified area and the characteristics of a certain
group of properties (IAAO, 2003). AVMs that may involve different valuation statistical and mathematical modelling
methodologies are employed by the private sector for automated valuation of isolated properties for a variety of
purposes (e.g. imposing property taxes by governments, mortgage financing by banks and insurance estimations) and
they are applied in a limited number of countries. Especially, AVMs are well established in Australia, Canada, Sweden
and USA (Downie and Robson, 2007) and are developing in some other countries (e.g. UK and South Africa). In
addition, AVMs are in essence parts of broader systems called Computer Assisted Mass Appraisal (CAMA) (Eckert,
2006; Gallagher et al., 2006) that used for automated mass valuation by public authorities in several countries, including
Cyprus (Pashoulis, 2011). Although the advantages of AVMs over the traditional process of land valuation are clear in
terms of consistency, objectivity, reduced cost and faster delivery time (IAAO, 2003), critical aspects are: how reliable,
accurate and cost-effective is the outcome and the need for updated and accurate data. Furthermore, there is an
uncertainty about AVMs outcomes in the case of special socioeconomic conditions in a country such as recession and
financial crisis as currently occurred in several countries. Thus, for the development process of AVMs have been
defined standards and specifications by the IAAO (2003). The core process in developing AVMs is calibration, which
in this research it is carried out by three methods, namely, linear and non-linear MRA and ANN which are outlined
below. All the three models have been developed within the IBM SPSS21 software.
Linear multiple regression analysis (MRA) (or hedonic regression modelling) is the oldest statistical calibration
methodology has been utilized for estimating property values (Smith, 1971) which is very popular until nowadays
(Milla et al., 2005; Eckert, 2006; Schulz et al., 2013). It is well-known that MRA involves the estimations of
relationship among a dependent variable (Y) and one or more independent variables (X) and the unknown parameters,
denoted as β, which may represent a scalar or a vector, namely expressed as a function Y≈f (X, β). In this study the
dependent variable is land value (in Euros per decare) and the independent variables remained in the final model
(among the fourteen noted earlier) are: access through a registered road, size, slope, access through a registered path,
the existence of irrigation rights and the distance from residential zone. When fitting a regression line, four main
assumptions required for testing hypothesis (Norusis, 2005): normality of the distribution of each value of the
independent variables against the values of the dependent variable, constant variance (or homoscedasticity) between the
dependent variable and all values of the independent variables, independence of observations and, linearity of the
relationship between the depended variable and all independent variables. Examining the satisfaction of these
assumptions is important since many regression tests such significant levels, confidence intervals and others are
sensitive to certain types of violations. All the four assumptions can be checked by examining residuals and were met
by this model.
In order to enhance the MRA process, new tools and methods were sought mainly from GIS field to involve a spatial
analysis component in the process. In particular, efforts to use GIS in valuations appear to have begun with the boom of
GIS, i.e. at the beginning of 1990 (e.g. Higgs et al., 1992; Longley et al., 1994; Wyatt, 1997; Zeng and Zhou, 2001;
Sipan et al., 2012). Moreover, GIS facilitates the consideration of new concepts such as spatial autocorrelation and
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spatial heterogeneity (Jahanshiri et al., 2011) which could not be involved in the traditional MRA method. Therefore,
modified versions of MRA so as to integrate spatial data have been arisen, such as: Spatial Lag Model (SLM), Spatial
Error Model (SEM), General Spatial Model (GSM), Spatial Durbin Model (SDM), Spatial hedonic model and
Geographically Weighted Regression (GWR) (Wang and Ready, 2005; Jahanshiri et al., 2011).
Unlike to the linear functions, nonlinear regression can estimate models with arbitrary relationships between
independent and dependent variables by employing iterative estimation algorithms. As a result, the process is more
demanding than linear MRA, and if the initial values of independent parameters are poor, then the algorithm may not
converge or it may converge on a local optimum. Another disadvantage is that variable selection methods are not
possible with non-linear functions, and hence many trials are needed to find the best fit. Therefore, in our case, various
non-linear function forms were attempted and it was revealed that best fit is provided by a simple exponential form of
the linear model: 𝑌 = 𝑒 𝑓(𝑋,𝛽) . A simple form of an exponential function is almost exclusively used as a shortcut for the
natural exponential function ex where e is Euler's number such that the function is its own derivative. The exponential
function is used to model a relationship in which a constant change in the independent variable gives the same
proportional change in the dependent variable. The independent variables used in the final model are those used in the
linear model.
Further to the regression based methods, the employment of AI methods for valuations began after 1990. In particular,
ANNs (Fausett, 1994) have been the most widely used AI technique for valuation during this period (e.g. Kathmann,
1993; Garcia et al., 2008; Kontrimas and Verikas, 2011) as an alternative to the MRA model. ANNs try to loosely
simulate the functioning the way human brain cells or natural neurons produce a certain activity, as a reaction to inputs
from other brain cells or sense organs and the way that outputs can be transferred through other neurons (Kathmann,
1993). Technically speaking, ANNs are non-conventional computer programs that are typically organized in three
layers, i.e. input, hidden and output layers as illustrated in Figure 3. Layers are made up of a number of interconnected
'nodes' which contain an 'activation function'. Patterns are presented to the network via the 'input layer' (that consists of
the independent variables noted in rectangles), which communicates to one or more 'hidden layers' where the actual
processing is done via a system of weighted 'connections'. The hidden layers, then link to an 'output layer' that provides
the predicted land value. ANNs contain some form of 'learning rule' which modifies the weights of the connections
(noted within parentheses) according to the input patterns that iteratively change. In essence, ANNs learn by example as
they fed new information and process it based on previous training examples.
Input

Hidden

Output

Figure 3. The structure of the ANN employed in this research
After the development of three AVMs the last step involves their evaluation. This process involves the model testing
and quality assurance which is carried out using ratio studies and involve four basic measures: (i) appraisal level (mean,
median, weighted mean) representing accuracy (ii) variability-uniformity (coefficient of dispersion-COD), reflecting
consistency (iii) reliability (confidence interval) and (iv) vertical inequities (price-related differential-PRD, price related
bias-PRB), also reflecting both accuracy and consistency. All the acceptable numerical limits of the above metrics,
which are noted below, are defined by the international standards (IAAO, 2013b) depending on the type of property.
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Especially, appraisal level measures how close are predicted values to real market values by utilizing basic metrics of
central tendency. While ideally the perfect appraisal level for any metric is 1.0, an appraisal level between 0.90 and 1.10
is considered acceptable for any type of property. These measures are point estimates reflecting an indication of the
appraisal level; hence they need to be combined with confidence intervals providing indicators of the sample statistics.
Similarly, variability-uniformity quantifies the dispersion of ratios, hence the smaller the measure the better, but
extremely low measures may due to a poor calibration as a result of sales chasing or a non-representative sample.
According the standards, the COD acceptable range of vacant land (selected because it is the closest category to
agricultural land that is not included in the list) is between 5.0-25.0.
The third measure, i.e. reliability which is represented by the confidence intervals, reflects the degree of confidence can
be placed in an estimated statistic for a sample of appraised properties. Especially, the upper and lower limits of a
certain measure of central tendency are 0.9-1.0 for a confidence interval 95% for any kind of property. The measure of
dispersion i.e. COD is a “horizontal” metric regardless of the value of individual properties. In contrast, vertical
inequities provide evidence about the accuracy of appraised individual properties. An index for measuring vertical
inequality is called price-related differential (PRD), which is calculated by dividing the mean ratio by the weighted
mean ratio and it should be between 0.98 and 1.03 Measures significantly above 1.0 show regressivity i.e. low-value
properties are appraised at a greater percentage market value than high-value properties and; metrics significantly lower
than 1.0 suggest a progressivity, that is, low-value properties are appraised at smaller percentages of market value than
high-value properties. Furthermore, IAAO (2013b) suggests carrying out a statistical test for price related bias (PRB) as
well, because it provides a more meaningful and easily interpreted index than PRD. When PRBs scores with 95%
confidence interval fall outside the range of -0.10 to +0.10, indicate unacceptable vertical inequities. In addition to the
above metrics included in the ratio studies standards, they have been also used the root mean squared error (RMSE) and
the mean absolute percentage error (MAPE) which are widely used (Ahn et al., 2012; Schulz et al., 2013). The former
measures the discrepancies between the predicted values and the actual observations whilst the latter measures scaled
discrepancies. Furthermore, it has been used in evaluation the forecasting error (FE) introduced by Nguyen and Cripps
(2001), that measures how many land parcels from the whole population have been assigned a predicted value that
differs compared to the market value, less than a certain percentage (e.g. 10-20%).

5. RESULTS
The detailed analysis and discussion of the outputs of the linear/non-linear models and the ANN is provided by
Demetriou (2016b and 2016c), respectively. Models ran using three different stratified samples of 10%, 15% and 20%
of the population of land parcels included in the study area. Both papers showed that a sample of 15% is the most
efficient because it produces significantly better results than the 10% sample and very similar outputs with those
produced by the 20% sample with much less effort. Thus, Table 1 summarizes the quality assurance metrics for the
three models for the 15% sample. Results show that all the appraisal level statistics, that is, the three main measures of
central tendency the mean, median and the weighted mean of ratios for all models are within the acceptable standards (
i.e. between 0.9 and 1.10) revealing that predicted land values are quite close to those defined by the LVC. The best
appraisal level resulted from the ANN model with a value very close to 1.0 while the linear and non-linear models
present very similar values, slightly higher, than those of the ANN. A stronger relevant indication is the estimation of
appraisal levels based on 95% confidence interval to determine whether it can be reasonably concluded that they differ
from the established performance standards in a particular instance. Thus, based on the calculated scores that fall within
the range 0.9-1.10 for all three models, the relevant standard has been met suggesting reliability evidence.
In addition, the coefficient of dispersion-COD is best for the ANN followed closely by the non-linear model and
slightly increased in the linear model. It is remarkable that all metrics are very far from the highest acceptable value i.e.
25. Furthermore, the price-related differential-PRD is the same for all three models which is close to the best i.e. 1.0 and
within the acceptable range 0.98-1.03, although is closer to the maximum limit. This potentially shows a slight
regressive tend i.e. low-value properties are appraised at a greater percentages market value than high-value properties.
Similarly, the estimated price related bias-PRB is around -0.08 for all models that is, within the acceptable limits i.e. 0.10 to 0.10, showing a trend towards the lower limit. Therefore, PRB shows that for 95% confidence interval,
assessment levels do not change by more than 10% when values are halved or doubled. Also, RMSE and MAPE are
both the best for the ANN model followed by the non-linear and then the linear model with a difference between best
and worst from 5-10%. The maximum FE for 10% i.e. the difference between the predicted and true values is less than
10% for 59% of land parcels as resulted by both non-linear and ANN models with very close result by the linear model
(around 57%). Similarly, for around 90% of the predictions, the difference from actual values is less than 20%, which is
an acceptable inaccuracy for the purposes of land consolidation. Based on the fact that the required sample for
achieving the above accurate and reliable results is 15% (i.e.73 land parcels out of 488 of the whole study area) the
LVC could provide this sample in about 5 days compared to the 25 working days took the whole land valuation in terms
of site visits, suggesting a time and cost savings around 80%, assuming that the data processing time is roughly similar
in both cases.
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Table 1. Testing and quality assurance for the three models
Appraisal level
Mean

Median

W. mean

RSME

MAPE

Linear

1.059

1.023

1.02

2524.00

12.94

Non-linear

1.06

1.03

1.02

2406.41

12.55

ANN

1.028

1.00

0.99

2398.62

11.71

Uniformity

Vertical inequalities

COD

PRD

PRB

Liner

11.99

1.03

-0.079

Non-linear

11.57

1.03

-0.08

ANN

11.38

1.03

-0.07
Reliability

95% c.i.
(mean)

95% c.i.
(median)

FE<=10%

10%>FE<=20%

FE>20%

Linear

1.03-1.09

0.99-1.05

57.00

30.92

12.08

Non-linear

1.03-1.09

0.99-1.06

58.94

30.43

10.63

ANN

1.00-1.06

0.97-1.04

58.45

29.95

11.59

Further to these time and cost savings, the quality of land valuation is enhanced since the AVM comprises fourteen land
valuation factors compared to the LVC that takes into account around six factors, suggesting a more integrated
consideration of the aspects involved. It is also interesting noting that the most important factors (based on significance
levels) for each model (with a slightly different order in each case) are: the distance from residential zones, slope, size,
access through a registered road, access through a pathway, the availability of irrigation and then the other factors
follow. In addition, the precise calculation of variable scores through spatial analysis and comparison through modelling
process, indicates a consistency that would be difficult to be achieved by the LVC using the traditional method.
Moreover, the reliability of outputs, which is checked through international standards, and the potential for an analytical
explanation of the outputs through this standardized modelling process, provides transparency, which is required for
such planning processes.

6. CONCLUSIONS
This paper showed that the AVMs presented in this research are considerably more efficient in terms of time, costs,
reliability, consistency and transparency compared with the traditional empirical process followed by the LVC.
Therefore, the authorities involved in land consolidation schemes should consider introducing AVMs combined with
the adoption of international appraisal standards and integrate them within the relevant legislation and practices. Also,
the combination and even the full integration of these methods within a GIS is currently common best practice for land
valuation. In terms of performance, the ANN method ranked best closely followed by the non-linear model and then
slightly worse the linear model.
The contribution of this research is both scientific and practical. In terms of the former, it extends the knowledge about
an important and still a very limited area of research, i.e. land valuation of agricultural land for a popular and widely
implemented in EU planning approach, i.e. land consolidation. Regarding the latter, the models may have practical full
implementation in Cyprus and in other countries that use market value in land reallocation. Especially, models are
timely very valuable because the current financial crisis rapidly changed land values, hence a revision of land values for
several land consolidation schemes is required. Moreover, models may have considerable impact regarding the
acceptance of the land consolidation plan by landowners since the empirical process has been transformed in a
systemic, analytical and transparent operation.
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Abstract
This work presents the state-of-art in the development of the GIS database which aims at agro-ecological
characterization of the Razlog Region (Southern Bulgaria) through the assessment of potential agricultural
productivity.
The generation of the Razlog valley administrative, climatic, soil and topographic database is described. This database
will provide an important support for the development of homogeneous agro-climatic and agro-pedologic zones which
will serve in the determination of the potential yield of specific crops. This will be accomplished by means of both
mechanistic and statistical modeling.
The GIS database is being developed in ArcGIS to provide an easier way for da-ta-query and analysis, and to facilitate
data distribution and use.
The carried out activities have involved considerable efforts in climatic data col-lection, analysis and development, soil
sampling and creation of digital soil database, collection of the relevant crop parameters, digitizing topographic data
and administrative boundaries. The data are subjected to comprehensive error detection and correction. Progressive
sampling procedure is used for the creation of the regional soil database.
The ongoing activities are focused on the completion of a GIS database, the preparation of data for the development of
Digital Elevation Model for the Razlog region and on the evaluation of the procedures for time series analysis and
spatial interpolation of climatic data along with design of soil information system.
The purpose of this paper is to undertake a comprehensive assessment of agro-ecological resources in the Razlog
municipality in terms of the opportunities for maintaining and improving soil fertility and productivity of agricultural
lands.
To achieve the intended objective GIS of Soil Resources (GISoSR) are developed for the studied object. The following
methods are used:
• A critical analysis of the existing literature data;
• Remote Sensing;
• The internet sources.
Keywords: agro-climatic and agro-pedologic zones, agricultural lands productivity, agroecosystems, agro-ecological
resources, biotic and abiotic interactions, GIS of Soil Resources (GISoSR), soil fertility

1. INTRODUCTION
Drought is a major problem faced by many nations inevitably worldwide. Droughts are observed in both regions climate
is characterized by heavy rainfall, and in areas where rainfall is scarce. Drought means land degradation in arid, semiarid and sub-humid areas resulting from various factors, including climatic variations and human activities. Usually
differ several types of drought:
Atmospheric - besides low rainfall experiences high temperatures and low humidity. In this drought plants are located
in the most adverse conditions.
Hydrological - a long period of dry weather, causing a shortage of water due to a reduction of water levels in the river
below normal and decreased moisture in the soil or groundwater level.
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Soil drought - is a long period in which the water balance of the soil and plant ecosystems are deteriorating
physiological condition of plants and yields fell sharply. Root layer dries up and the plants suffer from water shortages.
Socio-economic - as a result of the complex interaction of soil, air and soil atmospheric and hydrological droughts
leading to a decline in agricultural production and from there to the social and economic problems of the population.
Most radical way to combat drought is irrigation. A fundamental pillar of any system of agriculture in rain fed
conditions are events to combat soil erosion and accumulation and productive use of moisture in it. In many areas of the
country, including a drought climate, a significant part of agricultural areas are prone to erosion, resulting in the fields
exported huge amounts of nutrients ground dry and therefore accelerate the onset of soil drought. Plants begin to
experience shortages of food and moisture first of eroded soils. Especially important for the accumulation of moisture in
the soil has the proper tillage and deep autumn plowing.
Floods are common natural disasters in the Republic of Bulgaria. They cause enormous damage because they affect
populated areas, industrial areas, productive farmland and engineering infrastructure.
Floods can be:
Natural flooding - caused mainly by melting of ice and snow, in rain or during distrains of ice formation or freezing;
Technologic floods - caused by other influences - in damage to the hydro facility, which could lead to an accident or to
prevent critical situations in hydro facility.
The aim of this work is an evaluation of agroecological resources of agricultural land in Razlog for legume crops,
mostly for beans.
To achieve the intended objective GIS of Soil Resources (GISoSR) are developed for the studied object. The following
methods are used:


A critical analysis of the existing literature data;



Remote Sensing;



The Internet sources.

2. OBJECT AND METHODS
2.1. Physical-geographic characteristics of Razlog municipality
Razlog municipality is located in southwestern Bulgaria in the Razlog valley in the Mesta River, at the foot of Pirin,
Rila and Rhodopean Mountains. Through the gorge "Momina klisura" south connects to Gotse Delchev valley and in
the west passed and laid low in the saddle "Predel". By its geographical location it can it may be defined as a relatively
closed community – fig. 1.

Figure 1. Map of Razlog municipality
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Razlog Valley is one of the highest valleys in southern Bulgaria. In the midst of the valley part is almost flat terrain with
a slight slope to the east to the Rodopean Mountain. North is hilly and surrounded it high parts of the Rila and Pirin are
typical alpine species. Agricultural areas in the municipality occupy 165,305 hectares - 37.5 % of the total area and the
forest 257,592 ha or 58.5 %.
Plant diversity in the municipality is due to the high difference in altitude. Forestland is rich in tall pine trees (pine, fir
and alder) and deciduous forests (beech, oak). The lower parts are occupied by meadows and pastures, and along the
ridges of mountains and pastures squat. Forests, grasslands and arable lands are having potential importance to
economic development of the municipality as at present and for the next seven years. They are the basis for the
development of modern agriculture, agribusiness, timber and wood processing. The most widespread in the valley have
a group of alluvial and deluvial meadow. They occupy the lowest part of the hollow-level and low terraces of White
River, Glazne river and others. Deluvial and alluvial meadow soils are light mechanical composition. Characterized by
very low humus content and total digestible forms of nitrogen, phosphorus and potassium. South of Razlog on
yellowish brown clays are formed maroon soils. Hilly part of the valley is occupied exclusively by shallow, heavily
eroded cinnamon forest soils formed on massive non-carbonate rocks. The soils are poor in nutrients and have a slightly
acidic.

2.2. Agro-climatic zoning
Climatic factors heat, light and moisture act comprehensively on the development and growth of plants. How more
favorable is the combination of these factors in a given location, the climate is more favorable, richer, and more fertile.
In a study of this combination may done differentiation in agro-climatic regions, differing among themselves in terms of
development and formation of the yields of agricultural crops. As a major determining factor for the formation of agroclimatic regions we perceive temperature regimes. The growth and development of plants depend at these temperature
regimes.

Figure 2. Agro-climatic zoning in Bulgaria.

Figure 3. Map of annual rainfall of Bulgaria.
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When heavy rains with very high amount have negative influence on crop - worsened soil structure and conditions for
plant respiration, some of the plants died, the productivity of the crop falls, gets to water erosion, etc. Regionalization of
cultures is to identify the most appropriate and correct ratio between:


climatic and soil characteristics of the different regions and even micro, the specific requirements of the crops
to the characteristics of the environment;



potential environment to provide the best conditions for growth and development of crops;



potential yield;



capacity of farm production and use of agricultural products.

2.3. Agro-ecological regions
The agro-ecological regions of the Bulgarian soils - [Gurov, Artinova (2001)], are presented in figure 4 and the agroecological regions in which the municipality falls - in figure 5.

Figure 4. Agro-ecological regions of Bulgarian soils.

15 km
Figure 5. Agroecological regions in the municipality territory.
Legend:
1. (V3) – Razlog region.
2.

(VІ6) - Rila-Pirin region.

3.

(VІ7) - Rhodope region.

4.

(VII2) – High Mountain Rila-Pirin region.
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(V3) – Razlog region - Razlog agroecological region occupies Bansko and Razlog valley. In terms of relief it did not
differ from the previous two areas, but in a much higher altitude, which makes a significant impact on its climate
characteristics. The main soil types are normal and eroded leached cinnamon forest soils, shallow soils and maroondeluvial soils. On morphological characteristics and properties do not differ from the previous two regions. The area
falls within the same climatic region of Mesta, but its temperature resources are more limited. The average annual
temperature is 8.9 ºC and the temperature sum of the growing period is 3100 ºC. The annual rainfall is 670 mm and the
deficit in the balance of atmospheric humidity for growing season is about 280 mm.
The median (agronomic) bonitet ball for the region is 42 - group "medium lands" table 1. The most suitable conditions
for potatoes, grasslands productivity class 66-65 ball, i.e. group "good land" wheat - 57 ball and 40 ball tobacco.
Estimates of other cultures they belong to the group "poor" and “unsuitable land” 'average score is similar to the
previous area, but the area of shallow, stony soils eroded and is larger and thermo-insurance - significantly less.
Table 1. Bonitet (suitability) of soils in (V3) Razlog AER.
Crops

Wheat
Maize
Soybeans
Sunflower
Beet
Oriental tobacco
Potatoes
Alfalfa
Grasslands
Apple
Vineyards

Bonitet (Suitability) (0-100)
57
21
11
21
30
40
66
22
65
30
14

(VІ6) Rila- Pirin agroecological region [2] occupies areas with an altitude of 800 to 2000 m. It has alpine character. Soil
forming materials are granites, gneisses, schists, limestones and their weathering products. The biggest is the
participation of the brown mountain forest soils, which are similar to their peers’ case treated areas but the humus
horizon, is more powerful (20-60 cm) and darker colored. The annual rainfall is about 840 mm, such as about 440 mm
falling during the growing season. The average annual temperature is around 5°C with temperature sum of the growing
season around 2000°C. Agricultural land in this area is characterized by medium (agronomic) bonitet ball 52, i.e.
bonitet group "middle lands", but it refers to the lower areas with an altitude of 700-800 to 900-1000 m, where climatic
conditions still allow their growing (and here they favor the land of a strong Mediterranean influence). Outside the
forest zone lands are unsuitable for normal land use, except for potatoes, pastures and meadows. The lower parts are
suitable for potatoes and wheat productivity class 71 and 60 ball (i.e. the group "good lands". Less is the suitability of
environmental conditions for grasslands, oriental tobacco, sugar beets, grapes, apples (credit rating ranging from 52 to
41 ball, i.e. the group "middle lands" for maize, sunflower and alfalfa productivity class in the group of „bad lands" and
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for soybeans - "unfit lands" - Table 2. Like other areas assessments land for different crops vary considerably, which is
associated with altitude, the nature of the soil that is affected in varying degrees of erosion.
Table 2. Bonitet (suitability) of soils in (VI6) Rila-Pirin AER.
Bonitet (Suitability) (0-100)
Crops
<=1000 meters a.s.l.

>1000 meters a.s.l.

60

0

39

0

5

0

35

0

47

0

46

0

71

71

30

0

52

52

41

0

48

0

60

0

Wheat
Maize
Soybeans
Sunflower
Beet
Oriental tobacco
Potatoes
Alfalfa
Grasslands
Apple
Vineyards
Wheat
(VІ7) Rhodope agroecological region [2] includes areas of Western and Central Rhodope. Soil forming materials are
rhyolites, granites, crystalline schists and their weathering products. The soils are almost exclusively brown mountain
forest. In their features they are too similar to its peer’s Central forest mountain - Samokov region, but are slightly
clayey (20-30 % physical clay). In terms of climate, the region is not uniform. In the lower parts of the valleys of the
rivers, the average annual temperature is around 8- 9°C, and higher in around 5°C. Temperature sum of the growing
period is from 2800 to 3000°C with a low around 2000°C and for the higher elevations. Better warmth of this region
allows the cultivation of tobacco, flax, potatoes and more to higher altitudes. Precipitations are from 700 to 1000 mm
and humidity conditions are good. Total productive capacity of the land is characterized by medium (agronomic) bonitet
score 48, which they attributed to bonitet group " middle lands", but for most crops credit rating refers to the lower
areas. They may be graded as follows: most are suitable for potatoes (79 ball - group "good lands." Second are the
grasslands and wheat (credit rating in the range of 57-55 ball, i.e. “medium lands”). Less is suitability for growing
grapes, apples, sugar beets, corn, sunflower, oriental tobacco (credit rating ranging from 40 to 29 ball, i.e. to bonitet
group "bad lands "and for alfalfa and soybeans – “unfit lands”. Total productive capacity of the land group agroecological regions of the mountain brown forest soils are low. The mean average (agronomic) ball for the whole area is
very low (18 ball) and it belongs to the group bonitet "unsuitable lands." As seen, the main difference in this soil group
areas are mountainous brown forest soil, occupying areas with an altitude of 800 to 1500 m, where climatic conditions
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are favorable for agricultural production. In the lower parts of the area with an altitude up to 1000 m (which is no more
than 20 % of the total area) can still grow a number of field crops, although with sufficiently satisfactory results (i.e.
land are relatively low bonitet ball), while the higher areas the environmental conditions are suitable only for potatoes,
pastures and meadows, raspberries, which respectively bonitet ball is higher - table 3.
Table 3. Bonitet (suitability) of soils in (VI7) Rhodope AER.
Bonitet (Suitability) (0-100)
Crops
<=1000 meters a.s.l.

>1000 meters a.s.l.

55

0

32

0

22

0

32

0

39

0

29

0

79

79

18

0

57

57

40

0

40

0

55

0

Wheat
Maize
Soybeans
Sunflower
Beet
Oriental tobacco
Potatoes
Alfalfa
Grasslands
Apple
Vineyards
Wheat
(VII2) – High Mountain Rila-Pirin agroecological region – The region include the highest ridge treeless parts of Rila,
Pirin and Vitosha Mountains above 1700-1800 m altitude. The terrain is alpine, alpine character. Soil forming materials
are granite, syenite, crystalline schist, marble and limestone. The soils here are represented by turf mountain meadow
and peat soils. They are similar to those described in the above area, but have a low power (30-60 cm), in skeletal and
more acidic (pH 4.4-5.4 in H2O). Area, as well as the previous one, has unsuitable conditions for agricultural
production. The average annual temperature is 3-4 ºC, the temperature sum of the growing period is about 15 °C.
Annual precipitations here are about 1000 mm rainfall. Soil, climate and topography are extremely unfavorable, so they
may grow to inferior grasses dominated by Nardus stricta (Achkov, Bozhinova, 1986). Productive capacity of the area
for pasture and meadows are with bad credit rating - 26 bonitet ball. Average agronomic ball reaches the symbolic value
of 2 ball - table 4.
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Table 4. Bonitet (suitability) of soils in (VII2) – High Mountains Rila-Pirin AER.
Crops

Wheat
Maize
Soybeans
Sunflower
Beet
Oriental tobacco
Potatoes
Alfalfa
Grasslands
Apple
Vineyards

Bonitet (Suitability) (0-100)
0
0
0
0
0
0
0
0
26
0
0

2.4. Phenological development of beans
Beans are one of the most important legumes for us. Grown for the grain which contains 23 % proteins and 2.8 % fat
and is one of the most important food of our rural and urban population. Beans are polymorphic species of annuals,
perennials and sometimes, climbing plants with thin stems and intertwined branches. The root system of beans is poorly
developed and located in the topsoil. The root system consists of a taproot and lateral branches that begin to form
immediately after germination. Compared with other types of legume root system of beans has a low junction drilling
and recovery capability. Its development is strongly influenced by external conditions, and particularly the structure of
the soil. Bean stalk is angular, the top is fleshy, later-fibrous, and at the end of the vegetation-solid. In common bean
cotyledons during germination go over the soil surface, turn green and begin to assimilate. After they developed a
couple of simple heart-shaped leaves. True leaves are lobed and are spirally arranged on the stem. Each leaf has six
small stipule, two at the base of the main handle, two at the basis of the average sheet and one at the base of the side
lobe. The flowers are collected from 2 to 8 in clusters located in the base of the leaves or the top of the stem and
branches thereof. Clusters can be simple, double and triple branched and are typically shorter than petiole. The petals
are colored in white, pink, purple or variegated.
The fruit of the beans is beans, consisting of a helical fruit-leaf between the two halves of which are seeds. Shaped pods
are straight or curved, flat or cylindrical. Beans are warm-loving plant, easily damaged by low temperatures and grows
well when the average maximum temperature does not exceed 30 °C. In terms of the light it is very demanding,
especially in the early development when the slightest shading caused a prolongation of internodes, weakening the stem
and leaf etiolirane with a consequent reduction in yield. At later stages of development sensitivity to light intensity
decreases and the time of flowering and fructification scattered light is reflected even on the positive quantity and
quality of the yield. With respect to moisture is moisture-loving plant. The seeds require a relatively large amount of
water for germination. Uneven maintain soil moisture during the growing season causes a reduction in yield. In low
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humidity before flowering reduces the number of colors during flowering reduces the number of pods, and during the
ripening decreases the mass and accelerate the dynamics of maturation. In terms of soil most suitable warm, drainage
structures, with light mechanical composition, water permeable and deep groundwater soils. The most suitable soil for it
is gray forest, podzolic chernozems and deluvial soils, ventilated easily and quickly warm. They have a relatively light
mechanical composition and their clay fraction is 25-30 %. Suitable soils are typical and leached chernozems, dark,
light gray and eroded soils, leached cinnamonic and alluvial soils. These groups are medium sandy-clay - content of
clay fraction is of 30-40 %. Unsuitable are Haplisols rendzinas, dark leached cinnamonicv and other heavy, sandy-clay
soils containing clay fraction over 40 %. The development stages of bean crops - Phaseolus vulgaris is presented in
figure 6.

Figure 6. Development stages of bean (Phaseolus vulgaris).

2.5. Methods
The study used the tools of ArcGIS – ArcMap and Remote Sensing for develop GIS of Soil Resources (GISoSR) for the
object of the study and existing literature data and Internet sources for SWOT - analysis on the economic development
in sector agriculture [5, 6].

3. RESULTS AND DISCUTION
3.1. Climate characteristics and soil types in the region.
Razlog region occupies Bansko and Razlog valley. In terms of relief region is with higher altitude, which makes a
significant impact on its climate characteristics. The area falls within the climatic region of Mesta, but its temperature
resources are more limited. The average annual temperature is 9 ºC with maxmum in July: +18.9 ºC and minimum in
January: -1.9 ºC. The temperature sum of the growing period is 3100 ºC. The annual rainfall is 694 mm with two
maxmums in May: 67 mm and in December: 800 mm and minimum in August: 31 mm. The deficit in the balance of
atmospheric humidity for growing season is about 280 mm. The results for temperature and precipitation are presented
in figure 7.
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Figure 7. A climate-graph of average monthly and yearly temperatures, monthly and annual rate of precipitation for
Bansko meteorology station.
The main soil types are normal and eroded leached cinnamonic forest soils, alluvial soils, deluvial soils and brown
forest soils. Thise soils are presented on figures 8 and 9 for town Razlog and Razlog municipality.

Figure 8. Soil map for town Razlog.
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Figure 9. Soil map of Razlog municipality.

3.2. Crop production and SWOT – analysis of agricultural sector.
3.2.1. Crop production
Agricultural areas in the municipality occupy 165,305 ha - 37.5 % of the total area and the forest 257,592 ha or 58.5 %.
Land is managed entirely by private owners, as in the municipality operate two agricultural cooperatives. The largest
shares in the structure of culture are potatoes, corn and cereals. Tobacco is a major industrial crop. There is a base for
mechanical drying, which is a prerequisite for growing deciduous variety virginia. Due to lack of markets in recent
years such cultivation is suspended. Other industrial crops – in village Banya started working workshop for distillation
of essential oils (1999), but due to low prices of raw materials, interest in planting other crops, do not. Machine and
technology park: outdated depreciated, high cost of services offered. Not enough mainly collecting technique: mowers,
balers, potato lifting and plant protection machinery.
Table 5. Sowing (yield) area of agricultural crops for Razlog Municipality in hectares.
Crops

1996

1997

1998

1999

2000

Wheat

363.0

280.0

262.0

148.0

250.0

Barley

30.0

-

-

-

-

Maize (Zea
mays)

281.5

700.0

900.0

800.0

700.0

Beans

76.2

101.1

201.5

180.6

151.0

Tobacco

81.9

310.4

251.1

150.6

90.0

Tomato

57.7

80.3

80.3

95.5

70.5

Green peppers

42.2

60.2

70.0

80.0

70.5

Onion

15.2

20.2

20.6

25.1

15.0
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Potato

303.3

1017.7

1209.8

931.2

700.0

Apple

-

-

-

-

-

Peach

-

-

-

-

-

Vineyards

11.6

11.6

11.6

11.6

11.6

Analysis of the data shows that the Municipality of Razlog operates from extensive farming type, characterized crop
cultivation and livestock primarily to meet the needs within households. There is a very low growth rate of investment
in the agricultural sector, a high degree of fragmentation of farmland, uncertain markets for selling their produce. Soil
and climatic conditions in the municipality are suitable for growing tobacco, potatoes, some autumn cereals and fruit.
Base dimensions overlapped during those four years are relatively unchanged. As of December 2005 the property in
agriculture and forests are 85 registered agricultural producers, with no agricultural cooperatives.

3.2.2. Strengths, Weaknesses, Opportunities and Threats (SWOT) Analysis.
STRENGTHS









Absence of industrial pollution, ecologically pure
area;
Developed wood processing industry;
Water resources and power generation;
Availability of significant woodland and forest
resources;
Traditional experience in agriculture.
OPPORTUNITIES
Ability to develop alternative forms of agriculture,
rural and ecological tourism;
Traditional tourism;
Opportunities to attract inward investments and the
activation of economic links with the business in
Greece.

WEAKNESSES
 Fragmentation of agricultural land and
insufficient opportunities for their
consolidation;
 Availability of large areas affected to varying
degrees by erosion;
 Remoteness of the municipality of economic
and administrative centers.
THREATS
 Total economic decline;
 Quality deterioration of the technical
infrastructure;
 Road and village infrastructures deformations

CONCLUSION
The main task of regionalization of crops, starting from the soil, climatic and economic conditions of a particular area is
agricultural crops so be regionalized, to produce the highest yields and highest productivity at minimum cost per unit
for each farm or ranch.
Family farms are closed; the land is cultivated almost without the use of equipment not carried out agricultural
activities, leading to lower yields.
The marketing of agricultural produce is very difficult, and the proposed prices are below the cost of production. An
exception is the implementation of the tobacco, where despite the possibility of delayed payments to producers
purchasing campaign is at a satisfactory level.
There is no modern agricultural technology and modern buildings, and financial resources for technological innovation
farm. Lack knowledge of proper implementation of agro technical measures, incorporation of fertilizers and pesticides
is done randomly.
Family farms are not market-oriented, market appear surplus households. The production quality is low due to lack of
knowledge among farmers about feeding and housing of animals.

63

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

The above problems mark negative trend of decreasing arable land, degradation of technical support agriculture and
reduce yields. In animal husbandry, tends to reduce the numbers of animals continued deterioration breed and yields.
Razlog municipality is included in the project "Sustainable Rural Development ", funded by UNDP and the Ministry of
Agriculture and Food, in which it appears expert and financial support to farmers. Prospects for the development of
agriculture in the municipality Razlog associated with introducing alternative crops such as herbs, raspberries and
blueberries. Important for the development of agriculture is the development of related industries, especially the food
industry and rural tourism. Opportunities for economic development are related to:
Lack of significant pollution of the environment and the ability to produce ecologically clean agricultural products,
subject to the technological requirements;
The development of short-term programs for rural and eco-tourism based on the resources of the Rila National Park and
Resort „Treshtenik”.
Active marketing investment to attract private investment in agriculture and industry with significant growth potential;
Opportunities for mining of wild mushrooms and herbs, as well as cultivation of medicinal plants as an alternative form
of employment and reduction of unemployment for unemployed and for a significant proportion of growers.
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Abstract
The paper will discuss the advanced analysis tools and techniques for spatial, network, 3D, and image analysis in
ArcGIS platform. Topics will cover working with raster data, parallel view of 2D and 3D data, data cleaning and data
migration tools. New LIDAR data management tools will be presented.
Modern concepts will be discussed for using analysis in geoprocessing tools and web services. The paper will cover the
new Smart Mapping concepts and capabilities for fast and comprehensive online on-the-fly mapping and advanced
rule-based visualization.
Keywords: Analysis tools, 3D, Dynamic Raster Mosaicking, Smart Mapping

INTRODUCTION
A geographic information system (GIS) lets us visualize, question, analyze, and interpret data to understand
relationships, patterns, and trends. GIS is becoming essential to understanding what is happening and what will happen
in geographic space. Once we understand, we can prescribe action. This new approach to management and
investigation— geographically—is transforming the way organizations and scientists operate. They already have a
powerful tool for making better and more reasoned decisions. Nowadays, GIS technology lets us integrate various types
of information, such as statistical, attributive as well as satellite images of the Earth’s surface. All this data is a wealth
of information which can be processed precisely and effectively with GIS. Images capture a permanent record of
different features located on the Earth’s surface but beside that images go beyond simply recording features. They also
record relationships and processes as they occur in the real world. Images are simultaneously snapshots of geography
and of reality. They are snapshots of life on the Earth. For that reason, the data in a GIS needs to reflect reality and to be
incorporated and accurately transformed into instantaneously ready, easy-to-use information. This circumstance is the
trigger mechanism for incessantly improvement and elaboration of the GIS software and the tools that it includes.In the
recent paper, the advanced analysis tools and techniques for spatial, network, 3D, and image analysis in ArcGIS
platform will be discussed. The benefits of using techniques for parallel view of 2D and 3D data and Smart Mapping
will be highlighted.

1. GEOSPATIAL ANALYSIS AND TOOLS
The vast majority of information present in the world has some form of spatial element connected with it. Spatial
analysis is one of the more interesting and remarkable aspects of GIS. Using spatial analysis, you can combine
information from many independent sources and derive a new set of information (results) by applying a large, rich, and
sophisticated set of spatial operators. There are different types of geospatial analysis. In recent study we are going to
present the following types:

1.1. Spatial analysis
In the most recent version of ArcGIS - ArcGIS 10.4, the spatial analytics are included with ArcGIS for Server. The
same set of analysis tools previously only available in the ArcGIS Online map viewer are now included with ArcGIS
for Server. Users with a web GIS implementation (portal, server, and data store) can perform analytical functions, such
as finding hotspots, locating streets and addresses, finding a place, routing, or accessing a geodatabase.
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Distance toolset
With the new Cost Connectivity tool you can generate a network of optimum paths connecting multiple areas. This has
applications in many areas of planning and operations, such as wildlife management and resource harvesting. The cost
distance tools and path distance tools have been enhanced with four new parameters to give customers more control
over the impact of distance and the nature of the travelers. With these enhancements it is already possible: different
modes of travel from various sources to be modeled; different numbers of resources at different locations to be taken
into consideration; to incorporate response times to marshal resources before they can be deployed; to make
considerations for the accumulation of effort.

Extraction toolset
Extraction toolset has been updated to better handle conditions when the locations being sampled are NoData cells for
certain output formats. Because the shapefile and Info table formats do not have a concept of <null>, a value of 0 was
returned in those cases.

Segmentation and Classification toolset
With the enhancement of these toolsets, the ArcGIS platform provides an opportunity for: accomplishing better
assessments in post-classification accuracy; comparing ground truth points to the classified image; assessing a given
classification by using the kappa index; applying more resistant to overfitting classification technique.

1.2. Raster and image analysis
Raster analysis are especially suited to study continuous data and processes. There are many ways to make analysis
operations with raster data. When performing these operations, the main concern is about the data represented by the
values of the cells and how to manipulate these values in order to obtain accurate output information. The following
capabilities are the newest in that field:

Stereo Analyst for ArcGIS
Stereo Analyst for ArcGIS creates an accurate 3D digital representation of the Earth’s surface and geography using
imagery in all of the raster and feature dataset formats supported by ArcMap. In addition to this, existing CAD formats
such as DGN, DWG, and DXF can also be used. Personal and multiuser geodatabases created in ArcCatalog can be
maintained to include up-to-date feature data not only in 3D, but also in 2D representation. In addition, elevation
information can be directly collected from oriented imagery without requiring a digital elevation model (DEM).

3D
Another capability for analyzing 3D raster images is the “Terrain 3D “.This toolset provide the capability for
combination of different layers in ArcGIS Pro, ArcGIS Online Web Scene Viewer, and ArcGIS Earth. The overall
quality of the Terrain 3D layer has been improved by adjusting the amount of data compression. Compression of any
data is a tradeoff between many variables, mainly quality and file size. To minimize this compression effect, ESRI
developed LERC tile format (Limited Error Raster Compression) which preserves data integrity by controlling the
maximum amount of vertical change when compressing the data. In this case, the maximum error value of the output
data is only 0.1 meters, so the difference between uncompressed and compressed elevation values is no more than 0.1
meters and the relative error between neighboring cells due to compression is no more than 0.2 meters.

Lidar
Lidar (light detection and ranging) is an optical remote-sensing technique that uses laser light to densely sample the
surface of the Earth, producing highly accurate x,y,z measurements. Lidar produces mass point cloud datasets, stored in
LAS files, that can be managed, visualized, analyzed, and shared using ArcGIS. Each lidar point can have additional
attributes such as intensity, class codes, and RGB color values, which can be leveraged inside ArcGIS. LAS attributes
can be used to filter out content and symbolize points in 2D and 3D. In addition, statistical information for LAS files
can be produced. ArcGIS provides the tools to conduct analysis on the lidar data as either a collection of points or as a
surface. With LAS datasets you can do the following:


Analyze lidar points against first-return, bare earth, or any desired filter type.



Manipulate lidar point classification code values to fix classification errors.
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Analyze lidar data using classification codes.



Run floodplain models against bare-earth lidar points.



Conduct statistical analysis on lidar points.



Export statistical information for further analysis.



Create raster DEMs and DSMs.



Create intensity images.



Estimate forest canopy density and height.



Run initial QA/QC processes on newly acquired postprocessed lidar data.



Measure heights between points.



Analyze lidar data as points or as a surface in 2D or 3D.

Parallel 2D/3D view
3DFences Toolbox provides an option to perform geostatistics on 3D data. These toolset uses a slice in order to obtain a
vertical subset of the 3D data. While typically narrow in one dimension it still is a 3D object. A fence is a 2D
representation of a slice of 3D data. All points which belong to a slice are projected, or pressed onto a 2D plane. The
term of a fence diagram, or a fence, is used in geology to illustrate a cross section of geologic strata generated from an
interpolation of the data coming from a linear array of vertical drillings. The equivalent of a fence in the atmospheric
sciences is usually referred to as a curtain.
To be explicit, the tools in the 3D Fences toolbox do not perform 3D interpolation. The approach offered by the
3DFences Toolbox does not implement geostatistical analysis directly on the vertical slices of the 3D data. Instead, the
tools transform a slice of the 3D data, with its X, Y, Z, and the measure of a phenomenon component by rotating it by
90° to a horizontal 2D plane. The geostatistical interpolation method of Empirical Bayesian Kriging (EBK) is
performed on these points producing either the geostatistical surface of Prediction, which is a continuous map of the
concentration or intensity of something, or a map of the Prediction Standard Error, which can be explained as a map of
a degree of confidence in the Prediction map at each location of the map. The resulting output is converted to a point
dataset where the points represent the interpolated value at the center of the raster cells. The points are then placed back
into the original coordinate space as a regular matrix of points resembling a fence. The fence is positioned in the center
of the selected points of the initial slice. The raster is converted to a point dataset because ArcGIS does not currently
support display of raster data as a vertical plane and point symbology options provide added flexibility in displaying
results.
The Interactive Fences tool can generate fences based on lines digitized on the map. The user sets the buffer distance
from the digitized line. All points that are located within the buffer will be used for the geostatistical analysis. The user
may digitize multiple lines and even self-intersecting lines with many vertices. The third tool, called Feature based
Fences, creates fences based on existing features in a polyline feature. In this case the fence shape is determined by the
existing feature(s) and extends through the Z dimension of the selected sample points. All of the tools contain options
enabling the user to determine the minimum number of sample points and fence size required to generate a reasonable
geostatistical surface.
The tools are also time aware. If the sample data contains a date-time field and the option is enabled, a fence will be
generated for each time interval if the samples for that interval and location meet the minimum requirements set by the
user. The resulting fences representing consecutive time windows are positioned at the same locations. Thus, to enable
better visual analysis, these should be displayed as time animations.
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Figure1 An example of an atmospheric curtain created from backscatter data acquired by NASA from its Calipso
satellite orbiting at 32 km above the Earth’s surface

Space-Time Cluster Analysis
Data has both - a spatial and a temporal context. Several tools, including Hot Spot Analysis, Cluster and Outlier
Analysis, Emerging Hot Spot Analysis and Grouping Analysis, allow the exploitation of those aspects of the data used.
One common approach to understanding spatial and temporal trends is to break data up into a series of time snapshots.
In this way, separate datasets for different weeks can be created. After that, each week can be separately analyzed.
Representing three-dimensional data (x and y location, plus time) is difficult to do with a two-dimensional map. This
problem is well illustrated in the example below.

Figure 2 Identical clusters viewed in two and three dimensions
Space-Time Cluster Analysis provides at least two ways to visualize the output from space-time analyses. The first
option is presentation of space-time relationships in a single map which is appropriate for a smaller study area
distinguished with a limited number of features and visualization the result from analyzing larger territories by using
animation in 2D. The second option is to use 3D visualization. With this method, time becomes the third dimension,
with point features extruded to reflect temporal progression. In the 3D graphic above, for example, the oldest events are
nearest to the ground, and the more recent events hover at higher elevations (appearing closer to the viewer).

Space time pattern mining
The Space Time Pattern Mining toolbox contains statistical tools for analyzing data distributions and patterns in the
context of both space and time. It includes a toolset for visualizing the data stored in the space-time netCDF cube in
both 2D and 3D. Create Space Time Cube takes point datasets and builds a multidimensional cube data structure for
analysis. Emerging Hot Spot Analysis then takes the cube as input and identifies statistically significant hot and cold
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spot trends over time. The Utilities toolset contains tools for visualizing the data stored in the space-time cube in two
and three dimensions. These visualization tools can be used to understand the structure of the cube, how the cube
aggregation process works, and also to visualize the patterns over time at specific locations of interest.

Dynamic Raster Mosaicking
Dynamic Raster Mosaicking is a powerful and exciting new geodatabase data model for managing raster data that
reduces processing time; maintains information from overlapping imagery; and easily handles large, disparate datasets.
The mosaic dataset allows making catalog collections of raster and image data as well as defining and refining the
metadata. These collections can range in size and can be accessed as dynamically mosaicked images. Geoprocessing
models and Python may be used to automate and manage mosaic datasets. By specifying a raster type, data can be
directly incorporated from sensors or files that include detailed properties such as spatial reference metadata, acquisition
dates, and sensor type, as well as defined optional details for additional processing such as orthorectification.
Mosaic datasets represent a data model in the geodatabase. In this model, participating rasters may be accessed either as
a dynamic mosaic composed of images processed on the fly or as a catalog with tables containing geometry and
metadata. This provides multiple options for organizing/managing raster data. Functions can be applied to each input
raster added to the mosaicked dataset to define how it is processed when creating the mosaicked image on demand. A
mosaic dataset may also have associated mosaic methods that define the default ordering of the imagery.
In addition, creating referenced mosaic datasets allows the generation of different sets of products (each with specific
mosaicking methods and mosaic dataset functions) from the same source. For example, you could create a mosaic
dataset to manage all your digital elevation model (DEM) data, then create a referenced mosaic dataset to produce a
hillshade and another reference mosaic to define slope. Updating the elevation data automatically updates the hillshade
and slope. Other patterns for managing very large image collections can involve creating a mosaic dataset that uses
other mosaic datasets as input.

Figure 3 Referenced mosaic datasets can generate different sets of products, each with specific mosaicking methods
and mosaic dataset functions, from the same source
Mosaic datasets resolve many of the traditional raster management issues by cataloging large collections of imagery and
performing on-the-fly processing and dynamic mosaicking. The benefits of using mosaic datasets include


Reducing processing time because imagery can be directly used without extensive preprocessing;



Maintaining information on overlapping imagery that is traditionally lost when creating a static mosaicked
image;



Easily handling large disparate datasets such as imagery along pipelines or transportation corridors;



Handling datasets with different resolutions without the need to sample the imagery up or down;



Reducing resampling of source rasters thereby retaining image quality and integrity;



Reducing storage by removing redundancy traditionally created with multiple image products;



Easing maintenance because imagery can be added or changed as required;



Retaining valuable information by maintaining metadata.

The mosaic method, defined as part of the mosaic dataset properties, defines how overlapping imagery is handled in the
mosaic dataset. Mosaic methods define the order of the rasters that are mosaicked together to create the mosaicked
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image. The “By Attribute” mosaic method is commonly used to order imagery based on an attribute such as date. For
example, Date can be set to 'Latest' or 'Closest to May 2001.' Alternatively, the same method can be used to set the
order of imagery by other attributes (e.g., 'Highest Sun Angle'). Similar mosaic methods can be used to set the image
orientation from the north, south, east, or west, which may improve the ability to see features such as the sides of houses
in wide angle or oblique imagery.

On-the-Fly Processing
On-the-fly is a function which allows a nonpermanent processing applied to one or more rasters as they are accessed.
Because mosaic datasets are dynamically mosaicked and processed on the fly, the processes for a mosaic dataset are
transactional and executed on demand in contrast to traditional methods for handling rasters that deal with image
processing and image mosaicking as separate and linear steps. There is no loss of pixel data or metadata when using
mosaic datasets because the source pixels are never altered or converted. Consequently, no data is lost when using
overlapping datasets. Users can reorder imagery to ensure the most appropriate image is on top. This dynamic handling
of overlapping imagery differs greatly from the traditional approach to processing and mosaicking imagery into new
products that must be stored and maintained and results in significant storage requirements and information loss.
(Childs, 2010)

Figure 4 Mosaicking functions applied on the fly to each raster in the mosaic dataset or to the contents of the mosaic
dataset deliver dynamically processed raster data and allow multiple products to be created from a single raster source

1.3. Visibility analysis
The enhancements in visibility analysis is related with Viewshed analysis tools and Sun Shadow Volume tools. The
Viewshed analysis tools are useful when you want to know how visible objects might be, whereas Sun Shadow Volume
is a tool that creates closed volumes for modeling shadows cast by each feature using sunlight for a given date and time.
Shadows modeling sunrise and sunset conditions can be made by providing only a date in the Start Date and Time and
End Date and Time parameters, respectively. Shadow volumes will not be produced if the sun is not visible for a given
date and time or if the relative position of the sun is at a vertical angle of 90 degrees from the input features.

Figure 5 Viewshed example
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1.4. Geoprocessing tools
Geoprocessing provides a large suite of tools for performing GIS tasks. It is based on a framework of data
transformation. One of the latest enhancement in geoprocessing tools is related to Data migration. Data migration is
needed if you want to access your spatial or raster data using structured query language (SQL) or if you have to move
from a data type that may not be supported in a future to one that is supported. In these cases you can use the Migrate
Storage geoprocessing tool to migrate existing binary, spatial, or raster columns from one storage type to another. This
is done by specifying a configuration keyword to include the correct parameter and value.

2. WEB
The rapidly growing functionalities of web-based GIS platform make it a preferable instrument in various scientific
researches and customer services. The web-based GIS is widely used for modeling and assessment of risk processes; in
the archeology; transport; etc (Kulkarni et al., 2014; Aye et al., 2016; McCool, 2014 ). Kong et al. (2015) have
identified the major GIS functionalities that web GIS offers for information seeking purposes: a clear starting point,
predictable map interaction, flexible customization capabilities, and familiar web experiences. Assessment
functionalities are also amongst the priorities of Arc GIG developers. The most recent enhancement of web-based GIS
platform are related to ArcGIS Portal and ArcGIS Online:


Mobile Map Packages allows zipping up base maps, including vector tile maps, and operational layers into one
neat, highly-compressed package and sharing them to given portal, or to ArcGIS Online and ArcGIS for
Server.



Simplified High Availability on-premises and in the cloud which help the sustain performance, mitigation the
single points of failure, minimization of downtimes, and provides the ability site failures to be detect.



Disaster Recovery is supported by a new tool that backs up a web GIS deployment (web adaptor, portal,
server, and data store). The exported file contains portal items and settings, including group information,
hosted web layers, federated and hosting server settings, the configuration store, and the data store, including
the hosted feature layer data (a relational data store) and hosted scene layer tile caches (a tile cache data store).
Users can store the exported file in a secure place (a separate machine is best practice) and use it to restore a
web GIS deployment or a server site, or use the file to replicate the implementation to a standby deployment
that can be brought online if the primary deployment fails.



Configurable apps for Scenes (3D) - Web scenes support the display of 3D content. They can be authored and
viewed using the scene viewer. Configurable apps enable creation of user or workflow-focused apps that meet
specific needs. This release includes new configurable apps that allow you to create 3D web apps that
compare, visualize, and showcase scenes, as listed below:



3D Data Visualization - Visualize numeric data based on a global scene.

Figure 6 Presenting geographic data in 3D
Compare Scenes - Explore different scenarios or locations with a side-by-side comparison of two local or global scenes.
Map Viewer enables customers to author and share web maps, perform analysis, and work with layers. Multilayer
Basemaps is a tool that enables creation of multilayer maps directly in the map viewer. This is useful when there are
two or more layers that have to be used together as a background for other operational layers.
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Figure 7 Multi-Directional Terrain with USA Geology and the World Reference Overlay.

2.1. Smart Mapping
Smart mapping - Smart mapping provides data-driven tools that enable customer to explore their data to unlock
information and easily author visually appealing web maps. When feature layers are added, the data is analyzed and
appropriate layer styling, options are presented in a streamlined user experience appropriate for your data. With smart
mapping:


Workflows analyze your data and suggest the best way to represent it;



Smart defaults take the guesswork out of setting up many of the map properties;



Based on the selected basemap, coordinate colors and other map styling can be automatically suggested;



Visible ranges can also be suggested so you'll see your data at scales that makes sense;



You get to preview your styling choices on your screen.

Smart mapping empowers data experts, project managers, business analysts and many others to explore their data by
simply mapping one, or more, attributes in that data. Anyone can analyze and map multiple columns of related data, in
order to determine which has the highest, or predominant, value for each feature. The classification type can be
presented in two ways – “predominant category” and “predominant category and size”.

Figure 8 The two ways of classification type’s visualization

2.2. Web AppBuilder
AppBuilder enables you to easily create HTML/JavaScript apps that run on any device, using a gallery of ready-usewidgets. The look of the apps can be customized with configurable themes, and they can be hosted online or on server.
Enhancements for Web AppBuilder for the newes release include the following:


Support for 3D Scenes - Custom apps that use 3D scenes can be created by Web AppBuilder;



Improved building experience, allowing modification of the map from Web AppBuilder;
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New Plateau theme supporting a modern and minimalist-styled app with flat toolbars and widget containers;



The Edit widget includes a display field in the setting page so attributes can be choose for display only when
performing editing;



The Situational Awareness widget has been released, it is no longer in beta. This widget allows customers to
create or select an incident on the map and analyze information from feature layers, either within the incident
area or within a specified distance of the incident;



New Near Me widget to find features near a specified location, view more detailed information about those
features, and get directions to a selected feature;



New District Lookup widget to find point features related to a selected polygon, view more detailed
information about the related point features, and get directions to a selected point feature;



New Related Table widget to display values in a related table as pie or bar charts.

2.3. Publishing Hosted Web Layers
Hosted web layers are used to publish maps and data in ArcGIS Online, outsourcing the need for your own server and
infrastructure, or complementing what you do using ArcGIS for Server. This release introduces the following new
capabilities and features:


Hosted scene layers can be published from scene packages, supporting fast map visualization of 3D data using
cached tiles;



Vector tile packages can now be published as hosted tile layers. ArcGIS Pro 1.2 can be used to publish vector
tile layers to ArcGIS Online as hosted tile layers;



When publishing CSV files as hosted feature layers, customer can now specify the time zone of their date and
time data and manage the offset introduced when converting their date and time data to universal coordinated
time (UTC);



A new set of data collection templates is available for creating hosted feature layers to use with Collector for
ArcGIS.

2.4. Maps for Office
Maps for Office brings mapping to Microsoft Office. With this easy-to-install add-in, interactive maps from Excel data
can be quickly created. The new insights let managers make better, more informed decisions immediately. With this
release, ArcGIS Maps for Office has been enhanced with the following:


Smart mapping has been added, enabling you to explore the data and create effective, aesthetic maps;



Find patterns in your locations over time with time-based animations;



Improved experience in PowerPoint enables finding maps more easily and the interaction with the map during
presentations;



Focus on the rows that are important by using map-based filtering;



Support for dynamic data via layer refresh intervals.

Figure 9 Maps for office
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2.5. Maps for IBM Cognos
Esri Maps for IBM Cognos enables your enterprise to integrate dynamic maps in your BI applications for more
complete and actionable reports, and location-enabled insights, using your business data. The newest capabilities are:


Edit IBM Cognos layer properties after data has been added;



Style data using manual breaks classification;



View a new floating, resizable map legend;



Change the order of groups in the legend;



Customize the availability of map tools and elements in the map;



Change the map look and feel using predefined or custom themes;



Modify the default symbols and color ramps available for styling layers, or add your own custom symbol sets;



Improved heat map algorithm with support for weighted measure heat maps;



Improved user experience for working with feature attribute tables;



Support for transparency in PDF reports;



Support for ArcGIS Web Map Service (WMS) layers.

2.6. Content
ArcGIS includes a Living Atlas of the World, a curated and continually updated collection of authoritative maps and
layers covering thousands of topics. These data can be directly integrated into workflows, and used to complement data
when authoring maps and apps. The enhancements of the applications are:


Beta versions of Esri vector basemaps have been updated. Vector basemaps are available as vector tile layers
and maps for display in the map viewer and use in custom basemap galleries;



World Street Map, Light Gray Canvas, Dark Gray Canvas, and Reference layers have been updated with more
recent data for North America;



A new Imagery Hybrid map, with added detail and improved cartography, is now available as a custom
basemap;



The World Imagery map has been updated at small-to-medium scales with the latest available 15-meter
TerraColor imagery, with several updates in the Arctic region, Asia, and other parts of the world using recent
Landsat 8 imagery. The Arctic Imagery map has also been updated with the latest imagery;



A new Imagery map in Geographic Coordinate System (GCS) WGS84 projection is available. The imagery
map includes the same imagery as the standard World Imagery map in Web Mercator, with added coverage in
the Polar Regions. The new imagery map supports 3D display in apps such as ArcGIS Earth as well 2D display
for apps that use the GCS coordinate system;



A new Historical Imagery map is available that provides access to medium-to-high resolution imagery for the
United States and selected other areas going back as much as 50 years.

ArcGIS Open Data - ArcGIS Open Data is an Esri hosted and managed solution that is included with ArcGIS Online.
Using it, customers have a free access to various type of date from all over the world and different organizations. In this
way, citizens have a connection with local authorities and at the same way can monitor their work and community
directed activities.

2.7. ArcGIS Earth
ArcGIS Earth is an interactive globe viewer that enables the exploration of any part of the world and working with 3D
and 2D map data including KML, shapefiles, and Esri RESTful services. Data can be displayed on the globe,
placemarks can be sketched, distances and areas can be measured, and annotations can be added so spatial data is easily
understandable.
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ArcGIS Earth extends the ArcGIS platform by enabling any user in given organization to explore data from Esri and to
allow users to access secured data inside an organization. One of the strengths of using Earth and other ArcGIS clients,
such as the web scene viewer in the cloud with ArcGIS Online or on-premises with Portal for ArcGIS, is that with these
lightweight clients, you can simultaneously consume many data types coming from multiple sources.
ArcGIS Earth 1.0 is focused on:


Navigating and exploring the globe and map data;



Viewing KML, KMZ, Shapefiles, and ArcGIS services;



Basic interaction such as measurement on the globe and popups for KML and shapefiles;



Simple sharing through email and screenshots.

CONCLUSION
The advanced analysis tools and techniques for spatial, network, 3D, and image analysis in the newest ArcGIS platform
provide a range of benefits for their user in various fields of interest. With applying the above mentioned techniques, the
analysis and assessments performed distinguished with an objectivity and users can make informed and well-founded
decisions.
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Abstract
In October 2014, the Czech government approved the conception of The Strategy for the Development of the
Infrastructure for Spatial Information in the Czech Republic to 2020 (GeoInfoStrategy), which serves as a basis for the
National Spatial Data Infrastructure (NSDI). From the fundamental spatial data point of view, the Register of
Territorial Identification, Addresses and Real Estates (RTIARE) can be considered as a cornerstone of the Czech NSDI.
The data registered in RTIARE serve as reference data (it means actual, valid and without further verification) for other
information systems and decision-making processes in public administration. Therefore, it is crucial to ensure the
completeness and accuracy of the data. However, initially RTIARE database was filled by importing data from several
data sources that were inconsistent in some cases. By this way some incorrect data got into the register. Administrator
of RTIARE, Czech office for Surveying, Mapping and Cadastre (COSMC), solves this problem, it periodically controls
and corrects data and its quality improves but without using a geometry part of geographical data. To improve the
quality of controls the geometry part has to be used. This paper describes the solution of selected controls, focused on
buildings registered in RTIARE based on using both attribute and geometry parts of RTIARE data. A total of four
controls were carried out: searching buildings which have identical (near) definition points, searching buildings which
have suspicious numbers (house registration), search buildings which have a common bond to the same parcel in
cadastre and searching buildings which have a definition point of a building and a definition point of a parcel far more
than the maximal distance. Some of the controls were solved by the application of computational geometry algorithms,
whereas in some cases the new algorithms had to be proposed. All the controls were tested and successfully
implemented using Oracle Spatial technology and its procedural language PL/SQL. The COSMC has already adopted
the controls in the RTIARE production database.
Keywords: NSDI, GeoInfoStrategy, RTIARE, data control

INTRODUCTION
On 14th November 2012, the Czech government decided to prepare a conception of NSDI „The Strategy for the
Development of the Infrastructure for Spatial Information in the Czech Republic to 2020” (GeoInfoStrategy). The
conception of the GeoInfoStrategy was finally approved by the governmental resolution of 8th October 2014
(GeoInfoStrategy, 2014). The GeoInfoStrategy reflects the lessons learnt from the NSDIs implementations in other
countries. An approach of the GeoInfoStrategy in building the national spatial data infrastructure is similar to the
INSPIRE (INSPIRE, 2007) idea. INSPIRE, as one of the most important European activity in the field of spatial
information, is the key European foundation for the GeoInfoStrategy.
The GeoInfoStrategy defines the principles and strategic aims for effective use of the spatial information in public
administration. The GeoInfoStrategy is a conceptual material that also has a close relation to other strategic documents
of public administration and eGovernment. The vision of the GeoInfoStrategy is that in 2020 the Czech Republic is a
knowledge society effectively using spatial information. To fulfil this vision, it is necessary that spatial information and
services will be used in every aspect of public life. The services that will be created with relevant spatial data will
support the competitiveness, safety, social cohesion and sustainable development. The accessibility of spatial
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information and services enables the public sector to offer the modern and high quality public services (ČADA,
JANEČKA, 2016).
The system of basic registers, launching in the Czech Republic from 2012, is the central information source for
information systems of public authorities. The system consists of four main basic registers:


Register of inhabitants,



Register of persons (companies),



Register of territorial identification, addresses and real estates,



Register of rights and responsibilities of public authorities.

The Register of territorial identification, addresses and real estates (RTIARE) can be considered as a cornerstone of the
Czech NSDI. RTIARE contains territorial elements and RTIARE contains territorial elements. It is absolutely necessary
to ensure that RTIARE contains only valid data.
The quality of RTIARE data is crucial not only from the perspective of national data, but also from the transnational
perspective, because along with the Information System of the Cadastre of Real Estate data, the RTIARE data are
published according to INSPIRE Directive and thus it becomes a part of the European data infrastructure.

CONTROLS OF RTIARE DATA DONE BY COSMC
The Czech Office for Surveying, Mapping and Cadastre (COSMC) is the responsible body for doing controls of the
RTIARE data. As stated in (JANEČKA & HEJDOVÁ, 2014) the geometry of the features has not been usually
considered during these controls. The outputs of these controls are identified errors which should be repaired by
operators.
For example, COSMC has done the following controls of the RTIARE data without using geometries, just using
attribute data:


a control of address points without a definition point,



a control of unrelated address points on the building objects with entrances,



a control of streets without related address points,



a control of streets,



a control of building objects without relation to the parts of municipalities.

To make the controls more precise considering the geometry is crucial. (JANEČKA & HEJDOVÁ 2014) describe the
geometry based controls of address points and streets.

CONTROLS OF BUILDINGS REGISTERED IN RTIARE
Methodology
Newly 4 controls are solved:
searching buildings which have identical (near) definition points,
searching buildings which have suspicious numbers (house, registration),
searching buildings which are linked to the same parcel in cadastre and
searching buildings which have a definition point of a building and a definition point of a parcel far more than the
maximal distance.
The work methodology is as follows. First, problem situations that should be found are identified for each control. If
possible, the problem is converted to the computational geometry problem. Available algorithms that can be used to
solve the problem are searched and implemented or own solutions are suggested. The results of each solution method
are compared in terms of results and time consumption and the most appropriate solution method for use in a RTIARE
production environment is selected.
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All algorithms were implemented and tested using Oracle Spatial technology and its procedural language PL/SQL,
because RTIARE data are managed in Oracle database.
Two tests datasets for testing of algorithms were used. Test data are original RTIARE data downloaded in VFR 1
(specialized exchange format) using Public Remote Access 2 application. The first dataset (Pilsen dataset) contains the
data of Pilsen municipality. The amount of the data is about 1% of the total RTIARE registry data. The second dataset
(Regional cities dataset) contains the data of all regional cities in the Czech Republic. The amount of the data is about
10% of the total registry data. The Pilsen dataset is used for algorithms implementation testing. The most appropriate
selected solutions are also tested on the Regional cities dataset.
For the data import and primary data processing the process described in (JANEČKA & HEJDOVÁ 2014) was used.

Searching buildings which have identical (near) definition points
The aim of this control is to find buildings that are probably duplicated in RTIARE. It means, that there are two or more
records in the database for one real building. Therefore it is necessary to find duplicate definition points of buildings,
but not only those points that have the same coordinates, but also the definition points of different buildings, that are too
close so that it could be considered as identical. There is an example of searched situations in the figure 1.

Figure 1. Near definition points of buildings. Definition points are red, building polygons are yellow.
The search of identical or close definition points can be converted to the geometric problem of Closest Point Problem
(CPP) that is a subset of Near Neighbor Search (NNS). The CPP is described in (SMID, 1995), the NNS problem is
described (Zhang, 2004). There were proposed many algorithms to address this problem, some of them are described e.
g. in (CHÁVEZ, 2005), (KAMOUSI, 2014), (BRIN, 1995), (ARYA, 2008).
Three of the available algorithms were selected, implemented and tested. It was the brute force method (described in
(LV, 2007)), spatial index R-tree (described for example in (ROUSSOPOULOS, 1995)) and sweep-line algorithm
(described in (SMID, 1995)).
The R-tree index was selected due to the possibility of easy implementation, this index is a part of Oracle system and it
can be assumed that its use will be effective. The sweep line algorithm was selected due to its popularity. The brute
force algorithm implementation illustrates comparison, how the algorithm choice affects the time requirements of the
solved problem.
Individual algorithms were implemented in the form of PL/SQL procedure with the minimal distance (i.e. the distance
into which two points are considered to be the same) input parameter. As the most appropriate minimum distance
parameter appears the distance of 2-3 meters. By the use of the higher minimum distance parameter there is a number of
close buildings definition points pairs found, but in the fact these buildings are not duplicated (most often garages or
other small objects).

1

http://www.cuzk.cz/Uvod/Produkty-a-sluzby/RUIAN/2-Poskytovani-udaju-RUIAN-ISUI-VDP/Vymenny-formatRUIAN/Vymenny-format-RUIAN-(VFR).aspx
2

http://vdp.cuzk.cz/
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The time consumption of individual tested algorithms for selected minimum distance parameter on the test data is
shown in table 1.
Table 1. Time consumption of tested algorithms on test data.
Minimum distance 3m

Algorithm

Minimum distance 5m

Time [s]

Time [min]

Time [s]

Time [min]

Brute force

59860

998

59875

998

R-tree

128

2

959

16

Sweep line

1098

18

1585

26

It is evident that in terms of the time consumption the most appropriate solution is the R-tree index algorithm. It was
implemented using standard Oracle functions SDO_NN and SDO_NN_DISTANCE (see (ORACLE)). The created
procedure was applied to the test datasets and the number of found close buildings definition points pairs for the
minimum distance of 2, 4 and 6 meters is shown in table 2.
Table 2. Count of close buildings definition points pairs for the minimum distance of 2, 4 and 6 meters.
Data

2m

4m

6m

Pilsen

355

7 084

11 021

Regional cities

6 355

77 946

118 848

The problem is that only according to the definition points distance it could not be clearly decided whether or not the
buildings are duplicated. It is necessary to control other building attributes (such as the house number or registration
number, belonging to the municipality and cadastre unit and other) or cadastral map insight in order to certainly
determination, which close buildings definition points pairs are duplicated. In some cases the definition points closeness
can be caused by their bad placement on the edge of the building polygon. According to the decree (Basic Registry Act,
2012) the definition points should be placed in the centroid of the building polygon.

Searching buildings which have suspicious numbers (house registration)
The aim of this control is to find buildings with suspicious house numbers or registration numbers. These numbers are
buildings identifiers within the village. It means that house numbers and registration numbers are unique in the village
and they do not repeat.
Numbers in the village should create continuous series of numbers that can be interrupted only in case that the building,
which had assigned the number, was canceled. For this reason, large discontinuation of the continuous series of
numbers are suspicious.
There are two approaches to address this problem. Specific numbers, in which neighborhood is on both sides (or only
on one side if the number is at the beginning or the end of the number series) an excessively large discontinuation of the
continuous series. The second approach is, that not the numbers but the discontinuations of the continuous series are
suspicious.
To address this control some pre-processing is needed, it is in detail described in (MARVALOVÁ & JANEČKA,
2015). Two procedures were created to solve this problem. One of the looks for specific suspicious house and
registration numbers and the second looks for suspicious discontinuation of the continuous series of numbers. Both
procedures have input parameter discontinuation that in the first case determines the size of discontinuation around the
numbers on both sides to consider the number as suspicious. In the second case the input parameter determines the size
of discontinuation to consider it as suspicious.
The time consumption of the both procedures is about 25 seconds for the Region cities dataset. The number of
suspicious house numbers and registration numbers for selected discontinuations in the Pilsen dataset is shown in table
3 and in the region cities dataset is shown in table 4.
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Table 3. Count of suspicious numbers in the test datasets.
Suspicious house numbers

Discontinuation

Suspicious registration numbers

15

30

50

15

30

50

Pilsen

9

4

2

214

106

70

Region cities

137

102

87

929

583

417

Table 4. Count of suspicious discontinuations of numbers series in test data.

Discontinuation

Suspicious discontinuations of house
numbers series

Suspicious discontinuations of registration
numbers series

15

30

50

15

30

50

Pilsen

21

11

5

453

251

155

Region cities

406

231

170

1955

1288

940

This is determined by the fact, that among other temporary buildings are numbered by registration numbers. These
buildings are canceled more often than other buildings and that is why registration numbers series contain more
discontinuations.

Searching buildings which are linked to the same parcel in cadastre
The aim of this control is to search the buildings that are linked to the same parcel in cadastre. These are buildings that
are probably duplicated in RTIARE or buildings that have an incorrect link to the parcel. Two procedures that use two
methods were developed and tested to solve this problem:
1.

Using the PL/SQL cursor that loads the building identifier and the linked parcel of the building. There are
searched buildings for each row of the cursor hat have the link to the same parcel.

2.

Using the JOIN operator that links the building table to itself using parcel identifier.

There was found 549 buildings linked to 272 parcels in Pilsen dataset. The time consumption on the Pilsen dataset is
shown in table 5.
Table 5. Time consumption of PL/SQL cursor and JOIN operator on the Pilsen dataset.
Method

Time [s]

PL/SQL cursor

243,28

JOIN operator

0,06

Considering the significantly lower time consumption the use of the JOIN operator is more appropriate from the
RTIARE production environment. Furthermore, this procedure was tested on the Region cities dataset. There 14743
buildings were found linked to 4856 parcels in 82 seconds. 4814 buildings in Region cities dataset are linked to the
parcel without identifier. It means that they have no link to the parcel.

Searching buildings which have a remote definition point of a building and a definition point of a
parcel
The aim of this control is finding buildings that have their definition point too far from the definition point of the linked
parcel, it means incorrect buildings whose definition point does not lie on the parcel, on which the building stays, or
buildings with the incorrect placed definition point. There is an example of searched situations in the figure 2.
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Figure 2. Remote building definition (red point) point and parcel definition point (black point)-incorrect placed
building definition point. The building is highlighted in yellow.
Problem occurs with buildings that stand on more parcels. These are often residential buildings with more address
places. In RTIARE, all buildings are linked only to one parcel, to the identifying parcel. It often happens in this cases
that the building definition point (correctly placed in the building centroid) and the parcel definition point (correctly
placed in the parcel centroid) are too far.
It is difficult to determine the maximum possible distance of the building and parcel definition point. This distance m
depends on the parcel size and it is determined by the parcels acreage size.
Three methods were designed to the solution of this problem that deal in different ways with the determination of the
maximum possible definition points distance and with the problem of the buildings that stay on more parcels. All
methods are described in detail in (MARVALOVÁ & JANEČKA 2015). A brief description of the methods is:
Method 1: There is determined a number of intervals into that parcels are divided using Sturgess rule. Parcels are
divided into the intervals using the natural breaks algorithm. The maximum definition points distance for each
interval is determined.
Method 2: There is determined the maximum distance of the building definition point and parcel definition point
for each parcel individually. This distance value depends again on the parcel acreage.
Method 3: A geometry intersection is used to find suspicious object instead of the definition points distance. It
holds that the building definition point must be inside the building polygon and the linked parcel polygon.
Conversely, for the buildings that lay on more parcels it holds that the parcel definition point must lay inside
the building polygon. Unfortunately, there are buildings in RTIARE without polygon. In this cases method 2 is
used.
The time consumption of all three methods on the Pilsen dataset and the number of found suspicious objects is shown in
table 6.
Table 6. The time consumption and number of found suspicious object.
Method

Time [s]

Count of suspicious objects

Method 1

15,4

187

Method 2

15,3

164

Method 3

42,4

322

In order to compare method 1 and method 2 it would be necessary to check all found suspicious objects. Method 3,
where the geometry intersection was used to resolve the control, gives the most confident results. Due to the results
quality, method 3 appears to be the most appropriate solution for use in the RTIARE production environment despite
the higher time demands.
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Due to the results quality, method 3 appears to be the most appropriate solution for use in the RTIARE production
environment despite the higher time demands. The PL/SQL procedure based on method 3 was applied on the Regional
cities dataset. There were found 4917 suspicious objects in this data in 17 minutes.

CONCLUSION
Due to the wide use of RTIARE data the data quality is important. For this reason, the data are regularly controlled and
new data controls are created. Due to the data variability and repeating of the controls the effectiveness of used
algorithms is important. Newly, there were 4 controls created. The controls search for the objects that are suspicious of
errors, because it is not possible to denote the object as incorrect only on the basis of the control results. The evaluation
of other attributes and objects properties is necessary to denote the object as incorrect.
On the control results it is possible to create a list of objects that are suspected of errors. The list is a basis for a
differential report creation. This differential report is passed to the RTIARE editors who perform the corrections of
incorrect objects.
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Abstract
In August 2015 more than 300 dolphin calves were stranding on the Bulgarian seacoast. Data were collected from
witnesses, organized by us in a network, using IT online services and other communications. Further these data were
formatted in GIS context. Using the numerical model MOTHY and the estimated exact hour of death of dolphin
carcasses, were chosen 28 specific cases were chosen. We simulated 252 possible trajectories for 25 days, with more
than 50 000 coordinate points. These raw data from the model were organized in a specific geodatabase. Then,
advanced GIS analysis were used to locate the place and exact time of death of dolphin’s calves, back in time. The
results point a place in Black sea, 35 km north of Snake Island that was the most probable place where the dolphin’s
calves died around 25 July 2015. Suspected reason of death, determined by different ways, was the usage of illegal
gillnets for turbot. Further, historical data of ship’s traffic were analyzed (with active AIS) to determine possible
offender/s. As only small percent of carcasses reach the coast in the investigated area due to specific currents in the
Western Black Sea, it is suspected that the incident concern thousands of dead dolphin calves. The significance in its
investigation is apparent for preventing new similar incidents. The applied new advanced methods and workflow can be
used to investigate different types of past time accidents in the sea.
Keywords: Dolphins, Stranding, Bycatch, Gillnet, Turbot, IUU, MOTHY, GIS

PREFACE
A wildlife disaster unfolded on the Bulgarian Black Sea coast in the summer of 2015. Hundreds of dead baby dolphins
(Phocoena phocoena) have been discovered on beaches along the 378 km long coastline. In July and especially in
August carcasses of baby dolphins were found at the seashore on almost all Bulgarian beaches, in particular after strong
winds. Due to specific sea currents in the Black Sea at that time of the year, only a small percentage (5-10%) of
carcasses reached the mainland. As the number of registered cases was more than 300, it was suspected to be a very
large wildlife disaster with probably thousands of dolphin victims. The incidents were found to be periodic in time,
which gave us a clue about the possible cause. At the neighboring coastlines of Romania and Turkey there were no
similar cases, but it was evident that most of the carcasses had been in the water for more than 20 days. Due to the
complexity of the case it was important to obtain as much data as possible and structure and analyse them using
different approaches in order to identify the potential cause of death.

COLLECTING DATA
Most of the signals and data on the deaths came in from citizens and tourists. The state institutions were lacking data
because there was no procedure in place beforehand covering such incidents. However, the non-governmental
organization “Save Koral Beach” immediately invented a workflow for collecting valuable data and created an
emergency network of supporters, colleagues, concessionaires, beach tenants, lifeguards, divers, surfers, spear
fishermen, fishermen and tourists. Social networks, in particular the Facebook group “Save the Dolphins”, were used to
record signals and for communication, collecting information details and exchanging photos and information.
Information about this activity was promoted in the News of several national TV media. Missing network for
monitoring of dolphins (stranding) in Bulgaria, prove that this approach was very successful in time of emergency. The
response was huge and soon revealed that the number of dead dolphins was far worse than was expected initially
(Figure 1).
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Figure 1. Two of more than 40 dead dolphin calves found at Koral Beach, 400 km away from the suggested place of
incident
The collected data consisted of detailed information including location, time and photos. Because of different quality of
received data, they further were sorted, checked and filtered. All data that was received was directly published online
via a public web map GIS application (http://dolphins.koralbeach.com), so that every person could check his own signal
and give further detailed descriptions if needed. The largest number of cases occurred between 1 and 12 August 2015
(Figure 2).

Figure 2. Number of dead dolphin calves in the summer of 2015
Therefore, this period was chosen for detailed analysis and investigation. From the photos for each case, experts
determined the approximate time of death of each dolphin. Then, 28 representative cases were chosen in that time
period, spread out all over the Bulgarian Sea coast. Data was structured in a geo database with coordinates and time of
appearance of each of the carcasses, time of death, photos, and other attribute information.
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MODEL MOTHY
The next step was to find out the place of origin of this wildlife disaster. Simulations of the backward movement of
dolphin carcasses were performed with the numerical model MOTHY. This model was developed about 20 years ago
by the French national weather service METEO FRANCE (Pierre Daniel, 1996). It was initially developed to simulate
the drift of containers at the sea surface and the movements of oil spills, but was later expanded with other functionality
to support search and rescue operations (Pierre Daniel, 2002). The model MOTHY can also predict the movements (or
simulate backward trajectories) of animal carcasses, as was required in this study (H. Peltier et al., 2012). The numerical
model needs bathymetric data, information about the location of the stranded dolphin carcasses and an estimate of the
time period of their drift in days. It also needs meteorological information, such as data about the winds at 10 meter
altitude above the sea surface and the atmospheric pressure data for the entire period of the simulation. The weather
data in this study is from the regional atmospheric model ALADIN (R. Bubnova et al., 1995) which is used at the
Bulgarian national weather service, the National Institute of Meteorology and Hydrology (NIMH). Data on sea currents
fields at the mixed-level depth of the Black Sea obtained from the American ocean model HYCOM (Eric P. Chassignet
et al., 2007) was used as input as well. With all these input data the MOTHY model first simulates surface currents and
subsequently the movements of the floating objects taking into account currents, winds, buoyancy and turbulence. The
output of the model is a set of backward trajectories for different levels of immersions of the carcasses (H. Peltier et al.,
2012).

TRAJECTORIES
For the 28 selected cases 252 trajectories (9 per case) were computed with varying level of immersion. About 50,000
possible coordinate points were obtained from these trajectories: one point for every 3 hours during 25 days (or less,
depending on the time of death) back in time per case (Figure 3).

Figure 3. Points and trajectories after MOTHY model simulations
The raw data received from the model were reformatted for advanced time analysis with ESRI’s Tracking Analyst, an
extension for ArcGIS for Desktop. A time window for 1 day and 3 days for every trajectory was used, compensating in
some degree for the potential time errors in the data. All 252 trajectories were investigated back in time in search of a
concentrated cloud of trajectory points somewhere in the sea. Eventually such a concentration was indeed found in any
used analysis, located 35 km northeast of Snake Island in the Exclusive Economic Zone of Ukraine in the Black Sea
(Figure 4).
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Figure 4. Cloud of trajectory points shows the place of incident, 35 km NE from Snake Island
Most of the carcasses were found hundreds of kilometers away from that place after more than 20 days of floating in the
sea. So the possibility of getting this result by chance is minimal.

TURBOT ILLEGAL FISHING
The time of the incident of the selected cases was determined as well and was found to be between 25 and 26 July 2015.
Knowing the place and time of the incident were the first steps in discovering the cause. During a deeper investigation
of the other available data it was found that some of the dolphin calves also died around 1 August 2015 in the same
place, so there was some cyclic event taking place. All of dead calves, more than 300 registered cases, were equal in
size, neonates from Phocoena Phocoena species. For most cases the exact cause of death was not possible to determine
by necropsy because of the long time the carcasses had spent in the sea already. However, necropsy could prove in
some cases that drowning was the cause of death (Kuiken T., 1996). Drowning of dolphin calves most often happens
when they are caught in fishing nets as bycatch. Happening all over the world, Illegal, Unreported and Unregulated
(IUU) fishing is one of the most devastating activities in the seas. The Black Sea is notorious for such activities,
especially illegal turbot fishing by gillnets (Bayram Öztürk, 2013). The place around Snake Island is one of wildlife’s
richest places in the Black Sea, including turbot population. The unspecific time of the illegal turbot fishing at the place
in question was also explained as well as historical data point maximum of bycatch dead dolphins especially in that time
window of the year in that area. The illegal turbot gillnets are often hundreds of kilometers long and are the main cause
of death globally especially for Phocoena phocoena due to the specific anatomy and behavior of this species (Randall
R. et al., 2013), (Kastelein et al. 1995), (Kastelein et al., 2000). Knowing the place, time and cause, the challenge still is
to find the offender. Historical data of marine traffic (marinetraffic.com) based on the automatic identification system
(AIS) was obtained and analysed, but there were no results due to the fact that illegal fishing boats never activate their
AIS. Also, we had no public access to VMS data for the region and not analyse them. Completing the crime scene
investigation, a thorough analysis of the data of all cases in the summer of 2015 made it possible to mark several places
in the Black Sea where illegal fishing of turbot might be happening.

FUTURE PREVENTION
The approach explained in this article can be used for a wide range of applications, investigations or rescue missions at
sea, without the actual need for satellite and sensor data, border police or military information. Many people contributed
to the investigation with their expertise, which has also helped in the wide-spread communication about this topic. The
authors hope that publicity of this severe wildlife disaster in the summer of 2015, concerning the death of probably
thousands of dolphin calves, can prevent further extermination of the small population of Phocoena phocoena and other
marine wildlife in the Black Sea. The population of turbot is also on its critical minimum in Black Sea, as well as many
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other species of marine life, and in the same time the lack of adequate control is evident. Black Sea is arena of Illegal,
Unreported and Unregulated (IUU) fishing, gas and oil investigation and production, military activities, pollution. The
extermination of marine sea life continues.
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Abstract
Documentary engravings that have appeared in the spectacular historical publications are a valuable source for the
study of the Thirty Years‘ War, opening up the possibility of researching the fortification techniques and identification
of terrain relics of the war era. The paper examines the accuracy and completeness of capturing topographic features,
settlements and military fortification and objects depicted on the engraving of a military encampment by a Moravian
village Horní Moštěnice near Přerov. Within the interdisciplinary research, besides historical, art-historical or
archaeological approach, the methods of digital cartography and GIS are applied in studying the historical engravings
published in 17th century. The iconographic sources could be treated as maps in a certain sense of the word. By
comparing the engravings with other relevant (younger) cartographic sources, e.g. historical military mappings or
imperial imprints of stable cadastre maps, it is possible to identify individual depicted objects, to study the captured
military situation or to visualize the changes of historical landscape. The aim of the work is to combine the results of a
field survey of the area where the camp was located with a geospatial research of the engraving (georeferencing the
imprint of the engraving, cartometric analyses, use of a digital terrain model from LIDAR data etc.) in order to support
the study of historical military situation and landscape. The interpretation of such plans of military engineers is not yet
entirely clear. The research suggests that the plans could represent a kind of strategic plans or documentation of an
ideal course of combat operations. In each case, the description of reality on them has much to say even today .

INTERDISCIPLINARY RESEARCH
Introduction
Engraving of an encampment situated in a valley near village of Horní Moštěnice near Přerov, with the original name
Abriss des Schwedischen Lägers Bey Bröhraw im August 1643 (Fig. 1), was published in Volume V of the work
Theatrum Europaeum between pp. 206 and 207 (in the second edition of 1651). In this epic publication being issued
from the early 17th to the mid 18th century, other engravings of the more than two dozen locations have been also
published, which are systematically examined by a team of specialists at Charles University and the Czech Technical
University in Prague (more to the project in Matoušek & Blažková, 2012 or Janata & Zimová, 2013).
The engraving is signed by Swedish Colonel C. Mardefeldt and represents one of the few works that are directly signed.
The plan shows a high oblique view of the immediate vicinity of the fortified encampment containing the village of
Horní Moštěnice itself. The camp was created and abandoned within the year 1643 in the context of wartime events
connected to the town Olomouc

Description of the engraving
Letter A of the legend attached to the engraving states that the Swedish camp was built around the village of Moßwitz,
which was the seat of the headquarters. After familiarization with historical sources and the section of landscape
depicted in the engraving, we can specify that it is a present-day village of Horní Moštěnice, in written documents for
the first time mentioned in 1131. Müller’s map of 1716 (specifically, edition of 1790, map sheet № 11) states it as a
settlement named Mostienitz. 1st Military Survey, sheet № 68 depicts Mostenitz in this area. In the maps of Austrian
Stable Cadastre of 1830, the village is listed as Moschtienitz as well as in the Second Military Survey (map sheet O–8–
VI), where Ober Moschtienitz is stated.
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Figure 1. The engraving of the Swedish encampment at Moštěnice in August 1643
The author portrayed in detail the village and its immediate surroundings constituting the majority of the Swedish camp.
Obviously, the engraving, mostly of the set of similar representations in the Central-European area, resembles a detailed
topographical plan. It displays from a high oblique view an almost rectangular segment of landscape measuring
approximately 4 × 2.5 km viewed from southwest to northeast, roughly in the area between today's settlements Horní
Moštěnice, Přestavlky, Beňov and today’s town part of Přerov – Újezdec (Fig. 2). Despite the obvious similarities with
a map, the engraving is not oriented according to the current cartographic usage. The frame dimensions are 320 to 231
mm.
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Figure 2. Estimated extent of the depicted area
Excluding the lines of field fortifications and positions of individual units, additional redutes are rendered outside the
camp area. In an unusually detailed way and according to studies of younger cartographic sources also quite faithfully,
the road network is shown. Also the composition gives an unusual impression – the author apparently began plotting the
central parts of the camp, because of which the drawing has been cut off in the northeast and southeast bordering
villages – Beňov and Přestavlky. Probably because of the indication of wider relations, Mardefeldt drew mainly
Přestavlky somewhat closer to the Swedish camp; together with Beňov they fit in the plan for at least a few of their
houses. Beyond the constituents of the military camp, none of the elements in the image are accompanied by labels and
thus it can be concluded that the author did not give a great importance to them.
Also the display of fields and other land parcels around the village looks very truly. This is based on a comparison with
Stable Cadastre maps of 1830, where it can be seen that even after two centuries since making the engraved images the
land around the village indicates a significant consistency in the orientation of the field ploughs (Fig. 5). It can not be
generally said that the author did not pay particular attention to surrounding elements of landscape outside the military
camp – the engraving is fairly consistent.
The redute in the upper part of the image (at an elevation of 298 northeast of the main village; in the engraving a
northernmost object labeled I) is even depicted in maps of the 2nd Military Survey (30s of the 19th century) and, until
today, the contemporary name of the hill – “Swedish chances” – still commemorates the then stay of troops in Horní
Moštěnice. The locality is outlined in a great detail within the map of 1st Military Survey and accompanied by a label
“Schweden Redoute” (Fig. 3).
At the end of 2015, an archaeological survey was conducted in the site, during which a geodesic company also
performed a detailed survey of the redute. There are no remains of the camp itself preserved to the present day, thus the
accuracy of its plot can hardly be expressed. Based on the experience of other depictions, however, field fortification
represents one of the most accurate regions of engravings.
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Figure 3. Area depicted in the engraving in the 1st Military Survey maps (boundary between sheets № 53 and 68)

ACCURACY ANALYSIS
Because of the obvious similarity to a map, selected cartometric analyses can be performed for the digital image of the
engraving. For the georeferencing of it, affine transformation using 7 ground control points has been performed within
MapAnalyst software. MapAnalyst represents a widely used application for analyzing old map works and apart fro m
classical georeferencing and evaluation of its accuracy, it provides also rendition of scale lines and distortion parameters
of the image.
The parameters of the affine transformation used indicate a greater value of accuracy compared to other engravings in
the set of analyzed engravings it the area of Bohemia and Moravia. The Root mean square position error of 203 m
(standard deviation of 142 m) is comparable only with the most accurate ones; the mean position error of the
georeferenced engravings within the set is about two times worse.
The engraving also evinces a rare consistency of the drawing, without any noticaeble areas of distortion. This is well
shown in Fig. 4 in which the lines of distortion and scale number are plot. The scale number of the engraving as a whole
varies around the value of 13,000 and the work is one of the largest-scale engravings in the area of the Czech lands. The
scale number in the bottom-center part of the image is slightly lower than in the left or right parts which could be
connected with the attempt to capture the peripheral villages. Necessary to say that the overal variance of scale number
is very low and the rotation distortion of the drawing is almost imperceptible.
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Figure 4. Results of scale estimation. Red lines represent distorted 250-m grid after geometrical transformations used.
Blue lines represent scale number isolines

CONCLUSION
The engraving prepresents one of the most faithful and accurate ones of the examined set of engravings of the Thirty
Years’ War battlefields in the Czech lands. As shown in the lower right corner of the drawing, the author of sketches for
the final form of the graphic sheet was Konrad (Conrad) Mardefeldt (von Massberg), who lived from 1610 to 1688. In
the Swedish army he had worked since 1628. In the 40s, colonel Mardefeldt was an general inspector of Swedish
fortresses in northern Germany. Thanks to his drawing talent he became a collaborator M. Merian, for whose engraving
workshop he made a large amount of drawing templates for war batllefields – in the Czech territory eg. a series
dedicated to the Battle of Jankov (Altová et al., 2007) and according to the handwriting it is likely that he is also the
author of an unsigned engraving depicting the siege of the town of Olomouc. In the area on the border between Swedish
and German spheres of influence on the Baltic coast, he drafted another depictions of localities in this area, for example
Bremervörde or Rendsburg.
We can classify the engraving of the Swedish camp in Horní Moštěnice into a large group of engineering plans, which
are characterized by an emphasis on a detailed plan of field fortifications. In these works, all other elements of the
landscape are shown suppressed and often reduced to a rendition of individual items using simple icons, in the
contemporary context generally understood (to detail Matoušek & Blažková, 2012; Janata, 2016). In the contrary, the
discussed engraving differs from other engineering plans in a considerably greater precision and fidelity.
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Figure 5. Orientation of field ploughs in the surrounding of Horní Moštěnice in Austrian map of the Stable Cadastre
(1830)
The causes of the high value of the documentary plan can be seen partly in sufficiency of time to make a detailed and
realistic documentary drawing due to an era of ceasefire. The fact that Mardefeldt was an excellent observer and
documentalist is evidenced by the already mentioned series of three engravings of Battle of Jankov. Here was
Mardefeldt able to make a thorough documentation of the landscape and course of the battle in the large, very complex
and confusing area within a very short time – a maximum several hours that have elapsed since the end of the battle to
the further march of the Swedish army. For another, an important factor is the small size and very good visibility in the
terrain at Moštěnice and its vicinity. From any point of the two parallel ridges between which the camp was founded, it
is even now possible to conveniently overlook the glen. Probably not coincidentally, an open space to the east of the
camp, respectively southward of Beňov, is only superficially indicated. These relatively remote locations Mardefeldt
apparently no longer considered necessary to document. For the same reason, he documented nor a clear situation north
of the camp, at the low ridge with the “Swedish chance”. In the engraving this deficiency is covered by a plaque with
legend. Contrarily, Přestavlcký les apparently represented a potential threat and therefore otherwise minor forest paths
are rendered in this area.
A thorough documentation of paths within the camp can be considered as probably the artist’s preoccupation. No other
engraving of battlefields in the Czech lands depicts the path network in such detailed manner. The careful
documentation of the landscape contrasts with errors in the rendition of Moštěnice itself. It can be only speculated that
the village, although being the seat of the camp’s general staff, was the least interesting element of the landscape from
the Mardefeldt’s perspective. The location of the village in the landscape and its overall character has been captured
exactly, but the details already seem not to be considered important.
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Abstract
Ecosystem services are the benefits that humans receive from the environment. Soils provide many ecosystem services
required to support human well-being. Soil erosion is one of the major and most widespread forms of soil degradation.
This study examines how erosion regulation can be evaluated and mapped. To map the erosion regulation, as an
ecosystem service, we use indicators that incorporate four USLE factors – soil erodibility (K), cover-management (C)
and slope length and steepness (LS). Erosion regulation map was generated by GIS-based overlay analysis of these
factors. The capacity to provide erosion regulation service was assessed using relative scale that ranges from 0 (no
relevant capacity) to 5 (very high relevant capacity. The results reveal the potential of the factors to supply ecosystem
services. The assessment of ecosystem’s capacity to regulate soil erosion can provide important information for
environmental management.
Keywords: Ecosystem services, Erosion regulation, GIS, USLE

1. INTRODUCTION
All economic activity and most of human well-being are based on a healthy, functioning environment. By focussing on
the various benefits from nature – ecosystem services – we can see more clearly the direct and indirect ways that human
well-being depends on the natural environment (TEEB, 2010). Ecosystems are shaped by the interaction of
communities of living organisms with the abiotic environment. An ecosystem is usually defined as a complex of living
organisms with their (abiotic) environment and their mutual relations (Maes et al., 2013). Ecosystems range from those
relatively undisturbed, such as natural forests, to landscapes with mixed patterns of human use, to ecosystems
intensively managed and modified by humans, such as agricultural land and urban areas. Ecosystem services are the
benefits people obtain from ecosystems (MA, 2005). Other cited definitions are: “…the conditions and processes
through which natural ecosystems, and the species that make them up, sustain and fulfil human life” (Daily, 1997);
“…the benefits human populations derive, directly or indirectly, from ecosystem functions” (Costanza et al., 1997);
“…components of nature, directly enjoyed, consumed, or used to yield human well-being” (Boyd and Banzhaf, 2007).
Ecosystems provide a variety of benefits to people, including provisioning, regulating, cultural and supporting services.
Provisioning services are the products people obtain from ecosystems, such as food, fuel, fiber, fresh water, and genetic
resources. Regulating services are the benefits people obtain from the regulation of ecosystem processes, including air
quality maintenance, climate regulation, erosion control, regulation of human diseases, and water purification. Cultural
services are the nonmaterial benefits people obtain from ecosystems through spiritual enrichment, cognitive
development, reflection, recreation, and aesthetic experiences. Supporting services are those that are necessary for the
production of all other ecosystem services, such as primary production, production of oxygen, and soil formation (MA,
2003). Ecosystem goods (such as food) and services (such as waste assimilation) represent the benefits human
populations derive, directly or indirectly, from ecosystem functions. For simplicity, ecosystem goods and services are
referring together as ecosystem services. A large number of functions and services can be identified (Costanza et al.,
1997). Ecosystem functions are ‘the capacity of natural processes and components to provide goods and services that
satisfy human needs, directly or indirectly’ (de Grot et al., 2002). Ecosystem services are, in turn, derived from
ecosystem functions and represent the realized flow of services for which there is demand (Maes et al., 2013).
Regulation functions relate to the capacity of natural and semi-natural ecosystems to regulate essential ecological
processes and life support systems through bio-geochemical cycles and other biospheric processes. In addition to
maintaining ecosystem (and biosphere) health, these regulation functions provide many services that have direct and
indirect benefits to humans (such as clean air, water and soil, and biological control) (de Groot et al., 2002). Regulating
ecosystem services are by nature closely related to ecosystem structures, processes and functions. Erosion regulation is
the ability of the ecosystems to prevent and mitigate soil erosion (Burkhard, 2014).
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Soil erosion is one of the most serious environmental problems in the world today, as it seriously threatens agriculture,
natural resources and the environment. Soil erosion is a natural process, occurring over geological time, and most
concerns about erosion are related to accelerated erosion, where the natural rate has been significantly increased by
human activity. Accelerated soil erosion is a serious concern worldwide, and it is difficult to assess its economic and
environmental impact accurately because of its extent, magnitude, rate and the complex processes associated with it
(Erkal and Yuldirim, 2012).
In this study we investigated the capacity of the ecosystems to regulate soil erosion in a case study area of
Strumeshnitsa river catchment in Bulgarian territory. The objectives of this study are:


To analyze factors that affect soil erosion and their relation to ecosystem services supply



To choose appropriate method for mapping erosion regulation ecosystem services



Highlight the areas with high erosion regulation capacity

2. MATERIALS AND METHODS
2.1 Study Area
The catchment of Strumeshnica river is located in the southwest-most part of Bulgaria (Figure.1), (41°31” - 41°52” N，
22°91” - 23°29” E) with an area of 440 km2. In terms of geomorphology, from north to south three major units are
located: Ograzhden mountain, valley of Strumeshnitsa and Belasitsa mountain. The highest point in the region is peak
Radomir (2029 m). The altitude varies between 78 m and 2029 m above sea level. The mean elevation is about 587 m.
About 30 % of the territory is characterized by steep slopes more than 20°. The climate is classified as mediterranean
with dry summer and wet winter.
Strumeshnitsa river originates from the Plachkovica mountain in the Republic of Macedonia and flows into the Struma
river. It has a total length of 114 km, of which 81 km in the Republic of Macedonia and 33 km in Bulgaria. The soils in
the study area are represented by three main soil types – Cambisols (CM), Fluvisols (FL) and Luvisols (LV). The
highest mountainous parts are covered by Cambisols, which makes up 40 % of the area. Fluvisols are located in the
lower parts of the area alongside Strumeshnitsa river. Luvisols are located predominantly in Ograzhden mountain. The
vegetation in the study area is dominated by oak forests.

Figure. 1 Strumeshnitsa catchment in Bulgarian territory

2.2 Data
Vector data of the watershed and the soil types were acquired from a database provided by Bulgarian ministry of
Environment and Waters through the projects “The Study on Integrated Water Management in the Republic of
Bulgaria” that has been conducted by the Government of Japan, through the Japan International Cooperation Agency
(JICA). The properties of the soils were extracted from ESDB (European Soil Database) and HSDB (Harmonized
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World Soil Database). ESDB provided information for the structure of the soils. HWSD was used as a data source for
silt, clay and sand fraction, organic carbon and permeability class of the soils. A Digital Elevation Model (DEM)
derived from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) satellite sensor of 30 m
spatial resolution was used to calculate the topographic factor (LS) of USLE. Landsat 5 TM image of 30 m resolution
(path/row: 184/31) acquired on 15 July 2009 was used for calculation of C-factor.

2.3 Indicators
Appropriate indicators that represent quantitatively the processes by which ecosystems regulate water balance are
needed in order to assess the capacity of ecosystems to mitigate soil erosion. In order to quantify the soil erosion
regulation we use some USLE parameters. The Universal Soil Loss Equation (USLE) is the most widely used erosion
equation. It is an erosion model designed to compute longtime average soil losses from sheet and rill erosion under
specified conditions (Wischmeier and Smith, 1978).
The equation estimates soil erosion by six factors:
A = RKLSCP
A - average annual soil loss (t/ha/year),
R - rainfall erosivity factor (MJ mm/ha h),
K - soil erodibility factor (t ha h/ha MJ mm),
L - slope length factor,
S - slope steepness factor,
C - cover-management factor
P - support practice factor
We estimate the supply capacity of erosion regulation ecosystem services based on four USLE factors that affect the
rate of erosion – soil erodibility (K-factor), topographic factor (LS-factor), cover-management factor (C-factor). ArcGIS
10.1 (Figure. 2) was used to calculate the factors and estimate the capacity of erosion regulation ecosystem services.

Figure. 2 Conceptual scheme

2.3.1 K-factor
Erodibility defines the resistance of the soil to both detachment and transport. Although a soil’s resistance to erosion
depends in part on topographic position, slope steepness and the amount of disturbance, such as during tillage, the
properties of the soil are the most important determinants. Erodibility varies with soil texture, aggregate stability, shear
strength, infiltration capacity and organic and chemical content (Morgan, 2005). The main soil properties affecting Kfactor are soil texture, organic matter, structure, and permeability of the soil profile. The physical, chemical, and
mineralogical soil properties and their interactions that affect the value of the K-factor are many and varied. Several
erosion mechanisms operate at the same time, each one relating differently to a specific soil property (Erkal and
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Yuldirim, 2012). Usually a soil type becomes less erodibile with decrease in silt fraction, regardless of whether the
corresponding increase is in the sand fraction or the clay fraction (Wischmeier and Smith, 1978).
As direct measurements of K-factor on field plots are not financially sustainable at the regional or national levels, the
soil erodibility nomograph is most commonly used and cited for soil erodibility calculation. An algebraic approximation
of the nomograph that includes five soil parameters (texture, organic matter, coarse fragments, structure, and
permeability) is proposed by Wischmeier and Smith (1978) Eq. (1) (Panagos et al., 2014):

K = [2.1x10-4 (12 – OM) M1.14 + 3.25 (S – 2) + 2.5 (P – 3)] / 100






(1)

M = (Si + VFS)(100 - CL)
 Si = Percent Silt
 VFS = Percent of Very Fine Sand
 CL = Percent Clay
OM = Organic Matter
S = Structure class
P = Permeability class

Usually the sand fraction is categorised into five classes of sand: very fine, fine, medium, coarse, very coarse. The very
fine sand structure (0.05–0.1 mm) as sub-factor (VFS) in Eq. (1) is not subject of standard soil analysis and was
therefore estimated as 20 % of the sand fraction (Panagos et al., 2014). There is no data about organic matter, so organic
matter is calculated by the Eq. (2) (Auerswad et al., 2014):

Organic Matter (%) = Organic Carbon (%) x 1.72

(2)

Good soil structure and high aggregate stability are important for improving soil fertility, enhancing porosity and
decreasing erodibility. In the European Soil Database, the soil structure is classified as humic, poor, normal or good
(Table 1). The estimation of the soil permeability was assigned according to soil texture classes (Table 2) (Panagos et
al., 2014). Equation (1) was adapted and used in Raster calculator to calculate K-factor.
Table. 1 Classes of soil structure derived from European Soil Database (Panagos et al., 2014)
Code
1
2
3
4

Structure class (S)
(very fine granular: 1–2 mm)
(fine granular: 2–5 mm)
(medium or coarse granular: 5–10 mm)
(blocky, platy or massive: > 10 mm)

European Soil Database
G (good)
N (normal)
P (poor)
H (humic or peaty top soil)

Table 2. Soil permeability classes estimated from major soil textural classes (Panagos et al., 2014)
Code
1
2
3
4
5
6

Permeability class (Р)
(fast and very fast)
(moderate fast)
(moderate)
(moderate low)
(slow)
(very slow)

Texture
Sand
Loamy sand, sandy loam
Loam, silty loam
Sandy clay loam, clay loam
Silty clay loam, sand clay
Silty clay, clay

2.3.2 LS-factor
Both the length (L) and the steepness (S) of the land slope substantially affect the rate of soil erosion by water. The two
effects have been evaluated combined in this research. LS-factor is the expected ratio of soil loss per unit area from a
field slope to that from a 22.1 meters length of uniform 9-percent (5.16°) slope under otherwise identical conditions
(Wischmeier and Smith, 1978).
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In the original version, slope length (L) was calculated either as the average horizontal distance from the source point
and the point in which steepness (S) decreases and sedimentation begins, or where runoff becomes focused into a
defined channel. This approximation works well in cultivated, flat or near-flat surfaces, but is not adapted to mountain
regions (Pregnolato and D’Amico, 2011). Many methods have been proposed to improve the calculation of the
topographic factor LS, but just in the last two decades a certain accuracy has been reached thanks to the implementation
of GIS systems and of digital elevation model (DEM) (Bosco et al., 2009).
In this study we estimate the topographic factor with Eq. (3) (Moore et al., 1993):
𝑛
𝜆𝐴 𝑚 sin(0.01745×𝜃𝑑𝑒𝑔 )
) (
)
22.1
0.09

𝐿𝑆 = (𝑚 + 1) (

(3)

𝜆𝐴 - the area of upland flow,
𝑚 - an adjustable value depending on the soil’s susceptibility to erosion,
22.1 - the unit plot length.
𝜃 - the slope in degrees,
0.09 - the slope gradient constant,
𝑛 - an adjustable value depending on the soil’s susceptibility to erosion
The LS factor is calculated in ArcGIS according to the following steps:
Step 1. Filling the depressions
The first requirement for the algorithm is a depressionless DEM. This is suggested for two reasons. First, true
depressions are rare in nature, as such, depressions in DEMs are often errors. Second, depressions will return negative
slope values. This will eventually result in negative erosion estimates (deposition) (Hickey, 2000).
Step 2. Calculating Flow Direction
The flow direction defines the flow path of water in areas adjacent to the lower altitude points in all of the positions in
the hydrographic basin. Independent of the magnitude of the rain event, the flow algorithm in a GIS establishes a one
dimensional flow network connecting each cell with other cells of the hydrographic basin in DEM until the point where
the whole surface runoff generated inside the hydrographic basin meets, defined as the mouth. The estimate of the flow
direction is based on the physical principle that the mass of controlled gravity proceed in the direction of the most
accentuated slope (Oliveira et al., 2013).

Step 3.Calculating Flow Accumulation
The determination of the accumulated drainage areas (or accumulated flow), which allows the simulation of the
hydrographic network, are defined based on the flow directions. The accumulated flow represents the amount of rain
that will drain through each cell, supposing that all of the rain become torrents and there is no interception,
evapotranspiration, or loss of underground water. Each pixel receives a value corresponding to the sum of the areas of
all of the pixels whose drainage contributed to the analyzed pixel (Oliveira et al., 2013). The L-factor values are limited
with the maximum value for slope length λ, as suggested in the RUSLE user guide (1000 ft or approximately 300 m)
(Pregnolato and D’Amico, 2011; Taveira-Pinto et al., 2009).
Step 4.Calculating slope angle in degrees
The slope is characterized identifying the plane tangent to the topographical surface in the centre of the cell. The
maximum plane elevation change rate characterizes the inclination gradient, while the correspondent cardinal direction
of this larger difference is the aspect (Oliveira et al., 2013). The estimation of LS is limited to a maximum slope angle
of 50 % (26.6 degrees) (Panagos et al., 2015).
The values of exponents range for m = 0.2 – 0.6 and n = 1.0 – 1.3, where the lower values are used for prevailing sheet
flow and higher values for prevailing rill flow. When nothing is known about the type of flow, m = 0.4 and n = 1.3 are
usually used (Neteler and Mitasova, 2005).
Step 5. Formula (3) is applied into Raster Calculator using the following expression:
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(1.4 * (Power(([flowaccumulation] * cell size / 22.1), 0.4)) * (Power(Sin([slope] * 0.01745) / 0.09, 1.3)))

2.3.3 C-factor
Factor C is the ratio of soil loss from land cropped under specified conditions to the corresponding loss from cleantilled, continuous fallow (Wischmeier and Smith, 1978). By definition, C = 1 under standard fallow conditions. As
surface cover is added to the soil, the C factor value approaches zero. For example, a C factor of 0.20 signifies that 20
% of the amount of erosion will occur compared to continuous fallow conditions (Kelsey and Johnson, 2003). Actual
loss from the cropped field is usually much less than this amount. Just how much less depends on particular
combination of cover, crop sequence, and management practices. It also depends on the particular stage of growth and
development of the vegetation cover at the time of the rain (Wischmeier and Smith, 1978). The value of C-factor mainly
depends on the vegetation’s cover percentage and growth stage. The effect of mulch cover, crop residues and tillage
operations should also be accounted for in the C-factor (Van der Knijff et al., 2000).
Vegetation cover acts as a kind of buffer layer between the atmosphere and the soil. Leaves and stems as above-ground
components of plants absorb some of the energy of raindrops and surface water. Below-ground components as the root
system contribute to the mechanical strength of soil. Interception decreases the volume of rain reaching the soil surface.
The effectiveness of the plant cover in reducing the raindrop impact depends on the height and the continuity of the
canopy and the density of the ground cover (Erencin, 2000). The C-factor has been one of the most difficult USLE
factors to estimate over broad geographic areas. Traditionally, spatial estimates of vegetation cover have been done by
simply assigning values from literature or field data into a classified land cover map (Аsis and Omasa, 2007). Different
methods have been developed to improve C-factor mapping using remote sensing data. Several models using linear and
non-linear regression were developed on the basis of the correlation between C-factor and vegetation indices, which, in
turn, were obtained from satellite images to apply in soil erosion models (Anache et al., 2014).
Vegetation cover can be estimated using vegetation indices derived from satellite images. Vegetation indexes can
delineate the distribution of vegetation and soil based on the characteristic reflectance patterns of green vegetation. The
Normalized Difference Vegetation Index (NDVI), one of the vegetation indices, measures the amount of green
vegetation. The spectral reflectance difference between Near Infrared (NIR) and red is used to calculate NDVI. The
formula can be expressed as (4):

NDVI = (NIR – red) / (NIR + red)

(4)

The NDVI has been used widely in remote sensing studies since its development. NDVI values range from
-1.0 to 1.0, where higher values are for green vegetation and low values for other common surface materials. Bare soil
is represented with NDVI values which are closest to 0 and water bodies are represented with negative NDVI values.
(Patil and Sharma, 2013).
The Normalised Difference Vegetation Index is one of various mathematical combinations of satellite bands, which
have been found to be sensitive indicators of the presence and condition of green vegetation. It is based on the
reflectance properties of vegetation in comparison with water, snow and clouds on the one hand and rocks and bare soil
on the other hand. Vegetated areas have high reflectance in the near infrared and low reflectance in the visible red.
Water, snow and clouds have larger visual than near-infrared reflectance and bare soil and rocks have similar
reflectance in both spectral regions. As a consequence green vegetation yields high values for the index, water has
negative values and bare soil gives indices around 0 (Erencin, 2000).
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Figure. 3 C-factor from NDVI calculation compared with land cover information (Lin et al., 2002)
The relationship between C-factor and NDVI can be established as (Figure 3). C-factor is calculated in Raster
Calculator using this equation (5) (Lin et al., 2002):

C = ((1 − NDVI)/2)

(5)

3. RESULTS
3.1 USLE results
The values of K-factor range from 0.029 to 0.042 (Figure 4). The highest values indicate less resistance to soil erosion.
With highest values (0.042) are the Fluvisols, situated alongside Strumeshnitsa river. Although most susceptible, they
are located in areas with smaller gradients, which is a prerequisite for a lower degree of erosion. Following them are the
Cambisols (0.035) occupying the highest parts of the study area. The most sustainable soils, with the lowest values, are
Luvisols - 0.029.
The map of LS-factor confirms that mountainous parts of the watershed have the highest values. The highest value of
the LS-factor is 31.98, with average value of 9.04. The average slope gradient is 14.7. About 30 % of the study area has
high slope gradients - over 20 degrees, which are concentrated mainly in the southern parts. Areas with low altitude and
slope gradients have low values.
The C-factor was derived from NDVI image of Landsat satellite data. The values of NDVI range between minus 0.25
and 0.80 with mean value of 0.52. The highest values are concentrated in the northern and southern parts where the
forest vegetation is predominant. The values of the C-factor range of 0.09 to 0.62. The average is 0.23. High values
indicate a greater risk of erosion. Soils without vegetation are represented with higher values .
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Figure. 4 K-factor, LS-factor, C-factor

3.2 Erosion regulation capacity of K-factor, LS-factor and C-factor
The capacities were assessed on a scale ranging from 0 to 5 (Table 3). A 0-value indicates that there is no relevant
capacity to supply erosion regulation services and a 5-value indicates the highest relevant capacity for the supply of
these services. Values of 2, 3 and 4 represent respective intermediate supply capacities. This scale offers an alternative
relative evaluation scheme, avoiding the presentation of monetary or normative value-transfer results (Nedkov and
Burkhard, 2012).
The K-factor is a measure of the inherent erodibility of a given soil under the standard condition of the USLE unit plot
maintained in continuous fallow. Values for K-factor typically range from about 0.013 to 0.059 SI units, (0.10 to 0.45
US customary units) (McCool et al., 1995). Based on this assumption, we categorized the soils in five classes (Figure
5).
The LS-factor is limited to 300 m length and 26.6 degrees slope. So the values vary from 0 to 31.98. Those values are
classified in equal intervals. A layer with slope steepness is reclassified with two values – 0 for slopes more than 26.6
degrees and 1 for slopes below 26.6 degrees. Both layers are multiple in Raster calculator, so the LS-factor capacity
map gains 0 (no relevant capacity) value.
The C-factor ranges from almost 0 to 1. We divided 5 classes equally for the 1-5 capacity and only value 1 (soil without
vegetation) will gain 0 capacity. It must be mentioned, that there is no real 0 value for vegetation cover. Even the
densest vegetation cannot fully protect the soil.
Table. 3 Erosion regulation capacity of K-factor, LS-factor and C-factor
Ecosystem services capacity
0 = no relevant capacity
1 = low relevant capacity
2 = relevant capacity
3 = medium relevant capacity
4 = high relevant capacity
5 = very high relevant capacity

K-factor capacity
0.051 – 0.059
0.042 – 0.050
0.031 – 0.041
0.022 – 0.030
0.013 – 0.021

LS-factor capacity
Slope above 26.6 degrees
25.58 – 31.98
19.19 – 25.58
12.79 – 19.19
6.39 – 12.79
0 – 6.39

C-factor capacity
1 (soil without vegetation)
0.80 – 0.99
0.60 – 0.79
0.40 – 0.59
0.20 – 0.39
0 – 0.19
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Figure. 5 Erosion regulation capacity of K-factor, LS-factor and C-factor

3.3 Supply capacity of erosion regulation ecosystem service
The final output is obtained by summing the factors in Raster Calculator and divided by four, as LS-factor is used twice,
because it contains two parameters – slope length and slope steepness:

((K-factor + LS-factor + LS-factor + C-factor) / 4)
The result shows that the area has high erosion regulation capacity (Figure 6). The values range from 1.25 to 4.75. The
mean value is 3.64. Those values are classified in equal intervals and equated to the main capacity classes - from 1 to 5
(Table. 3). With high capacity are the areas with low slope degree alongside the Strumeshnitsa river. The lowest
capacity values are in the mountainous parts with steep slopes. There are only few areas with low relevant capacity,
because in the mountains there is good vegetation cover, which moderate the values.
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Figure. 6 Supply capacity of erosion regulation ecosystem service

3.4 Limitations
The limitation of the USLE factors maps is that each morphological unit is assumed to be homogenous. In raster data
each grid cell has a single value. This means, that every value is concerned to pixel size 30 x 30 m, so heterogeneity
within each pixel is ignored. The main source of error is likely from C-factor values that were estimated from satellite
image. Estimation C-factor with NDVI analysis is alternative method, which shows approximation values. It does not
precisely reflect the protective cover against soil erosion. The satellite image is from 2009 year, so there may be
changes of vegetation cover. Also in different vegetation period will show different values. The soil data could have
more soil classes. The assessment could be improved by higher spatial resolution and including recently acquired
images from different periods.

4. CONCLUSION
The methods used in this article made some assumptions, which will affect the accuracy of the results. Therefore, these
results should be interpreted with caution. Using non-monetary method for estimation can’t show precise measurement,
but can provide useful information for ecosystem services supply. The results show that GIS and remote sensing data
can be a valuable tool in mapping ecosystem services. Mapping ecosystem services is valuable for understanding the
relationship between land characteristics and their services. With improved methodology and data, the model can
provide various scenarios of the land characteristics effect on ecosystem services supply in different scales.
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Abstract
The Polish Geological Institute - National Research Institute has been a main provider of geological maps in Poland
for many decades. The basic developed product is the Detailed Geological Map of Poland which starting from the year
1996 has been compiled using an especially designed GIS based application. The system with later updates is still in
use and provides data for many other cartographic products. The PGI-NRI also takes part in various regional and
international initiatives as well as follows a considerably new direction in geological cartography and publishes series
of geological-tourist maps of the chosen national and landscape parks. The digital geological and geological-tourist
data is stored in the Central Geological Database and available on the Internet.
Keywords: geological maps, geological cartography, Detailed Geological Map of Poland, GeoLOG application

INTRODUCTION
The Polish Geological Institute - National Research Institute (PGI-NRI) acts as a geological survey in Poland.
According to the Geological and Mining Law, one of the main tasks of the Polish Geological Survey is to conduct and
coordinate geological mapping in the territory of our country. Therefore the Polish Geological Institute has been a chief
provider of geological maps in Poland for many decades. Although our products have been the subject of many
previous papers and presentations in the past, during the International Map Year it is worth to remind our major
achievements in the field of geological cartography. It has to be stress out that this paper focuses on maps compiled in
the Geological Mapping Program that is on geological and geological-tourist maps. All of these maps are developed by
the use of ArcGIS software where additional dedicated extensions as well as cartographic tools originally provided by
ESRI are applied. Most of the geological and geological-tourist data is available on the Internet.

NATIONAL GEOLOGICAL MAPS
The long tradition of geological maps compilation in the Polish Geological Institute reaches 1950s. Over the course of
years the production techniques have been constantly improved and updated, what has led to establishment of coherent
GIS based production process. Details and principles of the construction procedures are defined in the appropriate
instructions, developed and published beforehand. A consistent system for data storage as well as a unified
nomenclature of thematic layers have been introduced for all of the maps (Instrukcja… 2004, 2008, 2009). Digital data
is loaded to the Central Geological Database which is an Oracle database developed and maintained by the PGI-NRI.
At the same time each of maps has its own repository with data grouped into folders and geodatabases accordingly to
the sheet division. A unique situation exists in case of the Detailed Geological Map of Poland where apart from
the above mentioned solutions there is a separate dedicated database.
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The following national maps are compiled in the Geological Mapping Program of the PGI-NRI:
Detailed Geological Map of Poland to a scale of 1:50 000
Lithogenetic Map of Poland to a scale of 1:50 000
Geological Map of Poland to a scale of 1:200 000
Geological Map of Poland to a scale of 1:500 000

Figure 1. National geological maps – availability of the digital data
Table 1. Structure and nomenclature of the data
Name of the layer

Stored data

geo1

Geological/lithogenetic units, linear structures of surface geology

geo2

Anthropogenic forms

geo3

Conventional signs like eratic boulders, groundwater seepages, mineral
appearances, accumulation of mineral resources and fossil fuels, fossil flora
and fauna occurences, archeological findings etc.

geo4

Open pit mines and quarries

110

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

dok2

Boreholes and their profiles

dok3

Documentation points

dok5

Cross-sections’ lines

hyd

Hydrography

syt

Hipsometry

izo

Topography

Detailed Geological Map of Poland to a scale of 1:50 000 (DGMP)
The whole edition of the Detailed Geological Map of Poland comprises 1069 sheets (plus 16 partial sheets published
together with the adjacent ones). It has been published by the Polish Geological Institute since 1954. The map combines
information gathered from: a field work of mapping, exploratory drillings, geophysical surveys, laboratory studies as
well as archival results of geological researches (Jóźwik 2013). It is the most complex geological compilation in our
country and, to be proven later in this paper, provides the fundamental data for geological maps in different scales. It is
also the base for other thematic compilations like hydrogeological or environmental maps.
Process of compiling each DGMP sheet is dived into several stages (Instrukcja… 2004). Part of them such as
preparation of a geological design, field and indoor works were (they are already finished, except few map sheets that
are being renovated) performed by an author of the map. To ensure a high quality of the product, there is a group
of specialists involved in the remaining stages of the process. Three cooperating teams handle scientific editing,
digitalization and technical editing. They base on the Instruction issued by the director of the Polish Geological
Institute. Not only does the document describe the construction procedures on every single stage but it also defines all
of the obligatory map elements. Since each map sheet is a separate study consisting of: a geological map to a scale
of 1:50 000, a geological cross-section, synthetic geological profiles, key of colors and symbols, boreholes’ profiles etc.
It is published together with an explanatory text, which describes geology of the particular area in details and includes
thematic sketches, results of laboratory analyses and other attachments (Instrukcja… 2004).
Starting from the year 1996 map sheets have been digitally compiled using an especially written (in Arc Macro
Language) ArcSMGP application that has been awarded many times as one of the first digital systems for data storage
and cartographic editing in Poland. Designed in the cooperation with specialists from the PGI-NRI, it was created by
the Neokart GIS on the basis of ArcInfo Workstation and Oracle database and became the main tool for maintaining and
managing the DGMP database. The ArcSMGP application comprises of several different moduls (Jóźwik 2013).
Table 2. Moduls of the ArcSMGP application
Name of the modul

Functionality

Admin

Manages users’ accounts

Verification and loading

Enables automatic verification of data compliance with the dictionaries and
loading data to the database

Tools

Generates workspaces for maps, cross-sections and profiles, extracts data from
the database

Dictionaries

Color symbols selection, generating and printing reports
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Index

Concerns information about authors, editors, years of the map compilation

Technical editing

No longer in use

To these days the same technology is applied for digitalization, verification, data storage as well as for updating color
symbols and other map elements. In other words, from the above mentioned moduls all, apart from the technical editing
modul, are still in use and provide basic data for other cartographic products. The technical editing process has been
transferred to ArcGIS 9.3.1. It has been done by preparing suitable dictionaries and styles’ libraries next to creating and
adding to ArcToolbox new tool boxes with the appropriate Python scripts and new tool bars to ArcMap application.
The first of the added tool boxes is used directly for the technical editing and comprises the following scripts:


Generate boreholes’ legend



Generate boreholes’ profiles



Generate frames of map sheets



Generate scale bars for geological profiles



Download map sheet for the editing process



Change order of the stratigraphic legend items



Check the stratigraphic legend items

The basic script here is “Download map sheet for the editing process”. This tool downloads data for the chosen map
sheet from the DGMP database and automatically converts it from coverages to an ESRI personal geodatabase. The
geodatabase contains appropriate thematic layers, rasters, tables with legend items and inner datasets for geological
cross-section and geological profile or profiles. The first of the mentioned new ArcMap’s tool bars enables
configuration (defining paths to appropriate templates and dictionaries) and automatic generation of a map layout, in
particular: placing data frames with the specific map elements in defined areas, creating joins with dictionaries,
symbolization of layers, drawing key of color and symbols as well as other graphic elements. The latter toolbox
contains one main script (Export_MDB_TILES) and is designed for loading revised data back to the DGMP database
what is done by converting it again from geodatabase to coverage format so that all the data can be stored in the same
format creating a coherent database.
As of the end of 2015, there is 659 revised and completed map sheets but the whole number of the sheets in
the database (including those that are already digitized but still need revision) exceeds 900. Data coming from
the geodatabases of the completed map sheets (after suitable simplification) is loaded to the Central Geological
Database as well.

Lithogenetic Map of Poland to a scale of 1:50 000 (LMP)
The whole map edition consists of 1069 sheets (plus 16 partial sheets published together with the adjacent ones) and is
designed for common use including people who do not have detailed geological knowledge. It is compiled on the basis
of the Detailed Geological Map of Poland but it focuses on lithology and genesis of surface formations and does not
include stratigraphic division. Therefore units distinguished here are highly simplified (Instrukcja… 2008). To enhance
the quality of the cartographic transmission, apart from layers with hydrography and topography, a digital elevation
model is added to the map. Furthermore, explanations of colors and symbols presented on the map are bilingual, written
in Polish and English.
The detailed rules of creating, checking and editing the LMP are described in the Instruction issued by the PGI-NRI
director. The whole process takes place in ArcGIS 9.3.1. environment, where new tools (Python scripts) for data
management as well as for map layout configuration and generation have been added (Jaranowska 2007). They are
available from a toolbar level in ArcMap and are also used for the series of the Geological Map of Poland to a scale
of 1:200 000 (GM200).
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Table 3. Dedicated ArcMap tools for the LMP and the GM200 map series
Name of the tool

Functionality

Verification

Checks the structure and content of the geodatabase with applied rules

Configuration

Defines map series and connections with templates and dictionaries

Download

Downloads data from the preliminary repository and creates a geodatabase

Load

Loads data from the geodatabase to the Central Geological Database

Generate a map layout

Generates a map layout, creates joins with dictionaries, matches to styles’
libraries

700 map sheets of the Lithogenetic Map of Poland have been published by the PGI-NRI in the years 2006-2013.
The next 50 map sheets are being prepared, they will be completed till the end of 2016.

Geological Map of Poland to a scale of 1:200 000 (GM200)
The analogue version of the Geological Map of Poland to a scale of 1:200 000 covers the entire country.
The compilation of the map started in 1955, the first map sheet (Radom) was published in 1969, the next map sheets in
the years 1971–1998. The map presented the state of geological recognition from the 1970s and after the completion
of the field work for the DGMP, turned out to be obsolete. Hence, the map renovation project was set up
in 2005. Simultaneously the new instruction including guidelines for the digital compilation was created. The territory
of Poland has been divided into 77 map sheets. Each map sheet is published in two versions: “covered” (presenting
surface geology) and “uncovered” (bedrock geology), together with a shared explanatory text (Instrukcja… 2009). The
process of map compilation mostly base on joined and generalized data from the 16 appropriate DGMP sheets to a scale
of 1:50 000 and is handled in ArcGIS 9. Applied dedicated solutions as well as the way of data management are exactly
the same as for the LMP series.
There is 21 map sheets digitally elaborated so far. Another 13 will be compiled in the years 2016-2019.

Geological Map of Poland to a scale of 1:500 000 (GM500)
The map covers the whole territory of Poland and consists of 4 sheets plus one sheet with the geological cross-sections.
It was compiled in the years 2003-2005 on the basis of the Detailed Geological Map of Poland to a scale of 1:50 000
and the Geological Map of Poland to a scale of 1:200 000. After completing and updating accordingly to
the contemporary geological knowledge, the map was published by the PGI-NRI in 2006. It shows geology of surface
formations in Poland. Information on lithology, stratigraphy and genesis is available in two languages: Polish and
English. The map, like all previous mentioned, was compiled in ArcGIS. The data is stored in a common ESRI personal
geodatabase. It has been loaded to the Central Geological Database as well.

REGIONAL GEOLOGICAL MAPS AND INTERNATIONAL COOPERATION
Detailed Geological Map of Tatra Mountains to a scale of 1:10 000
The Detailed Geological Map of Tatra Mountains to a scale of 1:10 000 is a serial map comprising 25 map sheets.
All of them have been completed in the years 2005-2015. The map has been compiled in the cooperation with Slovak
geologists (Piotrowska 2013) on the basis of old paper (both Polish and Slovak) maps of this region as well as
on current geological field work and geophysical surveys. Similarly to the Geological Map of Poland to a scale
of 1:200 000 the map is published in two versions: “covered” (presenting surface geology ) and “uncovered” (bedrock
geology)
Like the other cartographic products, it has been developed in ArcGIS 9 software but, what is worth to underline, it is
the first one where advanced solutions origally provided by ESRI have been introduced (Piotrowska 2013).
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The DS Map Book was applied for the purposes of a map series creation. The application enabled generation of
the unified layouts for all of the map sheets and made the process of technical editing partly automated. The advanced
symbolization technique has been implemented as well (Piotrowska 2013). The background colors of geological units
are defined as simple symbols whereas all patterns come from representations’ rules (Cartographic Representation
extension). To control the quality of text data the so called attribute domains have been used. They constrain the values
allowed in any particular attribute and so enforce data integrity.
Although the map edition consists of 25 map sheets published separately, the data altogether composes a coherent
database and is stored on the server of the Central Geological Database.

Geological Map of the Northern part of the Polish-Belarusian cross-border area
The map was compiled in the frame of an international project, financed by the Ministry of Science and Higher
Education (in accordance to the Agreement on Scientific-Technical Cooperation between Poland and Belarus),
regarding correlation between main lithostratigraphic units in the North part of the Polish-Belarusian cross-border area
(Marks 2011). Pilot sheets of Quaternary (“covered”) and bedrock (“uncovered”) geological map to a scale 1:250 000
were published together with an explanatory text in 2011. They were developed on the basis of the available sheets of
the Detailed Geological Map of Poland as well as on the Belarusian geological map of Quaternary deposits and
(in the North area) the Quaternary Geological Map of Lithuania (both to a scale 1:200 000). First stage of digital map
compilation was performed in the ArcInfo Workstation software, further stages as well as preparation of final map
layouts – in ArcGIS 9.3.1. The data was finally gathered in an ESRI personal geotadabase with inner division to feature
classes imitating the structure of compilations such as the DGMP and the GM200 (Marks 2011). All of the map sheets’
explanations are bilingual and include Polish and English version. There is also a CD being attached to the disseminated
copies of the compilation.

OneGeology
The Polish Geological Institute – National Research Institute has been involved in the OneGeology initiative since
the very beginning that is since the Brighton agreement concluded in March 2007. Among other things, our contribution
to the project consisted in creation of a geological map of Poland to a scale of 1:1000 000 that would be semantically
and technically conformant with the introduced OneGeology standards. The compilation has been done on the basis of
the Geological Map of Poland to a scale of 1:500 000 and concerned geometrical and substantial generalization and
verification of geological units as well as revision of vocabulary on lithology and stratigraphy. This is the first
geological map fully prepared in GeoSciML 3.2 (Stępień 2011). The first one that truly deserves to be called a GIS
compilation because (unlikely to other maps where polygons are coded with strings of digits and have to be linked to
dictionaries) each polygon here is directly described with a name of a geological unit. The map presents surface geology
of Poland and is published as a WMS service on the OneGeology (as well as OneGeologyEurope) portal. Specialists
from the PGI-NRI are responsible for maintaining the service.
It is worth to remind that the PGI-NRI has also supported the SRDE Geoinform of Ukraine in the process of
standardization and adaptation of their geological map to the OneGeology software. The Ukrainian map of bedrock
geology to a scale of 1:1000 000 was published on our server as a Web Map Service (WMS) in order to test its
compatibility with the OneGeology geoportal. Currently the service is maintained by the SRDE Geoinform of Ukraine
themselves.
According to the EGDI Bridge project all of the national maps being served by the OneGeologyEurope geoportal are
supposed to be converted to the INSPIRE conformant form and move to the EGDI portal (as the current
OneGeologyEurope portal is going to be terminated in June 2016).
Apart from the adaptation of the Polish Geological Superficial Map that is currently presented on the
OneGeologyEurope geoportal, the related works in the PGI-NRI will also include the following maps:


Glaciotectonic Map of Poland to a scale of 1:1 000 000



Bedrock Horizontal Cutting Map of Poland to a scale of 1:1 000 000 (6 levels of horizontal cutting)



Bedrock Geological Map to a scale of 1:1 000 000

They have been compiled in the GeoSciML 3.2 in the frame of an additional national project. Although they have not
been served on the OneGeologyEurope portal before, they are fully compliant with the required standards and so after
transformation to the GeoSciML 4.0 will be include in the EGDI project.

114

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

GEOLOGICAL-TOURIST MAPS
Apart from traditional geological maps the PGI-NRI publishes series of geological-tourist maps of the chosen national
as well as landscape parks. Not only do these maps present tourist attractions and topography of the given areas but they
also show simplified geology and the most interesting geosites. Although it is a considerably new direction in
geological cartography it wins appreciation among wide range of users.
The same production technuiques were applied for both kind of protected areas’ maps. They were compiled in ArcGIS
software, where advanced cartographic solutions like the Cartographic Representation extension as well as the Selective
Masking tool were used. The first one enables full modification of point, line or polygon features without changing their
factual structure and location. The latter makes possible masking certain map elements and so enhances the cartographic
transmission of the map. Thanks to these solutions it was possible to legibly present the wealth content of the maps on
printed versions and at the same time to prepare interactive versions to be shared on CDies or published on the Internet
(Jóźwik 2015). The paper edition includes a traditional folded map with a geological-tourist map on the one side and
a description of geosites on the other. It has been disseminated together with the CD.
According to the technical guidelines for both series, data is stored in ESRI personal geodatabases. Each of maps has its
own database with internal datasets for geology, tourism and topography (Przasnyska, Tekielska 2008-2009, Przasnyska
2013, Jóźwik 2015). Likewise in case of geological maps, data is eventually loaded to the Central Geological Database.
The following geological-tourist maps of the national parks were published by the PGI-NRI in the years
2010-2013:


Białowieża National Park to a scale of 1:25 000



Babia Góra National Park to a scale of 1:13 000



Polesie National Park to a scale of 1:30 000



Roztocze National Park to a scale of 1:30 000



Wigry National Park to a scale of 1:30 000



Ojców National Park to a scale of 1:25 000



Pieniny National Park to a scale of 1:25 000



Gorce National Park to a scale of 1:25 000



Drawa National Park to a scale of 1:40 000



Warta Mouth National Park to a scale of 1:25 000



The following geological-tourist maps of the landscape parks were published by the PGI-NRI in 2014:



Gostynin-Włocławek Landscape Park to a scale of 1:60 000



Suwałki Landscape Park to a scale of 1:25 000



Vistula Spit Landscape Park to a scale of 1:60 000



The Coastal Landscape Park to a scale of 1:60 000



Masurian Landscape Park to a scale of 1:60 000



Wel Landscape Park to a scale of 1:40 000



The Romincka Forest Landscape Park to a scale of 1:40 000

AVAILABILITY OF THE DATA ON THE INTERNET
The geological and geological-tourist data can be viewed on a computer using classic map browser available on
the PGI –NRI web site or they can be accessed directly from a mobile device by the use of the GeoLOG application.
Both solutions are provided by the Central Geological Database. From the technical point of view, the latter one is not
exactly a mobile application but a modern webGIS site supporting mobile devices. The whole set of the accessible data
comprises not only the previous mentioned geological and geological-tourist maps but much wider range of the Central
Geological Database’s resources. Apart from displaying and browsing data, the GeoLOG offers many additional
functionalities, among the others: defining one’s exact location and registering the route as well as loading WMS
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services from other servers, compiling your own maps’ compositions and saving them on the device or sharing via
social media. The application’s language is Polish but it can be easily changed to English.
The geological and geological-tourist data is also available as WMS services, whose addresses as well as metadata can
be found on the Central Geological Database portal.
There is a team in the PGI-NRI consisting of specialists from various domains who work on making our services fully
compliant with the INSPIRE directive.

CONCLUSION
The Geological Mapping Program of the Polish Geological Institute – National Research Institute has great
accomplishments in the field of geological cartography. All of the basic geological maps are compiled here, under
the watchful eye of qualified specialists. Experience gathered in the course of years has allowed them to develop
the optimal, unified GIS based techniques of map production as well as the coherent system of data storage and
dissemination. Eventually all of the data coming from the described geological and geological-tourist maps (apart from
the exception of the Polish-Belarusian cross-border map) goes to the Central Geological Database which is the largest
collection of digital data on natural sciences in Poland. The data is available on the Internet via desktop or mobile map
browser as well as in form of WMS services. Specialists from the PGI-NRI Geological Mapping Program take part in
many regional as well as international initiatives and stay current with new GIS solutions.
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Abstract
This study presents a web-based application for reconstructing and visualizing a litospheric stress field based on
geological features from a digital structural-geological map. The application is implemented on top of a free and open
source spatially aware relational database management system. The algorithm generates a component-wise
approximation of the stress, derived from the original features’ geodynamic properties. Elements of the stress vector
are subsequently displayed on a web map using both static visualization techniques and cartographic animation. To
this end contemporary web technologies such as WebGL is used. Results can also be exported as geospatial data for
further analysis or cartographic visualization.
Keywords: geological map, stress field modeling, online geodata processing

INTRODUCTION
Geoscientists often use predictive models to estimate the stress field of the upper lithosphere. These modeling methods
usually based on measurements (borehole-, focal mechanism- and geodesic data) and the result is a possible structural
pattern or a stress map (Gephart and Forsyth 1983; King et al. 1994; Brückl 2011). Field observations of outcropping
rocks are also used to serve stress modelling (Angelier 1979; Angelier 1984; Michael 1984). The physical properties of
stress accumulation in rocks and the geometry of structures (i.e. faults, fractures etc.) related to the stress are also well
defined in several studies (e.g. Ramsay and Hubert 1987; Lorenzo-Martin et al. 2006; Twiss and Moores 2006; Hergert
and Heidbach 2011). Stress models can be used for fundamental researches to understand the dynamics of the upper
lithosphere in a given region (e.g. Horváth et al. 2006; Hergert et al. 2011), but these models can be used in the mineral
exploration industry as well since the accumulation of mineral resources are often related to faults and fractures (Tikoff
et al. 2013).
To create a model for the lithospheric stress a functional geodatabase is required. The structure of such geodatabase
depends on the processing tool. Applications for processing regional and point-like stress data – e.g. GMT by Wessel
and Smith (1998), DIPSLIP by T. Orife at al. (2002), Stereonet or Faultkin by R. Allmendinger (Allmendinger et al.
2012) and CASMI by Heidbach and Hohne (2008) – require data preparation according to strictly defined logic. The
geolocated data in such database has several attributes such as the measured, or in the case of seismic data the
calculated parameters of fault planes (strike or dip direction of the plane and the vector of displacement).
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Figure 1. Characteristic displacements of fault blocks associated with the basic fault types, and the usual map symbols
related to these types (based on Compton 1985; Twiss and Moores 2006).
Fault traces are linear features on a digital geological map. Each line is represented by several control points which are
connected to compose polylines. If we provide geodynamical data to these linear features as attributes, we can process
the control points similarly to observed point-like data (i.e. the line section orientation provide the azimuth, and the type
determines the optimal dip-angle). Our aim was to implement this logic in the form of a web-based modeling
application, which is designed for field geologists, who are interested to see a potential realization of the stress field
over an area. Such models are not accurate enough for engineering-geological purposes because simplifications are
always present in maps, but in many cases maps are the only sources for a tectonic analysis. The method was applied in
recent studies (Albert et al. 2014; Szentpéteri et al. 2015), and the results of these projects showed that such method can
produce valid stress field model for areas of different scales.
This study consists of three main parts: the description of the input data format, the modeling method, and an overview
of the application’s technical aspects and interface.

INPUT DATA FORMAT
The application takes a number of geological features (faults) as its input, described by their geometry and their
geological attributes. These features can be traced by digitizing polylines from a structural-geological map then
supplementing them with additional attribute information based on the naming system described below. Based on
previous experiences (Albert et al. 2012; Albert 2014) and to provide the easiest way of data interchange, we chose
KML as the format for the application’s input data. From our and our users’ points of view, there are multiple
advantages of KML over other geospatial data interchange formats:


It provides a simple, standardized, XML-based schema for geospatial data, which is both human- and machinereadable. Both feature geometries and attribute data are stored in a single file which allows for easy data
upload (compared to e.g. ESRI Shapefiles).



The standard was conceived and is still consistently backed by Google, but is now fostered by the Open
Geospatial Consortium (OGC 2015). Long term support by these two major parties means the format is here to
stay. This fact provides us with wide-spread and stable KML support in both professional GIS systems and
other applications, including multiple non-professional ones for creating KML files (e.g. Google Earth). This
is important so that our users are not tied to desktop GIS software for preparing input data for the application.
The complexity of a contemporary desktop GIS product would probably dissuade a large fraction of our
audience from using the application.



Not only has KML become a de-facto standard for GIS data exchange, it has also been used in a number of
geophysical/geological visualization applications. Mochales and Blenkinsop (2014) used Google Earth and
KML files to visualize paleomagnetic data; or De Paor and Whitmeyer applied the KML to render geological
maps and link associated COLLADA models to represent data such as structural orientations, cross-sections,
and geophysical moment tensor solutions (De Paor and Whitmeyer 2011).

The uploaded KML file should contain a simple list of <Placemark>s with <LineString> geometries
representing the faults. The application also expects the <Placemark>’s <name> element to contain a string that is
syntactically valid based on the following type-orientation-property naming system (Albert 2014).
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The Type-Orientation-Property Naming System
Each feature’s name should consist of three parts, delimited by a single underscore (‘_’) character. (Parts of the literal
name are set in monospaced font):
1. The first part contains the type, the order and the sureness of the structural element:
o

The type is either FT (for ‘fault’) in the case of brittle, or DT for ductile fractures.

o

The order of the element is either 1 (large: longer than 10000 meters), 2 (medium: length between
100 and 10000 meters) or 3 (shorter than 100 meters).

o

The optional reliability of the fault can either be sure (s) or unsure (u) or omitted. If this field is
provided, the application allows the user to process only the elements indicated to be sure.

2.

The second part of the name refers to the geodinamical property of the tectonic element (i.e. N=normal,
R=reverse, D=dextral, S=sinistral). We also allow oblique faults to be described by combining these letters,
e.g. ND stands for a normal dextral fault.

3.

The third part contains information on the orientation of the fault/thrust plane, given by abbreviations of points
of the compass (e.g. N=North, E=East; S=South, W=West). We allow the orientation to be specified down to a
half-wind (22.5 degree) granularity (e.g. NNE stands for north-northwest). In the case of a normal fault, the dip
direction (towards the hanging wall) is indicated. In the case of a thrust fault (or reverse fault), the dip direction
of the plane aims toward the thrusted block.

Figure 2. The “type-orientation-property” naming system, which was used to process structural geological data from
maps.
Table 1. Example of names for structural elements in the input KML file
FT1s_N_WSW
FT1u_NS_E
FT2u_R_NW

A sure first-order normal fault dipping towards west-southwest.
An unsure first-order normal fault with sinistral component, dipping
towards the East.
An unsure second-order reversed fault thrusted from the northwest.

OVERVIEW OF THE MODELING METHOD
Given a number of features in the format described above, our modeling algorithm calculates the minimum absolute
tectonic stress required to break the rock body compared to its initial, unbroken state. This is done in two stages: first,
an irregular point cloud is created by generating points in a predefined buffer along each structural line. These points
hold attributes describing the properties of the local stress field around these features. Based on the irregular point
cloud, the second stage interpolates stress vectors at each point of a uniformly spaced grid inside the minimum convex
hull that encloses the input features. (This is chosen instead of a non-oriented bounding box so as to avoid extrapolation
in areas outside of the convex hull). The resulting interpolated map shows perturbations arising from the geometry of
the original fault pattern.
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Generation of the irregular point cloud
Our algorithm is based on the notion that the presence of certain tectonic features can be an adequate indicator for
describing the stress field’s properties in the feature’s surroundings. Therefore we define a zone of influence around
each feature and generate equally spaced points in this zone along the feature (Figure 4). The attributes of these points
represent the alleged orientation and magnitude of the stress field’s 3D components at the given point inferred from the
geodynamical properties of the original feature. The size of the zone around the structural element is a function of the
feature’s length (the longer the fault, the wider the zone will be), while the point density inside the zone is dependent on
the nominal cartographic scale of the model. The nominal cartographic scale is automatically inferred from the size and
data density of the model’s research area during the preprocessing stage by computing
𝑀=√

1010
𝑝0

where 𝑝0 is the total number of points of geometries in the research area per km2. M is also exposed as a user-definable
parameter on the application’s interface. Its possible values are constrained to the following five options: 1 : 25,000;
1 : 50,000; 1 : 250,000; 1 : 500,000 and 1 : 1,000,000 (the most common scales for topographic and geologic maps).
The user is offered the two closest options to their dataset’s actual scale. Given M, the point density is computed as a
function of points to be placed per square kilometers as:
𝑝=

1010
.
𝑀

Figure 3. Irregularly placed point cloud consisting of points placed along structural lines (in red) in their zone of
influence. Red triangles and blue dots depict points along dip- and oblique-slip faults’ hanging and footwalls
respectively, while grey dots depict points along strike-slip faults.

Interpolation
To homogenize the irregular point cloud obtained with the method described above, we apply a weighted moving
average interpolation to our data. The algorithm iterates over the cells of a rectangular grid with a predefined spatial
resolution covering the minimum convex hull of the features in the study area. For each cell, a circular window is
defined, and the statistical mean of the stress vector’s components is computed by averaging the vector components of
all irregular points lying inside the interpolation kernel’s window. The interpolated values are inversely weighted by
their source points’ distances to the center of the interpolation window, then normalized into the [0..1] range by the
maximal number of points found in a single interpolation window. The window size (s), as well as the grid’s spatial
resolution (r) are both user-definable, but their range is constrained to 10ln10 (0.03∗𝑀− 0.5) < 𝑠 < 10ln10 (0.03∗𝑀+ 0.5) and
10ln10 (0.005∗𝑀− 0.5) < 𝑟 < 10ln10 (0.005∗𝑀+ 0.5) respectively, where M is the model’s nominal cartographic scale. The
result of the interpolation is stored in a way that allows easy visualization, therefore the two horizontal components are
composed into a pair of polar coordinates describing the azimuth and magnitude of horizontal stress, while the
magnitude of the vertical component is stored as a third attribute.
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APPLICATION ARCHITECTURE
Backend
The application’s core business logic is implemented as a number of stored procedures on top of PostgreSQL, an open
source relational database management system and PostGIS, its geospatial extension. These procedures handle the preprocessing of the imported geometries (parsing the type-orientation-property names, determining the faults’ foot- and
hanging walls, etc.), creating the irregular point cloud and finally, performing the weighted moving average
interpolation.
The core logic is wrapped into a thin layer of UNIX Makefiles and PHP (using the Lumen micro-framework). The
former handles data import/export and interfacing with the database server via OGR and PostgreSQL command line
tools, while the latter does housekeeping, and provides a simple JSON-based REST API for model and telemetry data to
be used by the web client.

Frontend
The application’s frontend is built as a single-page JavaScript application based on contemporary web technologies
such as Facebook’s React. It provides an easy-to-use interface to upload KML files, set model parameters, track their
progress as they are being processed on the server side, and to download/visualize results of the stress field modeling
algorithm, once the model is successfully processed (Figure 6).

Figure 6. The user interface of the application. Left: file upload page. Right: model data sheet.
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Models
Each uploaded dataset (accompanied by its user-definable parameter set) is considered a model by the application.
Every model is identified by an 128-bit long globally unique identifier chosen such as to avoid collisions between
possibly redundant input file names. To help the user identify result datasets, the downloadable ZIP file and its contents
are named similarily to the uploaded KML’s original name (sanitized into an alphanumeric-only form). Model
parameters are also appended to the file names to help the user distinguish between multiple processing rounds of the
same model with different parameters. (E.g. if the original dataset was named Darno_D5_uj.KML, a possible name
of the resulting ZIP file might be darno-d5-uj-t0-s50000-g250-b1500.zip wherein t stands for the
sediment thickness, s for the nominal cartographic scale, g for the spatial resolution of the interpolated grid and b for
the radius of the interpolation window.) In an attempt to avoid identical datasets to be uploaded multiple times, the input
KML file is mapped through a cryptographic hash function. For every dataset uploaded, this hash is compared to
already existing models, and if a match is found, the user is redirected to the original model. To preserve storage space,
at most one result dataset is stored for a model at any given time. Previously used values of processing parameters are
however stored for every model and can be reused at a later time. The input and output data for models is only stored
for a limited time after which it gets automatically garbage collected.

Processing workflow
The processing workflow consists of two stages. The first stage is responsible for pre-processing: after the file has been
uploaded, a number of checks are performed to ensure whether the file is syntactically valid XML, conforms to the
KML schema and whether the names of features are sane according to the type-orientation-property naming system. If
the dataset passes these tests, the application computes valid ranges and sane defaults for the user-definable model
parameters and presents the user with a form to possibly modify these parameters and start processing (Figure 6). The
second processing stage creates the irregular point cloud then performs the moving average interpolation. This is the
most resource-heavy therefore the time consuming stage. The user interface helps the user to be continously informed
about the model’s current state during processing. When processing is finished, the user can export or visualize the
results.

VISUALIZATION
The application provides a configurable, animated cartographic visualization of the stress field (Figure 7). The
visualization is based on MapBox GL JS, a JavaScript library that uses WebGL (a web adaptation of the well-known
OpenGL vector graphics rendering API) to render hardware-accelerated interactive maps from vector and raster data
sources. Our visualization uses a number of custom overlays to extend the functionality of MapBox GL and display the
stress field’s components. The application also provides a number of modifiable configuration parameters to help the
user customize the visualization and gain a deeper insight into the data. The visualization uses points of the interpolated
grid as its data source. While WebGL allows us to leverage the processing power of the computer’s graphical
processing unit (GPU), simultaneously displaying (animating) hundreds of thousands of points is beyond feasibility on
most of today’s commodity hardware. To overcome this problem, data is generalized on the server side before being
sent to the client. This cartographic generalization (complemented with viewport-based filtering) allow us to maintain a
healthy balance between graphical detail and performance as it limits the number of points displayed. The
generalization mechanism is implemented such that the on-screen resolution of the grid (measured in pixels) always
stays the same irrespective of the current zoom level. This resolution is also configurable on the interface.
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Figure 7. Cartographic visualization of the reconstructed stress field. Left: a model of the Pannonian Basin as
displayed on the application’s interface. Right: configurable visualization parameters.

Vertical Stress
The reconstructed stress field’s vertical component is displayed as a heatmap. Areas with upwards vertical stress are
displayed in light colors while areas with a downwards pointing stress vector are colored dark. The user may choose
from a number of color scales which are designed to be perceptually uniform (Borbély and Szűcs 2012) and roboust to
colorblindness (Rudis et al. 2016). The user can adjust the size and intensity of the points of the heatmap to make the
visualization fit to the dataset’s scale and point density.

Horizontal Stress
Horizontal stress is visualized as a two-dimensional vector field. Each point is represented by a line marker, rotated and
scaled to match the local horizontal azimuth and magnitude of the stress field. An option to animate the vector field is
also provided. When switched on, textures on the stress lines are animated in a way that evokes a sense of movement
along the lines towards the stress field’s local orientation. Graphic properties of the vector markers can be configured on
the interface.

DATA EXPORT
In addition to the visualization, processing results are also offered for download to allow further processing in GIS
applications. Both the irregular point cloud and the results of the interpolation can be exported. The output is saved as a
.ZIP of ESRI Shapefiles. KML was also considered, but was deemed unsuitable because the amount of output data (up
to hundreds of thousands of points) is several orders of magnitude larger than the input (typically hundreds of points):
While KML’s text-based format lends itself to effective compression, its uncompressed size is prohibitively large for
most applications it can be displayed in. The result dataset is accompanied by separately downloadable layer style
definitions to make them readily displayable in QGIS.

Output File Structure
The result dataset consists two shapefiles: points.shp contains the irregular point cloud generated along faults,
while interpolated_points.shp contains the regular point cloud generated by the interpolation algorithm. The
attributes of the exported shapefiles are listed in Table 2.
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Table 2. Attributes of the result dataset
points.shp

interpolated_points.shp

id

Feature identifier

id

Feature identifier

geometry_id

Identifier of the fault’s original geometry this
point belongs to
Whether the point resides on the hanging wall
of a dip- or oblique-slip fault
Position of the point along the fault.
Values:“left/right” and “hanging/foot”
The type-orientation-property name of the
fault this point belongs to
Direction of the n-th component of the local
stress vector at the point
Magnitude of the n-th component of the local
stress vector at the point

count

hmax_length

Number of points inside the interpolation kernel’s
window
The number of points normalized by the maximum
number of points at any interpolated point
The azimuth of the horizontal components of the
locally interpolated stress vector (in radians)
The magnitude of horizontal stress

s1v

The magnitude of vertical stress

hanging
pos
type
sn
snv

weight
hmax_angle

CONCLUSIONS
This study revealed that it is possible to approximately reconstruct the state of a litospheric stress field from a database
of geological features. We also provided an implementation of this method in the form of a web-based application
which takes a database of features as an input and provides the user with an interpolated model of the orientation and
magnitude of the stress field in the study area. The application uses KML as its input format and provides a cartographic
visualization of the resulting data set – these features make the application easy to use not only for field geologists but a
wider audience (possibly without profound knowledge of GIS systems) who want to gain an insight into a possible
realization of the litospheric stress field in a given area.
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Abstract
The aim of the paper is to point out the potential of using mobile geoinformation technologies (especially GPS/GNSS
devices) to improve and promote the skills of geography students. First, we briefly describe geoinformation
technologies – mainly GPS/GNSS and their use in practice. By working with GPS/GNSS technologies, students can gain
practical skills and learn how to transform and analyze measured data in geographic information systems (GIS). Based
on the results of the project entitled "Geoinformation Technologies – the Tool for Improving Quality of Teaching
Geography", we present two activities which were carried out by geography students of bachelor study. These activities
focused on connecting theoretical knowledge, practical filed teaching and work in a computer environment. Their task
was to collect data using GPS device Trimble Pathfinder Pro 6H, process these data and visualize them in GIS. At the
last stage, they had to create a poster describing their findings.
Keywords: geoinformation technologies, GPS/GNSS, GIS, geography students

INTRODUCTION
Development of information technologies is constantly in progress and offers various possibilities of their practical use.
One of the requirements of contemporary society is quick and accurate localization and spatio-temporal description of
an object. For these purposes, geoinformation technologies such as geographic information systems, remote sensing or
global positioning systems are used. Their interconnection allows defining the object based on geographical coordinates
and also describe its properties (Vojtek et al., 2015).
Global Positioning System (GPS) and Global Navigation Satellite System (GNSS) are geoinformation technologies
which are used to measure the accurate position providing also accurate time reference almost anywhere in the world
(Hofmann-Wellenhof et al., 2001). There are several (global or regional) satellite systems such as NAVSTAR GPS,
GLONASS, Galileo, Beidou/Compass or IRNSS; however, the principle of their operation is the same and it is based on
three principal segments: space, control and user.
According to Lemmens (2011), mobile geoinformation technologies allow working with spatial dimension and collect
data practically anywhere and anytime. They integrate the following: small portable computers (e.g. PDA, tablets),
software for geoinformation systems, geodata, wireless communication technologies, GPS devices, Internet, and
geoweb. The use of mobile geoinformation technologies – such as high-precision GPS/GNSS receivers enables to
obtain high-quality field data which can be analyzed and assessed in computer environment (McCoy, 2005, Kennedy,
2009, Ghilani, Wolf, 2012).
The aim of the paper is to point to the potential of using mobile geoinformation technologies in teaching geography
students. Based on the results of the project "Geoinformation Technologies – the Tool for Improving Quality of
Teaching Geography", we present two particular activities which were carried out by students of the Department of
Geography and Regional Development FNS CPU in Nitra. These activities aimed at developing their knowledge and
skills regarding mainly the work with mobile geoinformation technologies and GIS and thus innovate their study.
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PROJECT "GEOINFORMATION TECHNOLOGIES – THE TOOL FOR IMPROVING QUALITY
OF TEACHING GEOGRAPHY"
The project entitled "Geoinformation Technologies – the Tool for Improving Quality of Teaching Geography", which
was realized during January 2015 and November 2015, had the main objective to improve and innovate the study and
research at the Department of Geography and Regional Development FNS CPU in Nitra by using high-precision GPS
device Trimble Pathfinder Pro 6H which enables to obtain high-quality and accurate data from the field.
Partial objectives of the project were:


interconnection and innovation of the GIS seminar and field exercises,



application of new methods and techniques in the educational process (collection of high precision data in the
field, data processing in GIS, etc.),



gaining professional and quality results for educational and scientific purposes,



possibility of linking GPS field data with GIS and its subsequent analysis, interpretation and assessment,



use of the results in practice.

The project was carried out by several pedagogues of the department while the target group included students of
bachelor study especially from the study program of Geography in Regional Development.

THE LEVEL OF STUDENTS' KNOWLEDGE ON THE ISSUE OF GEOINFORMATION
TECHNOLOGIES – INPUT QUESTIONNAIRE
The task of an anonymous monitoring questionnaire was to find out the level of knowledge of the 2nd year students of
bachelor study attending Geography in Regional Development study program on GPS or mobile geoinformation
technologies and their interest in specific activities regarding the teaching of geography by using high-precision GPS
device Trimble Pathfinder Pro 6H. The questionnaire was submitted on the subject called Geographic Information
Systems II. The input questionnaire, which consisted of 10 questions, was completed by 13 students of the mentioned
study program including 6 female and 7 male students.
The first question "Did you use GPS in the past?" was answered positively by all students except one whose answer
was negative. The second was an open question which followed the first question "If so, at what occasion did you use
GPS?". Most students (84.6%) answered that they used GPS navigation in cars or smartphones. The third question "Do
you know what segments does GPS consist?" was answered "I do not know" by 12 students while one student provided
partially correct answer. The fourth question was as follows: "What types of GPS do you know?". Eight students did not
provide any answer, the other five reported a car navigation (two of them provided a particular application – Sygic).
The fifth question "Do you know what is a PDA (Personal Digital Assistant)?" was answered negatively by all students.
Similarly, they responded to the sixth question "Have you ever heard the term "mobile GIS"?" while one student
provided an incorrect answer. The seventh question was "Which activities do you find interesting in working with
professional high-precision GPS?". Overall, students were interested in all activities while as the most interesting they
marked "Finding the length of track, Finding the coordinates and elevation of a point or Creating the photographic
documentation to the measured points". The eighth question was designed to find out "What do you expect from the
work with professional high-precision GPS?". Students' answers were e.g. to learn how the GPS works and to work
with it or three of them reported even higher accuracy and quality of the measured data. The ninth question "Have you
ever seen the GPS/GNSS receiver shown in the picture?", where the GPS device Trimble Pathfinder Pro 6H was shown,
and tenth question "Can you identify, based on the given picture, what the receiver enables?" was answered negatively
by all students.
Based on the input questionnaire survey, we can conclude that the level of knowledge (skills) of students regarding GPS
or geoinformation technologies was insufficient at the beginning of the project. On the other hand, it is possible to see
their interest in working with GPS, and therefore geoinformation technologies, and to learn something new that could
subsequently be used in their practice.

STUDENTS' ACTIVITIES
The main activities of students in the project were aimed at linking theoretical knowledge, practical training in the field
and work in a computer environment. Students were divided into groups where each group was given a topic i.e.
project. Within these projects students had to collect data by using GPS Trimble Pathfinder Pro 6H, subsequently
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process and visualize these data in GIS and create a text and graphic layout for the final poster. The resulting posters
contain the aim, methods and results which describe and document the course of measurements, their computer
processing, and cartographic and graphic evaluation.

1. project: GPS measurement of selected retail stores in the Klokočina urban part in the Nitra city in
2015
Aim
The aim of the GPS measurements was to measure areas of selected retail stores, their grounds and parking lots in the
urban part of Nitra city – Klokočina. Klokočina is, besides the urban part of Nitra city, the largest housing estate with a
population of 20,083 inhabitants. It is situated in the southwestern part of the city. A typical feature of this housing
estate are panel houses which were built in the 70's and 90's of the 20th century. In the southern part of the housing
estate, however, there are also family houses. The axis of this urban part is Hviezdoslavova trieda street which is one of
the largest streets in the city. Along this street, several retail stores were opened Billa (2001), Lidl (2004), and Kaufland
(2005) which were in 2008 connected to a shopping center called Family Center (2008). As in other cities, as well as in
the city of Nitra, Family Center suitably linked the mentioned food chains with customers.
Methods
 Field research using GNSS device Trimble Pathfinder Pro 6H and controller unit Trimble Juno 3B,


Production of photographic material from field research,



Transfer of GPS data to the computer environment using GPS Pathfinder Office software,



Processing of GPS measurements in ArcGIS 10.1 software,



Analysis of the processed data in the form of tables and graphs,



Visualization of GPS measurements on map outputs.

Summary of results
The total area of the Klokočina urban part is 3.17 km2, which accounts for 20,083 residents. Based on the share of
number of inhabitants and the area out of the total area of shopping centers, we calculated that there is 0.4 m2 of the
shopping area per 1 inhabitant of the urban part.
The Billa store was opened in Klokočina in 2001 belonging to the largest supermarkets in Slovakia. It is now possible to shop
in 130 stores in Slovakia. The building itself occupies 33.89% of the total area while the remaining area occupies 66.11%.
Family Center was established in 2008 in order to build retail space with non-food range (shoes, textiles, pet supplies
and other branded stores) as a complement to stores focusing on foods which are located on the Hviezdoslavova trieda
street. It occupies the largest share of the total area (46.33%) while parking lots cover the remaining 53.67%.
Lidl store was opened in 2004. The company makes the largest network of discount stores across Europe and in Slovakia it
belongs to the leading companies in the retail industry. The company currently has 124 stores in Slovakia. Lidl store
occupies only 26.02% out of the total area while 73.98% creates the remaining area which is mostly used for parking.
Kaufland store was opened in 2005. It is part of an international group Kaufland which includes more than 600 stores in
Germany and more than 400 stores in Slovakia, Czech Republic, Poland, Bulgaria, Croatia, and Romania. In Slovakia it
is one of the largest employer and leader in the field of retail. However, Kaufland store occupies only 34.50% out of the
total area and 65.50% account for the remaining area.
Sandokan store started its operation on Jurkovičova street, which is a sideway street to the Hviezdoslavova trieda street,
in 1983 as a restaurant offering catering services. The restaurant focused on concerts, live music, entertainment, and
also feasts in the past. Currently, it works as a store bringing together multiple services (hairdresser, key service,
catering, etc.). Sandokan building has a share of 39.85% out of the total area and the remaining area has 60.15%. The
resulting poster is shown in figure 1.
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2. project: Selected parameters of the Nitra river section (from the bridge on the Vodná street to the
Univerzitný most bridge in Nitra city)
Aim
The aim of the second project was the analysis of selected parameters in the Nitra river section from the bridge on the
Vodná street to the Univerzitný most bridge in Nitra city. The role of GPS measurements in the field was to measure the
length of right and left banks of the given section, length and width of bridges and the river section itself, and to create
profiles of banks at the start and end point of the given section.
Methods
 Setting the second interval for measuring GPS positions in GNSS device Trimble Pathfinder Pro 6H,


Measuring parameters on the given section of Nitra river using GNSS device Trimble Pathfinder Pro 6H,



Creating photographic documentation from the field research,



Transferring GPS data to a computer using GPS Pathfinder Office software,



Analysis and visualization of GPS data using ArcGIS 10.1 software,



Interpretation and assessment of GPS data in the form of maps, tables and graphs.

Summary of results
From the measured data, we found out that the longest bridge is on the Vodná street having the length of 60.1 m while
the widest is Univerzitný most bridge (23.5 m). The width of river is the largest at the bridge on the Vodná street (58.8
m). Based on measurements, the length of left bank has 3529.5 m and right bank has a length of 3412.1 m. The
watercourse on a given section has a length of 3494.1 m. Based on the results, it can be concluded that the GNSS device
used is suitable for data collection where high accuracy is required. The resulting poster is shown in figure 2.
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Figure 1. Poster - GPS measurement of selected retail stores in the Klokočina urban part in Nitra City in 2015
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Figure 2. Poster - Selected parameters of the Nitra river section (from the bridge on the Vodná street to the Univerzitný
most bridge in Nitra city)
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FEEDBACK FROM STUDENTS ON THE PROJECT – OUTPUT QUESTIONNAIRE
At the end of the project, we realized an output questionnaire which aimed at feedback from students on the project and
its activities. The questionnaire was given to the same students, as previously mentioned input questionnaire, on the
subject called GIS in Public Administration and consisted of six questions. It was filled by 13 students of the
Geography in Regional Development study program (3rd year) including 6 female and 7 male students.
In the first question "Was the fieldwork using GPS Trimble Pathfinder Pro 6H interesting for you?" students could
choose from two answers (Yes, No) and their answers had to be justified. All students answered "Yes" which implies
the positive feedback. Students reported the following reasons (figure 3): "I learnt to work with something new and I
have new experience (69%), The device has its quality because of its cost and accuracy (15%), More interesting way of
learning (8%), The device was easy-to-use (8%)". The second was also an open question "Do you consider the chosen
form of field research conducted by the mentioned GPS interesting and appropriate?". All students responded
positively and their answers had to be justified (figure 4): "Diversifying and enriching the lessons since we worked in
the field (69%), Not everyone can work and encounter with such costly and accurate device (23%), The work with GPS
device was not monotonous and was very accurate (8%)".

Figure 3. "Was the fieldwork using GPS Trimble
Pathfinder Pro 6H interesting for you?"

Figure 4. "Do you consider the chosen form of field
research conducted by the mentioned GPS interesting
and appropriate?"

"Based on the fieldwork, describe the difference between classical (tourist) GPS and GNSS receiver Trimble Pathfinder
Pro 6H" was the next open question in the questionnaire. Students expressed their different opinions which were
grouped into the following (figure 5): "GNSS is more accurate and professional and has its own satellite receiver
(69%), GNSS has more functions and possibilities of use in practice (15%), Data collection can be refined by postprocessing (8%), GNSS is compatible with GIS (8%)".

Figure 5. "Based on the fieldwork, describe the
difference between classical (tourist) GPS and GNSS
receiver Trimble Pathfinder Pro 6H."
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The fourth question focused on the activities which students realized in the field. Within the question "At what level do
you find interesting the activities with professional high-precision GPS?" students should evaluate each of the following
activity using points 1-3 (1 - the most interesting activity, 3 - the least interesting activity):
1.

Finding the coordinates and elevation of a point,

2.

Creating the photographic documentation to the measured points,

3.

Measuring and finding the length of track,

4.

Measuring and finding the area of certain polygon.

By comparing their answers, we found out that the most positive were students to the third activity (point weight 1, 4).
Their opinion was similar also on the first and second activity (point weight 1, 6). The least positive was the fourth
activity (point weight 1, 7). The fifth question "Can you determine, based on your fieldwork, what does GNSS receiver
Trimble Pathfinder Pro 6H enable?" had the character of an open question to which students responded positively.
According to them, GNSS receiver allows:


To measure and determine distances, areas, points, elevation, make photographs, calculate deviations, and can
be linked with GIS (6),



More accurate measurements of tracks and height differences without changing the coordinate system for the
needs of data processing (5),



Highly accurate measurements, with the use of Trimble Floodlight and Trimble H-Star technologies, that can
be refined by post-processing (2).

The sixth question "Do you think that the form of teaching geography with highly accurate GPS increases
attractiveness and quality of lessons?" was answered by all of the students positively and they reported that the lesson is
more attractive and has higher quality (13).
Based on the realized output questionnaire, we can conclude that the level of knowledge (skills) of students regarding
GPS and geoinformation technologies was sufficient at the end of the project as evidenced by the feedback and their
opinions and answers. Work with highly accurate GPS Trimble Pathfinder Pro 6H was interesting for them supplying
their knowledge, allowing them to work in the field, extending their knowledge within the scope of the subject
Geographic Information Systems II, where they learned to process the measured data, which could then be used in their
application practice. With the use of the mentioned GPS, the traditional teaching was enhanced promoting the students'
knowledge and skills.

CONCLUSION
The contemporary period implies developing information technologies which affect almost all areas of life.
Geoinformation technologies are interdisciplinary technologies influencing almost all sectors and their development is
based on several scientific disciplines and practical areas of life. Today's society requires quick and accurate
localization and spatio-temporal description of a certain object. To fulfill this task, mobile geoinformation technologies
are used. They integrate several components including GPS/GNSS receiver and allowing to define the object based on
geographical coordinates and describe its properties.
In this paper an attempt was made to highlight the potential of using (especially high-precision) mobile geoinformation
technologies in teaching geography students. Based on the results of the project entitled "Geoinformation Technologies
– the Tool for Improving Quality of Teaching Geography", we presented the specific activities which were carried out
by students of the Department of Geography and Regional Development FNS CPU in Nitra. Using the output
questionnaire, we evaluated the contribution of the project and its individual activities to improve the teaching of
geography either from theoretical or practical point of view. Based on the feedback from students, the project
contributed to the innovation of their study developing their knowledge and skills in working with geoinformation
technologies.
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Abstract
Erwin Raisz was born in 1893 in the city of Levoča (former Austro-Hungarian Monarch). His international fame mainly
began with the development of his physiographic method for the representation of the relief on maps, which was
described in his article entitled "The physiographic method of representing scenery on maps" published in the
Geographical Review in 1931. Cartographers used the physiographic method, but currently few people can answer to
the question of which was the first map made by Raisz using this method? Based on Raisz’s own testimony, the first
map made completely by himself was the „Diagrama Fisiográfico de Cuba”, a little masterpiece which is practically
unknown for the international cartographic community. In its creation played a leading role the Prof. Salvador
Massip, one of the most important Cuban geographers in the 20th century,. The characteristics of this map are
described in the current article, including the different graphic solutions, the influence of the map in the physiographic
legend defined by Raisz in his article of 1931and the particular role played by the collaboration between Raisz and
Massip in the posterior development of Cuban Cartography to 1959.
Keywords: Raisz, Massip, physiographic map, Cuba

1. THE AUTHORS
1.1 Erwin Raisz

Figure 1. Portrait of Erwin Raisz from the Atlas of Global Geography (Raisz, 1944)
Erwin Josephus Raisz (1893–1968). He was born in 1893 in the city of Levoča of the former Austro-Hungarian
Monarchy (Hungarian name: Lőcse, now in the East region of current Slovakia) and obtained a degree in Civil
Engineering and Architecture at the Royal Polytechnicum (Magyar Királyi József Műegyetem) in Budapest in 1914
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(Karsay, 2009). After the 1st World War, in 1923, he emigrated to the United States and began to work simultaneously
for the Ohman Map Company and Columbia University in New York. At this university he obtained a degree of Master
of Arts in 1923 (McMaster, 2002). He was the first professor to organize and teach a course on Cartography at
Columbia, which at same time was one of the first such courses in the country (Anon., 2012). In 1929, he obtained his
Ph.D. in Geology, presenting a dissertation entitled „Scenery of Mount Desert Island: its origin and development”,
which can be considered the first research work related to the creation and posterior development of his physiographic
method for the representation of landforms.
In 1931 he left the Columbia University and followed his research and teaching activities at the Institute of Geographic
Explorations of Harvard University. Here published his “General Cartography” in 1938, which was the first textbook
on Cartography published in the United States and the only one book written in English on this subject for the next
fifteen years (McMaster, 2002). After the closure of the Institute of Geographic Explorations in 1951, continues
teaching at Clark University in Boston until 1961. From 1957 until his death he worked at the University of Florida,
where he published his book entitled “Principles of Cartography” in 1962. In his long professional career he was the
author of numerous maps, but only three Atlas: Atlas of Global Geography (Global Press, 1944), Atlas de Cuba (Atlas
of Cuba, Harvard University Press, 1949) and Atlas of Florida (University of Florida Press, 1964).

1.2 Salvador Massip

Figure 2. Salvador Massip Valdés
Salvador Massip Valdés (1891–1978). He was born in the province of Artemisa, Cuba on 19 April 1891. In 1912 and
1915 he obtained degrees on Pedagogy and on Philosophy and Humanities at Havana University. Few years later he
travelled to USA and obtained a degree of Master of Arts at Columbia University in New York in 1922. Massip began
his teaching activities at Havana University in 1924, being the founder of the Department of Geography in this
institution in 1927. Geography was the most important, but not the only one subject taught by him, because his wide
knowledge field covered also Anthropology and History. He taught in numerous Cuban educational institutions, but his
experience as Professor of Geography was recognized at international level too, giving lectures in higher education
institutions of Mexico and USA (New York, Miami, Chicago, Austin, Northampton and Puerto Rico). Massip
represented Cuba in numerous international events, organizations and institutions, filling the position of President of the
Pan American Institute of Geography and History in the period 1929-1932 (Anonymous, 2016). He introduced by first
time the teaching of Economic Geography at Havana University in 1937 (Peraza Sarausa, 1957). In 1942 he was elected
as member of the National Council for Education and Culture, to expand the teaching of Geography in the secondary
education with the introduction of courses on General and Regional Geography as well as Geography of Cuba.
After 1959 Massip was named Ambassador of Cuba first in Mexico and later in Poland, returning to the Havana
University in 1962. In this year he joined the National Commission of the Academy of Sciences, being one of the
founder members of the academy (León Mendez & Valdés Rojas, ?). He served as Director of the Institute of
Geography and Geology to 1966, when “officially” retired, but followed his professional activities working on the
edition of the National Atlas of Cuba that was printed in the Soviet Union and published in 1969. In his professional life
he was the author of more than 400 articles and 5 textbooks together with other scientific books on Geography.
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2. FIRST CONTACTS BETWEEN RAISZ AND MASSIP
In 1922 Salvador Massip concluded his studies on Geography at the Columbia University, obtaining the title of Master
of Arts. He maintained his professional contacts with the Columbia University, where Erwin Raisz began to work a year
after that Massip returned to Cuba. During the following years Massip followed his work in interest of developing
Geography in Cuba, being the founder of the first department of Geography in the country in 1927. At same time
Massip developed a close professional collaboration with the young professor arrived from Budapest and he had the
opportunity to learn first-hand the research followed by the Hungarian cartographer. Raisz told him about a new method
for the representation of relief that was developing and later called physiographic method. They decided to work
together on a large-scale map of Cuba using the method created by Raisz, as he remembered in an abstract published in
the Bulletin of the Geological Society of America in 1930: "The author was commissioned in the summer 1929 by
Professor Salvador Massip, of the University of Havana, to prepare a large-scale block-diagram of Cuba, with aid of the
topographic maps and other available sources..." (Raisz, 1930).
The result of their common efforts was published by the end of 1929: it was the Physiographic Diagram of Cuba
(Original title in Spanish: Diagrama fisiográfico de Cuba). As an interesting detail, this same year Massip is elected
President of the Pan American Institute of Geography and History for a period of three years.

3. THE DIAGRAMA FISIOGRÁFICO DE CUBA
Although Erwin Raisz named it as a “block-diagram” (Raisz, 1930), a specialist (cartographer, geographer, etc) can
better identify the physiographic diagram of Cuba as a physical map with an extremely rich and thorough representation
of landforms of the country (Figure 3).

Figure 3. Overview of the Diagrama Fisiográfico de Cuba

3.1 General characteristics
The size of the map is 125x30 cm and it was printed in two colors (Raisz and Massip, 1929). The map title and
colophon reads in Spanish: “Physiographic Diagram of Cuba, designed by Dr. Erwin J. Raisz, Mapping instructor at
Columbia University, New York, under the direction of Dr. Salvador Massip, Professor of Geography at the University
of Havana, 1929” (Figure 4).
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Figure 4. Fragment of the map showing the title, colophon, overview map and the western tip of the country
The authors did not indicate the scale on the map. This lack was corrected only years later by the same person who was
responsible for recording this work in the Map Collection of the National Library “José Martí” in Havana, as can be
seen by examining the style of the letter and the ink used in the map margin notes. In these notes the user can read that
the map was donated by the Faculty of Humanities (University of Havana) in 1961. According to his calculations, the
map scale is 1: 1 200 000 (Figure 4).
A small and simple overview map can be found below the title and colophon of map. It illustrates the small differences
between the distorted “physiographic diagram” and the original source map, which was possibly made using a Plate
Carrée (or simple) equirrectangular cylindrical projection (Figure 4). These distortions came after tilting the original
map in the interest of achieving a perspective that harmonizes with the physiographic method used to represent the
landscapes. The country was divided into six sections (Figure 1), whose boundaries were selected to cross very
characteristic geographical regions and simultaneously show us the geological structure of the area in question (Figure
5). Unfortunately the map does not include a legend with the symbolization used for the representation of the geological
layers, but e.g. limestone layers are represented by the symbol traditionally used in the geological cartography, so they
are easily identifiable.

Figure 5. Fragment of the map with one boundary between two sections, showing the geological layers of the area
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Raisz drew a hydrography very rich in details, highlighting with broken lines the marshes that are very frequent on the
coasts of the island and with points the sandy shores. The submarine relief could only be represented schematically,
highlighting the approximate boundaries of the shallow seabed.
The nomenclature of the map is intentionally understated, writing only those geographical names which are
indispensable for its relevance. This decision was taken in the interest of nomenclature interfere or cover at least the
visual representation of the relief possible. Although only wrote the names of the main rivers, mountains and cities, it is
sometimes inevitable that the name hidden, at least minimally, some detail of relief from the eyes of the reader.

3.2 Representing landforms
The representation of relief is very meticulous, and we can find on the map some of the basic symbols of relief that two
years later Raisz included in his first article on the physiographic method: “The physiographic method of representing
scenery on maps”, which was published in the Geographical Review of the American Geographical Society (Raisz,
1931).
The study of the Cuban relief had a connotation that can be considered special but also modest: one of the most
characteristic landforms of the Cuban Geography, the mogote (basic form of relief formed by limestone, which is
prominent and isolated as well has a rounded shape and top) enriched the physiographical symbology published by
Raisz in 1931. It was included separately using an English transcription of the original Spanish word (“magotes”) and
indicating its Cuban origin, as shown in Figure 6.

Figure 6. Fragment of the table of physiographic symbols created by Raisz for his article of 1931and of the “Diagrama
Fisiográfico de Cuba” with the “mogotes” as a very characteristic and autochthon landform of the occidental region of
Cuba
As Raisz wrote in 1930, they used mainly topographic maps (and Massip’s knowledge about the Cuban geography) to
draw the physiographic diagram. It was due the lack of other materials (e.g. aerial photos) that could be used as
reference to draw the different landforms. Massip did his best to improve this situation, not only developing research on
the topic of Geography of Cuba, but also obtaining the governmental support to his scientific activities in the decade of
1930. He invited Erwin Raisz and Howard A. Meyerhoff (distinguished professor and geologist) to participate in these
activities, traveling around the country together and organizing flights to take aerial photos of the Cuban territory for
scientific purposes by first time. About 10 years later Massip’s disciple, Gerardo Canet, also organized flights with the
participation of Erwin Raisz and other Cuban geographers. The result of their collaboration was a new map of the
country entitled “Map of Landscapes of Cuba” published in 1945 (Canet and Raisz, 1949), which offered an updated
and more detailed representation of landforms than the physiographic diagram of 1929 (Figure 7).
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Figure 7. Comparison of the Eastern region of the island in the “Physiographic Diagram of Cuba” of 1929 (left) and in
the “Map of Landscapes of Cuba” of 1945 (right)

3.3 Relevance of the physiographic diagram
The importance of this map is emphasized by Raisz at the end of his article of 1931, when listing the maps made with
the physiographic method for the representation of landforms to date. He wrote:
“The lack of detailed physiographic maps from which information can be taken is a more serious question. Very little
has yet been done in this field. The United States and Europe have been worked out by Professor A. K. Lobeck. For
Asia we expect soon to have the map of Professor F. K. Morris. New Zealand has been worked out by C. A. Cotton (not
yet published), and Cuba by the author (E. J. Raisz: Diagrama fisiográfico de Cuba, Havana 1929)...” (Raisz,
1931:304)
According to his own words, the “Diagrama fisiográfico de Cuba” published in 1929 can be considered the first map
entirely worked out by Erwin Raisz using his physiographic method.
Other interesting detail is that this map is not known at international level, because of the low number of copies that
survived the passage of time. Even in Cuba, I have only knowledge of a copy which was in the Map Collection of the
National Library José Martí in Havana in 2004. On the Web we can access a site entitled “Raisz Landform Maps”
(http://raiszmaps.com), where are offered for sale copies of a total of 33 maps made by Erwin Raisz, but this map of
Cuba is not among them. Only 11 references were found when writing the Spanish title of the map on the Google search
engine in January 2016: One of them with data from the hard copy donated by me to the National István Széchenyi
Library of Hungary in 2004, two references related to presentations I did on this topic first in Buenos Aires in 2008 and
later in Budapest in 2014, as well as eight references on biographies of Erwin Raisz, but without any reproduction of the
“Diagrama fisiográfico”. This map is also mentioned in the obituary on Raisz, which was written by the famous
American cartographer Arthur H. Robinson (1969) and was published in the “Annals of the Association of American
Geographers” in March 1970, as well as in an article written by two Cuban specialists (León Méndez y Valdés Roja,
nd) on the life and work of Salvador Massip that can be consulted on the web and in which they state that: “Moreover, it
was important the contribution that Dr. Massip paid to secondary education in those years, in the making of school
maps as a needed tool of instruction. At the same time, other contribution made to the school cartography of the
country in this period, which represented a valuable contribution to the geographical science, was the ‘Physiographic
Diagram of Cuba’, a map made with the collaboration of Dr. Erwin Raisz, leading American professor, which was
widely used in the teaching of this discipline.”
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4. THE LEGACY OF THE PHYSIOGRAPHIC DIAGRAM

Figure 8. Fragment of the cover of “Atlas de Cuba”(Canet & Raisz 1949)
This work marked the beginning of a fruitful professional relationship of Erwin Raisz with Cuban geographers. This
collaboration reached its highest point when a young Cuban geographer disciple of Massip, Gerardo Canet asked Erwin
Raisz to be the cartographer editor of an atlas reflecting on its maps the geography, economy, society and politics of
Cuba in the first half of the twentieth century. It was entitled “Atlas de Cuba” (Atlas of Cuba) and was published at
Harvard in 1949, exactly 20 years after the publication of the physiographic diagram (Figure 8). Their aims when
creating the atlas are described in detail in the first sentences of the Introduction: “This Atlas is more than an attempt to
describe Cuba. Our aim is not only to present the setting in which the drama of Cuban life is played but to show how
his life itself changes its own setting, creating new problems and new adjustments to them. This dynamic element is
usually absent from the impersonal atlases produced by governments, societies and publishing houses, which merely
give a graphic report of a given moment of time.” (Canet & Raisz 1949: 3) Moreover, they intended to create an atlas
that could be considered the first national atlas of the country, despite they did not follow the traditional cartographic
and graphic solutions as well as the structure, number of pages and design that characterized earlier national atlases. As
Raisz wrote in 1962, referring to the publication of national atlases all around the world: “Almost every country of
Europe, in addition to Mexico, the Central American republics, Cuba, Brazil, Argentina, the French colonies, Morocco,
Tunis, the Congo, Egypt, India, Japan, China, Australia, Tanganyika, Ghana, etc published such atlases.” (Raisz
1962:101)
Raisz exerted considerable influence on the development of Cuban cartography in the period 1929-1959. In the first
years the Geography textbooks printed in Cuba included maps and diagrams made personally by Raisz, e.g. the texbook
entitled “Elementos de Geografía General” (Elements of General Geography) written by Salvador Massip and his wife
Sarah E. Ysalgué de Massip, which had its first edition in 1942 (Figure 9).
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Figure 9. Fragment of the Physiographic Diagram of Cuba and karst block diagram made by Raisz for the “Elementos
de Geografía General” textbook (Massip & Ysalgué 1956)
After the publication of “Atlas de Cuba” in 1949, Gerardo Canet followed to spread the teachings of Raisz in Cuba,
mainly using his physiographic method on the maps made for text- and scientific books written by Cuban authors. He
made numerous maps for the collection of Geography textbooks written by Leví Marrero, another highly esteemed and
recognized Cuban personality of the Geography teaching in the years previous to the triumph of the Revolution leaded
by Fidel Castro (1959), as well as for books published in other scientific areas, e.g. the book entitled “Guerra de los 10
Años” (The 10 Years’ War) of the Cuban Historian Ramiro Guerra, which was published in 1950 (Figure 10).

Figure 10. Upper row: block diagram and fragment of map made by Canet for the “Geografía de Cuba” textbook
(Marrero, 1955). Bottom row: fragment of the map published in the “Guerra de los 10 Años” book (Guerra, 1950)
Current article intends to be a modest contribution to giving a more detailed idea of the development of the Cuban
Cartography and Geography in the first half of the 20 th century. This aim will be achieved at least in part if this work
constitutes an inspiration for further research on this topic.
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Abstract
Geoinformatics is a new science, however has roots thousands of years. It integrates three traditional geosciences
(firstly geodesy and surveying as the science of measurement and representation of the Earth, science of precise spatial
data acquisition methodologies; secondly geography as the science of studying, analysing and modelling human and
physical aspects of spatial processes; finally cartography as the science of making maps, in ways that communicate
spatial information effectively, geography and cartography). The integration is based on the results of informatics, in
the frame of rapidly evolving computer science. The author aims to share experiences in learning and teaching
geoinformatics, and to summarize some lessons learned in implementation of educational development projects. The
first part will briefly introduce the trends of joint developments in the last decades and present the current status on the
field of GI education. The main focus here will be on the results of the running EU project, which is an advanced
successor of the NCGIA CC. The second part is focusing on curriculum and learning material development methods.
The competency matrix will be introduced here, as a tool, used to document and compare the required competencies for
graduates.
Keywords: geoinformatics education, curriculum development methods, competency matrix, life-long-learning

NEED TO KNOW
The economy of information society is based on the creation, dissemination and exploitation of data, information and
knowledge. This will be one of the dominant features of the next decades, and will play a fundamental role in
generating a recovery in growth and an increase in employment. The extended use of the potential offered by
information and communication technologies (ICT) created new service markets; will speed-up administrative and
decision-making procedures. ICT infrastructure also had a huge effect on the learning environments.

1. Introduction
The roots of Geoinformation Science and Technology (GISc&T) go back to the late 1950s. GISc&T is evolved together
with the computer science and information technology (IT). One of the pioneering institutions in scientific foundations
was the Harvard Laboratory for Computer Graphics and Spatial Analysis. In 1970 Tobler published the first law of
geography and the literature expanded exponencially in the 70s. The educational background delayed the extensive
applications of GIS till early 90s, however, the first textbook was published in 1986, written by Peter Burrough.
The National Center for Geographic Information and Analysis (NCGIA, founded in 1988) recognized the gap in
educational field. One of its first successful projects was on Core Curriculum development in GIS. The project was
lead by Michael Goodchild and Karen Kemp. In 1990 the NCGIA CC provided fundamental assistance in course
content for educators world-wide. The CC was introduced on the first European GIS Conference in Amsterdam by
Karen Kemp, who invited countries for adaptation of it (Kemp, 1991).
By the end of 1980s Hungary was in the middle of political, economical and cultural changes. There was a strong
demand for international cooperation developing GIS teaching materials in Hungarian (Markus et al., 1989, 1993).
This chapter will briefly introduce the trends of joint developments in the last decades and present the current status on
the field. The main focus will be on the results of the running EU project, which is an advanced successor of the
NCGIA CC.
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2. Core Curriculum and its adaptation in Hungary
A national Technology Transfer Centre (TTC) was founded in 1992 involving GIS experts from the whole country.
According to TTC members’ opinion the hardest obstacle of application of GIS technology in Hungary was the lack of
technical-professional skills. Meanwhile, the interest for the Core Curriculum was growing, and not only from the side
of the traditional GIS society. Because of the strong demand, the first project of the TTC's GIS Section targeted the
NCGIA CC Hungarian adaptation (Markus,1993).
The curriculum was divided into 12 parts and it translated preserving the structure, but suited the contents to the
Hungarian environment by 18 most appropriate experts from five Hungarian universities, four research institutions and
three GIS companies. In the revision and refinement phase the involved experts covered the whole spectrum of GIS
society. Using their feedbacks the final version was completely published in June 1994. The three original volumes
were expanded with a forth one. The forth volume presented 16 publications on advanced GIS applications in
Hungary.
The adaptation project received good appreciations from the Hungarian GIS community. The interest is very high not
only from the side of educational institutions but from the side of GIS firms too. By the end of 1994 more than 800
copies of the 4 volumes were sent to applicants.

3. Body of Knowledge
The new geographic technologies developed over the last decade created far-reaching opportunities. Due to rapid
changes in technology (internet, location based services) and in educational methodology (from teacher-centred to
learner-centred approaches) the renewal of CC was started. The new Model Curricula initiative called GIS&T Body of
Knowledge (BoK) aimed for collaborative, cross-sectoral, and interdisciplinary research, it encompassed a wide array
of themes, such as dynamic modeling, change studies, environmental assessments and interventions, and many more.
The first version of GIS&T Body of Knowledge has been revised by a team of seven editors in consultation with a fiftyfour-member Advisory Board. The topics were classified into the following ten knowledge areas:
1.

Analytical Methods

2.

Conceptual Foundations

3.

Cartography and Visualization

4.

Design Aspects

5.

Data Modeling

6.

Data Manipulation

7.

Geocomputation

8.

Geospatial Data

9.

GIS&T and Society

10. Organizational and Institutional Aspects
The GIS&T BoK includes 329 topics organized into seventythree units. Each topic is defined in terms of formal
educational objectives from which instructional activities and assessment instruments can be readily derived (DiBiase et
al., 2006).
From the evaluation point of view there is a shift from self-evaluation questions to expected learning outcomes. Briefly,
aims are broad purposes or goals; objectives are specific intentions in measurable terms; and learning outcomes are
specific measurable achievements. The main difference between the last two is that objectives are stated as the
intentions (of the teacher/tutor) and outcomes are stated as the achievements (of the successful student). While we have
mainly used objectives in the past there has been a gradual move towards learning outcomes.

4. GI-N2K in a nutshell
The current version of the GIS&T BoK is a paper-based document published in 2006, whereas a new advanced version
should be dynamic and up-to-date, easy to use, in line with the constantly evolving science and technologies. It should
reflect recent developments and needs of the public, private and academic geospatial sector.
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The “Geographic Information – Need to Know” (GI-N2K) project was funded by the European Union referring to the
above mentioned needs. GI-N2K has a consortium of 31 partners from 25 countries, it runs from October 2013 to
October 2016.
The main aim of GI-N2K is to develop an up-to-date dynamic GIS&T BoK which is in line with the latest
developments taking into account the European dimension by deploying the multidisciplinary knowledge and expertise
of the partners of the multilateral network. This aim can be reached by realizing the following objectives:


to analyse the current situation with focus on the demand of private and public sector as compared to the
existing academic and vocational training offer;



to revise the content of the Body of Knowledge to bring it in line with technological developments,
emphasizeng new knowledge areas and European context;



to develop the toolsets and guidelines to allow the maintenance and use of the BoK to define vocational and
academic curricula, define job profiles;



to test the BoK, its toolsets and guidelines through participation of dedicated target groups from the private,
public and academic sector;



to promote and disseminate the use of the dynamic GI S&T BoK, toolsets and guidelines.

The target groups are mainly the providers of higher education and vocational training in the domain of GIS&T, the
geospatial recruitment sector (companies, governmental organizations, research institutions, etc.), geospatial
professionals, and students studying, or with an interest in GIS&T.

5. Demand and supply survey
The first project activities focused on the demand for and the supply of education and training in the GI domain. The
Demand side target group consists of organisations and companies with a need for geographic information
competences: private companies, public administration, non-governmental organisations and academic institutions. On
the Supply side the survey was directed at organisations that offer teaching in the GI field.
The analysis of the survey outcomes focussed on three aspects:


Awareness and use of the GIS&T BoK. The relevance of this aspect is that a more demand-driven teaching
supply requires the Demand and Supply sides to use the same terminology. And the first requirement for use is
awareness;



A teaching gap. The need for more demand-driven teaching presupposes that there is a gap between needs for
GI competences on the Demand side and the GI teaching on offer.



A GIS&T BoK content gap. A domain reference document should be up-to-date, covering the latest
developments in the width of the domain. Missing subjects will make it harder to have the GIS&T BoK
accepted among users and educators. Such acceptance is an important condition for achieving a more demanddriven teaching offer.

The benefits of the project are mainly related to the two main outputs, the revised, dynamic version of the BoK and the
VirLaBok system, which will both be made available to all stakeholders (Rip at al., 2014).

6. VirLaBok
The new Body of Knowledge should be a dynamic “knowledge base” rather than a static book. Dynamic means that the
BoK should be regularly updated following an ontology based approach. The BoK will be continuously refined in a
participatory way, involving the GIS&T and related communities. Therefore, there is a need for a series of toolsets in an
open environment to design, develop and document a BoK repository. This environment is called Virtual Laboratory for
the BoK (VirLaBok).
The VirLaBok will consist of the following components:


A knowledge repository including the BoK itself, metadata and the results of the use of VirLaBok such as
already defined courses, job profiles, etc.



A dynamic platform to define and update knowledge areas, units and topics including a wiki that allows
discussion between GIS&T ex-perts and users of the BoK.
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A series of tools to use the BoK repository to define courses, learning paths and job profiles.

Figure 1. Map of Knowledge Area: Analytical Methods (Source: http://gin2k.bigknowledge.net/bokwiki/)
One of the primary functions of the VirLaBoK is to support curriculum design, which is the basis for defining courses,
course modules and lectures. The toolset will allow to explore the BoK using query methods and visualize the selected
concepts, topics and units, especially the relationships between them.
The GI S&T BoK should support fulfilling various learning outcomes. A student may acquire the knowledge and skills
needed to achieve a particular aim. The VirLaBok should allow to define learning paths by browsing the BoK,
selecting concepts, topics and units from different knowledge areas.
Private and public sector stakeholders are expected to have major interest in exploring the BoK for preparing “job
profiles” or to analyse existing competencies within their company/organization. Although many ‘typical’ profiles
exist, the VirLaBoK will provide a set of tools to define in a flexible way specific profiles, or to adapt existing ones.

7. Summary
The NCGIA Core Curriculum (1990) defined the standard of GIS&T teaching in many countries. The fast changes in
geoinformatics demanded continuous updates. The GIS&T Book of Knowledge (2006) meant renewal from both
content and methodological point of view. The GI-N2K EC Life-Long Learning project developing a new advanced
version, which aims to be dynamic and up-to-date, easy to use, in line with the constantly evolving geoinformation
science and technologies. In different educational institutions many parallel learning content developments are running,
where VirLaBok tools can improve the effectiveness of courses.

HARMONIZED COURSE DEVELOPMENT
The chapter is focusing on curriculum and learning material development methods.

1. Needs analysis
Usually the first task in educational development is a needs analysis. The analysis should be designed in order to
measure the needs of the academic and industrial stakeholders. Stakeholder is a person, group, or organization that has
direct or indirect stake in the development because it can affect or be affected by the organization's actions, objectives,
and policies.
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Stakeholders in an educational programme development including


faculty leaders, professors, teachers, administrative staff members;



students, potential BSc students and their family, student unions;



relevant ministries, accreditation institutes, other universities as competitors or possible partners;



employers, government (and its agencies), suppliers, unions, and the professional community etc.

The needs assessment should cover the whole spectrum of the current situation within


internal environment (university, faculty, staff, students, existing courses, projects, infrastructure);



specific environment (labour market, other universities, companies – staff development, data infrastructure);



external environment (legal, social, economic, technical, cultural, ethical).

The needs analysis should


describe the problems - What gaps exist?



determine the needs for training/learning.



find out what are the driving forces of the needs.



evaluate existing courses/trainings by the competitors.



assess the potential learning possibilities.



discover information about logistical concerns and constraints.



define the expected skills and competences.

The acquisition of needs can be done in different ways through questionnaires, interviews or group meetings, where the
participants are selected to represent the interests of the larger community.

2. Stakeholder analysis
Stakeholder analysis is a technique used to identify the people or organisations that have to be won over (Archer, 2003).
Stakeholder analysis helps with the identification of the following:


stakeholders' interests,



mechanisms to influence other stakeholders,



potential risks,



key people to be informed about the project during the execution phase,



negative stakeholders as well as their adverse effects on the project.

After identification, it is useful to map out the stakeholders on a Power/Interest Grid (as shown in Figure 2), and
classify them by their power over the project delivery and by their interest in the project.
Someone's position on the grid shows the actions how to manage them. The aim of stakeholder management is to
enhance their interest and to use their support within the project implementation:


High power, highly interested stakeholder: we must fully engage them and make the greatest efforts to satisfy
their expectations.



High power, less interested group: inform them about the project aims and progress; keep them satisfied.



Low power, highly interested group: keep them well informed. The efforts of these people or organizations can
be very helpful.



Low power, less interested group: monitor them as needed.
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Figure 2. Power/interest grid of stakeholders (Source: GE-UZ)
The benefits of using a stakeholder-based project implementation are that:


We can use the opinions of the powerful stakeholders to shape our projects at an early stage. Their input can
also improve the quality of our project.



Gaining support from stakeholders can help us to win more resources – this makes it more likely that the
project will be successful.



By communicating with stakeholders early and frequently, we can ensure that they understand the benefits of
the project – this means they can support us actively when necessary.



We can anticipate what people's reaction to our project may be, and build into our plan the actions that will win
stakeholders’ support.

We can summarize the understanding gained on the stakeholder map, so that we can easily see which stakeholders are
expected to be blockers or critics, and which stakeholders are likely to be advocates and supporters of the project. A
good way of doing this is by colour coding: showing advocates and supporters in green, blockers and critics in red, and
others who are neutral in orange.
Based on the careful analysis a strategy can be composed for engagement of stakeholders. Stakeholder management
supports the course planners by interpreting and influencing any person or organization who can be positively or
negatively impacted by, or cause an impact on the course and by creating positive relationships through the appropriate
management of their expectations.

3. Module development
The third part of the paper is focusing on module development methods. The competency matrix will be introduced as a
tool used to document and compare the required competencies for graduates. It is used in a gap analysis for determining
where critical overlaps between courses are or which skills/competencies are not taught deeply enough.
We should make distinction between learning outcomes and knowledge, skills, competences to distinguish the different
roles of the most relevant players: educational development staff, learners and other stakeholders (iCOPER, 2011).
Learning outcomes are categorized as: knowledge, skill, and competence. Depending on the level of understanding the
learner is obtaining:


Knowledge: the outcome of learning. Knowledge is the body of facts, principles, theories and practices that is
related to a field of study. It's being able to discuss the specific field with a peer, or read technical papers about
it.
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Skills: means the ability to apply knowledge and use know-how to complete tasks and solve problems. Skill is
all about being useful; it's only about being able to do things.



Competencies: means the proven ability to use knowledge and skills in work or study situations and in
professional and personal development.

In a sense, knowledge is the absence of skill and skill is the absence of knowledge. They are complementary. Regarding
competences: the university education is only the starting phase in the professional carrier. Desired learning outcomes
of a process of learning are formulated by the educational development staff, preferably involving project
representatives in the process, on the basis of input of internal and external stakeholders. Professional competences will
be reached by life-long learning (LLL) and life-long experiencing. Universities should support their graduates in LLL
with different kind of education and training.
The curriculum is a crucial component of any education/training activity, it is a road map to knowledge, and it builds
knowledge topology. Curriculum design includes consideration of aims, intended learning outcomes, concise content,
learning and teaching methods, and assessment. The curriculum must be based on the needs of stakeholders, founded on
clearly defined skills and competences. The outcome will be a complex material about the new curriculum. It will
contain all the required and necessary information for the accreditation.
The syllabus is the detailed content of the programme; the topics, issues or subjects that will be covered as it proceeds
(UM, 2013). In selecting content for inclusion, we should bear the following principles in mind:


It should be relevant to the programme. An effective curriculum is clearly focused on the planned
competences. The inclusion of irrelevant topics, however interesting in themselves, may confuse students.



It should be appropriate to the level of the programme. An efficient curriculum is progressive, leading students
onward and building on what has gone before. Material which is too basic or too advanced for the student in
current stage erodes motivation to learn.



It should be up to date and should reflect current trends.

4. Competency matrix
The learning material developers are working on their own module specification. This process needs of course a crossfunctional implementation. In the design of detailed content the competency matrix can help to harmonize the work of
the development team. The first column of competency matrix contains the name of modules; the competences are
listed in the header. Identifying competencies was one of the most important issues in needs analysis. Filling the matrix
needs a group meeting of module developers. The first step is to build a draft competency matrix revising and
completing competencies.
After the matrix drafted each development team has to check their module against the competences and mark the
relevant table cell. Creating the competency matrix will enable the development team to see at a glance, what
competences their graduates will possess. The matrix is functioning as a gap analysis tool, and as a discovery
instrument of unnecessary overlaps. Any development team can reconstruct their own row in competency matrix to
increase cross-functionality and include competencies it might be lacking.
The resulting matrix (Figure 3) contains a consensus between module developers. After creating it requires refinement
of module specifications, which support the developers in writing harmonized learning materials. During the
development phase the competency matrix may need periodical updating.
To regularize the workflow of the module development general guidelines are useful to ensure that all the partners are
following the same schemes and ease the monitoring of the module development activity. In addition to the rules,
templates can provide the common schemes for module specification.

5. Summary


When we plan any educational development, we should consider carefully the current needs of the society, but
look into the future too.



The curriculum must be based on the needs of stakeholders, founded on clearly defined skills and
competences.



The competency matrix is useful in course harmonization based on academic curriculum specifications or
meeting market-driven job profile requirements.
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Figure 3. Competency matrix (Source: GE-UZ, edited by course developers).
Core competences adapted from (Greenfeld, 2010).
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OUTLOOK
Universities are under a pressure of continuous changes, transforming all traditional way of learning, working to
prepare our learners for their future. The ability of students to connect with “classmates” around the world, opens new
opportunities for learning and professional development. Whatever the revolutionary changes in technology, learning is
the vital element. Teaching is not enough, it is the active learning, which is essential. Ubiquitous IT infrastructure opens
lots of new possibilities. Ubiquitous learning (u-learning) is far beyond e-learning, it has similarities to some form of
simple mobile learning, but in the u-learning environment students become totally absorbed in the learning process,
moreover, can become active participants in the cloud. The other challenge is open education. Information technology
was reached by the idea of open systems in early 1980s. It arrived to our profession in the mid-90s in the initiatives of
OpenGIS Consortium (http://www.opengeospatial.org/). Now “Open education” is a collective term that refers to forms
of education in which knowledge, ideas or other aspects of teaching methodology or infrastructure are shared freely
over the internet (Markus, 2013).
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Abstract
In this paper, I discuss my experience over the past five years restructuring the cartography curriculum at the
University of Wisconsin–Madison to account for sweeping shifts in conceptual framings, mapping technologies, and
professional expectations. To guide the refresh, I aligned the cartography curriculum to an orthogonal pair of axes: the
traditional distinction in cartography between mapmaking and map use, and an emerging distinction between
representation and interaction. A single course was designed to cover each of the four pairwise antipodes of the
orthogonal axes, with a fifth course positioned at the intersection of these axes to integrate influences and technologies.
In the paper, I discuss the pedagogical philosophy guiding the revised curriculum, the organization of design concepts
and technical skills taught in each course, and lessons learned from my experience for keeping curriculum malleable as
cartography continues to evolve.
Keywords: cartography education, pedagogy, map design, UI/UX design, web mapping technology

INTRODUCTION
Ongoing technological innovation has dramatically transformed what cartographers “do” over the past 25, 10, and 5
years [1-3]. Similarly, new insights from theoretical, empirical, and critical scholarship have reshaped the way we
understand, study, and teach cartography [4-6]. Arguably, cartography’s innate state of flux is what makes our
professional both unique and valuable: as we engage in the design process, we are able to tinker, adlib, and adapt across
a wide array of techniques in order to find an optimal solution for a specific mapping context [7]. In this way, we must
embrace the day-to-day chaos of change on a micro-scale in order to keep nudging cartography forward on a macroscale [8, 9].
Yet, it is easy for educators to be “swept up” by this whirlwind of change. While the increasing accessibility, flexibility,
and interoperability of mapping technologies are generating exciting new opportunities in cartography, they are also
expanding exponentially the range of technical competencies educators need to cover in curriculum [10]. Further, few
empirically-derived first principles or time-tested best practices exist to inform thoughtful, effective, and ethical
application of these emerging technologies during design [11]. For instance, the Geographic Information Science &
Technology Body of Knowledge—an authoritative compendium of competencies for geospatial education [12]—was
largely drafted before the release of Google Maps and the subsequent proliferation of web map mashups, and thus
misses a now thriving area of research and development on interactive, online, and mobile map design. As a result,
educators are faced with the challenge of replanning curriculum every semester or the risk of becoming stale. To what
degree should we embrace versus overcome such planned obsolescence in cartographic education?
In this paper, I discuss my experience over the past five years to restructure the cartography curriculum at the
University of Wisconsin–Madison in order to account for these sweeping shifts in conceptual framings, mapping
technologies, and professional expectations. The paper is meant to serve as an anecdotal case study on pedagogy in the
context of rapid cartographic change, with reflections on my experience offered to inform, rather than prescribe,
curricular redesign given that all campuses and programs have different curricular needs and constraints. The intention
of this paper also is to offer broad insights about organizing and executing a comprehensive cartography curriculum,
and I provide only brief comments on the development trajectory of individual cartography courses. In the following
sections, I discuss the pedagogical philosophy guiding the revised curriculum, the organization of design concepts and
technical skills taught in each course, and lessons learned from my experience for keeping curriculum malleable as
cartography continues to evolve.
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BACKGROUND AND PHILOSOPHY
The cartography curriculum at UW-Madison dates to 1937 and was expanded rapidly after Arthur Robinson joined the
UW Geography faculty following the end of World War II [5, 13]. Today, the cartography curriculum sits within a
campus-wide array of courses covering geospatial data, GIS, remote sensing, and spatial statistics. Five of these courses
are fully or partially dedicated to cartography instruction (Figure 1: yellow). Teaching cartography at UW is both
exciting and challenging because the cartography curriculum supports six different degree programs:
1.

Undergraduate Major in Geography: Students must select between an intermediate course in cartography or
GIS as a breadth requirement;

2.

Undergraduate Major in Cartography & GIS: Students must complete one intermediate course in cartography
and select two advanced cartography or GIS electives;

3.

One-year Post-Baccalaureate GIS Certificate: Students must complete one intermediate course in cartography
and select two advanced cartography or GIS electives;

4.

Resident Masters in Cartography & GIS: Students must complete one intermediate course in cartography, one
graduate seminar in cartography or GIS, and select two advanced cartography or GIS electives;

5.

Online Masters in GIS & Web Map Programming: Students must complete two advanced courses in
cartography in addition to other required GIS and geocomputation coursework;

6.

PhD in Geography: Students must complete two graduate seminars in cartography, GIScience, or geography,
and may complete additional coursework in cartography based on the dissertation focus and background
deficiencies.

Figure 1. GIScience at UW-Madison, 2015-2016. The cartography curriculum sits within a campus-wide array of
courses covering geospatial data, GIS, remote sensing, and spatial statistics. Cartography courses are marked in
yellow. Image courtesy of Karen Tuerk.
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To support this diverse range of learners, I redesigned the cartography courses to follow the pedagogical philosophy of
active learning―or supervised learning by doing [14, 15]―in which students engage in classroom discussions and map
design assignments that apply cartographic concepts to timely geographic problems and examples. Given institutional
support from the range of aforementioned programs, I was able to design several of the cartography courses as 4-credit
offerings split between a lecture and laboratory component (including laboratory student teaching support), with each
component receiving two credit hours. Lecture lessons reserve the majority of contact for discussion of professionallydesigned map examples, anchoring critique in timely, real-world mapping contexts. Students use social media—with all
key terms in lecture notes doubling as hashtags (see #uwcart on Twitter)—to continue discussion asynchronously and to
shape the examples that will be discussed in subsequent lecture lessons.
Laboratory lessons provide the necessary scaffolding―or instructor demonstration and intervention, which decreases
throughout the course as the “training wheels” are removed [16, 17]―for students to creatively approach a set of 2-5
map design assignments and a culminating final project. All assignments, including the final project, impose a realistic
client request as a guiding scenario, with the assignment instructions then emphasizing design thinking and problemsolving workflows rather than prescriptive step-by-step tutorials [18]. Students must find and prepare their own datasets
for each assignment, selecting topics that creatively meet the scenario requirements and dovetail with other aspects of
their professional development. Thus, both lecture and laboratory lessons empower students at different levels of
learning (general undergrads, undergraduate majors, certificate students, graduate students) and different interests
(planning, conversation, journalism, critical theory, etc.) to tailor their active learning experience to their unique needs.

CURRICULUM ORGANIZATION
To guide the refresh, I aligned the cartography curriculum to an orthogonal pair of axes capturing the range of
competencies defining contemporary cartography (Figure 2). The first axis captures the traditional distinction between
mapmaking and map use made popular in cartography by the Robinson era communication model [19-21]. Here,
mapmaking describes the iterative and active design decisions involved in map production while map use describes the
interpretation and application of these map products. As many scholars have noted, this binary increasingly is becoming
blurred in positive and negative ways by neocartographic tools [22-25]. The second axis then captures an emerging
distinction between representation and interaction increasingly recognized in cartography and the related fields of
information visualization and visual analytics [11, 26, 27]. Representation describes the graphic (or sonic, haptic, etc.)
encoding of geographic information that enables the map to “stand for” geographic phenomena [28], while interaction
describes the two-way, digitally-mediated dialogue between the map and its users that enables concomitant changes to
the map encoding and the user’s understanding of the encoding [29].

Figure 2. Cartography Curriculum at
UW-Madison, 2015-2016. To guide the
refresh, I aligned the cartography
curriculum to an orthogonal pair of axes
capturing the range of conceptual
competencies defining contemporary
cartography.
The
UW–Madison
cartography courses are positioned
within this framework, with the
associated technical competencies listed
beneath the course for reference. Image
modified from [9].
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The Figure 2 framework organizes the learning objectives of each of the five UW–Madison cartography courses. Four
of the five cartography courses cover the pairwise antipodes of these orthogonal axes (i.e., the corners in Figure 2):
Geography 170, a survey course on the uses of geospatial technology in society (map use + representation); Geography
370, an intermediate-level course on the fundamentals of reference and thematic map design (mapmaking +
representation); Geography 575, an advanced level course on interaction design for web and mobile mapping
(mapmaking + interaction); and Geography 970, an graduate seminar on problems in interactive, online, and mobile
mapping (map use + interaction). The fifth course, Geography 572, is positioned at the intersection of these axes to
integrate influences and technologies across cartography. In the following, I use the department course numbers to
identify each course during discussion and to reinforce the learning levels implemented at UW–Madison (100200=elementary, 300-400=intermediate, 500-600=advanced, 700-900=graduate-only); specific numbers within levels
are not meaningful. All descriptions are specific to the 2015-2016 course offerings.

Map Use + Representation: Geography 170
Developed by my colleague Dr. Qunying Huang, Geography 170 is a three-credit survey of geospatial technologies,
including a sequence of conceptual modules on geospatial data, GPS, remote sensing, and GIS [30]. The course ends
with a three-week module on cartography, primarily focusing on the uses of thematic mapping and quantitative
representation to complement the reference mapping topics introduced in other modules. The course uses a number of
practical use case examples to demonstrate the utility of geospatial technology across a range of professions and discuss
the overall impact of these technologies on society [31, 32]. To complement the survey of map uses, three technology
assignments are introduced requiring students to use and interpret Google Earth and ArcGIS Online.
Geography 170 enrolls approximately 200 students per semester and is open to undergraduate students only, primarily
targeted towards freshman. Thus, the purpose of the course is to develop an appreciation of maps and mapping
technology as new learners arrive on campus, with the goal of converting 10% or more of enrollments to the
Cartography & GIS undergraduate major. Geography 170 also is unique in that it is offered solely at a distance, and
thus promotes active learning through online multimedia lecture materials (readings and videos), peer-to-peer
discussion forums, self-assessment exercises followed by each lecture, and reflection quizzes.

Mapmaking + Representation: Geography 370
Geography 370 is a four-credit intermediate course on cartographic design with lecture and lab components. The lecture
lessons cover cartographic theories, best practices, and success stories that are useful for thinking critically about map
design and for transitioning design concepts into finished
Table 1. Lecture and discussion sequence for
map products [33]. Lecture lessons are organized according
Geography 370 (mapmaking + representation).
to the traditional division between reference mapping and
thematic mapping (Table 1), a distinction used in Geography
Topic
W#
Course Introduction: Organization & Influences
370 since Robinson taught it. To promote active learning,
1
Introduction to Cartography: Mapmaking/Map Use, Rep./Interaction
lectures emphasize discussion of recent examples and
Projections I: Geodesy & the Geographic Coordinate System
2
Projections II: Projection Mechanics & Distortions
typically include one case study on the ethics of map design.
3

Geography 370 lab lessons apply lecture concepts to a set of
five map design assignments and a final project. As
introduced above, each lab assignment is framed by a client
scenario and requires students to acquire their own datasets.
As a result, students create very different, personalized
deliverables as early as Lab #1. Lab scaffolding introduces
the cartographic production workflow using Esri ArcGIS and
Adobe Illustrator, with all lab assignments requiring use of
both packages in order to develop an understanding of the
cartographic design tasks best completed in GIS software
versus graphic design software.

4
5
6
7
8
9
10
11

Geography 370 is offered in residence only and is a gateway
course to the Undergraduate Majors in Cartography & GIS
and Geography, the GIS Certificate, and the Resident Masters
in Cartography & GIS. Geography 370 also is a service
course for other programs outside of Geography and enrolls
80 students per semester. The discussion in the next section
regarding instruction across a diverse set of learners draws

12
13
14
15

Generalization I: Map Scale & the Cartographic Problematic
Generalization II: Generalization Operators
Typography I: Label Appearance
Typography II: Label Placement
Putting it Together: Visual Hierarchy
Putting it Together: Visual Balance & Map Elements
Symbolization I: The Visual Variables
Symbolization II: Overview of Thematic Map Types
Terrain Representation
EXAM #1: 75-minute midterm
Choropleth Maps I: Normalization
Choropleth Maps II: Classification
Choropleth Maps III: Color Theory
Proportional Symbol Maps
Dot & Dot Density Maps
Dasymetric Maps
Isoline Maps I: Interpolation
Isoline Maps II: Design Considerations
Cartograms
Flow Maps
Ethics and Critique in Cartography
Professional Cartography Opportunities
EXAM #2: 75-minute final (non-cumulative)
Final Project Preparation
Final Project Presentations
Final Project Presentations
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from my experience in Geography 370.

Mapmaking + Interaction: Geography 575
Geography 575 is a four-credit advanced course on user
interface (UI) and user experience (UX) design as applied for
mapmaking, topics typically treated under the headings of
geographic visualization [34] or web mapping [2]. Lecture
lessons are organized around map-specific considerations for
the broader UX design [following 11] versus software
engineering influences on UI design and implementation [3539] (Table 2). Because principles of cartographic interaction
design remain in their infancy, the active learning discussion
addresses where interactive mapping is headed as much as
where it currently stands today.

Table 2. Lecture and discussion for Geography 575
(mapmaking + interaction).
W#
1
2
3
4
5
6
7
8

Topic
Course Introduction: Organization & Influences
UX What? Interaction vs Interface, UI vs UX
UX Why? Visual Thinking, Exploration, Insight
UX When?/How Much? Productivity, Flexibility, Constraint
UX Who? User Ability, Experience, Motivation
UX Where? Input, Display, Processing, Bandwidth, Mobile
UX How? Stages of Interaction, Interaction Primitives
UX How? Goals, Objectives
UX How? Operators I: Reexpress, Sequence, Overlay, Resymbolize
UX How? Operators II: Pan, Zoom, Reproject
UX How? Operators III: Filter, Search, Retrieve
UX How? Operators IV: Arrange, Calculate, Enabling Operators
UX How? Operands I: Non-spatial Information Types
UX How? Operands II: Interacting with Time
EXAM #1: 75-minute midterm
UI & HCI I: Interface Styles, Direct vs Indirect
UI & HCI II: Direct Manipulation in Interactive Maps
UI & HCI III: Interface Design Heuristics
UI & InfoVis: Information Seeking, Sensemaking
UI & InfoVis: Coordinated Visualization, Highlighting
UI & Usability Engineering I: Usability vs Utility
UI & Usability Engineering II: User-Centered Design
UI & Usability Engineering III: Interface Evaluation I
UI & Usability Engineering IV: Interface Evaluation II
UI & Visual Analytics I: Big Data Analytics
UI & Visual Analytics II: Analytical Reasoning
UI & Visual Analytics III: GeoCollaboration
EXAM #2: 75-minute final (non-cumulative)
Final Project Presentations
Final Project Presentations

Geography 575 lab lessons introduce the technical
9
competencies needed to design and develop interactive maps
10
on the web and for mobile devices. The Geography 575 lab
lessons are a primary place in curriculum where we have been
11
challenged over the past five years to respond to broader
12
shifts in mapping technology and professional practice. My
13
colleagues and I conducted a three-stage research study to
determine how best to transition our lab curriculum away
14
from reliance on proprietary plugins (i.e., Adobe Flash and
15
ActionScript) and towards integration with the Open Web
Platform (e.g., HTML, CSS, and JavaScript) [9]. The study
identified Leaflet.js and D3.js as the open libraries best supporting our pedagogical and technical learning objectives
regarding interaction design. We currently assign two labs that cover Leaflet and D3 separately—explicitly forcing
students to actively consider their functional differences and unique relationships to other Open Web resources—and
have a 10-week linear sequence of modularized technical lessons designed to provide the necessary scaffolding for
additional competencies needed to develop on the Open Web Platform (the DOM, AJAX, jQuery, the
GeoJSON/TopoJSON formats, browser development tools, Github, etc.) [17]. Geography 575 also includes a six-week,
intensive group final project. Despite the substantial technological changes since 2011, my recent experience teaching
Geography 575 suggests that open web mapping technology currently is in a period of relative stability.
Geography 575 alternates semesters in resident and online format, doubling the instructional attention and resources
available to maintain the complex, layered course. As a 500-level course, Geography 575 is available to senior
undergraduate majors and is an elective for the GIS Certificate and both Masters programs, regularly enrolling 30-40
students per semester.

Map Use + Interaction: Geography 970
Geography 970 is a three-credit graduate seminar that rotates between topics in cartography and GIS depending on the
instructor. For cartography offerings (available every 2-3 years), I customize the course to address a specific, emerging
mapping problem and map use context. For instance, the 2014 seminar approached emerging conceptual and technical
problems in mobile mapping through a case study on globalization. We worked with faculty in the UW–Madison
International Studies Department to design and develop a situated learning tool―taking the classroom into the streets
through mobile maps [40, 41]―that first uses a location-based service to guide students to historic landmarks within the
city and then uses the mobile platform to deliver narration, maps, and images contextualizing these places in the
globalized world. International studies students collect a visual essay while completing the guided tour and create their
own tour in a final paper description of an additional global commodity chain intertwined with Madison.
The weekly seminar meetings were divided into two 75-minute sections. In the first half of seminar, we discussed a set
of papers mutually agreed upon by the class that speak to an influence on the case study; for mobile mapping, this
included location-based services, responsive web design, and volunteered geographic information, among others.
Students were asked to prepare a reflection essay on each influence before class to promote active learning. In the
second half of class, students provided a case study project update from the perspective of three teams: visual
storytelling (responsible for content and representation design), UI/UX design (responsible for interaction design), and
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evaluation (responsible for assessing the design for the use case). Students self-assigned into these teams and were
tasked with exploring, presenting, and justifying the techniques and technologies used in the case study project.
Geography 970 is designed for graduate students only, and is taken by students in our resident Masters and PhD
programs. The combination of in-depth reading and technical review in the 2014 offering balanced the professional and
scholarly demands of these programs (most MS students receive a terminal degree). Further, the team-driven
organization of the case study promoted collaborative learning under realistic time and resource constraints. Finally,
selection of a map use context focused on situated learning involved graduate students in curriculum design, improving
the learning experience of other students on campus. The 2014 seminar included 11 graduate students.

Integration: Geography 572
Geography 572 is a four-credit advanced course designed to
integrate conceptual and technical competencies across the
full spectrum of contemporary cartography. Lecture lessons
are broadly framed by visual storytelling, with each lecture
prepared as a three-act narrative introducing the origins,
evolution, and designs insights of a single theoretical
framework used in cartography. Lessons progress to develop
a critical understanding of “how maps work” [28] from the
perspectives of visual perception (i.e., how maps are seen),
visual cognition (i.e., how maps are understood), and visual
culture (i.e., how maps are imbued with meaning) (Table 3).
Discussion of visual perception and cognition draws on
historical breakthroughs in psychology and cognitive science
[e.g., 42, 43-45], while discussion of visual culture draws on
an eclectic set of sources on art, design, ethics, and critical
theory [e.g., 5, 46, 47-57]. Throughout, students uses these
theoretical framings to critique map examples, tracing the
etiology of the mapmaking and map use canon in cartography
and considering how these principles require rethinking for
both representation and interaction as maps and mapping
technology evolve.

Table 3. Lecture and discussion sequence for
Geography 572 (integration).
W#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Topic
Course Introduction: Organization & Influences
Visual Storytelling I: The Story of Cartography
Visual Storytelling II: Storytelling Genres
Visual Storytelling III: Storytelling Tropes
Visual Form I: The Eye-Brain System
Visual Form II: Contrast, Grouping, & Figure-Ground
Visual Attention I: Visual Variable Selectivity & Conjunctions
Visual Attention II: Bivariate & Multivariate Mapping
Visual Complexity I: Factors of Complexity, Density, & Overload
Visual Complexity II: Complexity & Realism
Visual Complexity III: Complexity & Spatiotemporal Representation
Visual Complexity IV: Complexity & Animation
Visual Cognition I: Knowledge Schema
Visual Cognition II: Representing Uncertainty
EXAM #1: 75-minute midterm
Visual Aesthetics I: Art, Emotion, & Design
Visual Aesthetics II: Aesthetics, Style, & Taste
Visual Aesthetics III: Pastiche Aesthetic Styles
Visual Semiotics I: Referent-as-Mediator & Congruency
Visual Semiotics II: Interpretant-as-Mediator & Iconicity
Visual Semiotics III: Sign-Vehicle-as-Mediator & Levels of Meaning
Visual Ethics I: A Code of Ethics from Science
Visual Ethics II: A Code of Ethics from Art
Visual Critique I: The Story of (Critical) Cartography
Visual Critique II: Critical & Radical Cartography
Visual Critique III: Persuasion & Propaganda
Visual Critique IV: Participatory Mapping & VGI
EXAM #2: 75-minute final (non-cumulative)
Final Project Presentations
Final Project Presentations

Geography 572 lab lessons integrate technical competencies
through four lab assignments and a final project. Also framed by a client scenario, lab assignments emphasize workflow
and require students to design across 3-4 different technologies. Geography 572 does not introduce JavaScript
programming―focusing instead on GUI-based tools―but does provide greater depth on HTML and CSS by way of
introducing responsive web design frameworks. Accordingly, the Geography 572 scaffolding is designed to be “flat” or
non-linear (unlike the sequential lessons promoting computational thinking in Geography 575), with students
integrating lessons on technology as needed for their design solution. Further, many technical lessons are redundantly
available in multiple technologies, enabling students to explore the relative advantages and disadvantages of tools for a
specific design task. Technical lesson topics include: Adobe Illustrator, Adobe Photoshop, ArcGIS, ArcGIS Online,
Blender, Bootstrap, CartoDB, Github Pages, Indiemapper, Mapbox Studio, MapShaper, Terrain Sculptor, and TileMill;
again, each lesson emphasizes workflow (i.e., when to use the tool during design). Unlike the relative stability in
Geography 575, my recent experience teaching Geography 572 suggests that the number and functional scope of GUIbased cartographic design tools is expanding rapidly, particularly neocartographic tools supporting creation of
interactive web maps. As a result, many Geography 572 students write short technical lessons on new technology as
part of their final project, summarizing insights from their exploration to share with future students.
As with Geography 575, Geography 572 alternates semesters in resident and online format. Geography 572 is available
to senior undergraduate majors and is an elective for the GIS Certificate and both Masters programs. Given the broader
theoretical framing―particularly in aesthetics and critique―Geography 572 also is growing in popularity among
students in the Masters in Geography program and regularly enrolls 30-40 students per semester.

DISCUSSION: LESSONS LEARNED
In the following, I offer several of the major lessons learned while redeveloping the UW–Madison curriculum. While I
offer these lessons as imperatives, the possible solutions for meeting these recommendations are diverse. My discussion
focuses on those solutions that I have found to work anecdotally in my courses at UW-Madison, and the following is by
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no means a comprehensive summary of cartographic pedagogy. Instead, I offer these recommendations as my initial
impressions of potentially viable strategies to adapt curriculum in the context of continual cartographic change.

Anchor Active Learning in Real-World Problems and Examples
Active learning promotes a deeper engagement with course material by requiring students to translate concepts and
techniques to real-world problems and examples. In my experience, discussing timely, professionally-designed map
examples rather than canned textbook illustrations promotes deeper engagement with the conceptual material. I also
find that using real-world examples helps students hone their eye for design: while I may introduce an example to
discuss the rationality behind a single map design decision, the collective student engagement with polished designs
throughout the course facilitates global understanding of the range of decisions that the cartographer made―and the
alternatives therein―which can be applied in their own design. In this way, I only use examples of good design in my
teaching, rather than straw man examples of bad design. Further, I find examples that confront important, and perhaps
controversial, problems facing society on a global scale to solicit the greatest engagement, and also offer an opportunity
to discuss mapping ethics in a context where right and wrong are inherently unclear. Maintaining an up-to-date queue of
discussion examples does require extra preparation for the instructor, but social media and collaborative learning
activities offset this burden by crowdsourcing examples from the class.
In lab assignments, I find that imposing client scenarios increases exploration of design and technology alternatives, and
ultimately promotes the creative thinking necessary for successful, innovative cartographic design. Using a client
scenario combats the expectation of a step-by-step walkthrough of a single technology, which is passive, does not build
transferable skills, and overall stifles creativity. Further, use of client scenarios allows the curriculum to adapt to a
diverse range of student interests and needs, enabling students to “put themselves” in the assignment and take
ownership over the learning outcome (the map design) in a manner that does not reflect simple grade-seeking. Finally,
using client scenarios better reflects cartography as a profession, helping students transition to the workforce more
efficiently given existing experience with the messiness of cultivating a design from conceptualization to delivery.

Support Degree Flexibility through Bracketing and Redundant Lessons
Edification and expansion of cartography curriculum requires careful consideration of many types of learners and
institutional programs. Using client scenarios in lab assignments holds the aforementioned advantages regarding active
learning and creativity, and also allows cartography curriculum to support multiple degrees and initiatives. Each course
in the UW–Madison cartography curriculum is bracketed to constrain learning objectives to those that can be achieved
within the scope and sequence of the course [10]: Geography 170 and 370 assume no existing knowledge in
cartography and can be taken as a standalone general elective, and Geography 572, 575, 970 can be taken flexibly in
any order (Figure 3). Such bracketing improves student flexibility in putting together degree plans, and ultimately
results in cartography reaching more students on campus and online. Bracketing does not necessarily mean removing
lessons from the course, but often does mean redundantly assigning the same lessons in multiple courses to support
different learning objectives. Redundant lessons serve as an early “refresher”, acting as the glue between courses, and
promote active learning, as students see the same concepts and technologies applied for different cartographic problems.
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Figure 3. Flexible Sequencing through the UW–
Madison Cartography Curriculum. (a) General
Undergraduates; (b) Geography Majors; (c)
Cartography & GIS Majors and GIS Certificate
Students; (d) Resident MS Students; (e) Online
MS Graduates; (f) PhD Students. Image modified
from [9].

Avoid Technological Path Dependencies by Teaching Concepts First
I have designed the UW-Madison cartography curriculum to expose students to a wide range of mapping technology,
perhaps at the expense of gaining great depth in any specific technology. I selected this curricular strategy to avoid path
dependency, or the use of a tool beyond its functional life due to overreliance on it and expertise with it [10]. Avoiding
path dependency means teaching concepts first and technology second. Centering a course on a single technology (e.g.,
an ArcGIS Online class, a CartoDB class, a Mapbox Studio class) runs the risk of needing comprehensive revisions—or
even closing the course—with a new software iteration or larger shift in the technological landscape. Organizing
curriculum by concept (e.g., mapmaking, map use, representation, interaction) maintains consistency across offerings,
avoids path dependencies, and promotes active design thinking. To this end, the use of client requests in lab
assignments has yet another practical advantage of retaining consistency from year to year, as the conceptual design
objectives remain the same while the underlying technology stack evolves.

Promote Collaborative Learning and Collaborative Curriculum Design
The UW-Madison cartography curriculum relies heavily on collaborative learning—requiring students to participate in
group and team activities to engage more fully with course material [58]—and collaborative curriculum design—
encouraging students to assist with the maintenance and expansion of conceptual and technical lessons [9]. First, I use
collaborative learning activities in several points of the curriculum to promote active learning: lecture discussion across
curriculum facilitated by social media, peer-to-peer discussion boards for online curricula, group final projects in
Geography 575, and team assignments in Geography 970. Collaborative learning activities promote active learning and
reduce instructor intervention on common missteps. Collaborative learning activities also expand peer-to-peer
instruction and evaluation―or beginners teaching beginners, a mantra made popular by MapTime―making feedback
more immediate (given the broadened help resources) and potentially more relatable (given gaps in knowledge between
expert instructors and beginning learners) [59]. Collaborative projects also allow a team of students to collectively do
more with a single assignment—particularly for interactive and mobile maps requiring substantial development time—
letting students explore a wider range of technologies and build their professional portfolios.
To complement collaborative learning, I also encourage collaborative curriculum design. Involving students in
curriculum design either formally (through teaching assistant positions) or informally (through independent studies or
course final projects) has the practical advantage of offloading the burden of maintenance from the instructor. However,
I only advise collaborative curriculum design when the lesson revision holds educational value for the participating
student. Teaching is the best way to learn, and reversing the roles of student and instructor can lead to deeper
engagement with the material and generate new ideas for improving curriculum. Further, self-directed life-long learning
is the reality of the professional cartographer, and collaborative curriculum design affords early practice at independent
learning within the lower-stakes university setting. While collaborative learning and collaborative curriculum design
require substantial and sometimes prohibitive amounts of instructor supervision, Github and other collaborative
versioning software have greatly simplified the process of integrating additions and revisions into curriculum. Finally, I
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have found that collaborative learning and collaborative instructional design are keys to developing an alumni network,
important both for placing students in the profession and for calibrating curriculum to professional practice.

Use and Contribute to Open Educational Resources
The pace of change in cartography leads to my final, overarching recommendation to use and contribute to educational
resources in the public commons. Open education resources make lessons, assignments, tutorials, and other
educational materials available for reuse and extension on other campuses [60]. There are far too many conceptual and
technical competencies in cartography for any single curriculum to maintain. Using and contributing to open
educational resources allows us to share the load collectively. Open educational resources also build community around
cartography as a profession, and enable professionals to maintain their skillsets as technology evolves. To-date, we have
shared our Geography 575 lab material as open educational resources [61, 62], and we plan on releasing additional
resources through the UW Cartography Lab blog in the future.

CONCLUSION AND OUTLOOK
In this paper, I summarize my experience over the past five years refreshing the UW–Madison cartography curriculum.
Following tenets of active learning, the lecture and lab lessons provide scaffolding across the conceptual and technical
competencies defining contemporary cartography, ranging from mapmaking to map use and cartographic representation
to cartographic interaction. We offer five cartography courses at UW–Madison to cover these competencies, with these
courses supporting six degree programs in the Geography Department. Because of the institutional support from these
programs, the course volume and resources for cartography at UW–Madison may be greater than other universities.
Yet, many of the lessons learned during redevelopment still may apply in different curricular contexts. If only a single
course on mapmaking is offered on your campus, consider moving past the traditional reference versus thematic
mapping distinction and instead reorganize your material to capture the emerging distinction between representation
versus interaction (i.e., modularize the entire Figure 2 framework for a single course). If t single cartography course is
currently specific to map use, consider adding a lab dimension to address a subset of technical competencies supporting
mapmaking. If you only offer courses on GIS, consider moving to a “full stack” approach that integrates aspects of
representation and interaction design as the final presentation of GIS analyses. The recommendations to promote active
learning, collaborative learning, and collaborative instructional design are applicable to most curricular contexts, as are
the cautions to properly bracket the lesson sequence to improve degree flexibility and to put concepts first to avoid
technological path dependency. Finally, we all can and should participate in the open educational resources movement
to make sure that we are moving forward as a cartography community with each individual lesson we prepare.
Cartography is and always will be changing, and I argue that such change is good for cartography and cartographers.
We have the opportunity to continually renew ourselves and our skillsets as novel problems appear, rather than stagnate
into obsolescence. Instead of pushing against this change, cartographic education needs to harness and channel it.
Accordingly, educators need to start thinking like development teams to maintain base curriculum and to avoid path
dependency. We also must teach students how to navigate the stream of cartographic change once leaving campus.
Here, I offer my initial reflections on how to rethink cartography curriculum to train the contemporary cartographer, and
I look forward to absorbing similar insights from others as we collectively train the next generation of cartographers.
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Abstract
Mozambique and Cape Verde suffer from a shortage of qualified specialists with geospatial skills for agriculture
information management and precision farming.
To answer to a shortage of skilled work labor in a significant field in both countries, the NOVA Information
Management School, in partnership with Universidade de Cabo Verde, Universidade Católica de Moçambique and the
support of Esri Portugal and Trimble, conceived the AgIM Master Course.
Throughout the course, the students learn to use modern forms of positioning systems, computerized processing of maps
and tools such as GPS, GIS, remote sensing and analysis of geo-referenced data.
To ensure the project’s sustainability and to strengthen the human and institutional capacity of both partners, several
training courses are currently put into practice.
The students have the opportunity to apply the acquired knowledge in two pilot demonstration projects. This
methodology aims at multiplying the benefits of precision farming in local communities.
Keywords: geographic information systems, education, precision farming, agriculture information management

INTRODUCTION
The concept of precision farming has emerged since the 1990s in various forms, depending on the knowledge and
available technology. It is implemented in a combination between advanced information technology and full
agricultural mechanization (Tran and Nguyen 2006). Within the precision farming related technologies, there are five
key technologies: global positioning system (GPS), geographic information system (GIS), remote sensing, variable rate
technologies and analysis of georeferenced data (i.e: geostatistics) (Chartuni et al. 2007).
The integration and advances of these technologies have led to several advantages to farmers, such as overall yield
increase, efficiency improvement, reduced production costs, better decision making and reduced environmental impact
(Tran and Nguyen 2006).
The application and implementation of precision farming in developing countries is limited due to high costs and
knowledge demand. However precision farming should be regarded as essential in the development of agriculture in
these countries, even if it is used in a different form to that offered in Europe an North America (Dobermann et al.
2004).
Several proposals were designed for application of precision farming in developing countries. Ram et al. 2014 presented
the following methodology to be operationalized in India:


Creation of multidisciplinary teams involving agricultural scientists in various fields, engineers, manufacturers
and economists to study the overall scope of precision agriculture.
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Formation of farmer’s co-operatives since many of the precision agriculture tools are costly (GIS, GPS, remote
sensing, etc)



Government legislation restraining farmers using indiscriminate farm inputs and thereby causing
ecological/environmental imbalance would induce the farmer to go for alternative approach.



Pilot study should be conducted on farmer’s field to show the results of precision agriculture implementation.



Creating awareness amongst farmers about consequences of applying imbalanced doses of farm inputs like
irrigation, fertilizers, insecticides and pesticides.

In Mozambique and Cape Verde, two nations considered by the USAID as developing countries (US Aid 2012), there
was no higher education institution offering a degree in precision farming. Given the shortage of qualified professionals
with geospatial skills and the importance of agriculture to the economy of both countries, the NOVA Information
Management School (NOVA IMS) developed a consortium with Universidade Católica de Moçambique (UCM) and
Universidade de Cabo Verde (UniCV), in order to create a postgraduation and master course in agriculture information
management and precision farming in both higher education institutions, the AgIM Project.
This paper is organized in 6 sections (excluding this introduction): section 1 is focused in agriculture education in
developing countries. Section 2 is dedicated to the AgiM course and the pedagogical model. Section 3 is focused in the
geospatial tools that the students learn at the course. Section 4 adresses the academic success on the course. Section 5
presents the methodology and some results of quality assurance processes at the course. Section 6 is dedicated to the
sustainability of the project

AGRICULTURE EDUCATION IN DEVELOPING COUNTRIES
In developing countries the major source of funding and financial support for agricultural education are usually the
national or regional governments. In general higher education institutions in these countries operate by an annual budget
dependent on government funding, tuition fees and other sources of income (donations, revenue from farms in
agriculture departments, etc) (Chittoor and Mishra 2012).
The case of agriculture education is very specific due to excessive costs. Indeed it requires materials, scientific and
technical equipment, adequately equipped training and experimental farms (Chittoor and Mishra 2012). Usually the
maintenance of thse facilities is beyond the financial resources of these institutions.
According with (Chittoor and Mishra 2012), with few exceptions the institutional relationships between agriculture
teaching and research and extension are inadequate. This situation is result of separation between education, research
and extension into different ministries and agencies and weak mechanisms to link them together. This issue is linked
with one the biggest challenges that agriculture education, specially in Africa, has to surpass: providing education and
training for rural development than agriculture alone (Vandenbosch 2006). To address this issue, education and training
needs to be applied rather than only theoretical and the institutions need to incorporate the dynamics between:


Food security.



Environment: soil erosion, desertification, deforestation, environmentaly damaging agricultural practices,
water shortage, drought and climate change.



Economics: effects of globalization, trade liberalization, market deregulation and agri-business management.



Population: Impact of population growth on agriculture and natural resources, basic demography, gender issues
and HIV/AIDS impacts.



Technological and scientific progress: food processing and post-harvest technologies and biotechnology.

Another concern is the availability of teaching and learning support materials (Vandenbosch 2006). When teachers are
competent and well trained, it is often difficult to teach effectively due to the lack of learning support materials
(resource books, equipment, tools and materials) or inadequate curricula (not relevant for the needs of farmers and
labour market in general).
To address these challenges, it will be necessary to transform the agriculture education institutions from academic
isolation and become active contributors to sustainable agricultural and rural development through innovative teaching,
research and extension (Chittoor and Mishra 2012). This can be achieved through new educational strategies, innovative
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and creative leadership and institutional reforms that take into account the current trends that influence agriculture and
rural development.

THE AGIM MASTER COURSE
The AgIM (Agriculture Information Management and Precision Farming) Project, was developed in cooperation
between the NOVA IMS, as applicant institution, the Faculdade de Agricultura (UCM), the Escola Superior de Ciências
Agrárias e Ambientais (UniCV) and with the support of Esri Portugal and Trimble. The Project is financed by the
EDULINK II Program (funded from the European Comission) and the main objective was to implement a master course
programme with a curriculum based on best practices in agriculture information management and precision farming in
both partner institutions, taking into account recent advances and specific conditions for its introduction in developing
countries.
In parallel with the course, another feature of the project is the establishment of two pilot demonstration projects (one in
each country), which play a decisive role in applying the knowledge acquired throughout the curricular units. The pilot
demonstration projects are the base of a repository of practices and fieldwork in adapting and updating the methods and
techniques to the reality of both local farmers and communities. It implements a set of activities, giving students the
opportunity to learn methods of integrating precision farming and decision-making processes. As a result, it is expected
that students successfully meet the six steps defined by Kitchen et al. (2002) in the adoption and application of precision
farming:
1.

Understanding the concept of spatial data, its management and importance.

2.

Learning the use of technologies (GPS, remote sensing, etc) that contribute to the collection of data
information at low-cost.

3.

Learning GIS (geographic information systems) software.

4.

Understanding the factors that influence the extent, stability and income from agricultural activity.

5.

Conducting fieldwork to understand the causes of variability (integrating local knowledge with technical
expertise).

6.

Optimization by sampling and testing on site.

It is expected that the students will be able to do acquisition of land related information and production data and its
integration in GIS applications, classification of agricultural camps in georeferenced zones based on soil characteristics
and production potential, assessment of the specific type of suitable cultivation areas, based on the analysis of
geospatial data.
The course started in March 2014 in Mozambique and due to the differences between the academic year in
Mozambique (from January to December) and Cape Verde (from September to July), the AgIM course only started at
UniCV in September 2014. Currently the course has 28 students (from both countries) and although most of the
students have an academic background in agriculture, some have training in computer engineering, public
administration and biology.
During the first semester the students had field work classes in local communities where they acquired geographic data
(with GPS devices provided by the project), soil samplings and interviewed small producers (figure 1).

Figure 4. AgIM students and a local farmer using a GPS device
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The geographic data collected by the students will be displayed in a WebGIS at the AgIM website. A WebGIS give the
ability to think spatially and to solve real-world problems. It also can teach students to llok at issues from a local to a
global scale (Fu and Sun 2010).
The first academic year in Mozambique ended in December 2014 (and in Cape Verde in June 2014) with the
presentation of the projects developed by the students in the 2 nd semester. The students that completed all the eight
curricular units are currently preparing their dissertations for obtaining the master degree in agriculture information
management and precision farming. Currently 29 students from both institutions finished the first (curricular) year (as
of March 2016). Of these, 5 students already finished and presented the dissertations.
Between the inception of the course and January 2016, 9 teachers from NOVA IMS (and 2 local teachers) delivered 26
curricular units, 13 training courses and 6 final project presentations (figure 2) in Mozambique and Cape Verde.

Figure 5. AgIM student at a project presentation
Besides the development of a top-level master course in precision farming, the partner institutions and the students
benefit from the contribution of software and education resources related with the AgIM master programme. The
administrative and IT staff also benefit from a set of training courses, targeted to improve management and technologic
capacity.
The training courses were held in both partner institutions, with nearly 150 attendees in both partner institutions. For the
teaching staff, the following courses were organized: problem-based learning (PBL), curriculum development theories
and educational technologies. The first two courses focused on PBL methodology and curriculum development. The
educational technologies course was targeted on the organization and management of e-learning platforms with special
focus on Moodle. For the academic and management staff it was developed a course on international project
management.
The students and local agriculture technicians attended two technical training courses: the current state of the art of
precision farming and UAV AgIM. In the first course, the students received training in state of the art approaches and
methodologies and techniques used in precision farming. The second one was dedicated to UAV’s (unmanned aerial
vehicles) and its use in precision farming.
In the UAV training course, it was used a relatively affordable drone, meeting the goal of adapting precision farming in
developing countries. The students were able to use to drone to acquire aerial and multispectral imagery and area
measurement.
The main beneficiaries of the action are the local communities, consumers, commercial/agribusiness organizations,
other educational organizations, researchers/research institutions, other students, local authorities, public administration
and non-governmental organizations.
The local communities will obviously be the main beneficiaries, benefiting with the help of these technicians, they will
have a better understanding of more sustainable and profitable agricultural techniques. Thus, it is expected to create a
strategy to reduce rural poverty, improved food security and natural resource management. These improvements are
expected since the project AgIM is a pioneer in postgraduate education in precision farming and agriculture information
management in the two countries involved. In addition to the training of specialized technicians, it also will test the
adaption of precision farming technologies in small rural communities that essentially practice the activity as a means of
subsistence.
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Pedagogic Model
The AgIM Master course lasts for three semesters and comprises a number of curricular units of mandatory nature. The
course’s first semester consists on four curricular units that provide skills and knowledge considered essential to meet
the defined objectives for the program: GIS and Precision Farming, Remote Sensing and Spatial Analysis, Research
Methods and Data Acquisition. The second semester features a set of four courses with a higher level of specialization
and depth: Quantitative Methods, Precision Farming, Agriculture Information Management and, Implementation of
Precision Farming in the Community.
The objectives and curricular units’ contents aim at the acquisition of skills required for the continuation of the process
of learning and knowledge, promoting scientific research, use of techniques and adequate approaches to solve complex
problems in the field of agriculture information management and precision farming.
The third semester is dedicated to the preparation of the dissertation. Obtaining a post-graduate degree is dependent on
the achievement of credits associated with the eight curricular units in both the 1st and 2nd semesters (1st year). The
attribution of the master's degree requires, apart from approval in the curricular component of the 1st year, the
preparation of a dissertation, discussion and its approval.
The courses are taught sequentially. The beginning of a course necessarily coincides with the end of the course that
precedes it. Each course has a duration of 5 weeks (figure 3).

Figure 6. Curricular units weekly sequence
At the end of each semester, the students have to present and discuss the projects (one per curricular unit) developed
during the corresponding period. The discussion sessions are open and in addition to teachers, students and staff of the
partner institutions, NGO’s elements, citizens, local producers, among others can attend it.
The AgIM course is developed in a blended learning format, with face-to-face classes and eLearning interaction (in a
Moodle platform). According to (López-Pérez, Pérez-López, and Rodríguez-Ariza 2011), blended learning improves
students’ learning experiences by developing their capacity for reflection.
In the first week of each class the teachers have to upload the curricular units’ contents in the Moodle platform. The
second week is dedicated to the presential classes and in the last three weeks the students have to develop the final
project. One of the advantages of using a elearning method which can be more adaptive than conventional learning
(Bachari, Abelwahed, and El Adnani 2011). The platform is always available anytime and anywhere. The only schedule
that the students need to follow are the presential classes and the session of discussion of the projects developed during
the curricular units.

GEOSPATIAL TOOLS IN AgIM
The AgIM master course is deeply focused on the use of geospatial tools and its use on precision farming. From the
eight curricular units of the course, only one, Research Methods, does not have in its curriculum the use of geospatial
tools.
In the GIS and Precision Farming curricular unit, the students learn the bases of GIS and its role in the development of
precision farming. In Data Acquisition, the students gather data (with the use of GPS devices) in local agriculture fields,
that are used for the pilot demonstration projects (PDP). This curricular unit is vital for the course, due to field work
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experience, the importance of the gathered data, that is used by the students as study case in the PDP’s and in some of
the student’s dissertations.
In Remote Sensing and Spatial Analysis, the students learn the basic principles of remote sensing, identify the main
sources of geographic data for creation, edition and modelling. In Quantitiative Methods the students learn to explore
and interpolate the geographic data from Data Acquisition.
Another main curricular unit is Precision Farming, there, the students use spatial information in the design of intelligent
soil sampling and learn the importance of geoelectric sensors in the analysis of spatial variability of soil quality. In
Agriculture Information Management although the students don’t directly use geospatial tools, they learn how to create
and manage databases. In the last curricular unit, Implementation of Precision Farming in the Community, the students
learn the concept of Public Participation GIS and how to create it.
The use of geospatial tools in AgIM is implemented gradually, starting from the the concept of GIS to spatial variability
and creation of online maps. Not only the students graduate in Agriculture Information Management and Precision
Farming but also are able to become skilled GIS technicians.

ACADEMIC SUCCESS
In the AgIM Master course, although each curricular unit has its own means for evaluation during the presential classes,
it varies from work groups and presentation in class or evaluation of participation from the students, there are evaluation
elements that all curricular units follow.
The evaluation elements that all curricular unit follows are a exam at the end of the presential classes and a project to be
presented by a student or a group of students at the end of the semester. As mentioned in the previous chapter, each
course has a duration of 5 weeks, the second week corresponding to the presential classes, at the end of that week
(Monday to Friday in Mozambique and Thursday to Monday in Cape Verde) the students do an exam. During the
following weeks until the next curricular unit, the students (individually or in group) develop a project to be presented
at the end of the corresponding semester. The presentation sessions are open to public, so any local producers, local
coummunities and other teaching staff can assist it. The project is the most important evaluation element for the
students. Usually worths more than 50% of the final grade by curricular unit.
At UCM, in both editions, from a total of 23 students, only two didn’t successfully finished all the curricular units.
From these 23 students, 3 had 15 or more in the final average grade (the AgIM course follows the Portuguese grading
system, where the maximum grade is 20 and the passing grade is 10). At UniCV the second edition is currently
ongoing, but in the first edition, all the students completed with success the curricular component of the course. Two
students had 15 or more in the final average grade.
After the conclusion of the curricular component of the course (approval in all curricular units), the students with the
support of the supervisors start to develop the dissertations. As of April 2016, five students already presented their
thesis, from those 3 had a grade of 15 or more.

QUALITY ASSURANCE
There is a focus on quality assurance that is related not only with the post-graduation and master course with but also
with its sustainability. An anonymous and confidential evaluation system is implemented. This evaluation procedure is
performed every semester, for every curricular unit and is based on international quality assurance standards. In
addition to the students’ evaluations of each curricular unit, students also assess the study program at the end of each
semester. Currently all the teachers and curricular units evaluated by the students in both institutions, received good
classifications, which reflects the level of satisfaction of the students regarding the course.
The quality in the course is also evaluated through the students ratings and performances, by considering the following
methods of assessment: tests, exercises, assignments, term papers, lab reports, classroom participation, final project and
final seminar.
To create a reference master course in agriculture information management and precision farming, a special focus was
given to the accreditation and recognition by the competent authorities. Each partner institution developed a dossier that
was delivered to each country Education Ministry that subsequently recognized and gave accreditation to the course.
Twice a year, the project organizes quality assurance meetings (one in each partner institution), where the project
coordinator meets the local coordinators and quality assurance managers. There the questionnaires answered by the
sutdents in each curricular unit are analyzed. The meetings also ensures that the project activities meet or exceed the
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international standards and that the curriculum structure and content, as well as the learning/ training events are
consistent with the current state of science and technology in AgIM.

SUSTAINABILITY
The sustainability of the course is one of the main objectives of the project, in this case it is expected that the course can
continue beyond its implementation period (March 2017). To ensure the sustainability it is important to have a local
teaching staff skilled in precision farming. To achieve this, the best students of the first edition in each partner
institution were selected to support the NOVA IMS teachers in the presential classes of the second edition (16 students
were selected in these conditions). At UCM it is currently undergoing the third edition of the course, completely
organized locally, it is being managed by the local coordinator and the teaching staff is composed by students from the
first and second editions.
At institutional level, the sustainability is ensured through the organization of the training courses for academic, IT and
administrative staff, that with the skills provided by the project can try to secure adequate resources for the continuity of
the action and to increase it in winning international funding projects from major donors.
Besides the institutional level, the sustainability at environmental level is also taken in account. With implementation of
the pilot demonstration projects and the increased number of skilled professionals in the area of precision farming will
contribute tot the promotion of more targeted use of inputs and reduction of losses due to nutrient imbalances, weed
escapes, insect damage, etc. at least in a local level. The implementation of precision farming by the students and the
new professionals in local agriculture fields can also contribute to the reduction of poverty due to a improvement of the
and better management of the fields and production.

CONCLUSION
The AgIM project has a set of main objectives in order to deliver a successful and sustainable master course in
Agriculture Information Management and Precision Farming. Currently, the majority of the objectives is accomplished,
and remaining will be fulfilled at the end of the implementation period (March 2017).
As of April 2016, 19 teachers from Mozambique and Cape Verde teached in the course, three of them were already in
the starting teaching staff, the remaining 16 are students (eight from each country). Besides the qualification of the
students, the organization of training courses for academic, teaching and IT staff contributed for the improvement of the
partner institutions. 12 training courses were already delivered (there are only two courses remaining until the end of the
project). Nearly 100 students, teachers, academic staff and local producers participated in the training courses.
Both the classes and the training courses are the main contributors for the Pilot Demonstation Projects (PDP). The
PDP’s work as a training field for implementation of precision farming and its adaptation for the reality of Mozambique
and Cape Verde. There the students execute soil samplings, data collection through GPS devices (acquired by the
project and donated to the partner institutions) and use ArcGIS for compilation of geographic data. For the
improvement of data acquisition, until the end of 2016 a UAV will be donated to UniCV and UCM.
The master course is already recognized by the competent authorities in Mozambique and Cape Verde and due to its
pioneer status and the objective of adapting precision farming to the reality of the local producers in both countries, it is
expected to create a guideline to disseminate and stimulate good practices in precision farming. To support this
guideline, at least one of the partner institutions will create a conference in precision farming in developing countries.
There the students can present papers based on their dissertations and publicize their results and main conclusions.
These results will be organized and published in proceedings.
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Abstract
Pupils acquire the first cartographic knowledge and skills already in primary education, particularly, within the subject
called “Regional Studies (in Slovak - Vlastiveda)”. The aim of the paper is a comparative analysis of the ability of
pupils in the 4th grade at primary schools to use cartographic language in real life using a selected sample from the
Slovak Republic and Czech Republic. In the first step, the researched group of pupils was motivated by dialogs and
discussions about maps. The next step was the implementation of the survey which was based on text assignment (story)
containing various information. On the basis of this story, pupils should construct a map. Assessment of the level of
using cartographic language by individual pupils was carried out through 11 selected criteria (e.g. spatial links,
hierarchy, relative distance, elevation, qualitative and quantitative characteristics). Finally, we compared the results
between pupils in the Slovak Republic and Czech Republic.
Keywords: national educational program, geography, cartographic language, mental map

INTRODUCTION
Getting to know the real world has always been inextricably linked to a map. Although the use of map and search for
information in it, according to some investigations, can be performed also by preschool children (MRÁZKOVÁ, 2013),
cartographic knowledge, abilities and skills, cartographic literacy and competence is being acquired by the pupils only
during the school attendance.
"The aim of this study is to discover how children graphically represent objects of the real world, how they apply
cartographic methods and process provided data" (GAJDOŠÍKOVÁ, 2014). We extend previous research that passed in
2011 and is described in three papers (GAJDOŠÍKOVÁ, 2011, 2013, 2014). We adopted the same method of research
to make an international comparison of one age bracket. This age group should be in phase of concrete operational stage
according to Piaget theory of mental development (see PIAGET, INHELDER, 1997).
The method used in previous research (GAJDOŠÍKOVÁ, 2011) has proven to be quite difficult for the overall
processing. "Children had to cope with a lot of information and activities at once by which the application of their
cartographic knowledge, which they have not sufficiently experienced so far, might be decreased. Another consequence
or cause of this fact could be an increase of errors" (GAJDOŠÍKOVÁ, 2013). On the other hand, it can serve us to
monitor the diversity of geographical knowledge or cultural backgrounds.
We also evaluated how much is the cartographic knowledge embraced in Slovak and Czech learning materials and
compared them. It is important to know “how children use the information gained from these materials. We wished to
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examine the children's own way of creating map symbols – to determine how much abstraction and generalization they
use in their works” (GAJDOŠÍKOVÁ, 2014).
The manner of thinking of children and maps and their cartographic creations didn’t change from previous works. The
value of graphic "understanding is increasingly important in the contemporary society. To be able to correctly read all
these graphics and especially maps (as one of the most complex graphical representations) and use it effectively, we
need to raise awareness and educate in this area. How to quickly, easily and clearly inform or warn the population of all
ages, even of different nationalities and different mother tongues? Graphically. That is why the education has to start
with children. For that reason this work is focused on the research into knowledge of children and their abilities."
(GAJDOŠÍKOVÁ, 2014). According to The Power of Maps by Denis Wood: "The map is not an alien form that came
from outer space but a synthesized system of supersigns we all grew up with (that grew up with us). Of course the map
is something we have to learn, as we have to learn everything in our culture, but because the map is so continuous with
so much of it, this is not something that is terrible hard to learn" (WOOD, 1992).
From that point of view, it is attractive to compare cartographic abilities of children from different nations, countries
and even cultures. We started with contrasting two nations which are very close to each other (and even the school
system and curriculum are very similar – see below chapter Comparison of cartographic education in…). Nevertheless
it has been almost 23 years since dissolution of formal Czechoslovakia and nowadays children have already been born
in new young countries.

THEORETICAL ISSUES
The map is one of the possible ways to represent reality. The theoretical cartography describes the communication
between the map and the user by the entire concept of cartographic/map language. Cartographic language can be seen as
a parallel to linguistic language. PRAVDA (2004) alleges that cartographic language is a communication system which
asserts itself where the usual language is not able to fulfill its function - specifically, it is in the description of the
geographical space in which cartographic language tries to describe not only the real situations but also imagined ones.
This language was gradually created during a long and complex development and therefore it can be substantially used
in all developed countries to build conversation between states and nations. Language of a map can be considered as a
universal ‘tool’ of communication although on a limited field of activity (MAULE, 2002).
The work with map includes a number of activities – its reading, analysis, interpretation and creation. "Correct map
reading is a universal interdisciplinary ability that requires understanding of functions, principles and limitations of
cartographic representation. Without this understanding, we cannot utilize maps in our daily lives" (GAJDOŠÍKOVÁ,
2014). Different groups of people perceive the map differently (KONEČNÝ, ŠVANCARA, 1997).
"Children can be considered as beginners in contact with any symbolic medium" (GAJDOŠÍKOVÁ, 2014). "Hence,
from an educational perspective the acquisition of cartographic language by novice and inexperienced map users is
considered to be a key issue in contemporary educational issues, education in various semiotic systems is a crucial
component of individual social skills. Visual communication and cartographic design should be taught across the
curriculum and tied to several subjects" (GORIA, PAPADOPULOU, 2012).
When children read maps, they should be able to orient in them, correctly locate themselves, use the scale, and even
create a map. Therefore, the correct map reading can help pupils to achieve higher level of knowledge also in other
fields (MYRIDIS et al., 2007). Yet the level of not only cartographic skills, but also more broadly achieved level of
thinking can be seen in the proposed cartographic signs by pupils (ŠAŠINKA, 2012).
Children in concrete operation stage according to the Piaget’s theory are fully focused on understanding the surrounding
real world. This typical feature of the school children can be observed in their speech, drawings, written expressions,
reader's interests and also in the game (LANGMEIER, KREJČÍŘOVÁ, 1998). By the fact that the way of thinking is
being extended in this period, children can understand a division of map symbols for points, lines, polygons, and that
lines may represent boundaries. They are able to orient in the map, understand the coordinate system (MYRIDIS, et al.,
2007). However, it has to be noted again that such developmental changes of thinking do not arise suddenly and there
can also be significant differences among individuals (LANGMEIER, KREJČÍŘOVÁ, 1998). Behind this is a factor of
intelligence and environment (family, social, etc.) in which they grow up (MYRIDIS et al., 2007). Contrary to original
Piaget assumptions, "it was repeatedly shown that many of the mentioned thought skills are dependent on learning and
may be supported and accelerated by appropriate training" (LANGMEIER, KREJČÍŘOVÁ, 1998).
Children's abilities of perceiving the map is elaborated in the work of BANDROVA, MILANOVA (2011). It is
important to find out what children are able to understand and it is necessary to find out what knowledge about the
representation of objects they have, how they are prepared to use the map, and what they expect will be shown on the
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map. Based on this, it is possible for them to create maps. Maps creation for children must be preceded by the research
with the purpose of standardization.
Maps created by children often reflect the background in which they grow up as well as the work of teachers in the
school (ANDERSON, 2003). Mainly the younger ones are not able to skip individual details when creating the map
such as windows, doors, etc. (MYRIDIS et al., 2007). This appeared also in the work of GAJDOŠÍKOVÁ (2011) when
children included things such as "flowers, grass and other plants, sun and clouds, traffic signs, benches, etc. Regarding
the pupils of the 4th grade, 60% of them added non-essential elements to the map". Children already have certain skills
working with maps and some knowledge are gained instinctively and logically. However, they lack complete picture of
a map itself and skills for general processing of information with the help of maps. By the fact that they do not unite
some information and knowledge mutually, they miss out another valuable information. It raises the question whether
this it is just the issue of teaching about maps or the overall education of children (GAJDOŠÍKOVÁ, 2013).

COMPARISON OF CARTOGRAPHIC EDUCATION IN PRIMARY SCHOOLS IN THE SLOVAK
REPUBLIC AND CZECH REPUBLIC
"On the first degree of primary schools (age: 7-11 years), children encounter maps marginally as a part of subjects like
Introduction to environment and society and Local history that cover a quite large realm (ranging from geography
trough ecology to basics of social sciences" (GAJDOŠÍKOVÁ, 2014).
In the Slovak Republic in terms of primary education (ISCED 1), pupils acquire basic cartographic knowledge through
the subject "Regional Studies" (in Slovak - Vlastiveda) which is the same in the Czech Republic. The subject is
included within the national educational program in the educational field of Nature and Society and it is taught in the
second, third and fourth grade of primary school. Time allocation for the subject Regional Studies is one lesson a week
(Štátny vzdelávací program Vlastiveda, 2011). However, there are planned changes which will be in effect from the
school year 2017/2018 in terms of an innovative national educational program regarding inclusion of geography in the
educational field and the increase of lessons. The subject Regional Studies was included in the educational field of Man
and Society and it will be taught in the third grade of primary school (1 lesson per week) and in the fourth grade of
primary school (2 lessons per week) (INOVOVANÝ ŠTÁTNY VZDELÁVACÍ PROGRAM VLASTIVEDA, 2015).
Especially in the subject of Regional Studies, an emphasis is put on orientation in space and orientation through using
maps. Basic cartographic competences are acquired and developed by pupils through thematic units: Journey to school
and back; Surroundings of the school and residence (orientation in the surroundings); Orientation in the map and plan of
the town; Plan; Map; Discovering Slovakia; Traveling around Slovakia. From the aspect of cartographic education, an
important function is played by performance standards that include specific requirements for the pupils e.g. to draw a
diagram of the road to school and to mark important objects along it; to draw buildings in the town into the plan of the
town; to read the plan according to map signs; to orient according to plan; to create a plan of familiar environment, etc.
(ŠTÁTNY VZDELÁVACÍ PROGRAM, 2011). When educating, the emphasis is put on working with the map, stories
and illustrations.
To draw a parallel between Slovakia and Czech Republic, Czech framework educational program for primary education
(RÁMCOVÝ VZDĚLÁVACÍ PROGRAM PRO ZÁKLADNÍ VZDĚLÁVÁNÍ, MŠMT, 2013) provides for disciplines,
such as Man and His World in the first level of primary education, the following requirements: first, the pupils are required
to do simpler tasks such as mark their place of residence in a simple plan, draw a road to a certain place, include their
municipality into administrative division, distinguish natural and artificial elements in the landscape, etc.
Gradually, however, the demands should increase and at the end of the first level pupils should determine the cardinal
directions in nature and by using the map, orient themselves according to maps, distinguish between sketches, plans and
basic types of maps, search for simple information on natural conditions and human settlements on maps of the
republic, Europe and the hemispheres, search for typical regional peculiarities of nature, settlements, economy, and
culture. Pupils should meet with general geographic maps and thematic maps (content, graphics, legend) as well as
orientation points, lines and cardinal directions. Furthermore, the maps are mentioned in educational program in the
field of Man and the History where pupils are required to know orientation in timeline and historical maps
(RÁMCOVÝ VZDĚLÁVACÍ PROGRAM PRO ZÁKLADNÍ VZDĚLÁVÁNÍ, MŠMT, 2013).
Pupils of the 4th grade in the subject of Regional Studies encounter with maps only in one chapter – it is a hand map and
wall map, map cutout and mostly with the map of Czech Republic (they learn its shape and division). They learn that the
map is generalized and may be at different scales, they recognize cardinal directions and elevations by color hypsometry.
However, they do not learn about the legend in detail and they only learn some individual map signs. There is no note
about the fact that the legend is a necessary part of the map and must be complete (GAJDOŠÍKOVÁ, 2011).
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This shows that Slovak and "Czech geography textbooks are usually very brief in explaining cartographic principles - if
cartography is discussed at all - it is a matter of one chapter. Maps are not a prominent type of visual representation
included in these textbooks, they are usually outnumbered by charts, diagrams or photographs. Children can encounter
maps also in different classes, mostly in history class. However, the maps included in geography textbooks take various
forms, which implies that authors assume (justifiably or not) that children are able to understand these maps correctly.
In the 4th class, pupils are introduced to very basic concepts of cartography. Cartography and practical utilization of
maps is taught inconsistently. Geography textbooks lack unified information structure. However, by combining various
teaching materials, can children obtain relatively complex knowledge. The role of teacher is therefore central to the
process of cartographic education" (GAJDOŠÍKOVÁ, 2014).

METHODS OF RESEARCH
The field research took place in 2011 at primary schools in Brno (Czech Republic) and in 2016 in Nitra (Slovakia).
There were 45 pupils in Brno and 43 pupils in Nitra (9-11 year-old). We also had an opportunity to collaborate with
specific group of children with diagnosed ADHD (Attention Deficit Hyperactivity Disorder) in Slovakia (9 pupils from
the whole group of 43 pupils). We use the same methodology of research as described in the paper of GAJDOŠÍKOVÁ
(2014):

"Introduction phase”
During a short presentation that preceded the actual research we introduced the children to the cartographic principles.
The aim of this introduction was to get the pupils used to researchers and to induce an atmosphere of trust, so that
children would not be afraid to ask any questions.
Also, to let them to penetrate cartographic topic and then continually move on to actual research in positive mood and
good working environment. We stressed that the task was to create a map with use of map signs so the pupils would not
forget about this requirements during the research.
First, we raised questions such as: "What is a map?", "Where did you meet maps?", "What types of maps do you
know?". Then we showed them tourist and cycling maps, school atlas, town plan, and we also mentioned other sources
such as websites, magazines, maps used in weather forecasts etc. Other questions followed: "What is a map sign?",
"How does it look like?", "What is a map legend?", "What is contained in a map legend?", "Must every map have a
legend?", "What is it used for?", "Is it any good?". We used examples of map legends and map signs taken from the
aforementioned map products. The aim of this section was to show different maps and map signs, revise cartographic
terms and to emphasize that children are going to make draw maps, not artistic pictures.

During the research
During the time they were creating their maps, we assured them repeatedly that they cannot do anything wrong. In
many cases, children can be afraid of making mistakes, since they expect and want to avoid some kind of penalty (e.g.
in form of poor marks), or they are just uncomfortable with an idea of making a mistake. Therefore, setting a positive
mood is an important part of research work with children. Pupils were often hesitating, as for most of them it was the
first time they ever attempted to draw their own maps.

Creating a map according to textual description
In the first part of the session, children read a story, in which they were introduced to a character called Klára, who is
going to visit her friend to a place where she never was before. Children were asked to help Klára to get to the location
by drawing a map based on a verbal description of a path to her destination. Children designed their maps according to
the route description which was contained in a letter from Klára.
This method presents a real-life situation and motivates the children by asking them for help for the fictional character.
This form of assignment, not only lets us to observe their idea of map signs, but also helps to trace their reasoning (line of
thinking), and their ability to apply what they have learned in class and their understanding of cartographic principles. The
main goal is not only to determine how children process offered data but also to find out which type of data they prefer.

The route description
13 objects were mentioned in the description – these were objects of point, line or polygon character. Some of these objects
were semantically close (chapel - church), most of them were stable, but we also mentioned a dynamic feature (a car).

179

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

We observed the associativeness of the signs, but also how the children filtered information from the text and what they
decided to be an appropriate information to visualize (roof color, car) and what not. We also wanted to find out if they
employ some kind of hierarchy with their signs, depiction of qualitative and quantitative characteristics of the objects.
Other research questions were: Do they perceive spatial links (along the right side of the pond) and relative distances?
Do they take into account some additional characteristics of the objects (elongated pond, winding road)? Do they
distinguish between more and less important information?, etc." (GAJDOŠÍKOVÁ, 2014).
The descriptions were written in native languages of children. Researchers were native speakers and always read the
description together with pupils to make sure they understand the text. Czech and Slovak language are very similar and
they are from the same language group. That helped us to translate the route description very faithfully. We slightly
changed conditions of the research by letting some examples of maps on children's work desk.

COMPARISON OF RESEARCH IN CZECH REPUBLIC AND SLOVAK REPUBLIC
Assessment of the level of using cartographic language by individual pupils was carried out through 11 selected criteria
(Table 1).
Table 1. Comparison of results of map indicators evaluation drawn by pupils of primary schools from the Slovak
Republic and Czech Republic by gender
boys SR (%)
Indicator

boys CR (%)

yes

no

Hierarchy

21.74

39.13

39.13

66.67

8.33

Cardinal directions

95.65

4.35

0.00

58.33

37.50

Spatial links
Relative distance

13.04
26.09

17.39
73.91

69.57
0.00

50.00
62.50

Specifying characteristics

partially

yes

no

girls SR (%)

partially

yes

no

25.00

30.00

20.00

4.17

90.00

10.00

8.33
37.50

41.67
0.00

25.00
10.00

girls CR (%)

partially

yes

no

partially

50.00

23.81

19.05

0.00

66.67

28.57

4.76

25.00
90.00

50.00
0.00

19.05
61.90

9.52
38.10

71.43
0.00

57.14

4.35

0.00

95.65

33.33

4.17

62.50

5.00

0.00

95.00

28.57

9.52

61.90

Elevation

17.39

26.09

56.52

45.83

12.50

41.67

60.00

15.00

25.00

38.10

19.05

42.86

Associativeness

26.09

56.52

17.39

20.83

45.83

33.33

25.00

35.00

40.00

9.52

66.67

23.81

Qualitative characteristics

8.70

0.00

91.30

41.67

4.17

54.17

5.00

0.00

95.00

4.76

14.29

80.95

Quantitative characteristics
Unstable elements
Other non-essential
elements

43.48
69.57

56.52
30.43

0.00
0.00

45.83
54.17

54.17
45.83

0.00
0.00

65.00
75.00

35.00
25.00

0.00
0.00

28.57
47.62

71.43
52.38

0.00
0.00

78.26

21.74

0.00

66.67

33.33

0.00

70.00

30.00

0.00

52.38

47.62

0.00

Hierarchy
Part of the analysis of cartographic language of selected pupils in 4th grade of primary school was the assessment of
hierarchy of certain objects (2 relations - paved road and tread path; chapel and church). A total of 47% of pupils from
the Czech Republic and only 26% from Slovakia used hierarchy in both relations. As for their partial use, it was
relatively balanced (Czech Republic - 40% and Slovakia - 44%). Moreover, we recorded the difference between
genders. In the Czech Republic it was dominated by boys (up to 67% of boys used the full hierarchy compared to 24%
of girls) and in Slovakia (girls - 30% and boys - 21%). When assessing the partial hierarchy, we found that the relation
of roads was preferred by boys from both the Czech Republic and Slovakia and girls only from Slovakia. The second
relation chapel - church was drawn by more girls from the Czech Republic.

Cardinal directions
In both countries it was confirmed that most of the pupils can correctly identify the cardinal directions (62% of pupils
from Czech Republic and 93% from Slovakia). There were no gender differences. Findings suggest that pupils are
aware of the importance of respecting the correct cardinal directions.

Spatial links
An important part of cartographic education, not only elementary, are spatial links. As part of the research, they were
assessed based on the correct spatial drawing of four situations: two cross-roads, bridge, "behind the church to the left".
Most pupils (Czech Republic - 56%, Slovakia - 60%) expressed spatial links partially. In terms of gender difference the
spatial links were wholly or partly understood more by boys from the Czech Republic and also Slovakia. Regarding the
more detailed examination of the partial spatial representation we found out that: the information "behind the church to
the left" was not drawn in the Czech Republic by 60% and in Slovakia by 56% of pupils; the bridge was omitted by
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48% of pupils from the Czech Republic and only 33% of pupils from Slovakia; cross-road near the pond was not
correctly drawn by 32% of pupils from the Czech Republic and 49% of pupils from Slovakia; cross-road near the chapel
was omitted or not correctly drawn by only 16% of pupils from the Czech Republic and 56% of pupils from Slovakia.

Relative distance
A relative distance on the map was expressed by the statement from the story: "Go further down the road about as much
as you went from the pond to the chapel." made problems to pupils from Slovakia. Up to 81% of them did not correctly
estimate the relative distance whereas it was only 38% of pupils in Czech Republic. This information was either
incorrectly drawn or considered not important by 90% of girls and 74% of boys from Slovakia while in the Czech
Republic it was only 38% regarding both girls and boys.

Specifying characteristics
In this category, we studied whether pupils drew specifying characteristics of the story: elongated shape of the pond;
winding road that turns to the forest; go uphill along the alley. We found significant differences between both countries.
All of the specifying characteristics were drawn by 31% of pupils from the Czech Republic and only 5% of pupils from
Slovakia. Gender differences were not recorded. Most pupils drew at least some of the evaluated characteristics while
the most frequent was elongated shape of the pond. As the most problematic seemed to be the alley (it was omitted by
86% of pupils from the Czech Republic and 63% of pupils from Slovakia) and "go uphill" (Czech Republic - 68%,
Slovakia - 53%). Slovak pupils had also problems with winding road (49%) and "turning to the forest" (51%).

Elevation
42% of pupils from the Czech Republic drew the elevation at all references in the route description and the same
proportion only partially. A similar relation was observed particularly among boys and also girls. From the sample in
Slovakia, all the elevations were drawn by only 37% of pupils and 42% were drawn partially. A large deviation between
the Czech Republic and Slovakia was recorded between the genders. All disclosed information about elevations was
drawn only by 17% of boys (Czech Republic - 46%) and 60% of girls (Czech Republic - 38%) and partially by 57% of
boys (Czech Republic - 42%) and 25% of girls (Czech Republic - 43%). In both countries, as the most commonly used
method was drawing "hills" (Czech Republic - 76%, Slovakia - 28%). Other methods were used by pupils from the
Czech Republic only marginally while in Slovakia up to 26% of pupils used the descriptive method as well as color
hypsometry. Once again we recorded gender differences in each country. As for girls in the Czech Republic, it was
dominated by drawing "hills" method (88%) while girls in Slovakia used diverse methods in terms of elevation
expression ("hills" method - 33% description - 24%, uphill road - 22%, etc.). Boys in the Czech Republic used mostly
the "hills" method - 67%. Boys from Slovakia used besides this method (34%) also other methods (e.g. description 26%, color hypsometry - 22%, etc.). In most cases pupils used two parallel and occasionally even three different
methods for drawing the elevation - "hills" method, elevation point, description (Figure 1).

Associativeness
When assessing the similarity of signs, we focused on two relations among 4 objects (church - chapel, village - cottage
area). Most pupils from Czech Republic (56%) did not use associativeness in the creation of map while regarding the
pupils from Slovakia, it was only 47%. In case of partial associativeness we did not identify any significant differences
in both countries (Czech Republic - 29% Slovakia - 28%). As for gender differences, they were in female pupils from
Slovakia where associativeness was not used only by 35% of them and up to 40% of them used it at least partially. After
more detailed examination of the partial associativness in both countries, we can conclude that the majority of pupils in
this case used the similarity of objects regarding the relation church - chapel.

Qualitative characteristics
Through this category, pupils should express differences in quality between individual objects: church - chapel (Figure
2), village - cottage area, asphalt road - field road, station. All differences were drawn only by 24% of pupils from the
Czech Republic and only 7% of pupils from Slovakia. Mostly, they drew qualitative characteristics partially (Slovakia 93%, Czech Republic - 67%). Boys drew these characteristics more than girls. Pupils from the Czech Republic chose
mostly drawing roads (73%) and stations (70%). The same proportion of pupils (53%) from Slovakia chose
representation of the bus station, roads, houses and cottages.
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Quantitative characteristics
The story of Klára included also quantitative data (large and small village) which pupils in Slovakia usually drew in
maps (53%), however, in the Czech Republic it was only 38%. By gender, it was dominated by girls in Slovakia (up to
65% of girls drew this relation in the map) and boys in the Czech Republic (46%).

Unstable elements
When evaluating research, we also studied the occurrence of unstable elements in the map (e.g. pupils drew cars,
people, animals and others). Up to 72% of pupils from Slovakia used in their maps unstable elements while in the case
of the Czech Republic it was only 51% of pupils. In Slovakia up to 75% of girls (Czech Republic - 48%) and 70% of
boys (Czech Republic - 54%) drew unstable elements in the map. The most common element among pupils from both
countries was the car. We assume that the main reason was that the car was mentioned in the story of Klára. Therefore,
children cannot identify elements that do not belong in the map (whether referred to in the story or included in the map
by their own initiative.

Other non-essential elements
The eleventh studied attribute were non-essential elements that were inserted in the map by pupils e.g. traffic light, sun,
corn, red roof, waves in the pond, flowers, number of cottage, etc. In this category we recorded a high occurrence of
non-essential elements in both countries (Czech Republic - 60%, Slovakia - 74%). Gender differences were more
pronounced for girls (up to 70% of girls from Slovakia and only 52% of girls in the Czech Republic added nonessential elements). Pupils from the Czech Republic drew mostly red roofs and in the case of pupils from Slovakia it
was waves in the pond as well as red roof.

Figure 1. Sample of drawing by 10-year-old boy
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Figure 2. Sample of drawing by 9-year-old girl

CONCLUSION
From partial analyses of individual attributes and subsequent synthesis we can conclude that selected pupils form 4th
grade from the Czech Republic were more successful or better coped with 6 criteria: hierarchy, spatial links, relative
distance, specifying characteristics, elevation, and qualitative characteristics. On the contrary, pupils from Slovakia
achieved better results in drawing cardinal directions, associativeness, and quantitative characteristics. These pupils also
drew more unstable elements and other non-essential elements in the map. As it is clear from Figure 3, the largest
differences between countries were found in four criteria: cardinal directions, relative distance, specifying
characteristics, and qualitative characteristics.
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Figure 3. Comparison of results of map indicators evaluation drawn by pupils of primary schools from the Slovak
Republic and Czech Republic; Source: own research 2011 (Czech Republic), own research 2016 (Slovakia)
Note: Indicators: A-hierarchy, B-cardinal directions, C-spatial links, D-relative distance, E-specifying characteristics,
F-elevation, G-associativeness, H-qualitative characteristics, I-quantitative characteristics, J-unstable elements, Kother non-essential elements
In terms of expression of other cartographic information, we found that three boys from the Czech Republic drew also
map key while this was not the case at all in Slovakia. North arrow was drawn by 6 pupils from the Czech Republic (3
boys and 3 girls), in Slovakia it was only 1 girl. Differences in both countries were found also in understanding the
significance or importance of the displayed objects. In the Czech Republic up to 65% of pupils omitted the alley
(Slovakia - 42%) and 46% omitted the information "behind the church uphill" (Slovakia - 42%). Pupils from Slovakia
put the least emphasis on the winding road which was not drawn by 52% (in the Czech Republic only 13% out of the
total number of pupils). In the Czech Republic 16% of pupils (3 boys and 4 girls) included all objects in their drawings
while in Slovakia it was only 7% (2 boys and 1 girl).
Results from the Slovak side could be partially influenced by the fact that 9 pupils from the whole group of 43 pupils
had ADHD (Attention Deficit Hyperactivity Disorder) diagnosis. Our approach to these pupils did not differ from
others and all these children were fully integrated to the class. Only advantage was in higher verbal motivation of
ADHD pupils. Outcomes show that their results, in general, did not differ from other pupils nevertheless this fact needs
more comprehensive study.
The previous research, held in the Czech Republic, "studied, besides other things, how children can cope even with
difficult assignment to draw the map. In many cases, children coped with this difficult situation very well and often in
interesting way. Apparently smaller and mostly not unified understanding of cartographic knowledge had logical impact
on the outcome of the research. Yet children coped and dealt with more complex tasks and in many ways exceeded
expectations" (GAJDOŠÍKOVÁ, 2013). This fact can be fully stated also based on the progress of research in Slovakia.
It was clearly confirmed that children were not even inspired by the given maps which were in Slovakia, unlike in the
Czech Republic, available for them throughout the whole research. It is therefore important to continue in the
investigations e.g. why this advantage was not used by the pupils.
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Abstract
The goal of the study was to quantify map reading skills with the results of an online test. The target group mainly (not
exclusively) consisted of ongoing and graduated students from higher education from Hungary, Spain, Austria,
Germany, Romania and Bulgaria, resulting in a total sample size of 488 people. The test consists of seven multiplechoice and one open ended question referring to four sample-maps. The subjects were categorized into three groups
according to their performance: beginners, intermediates and experts. The performance of these groups was compared,
based on their use of cartographic information, and their spatial abilities. The results revealed differences in the map
reading competency regarding gender, nationalities and age. Since the selection of the subjects was uncontrolled, this
study is considered as an exploratory analysis. The results can be used to produce personalized digital maps.
Keywords: map reading, user studies, cognitive skills, personalized maps

INTRODUCTION
When editing a map, it is important to design the content in a style, which is the most comprehensible for the readers to
whom the map is created (Board 1978). Map readers can be categorized according to their map reading skills (Clarke
2003), and people in each category use different map data types (like the road network, or the hypsometry) in different
ways (Szigeti & Albert 2015). The concept of the personalized map is based on this observation. Thus, if the map
reading skill of a person is known, the style of the map can be created for that specific person’s needs. The map reading
skill depends on the memory and the cognitive capacity of the map reader (Petchenik 1977; Montello 2002; Guzmán et
al. 2008), so the cognitive load theory (CLT) plays increasing role in researches on map reading (e.g. Gerber 1981;
Ooms et al. 2013). The aim in the personalized map theory combined with CLT is to exploit the existing knowledge on
geography and map symbols, and avoid overloading the working memory of the reader with too dense layout or too
many different symbol types (Sweller 1988; Sweller 1994; Paas et al. 2003; Bunch & Lloyd 2006). The gender of the
map reader may also influence the results of a map reading test (Lawton 1994). However, the gender mainly plays role
in navigation-type tasks, not in the recognition of map symbols (Montello et al. 1999, Gilhooly et al. 1988). The
navigation-type tasks are usually common on large-scale maps, for which spatial orientation skills are useful, while the
understanding of small-scale maps rather require geographical knowledge (Wakabayashi 2013; Wakabayashi & Matsui
2013). Clarke (2003) has listed several other skills, like memory, recognition, estimation and comparison, which are
responsible for the map reading skill of a person.
The time of understanding the map content depends on the map reading experience (Muir 1985, Clarke 2003, Allen et
al. 2006, Ooms et al. 2012), but the type of the information also influences the speed of understanding – e.g.
recognizing signs is easier than recognizing landforms (Wakabayashi & Matsui 2013).
According to Muir (1985) – who studied children’s skills – map reading tasks can measure sign recognition, sense of
directions, distance- coordinate- and scale reading, recognition of perspective depicts and morphology. Allen et al.
(2006) have separated four types of tasks to measure cognitive skills: surveying (memorizing details on a large area),
recognition (spotting specific objects in a messy context), completing (recognition of an object from a detail) and
mapping (memorizing the place of objects relative to each other). Based on these techniques, the present study aims to
analyse the map reading skills of people in a statistically robust sample group. The target subjects were mainly (but not
exclusively) students from the higher education. The goal was to measure several competency-types in connection with
the map reading skill on medium- and large scale maps. It was also the aim of the study to measure whether a map data
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type is easy to read or not, for different users. The results - combined with the CLT - can be used in designing
personalized maps.

TEST SETTINGS
The map reading test included four maps and eight questions: seven of them were multi-choice questions with four
answers. It was hosted on a web page, and it stored the input data in a MySQL database. The research was carried out
with test of multiple languages: Hungarian, English, German, Spanish, Bulgarian and Romanian. Both the questions and
the maps were translated to these languages. Due to linguistic differences, instead of direct translation we considered
changing the geographic names, to achieve a more natural sounding (Figure 1).

Figure 7. The geographic names on the maps were changed to have a natural sound in all languages. The maps’
languages from top left: Hungarian, Romanian, German, English, Bulgarian, and Spanish
The test focused on the map reading competences defined by Muir (1985) and Clarke (2002), but they were narrowed
down to large scale maps (Figure 2). The maps were designed only to solve the questions relating them, thus reducing
the cognitive load during the test. Eight questions (numbered Q1-Q8) were asked from the subjects on four maps. The
sequence of the maps and the questions were randomized for all test subjects. To develop this dynamic website, we used
the Node.js environment.

Figure 8. Competences required for reading large scale maps
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The first map is a relief map with contour lines (Figure 3). It includes a North arrow (the map was not oriented to
North) and a scale bar. The map tested three map reading competences. Question number Q1 measured the
interpretation of hypsography by defining the relative heights of points found on the map. Answering this question
required both spatial abilities and the comprehension of contour lines. Q2 tested orientation skills and mental rotation
by defining the absolute direction from one point to another. Q3 measured the distance and travel-time estimation by
defining the length of a path between two points, using the scale bar. Each answer had both distances and time spans to
help the proper estimation.
The second map (Figure 4) is also a relief map with contour lines, but it also contains hydrography. Similarly to the
previous map, it isn’t oriented to North. Question number Q4 tested the interpretation of hypsography, orienting skills
and mental rotation in a complex way, by defining the flow direction of the stream.

Figure 9 - 4. The relief map used for the test and the relief map with hydrography used for the test (English version)
The third map (Figure 5) is a simplified topographic map, although it has higher information density than the previous
ones. Q5 measured the interpretation of map symbols by defining the coverage of a certain region. The applied symbols
are commonly used on tourist maps, so experienced map readers could be familiar with them. Q6 tested the
interpretation of geographic names, by defining the name of a certain region. To do so, the participants had to recognize
and categorize the geographic names. This is the only question in the test that does not have multiple answers, the
participants had to type in the answer instead.
The fourth map (Figure 6) does not include contour lines, but it has other topographic elements, geographic names and a
scale bar. Question number Q7 tested the interpretation of topographic objects by defining the number of rail crossings
between two points. This required the categorization of linear objects and recognition of different road types. Q8
measured the use of a scale bar, and distance estimation by measuring the distance between two points.

Figure 10-6. The simplified topographic map used for the test and the other simplified topographic map (without
contour lines) used for the test (English version)
For the more precise evaluation of the data, we asked some personal information from the participants (e.g. age,
education) and information about map using habits (e.g. the frequency of map use).
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SAMPLING METHOD AND THE COMPOSITION OF THE SAMPLE
The data collection started in autumn 2015 and lasted for nearly a month. The target population of the Hungarian
sample were mainly students from the Eötvös Loránd University. The students’ unions of the faculties helped
distributing the tests on Facebook, e-mail lists and their own websites. Due to the variety of platforms, the number of
participants was high, although the research is not representative because of difficulties of involving foreign students.
There were 611 participants, but only 488 of tests were evaluated, because the unfinished ones or the tests with fill time
less than 2 minutes were filtered.
Most of the participants were Hungarian (45% - 220 participants), 23% were Romanian (110 participants), 17% Spanish
(83 participants), 10% Bulgarian (50 participants), 3% German (15 participants) and 2% English (10 participants).
Overall, 44% of the participants were men, and 56% were women. Our sampling method aimed students of higher
education. The few participants from primary and secondary education could also provide useful information.

EVALUATION OF THE QUESTIONS
The results show that 74.3% of the participants answered correctly to Q1 (interpretation of hypsography) although
17.7% answered the most frequent answer. 66.6% of the participants answered correctly to Q2 (orientation skills and
mental rotation) and 71.3% marked the correct answer to Q3 (distance and travel time estimation), yet 19% of the
participants over-estimated both the distance and travel time. 61% of the test subjects answered correctly to Q4 (mental
rotation skills and interpretation of hypsography), and 75.4% of them gave the correct answer to Q5 (interpretation of
map symbols). 55.1% of all participants could answer correctly to Q6 (interpretation of geographic names), and only
32.3% of the test subjects answered correctly to Q7 (interpretation of topographic objects). It is likely that most
participants had problems distinguishing the different road types and identifying the rail crossings (although its
definition was given), because 49.8% of all participants confused the rail crossing with the overpass. Finally, 75.9% of
test subjects answered correctly to Q8 (application of scale bar).

CONCENTRATING ON CORRECT ANSWERS
Regarding the focus of the research, not only the proportion of correct answers, but also the distribution of them in
respect to relevant covariates – characteristics of respondents – could provide useful information. In this chapter,
differences in the distribution of correct answers by age, gender, survey language and map reading frequency are
examined.
In the case of the Q1 (interpretation of hypsography) a significant difference can be observed by age categories. The
youngest, 16-20-year-olds’ group – where 58.7% was the rate of correct answers – fares significantly worse than the 2125-year-olds’ group, where 75.9% of respondents gave the correct answer. By gender there is also a difference: 75.1%
of men gave correct answers, which result is 8.1 percentage point higher than the one of women. In the Q2 (orientation
skills and mental rotation) there is no significant difference in respect to the mentioned relevant covariates. At question
number Q3(distance and travel-time estimation) high differences can be found with regards to map reading frequency.
Of those who use maps on a weekly basis 71.0% answered correctly, which is better than the ratio of monthly or less
frequent map users – 70% and 48.7% respectively. Concerning the Q4(interpretation of hypsography and mental
rotation) a significant difference by education is present: the midlings' average result is smaller than the same of the
group with higher education, the former being 32.3% while latter is 62.1%. Further differences emerge between the
youngest and oldest respondent groups, with the latter bearing a significantly higher correct answer rate. Men also gave
more correct answers (71.1%) than women (54.1%). Weekly map users tended to answer correctly more than those who
use maps less than once a month – 66.9% and 43.7% respectively. Question number Q5 (interpretation of map symbols)
is the first where the language of the taken test is a significant factor of the observed correct answer rate. Hungarian
(76.8%) and Bulgarian (62.7%) respondents fared the best, while Spanish respondents earned a significantly smaller
rate, 41%. Map reading frequency also played a critical role. The group of weekly and monthly map users gave correct
answers more probably, than others (less than once per month). In the case of Q6 (interpretation of geographic names)
along with the increase of the age better average results are observed, also regarding gender significant difference can
be found: males performed better than females with 17.9 percentage point. From the aspect of languages: 34.1% of
Hungarians answered correctly, which is the worst average result compared to the other ones. The Romanian (76.4%),
Spanish (80.7%), English (100%) and German (73.3%) groups performed better. The latter two languages’ results
should be handled with precaution due to the low filling base. The Bulgarian language users’ average result – similar to
the Hungarian’s – was also a bit worse, the correct answer rate is 44%. In the case of map reading frequency the before
mentioned tendency appears again, more frequent map using results in better average results. In the case of Q7
(interpretation of topographic objects) the language differences produce interesting findings again. The Romanian
participants performed the worst, only 6% of them answered correctly. The latter result significantly differs from the
Hungarian participants' result (39.5%), furthermore from the English (60%) and German (46.7%) results as well – the
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latter two should be handled with precaution. Along with the map reading frequency groups the above mentioned
tendency appears again. Significant difference can be found in the case of Q8 (use of a scale bar and distance
estimation) by age groups: relative to the 16-20-years-olds' group the 21-25 and the 26-30 -years-olds' groups
performed better (consecutively 65.7%, 74.3%, 82.5%).
Regarding the total scores significant differences are present by gender, age group and map reading frequency. 16-20
years olds are outperformed by both the 21-25 and 26-30-years-olds’ groups. Men on average earned 0.6 points more in
total than women. The more someone uses maps, the higher average score she/he gets.
Table 1. Proportion of good answers
Note: Values in the same row and subtable not sharing the same subscript are significantly different at p< 0.05 in the
two-sided test of equality for column means. Cells with no subscript are not included in the test. Tests assume equal
variances.
Q1

Q2

Q3

Q4

Hypsography

Orientation
skills,
mental
rotation

Distance,
travel-time
estimation

Hypsography,
mental
rotation

Map
Geographic
symbols
names

Topographic
objects

Higher

72.7%a

65.9%a

66.4%a

62.1%a

65.7%a

55.5%a

30.2%a

72.2%a

4.352a

Secondary

64.5%a

54.8%a

71.0%a

32.3%b

58.1%a

45.2%a

25.8%a

71.0%a

3.774a

Elementary

57.1%a

71.4%a

71.4%a

42.9%a,b

71.4%a

28.6%a

71.4%a

42.9%a

4.286a

16 - 20 y.o.

58.7%a

66.7%a

54.7%a

45.3%a

66.7%a

48.0%a

29.3%a

54.7%a

3.760a

21 - 25 y.o.

75.9%b

65.4%a

67.1%a

58.2%a,b

65.8%a

46.4%a

29.1%a

74.3%b

4.359b

26 - 30 y.o.

76.3%a,b

68.8%a

73.8%a

67.5%b

66.3%a

60.0%a,b

32.5%a

82.5%b

4.675b

31 - 75 y.o.

66.7%a,b

61.5%a

69.8%a

67.7%b

61.5%a

78.1%b

32.3%a

71.9%a,b

4.313a,b

Man

75.1%a

67.0%a

70.3%a

71.1%a

66.7%a

63.0%a

31.1%a

74.4%a

4.557a

Women

67.0%b

63.3%a

62.3%a

45.1%b

63.3%a

45.1%b

29.3%a

69.3%a

3.995b

Hungarian

70.0%a

68.2%a

66.4%a

57.7%a

76.8%a

34.1%a

39.5%a

76.8%a

4.555a

Romanian

70.0%a

56.4%a

68.2%a

68.2%a

62.7%a

76.4%b

20.0%b,c,d

64.5%a

4.100a

Bulgarian

76.0%a

64.0%a

58.0%a

54.0%a

62.0%a,b

44.0%a.c

6.0%b

70.0%a

3.900a

Spanish

72.3%a

63.9%a

69.9%a

54.2%a

41.0%b

80.7%b

27.7%a,b

69.9%a

3.988a

English

90.0%a

90.0%a

80.0%a

60.0%a

70.0%a,b

100.0%b

60.0%a,c

90.0%a

5.400a

German

73.3%a

86.7%a

66.7%a

73.3%a

53.3%a,b

73.3%b,c

46.7%a,d

66.7%a

4.667a

Weekly

75.0%a

67.3%a

71.0%a

66.9%a

66.9%a

61.7%a

36.3%a

76.2%a

4.597a

Monthly

70.6%a

66.9%a

70.0%a

55.6%a,b

68.8%a

53.1%a,b

25.0%b

71.2%a

4.281a

Less
frequently

61.8%a

57.9%a

48.7%b

43.4%b

51.3%b

38.2%b

21.1%b

63.2%a

3.474b

Question

Qualification

Age groups

Gender

Language

Map reading

Q5

Q6

Q7

Q8

Points

Scale bar
use,
Average
distance
points
estimation

In order to test further the relations discussed above we used logistic regression methods 3, in which we measure the
effects of the independent variables on the outcome variable – the correct/false variable. The fitted models for the eight
different test questions generally showed further evidence for the previously detailed relations. However, in some cases
those observed correlations disappeared, while in some cases new effects emerged due to controlling for multiple
variables in the model. The difference by gender in the answers for Q1 – men giving correct answer more probably –
vanished. It seems likely that gender was not the main factor for the difference, but a joint effect of more variables. In
the case of Q2 previously there was no significant difference by language, but the regression showed that an effect was
obscured by the interaction of other variables, according to the more precise model Hungarian respondents faired
3

Logistic regression is a statistical method which is aimed to predict the probability of a binary outcome (answer
correctly or not), furthermore to divide and estimate the effects of relevant factors. The logistic regression model
measures the effects of the independent variables (for example gender, education) in such way that it calculates effects
of changing only one factor at a time, while holding the rest of them fixed. In this way it separates the influential
factors’ effects. See e.g.: Wooldridge (2009)
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significantly better than Romanian ones. Similarly, 21-25 years old respondents gave the right answer for Q3 more
probably than 16-20 year olds. At Q6 the previously observed relations regarding age groups dissolved. Finally, in the
case of Q8 a similar relation emerged like at Q2: Hungarian respondents outperformed Romanian ones.

FOCUSING ON MISTAKES
Information could also be gained from inspecting the frequencies of the types of given mistakes. The proportion of
mistakes was the highest in Q7 question’s case (70%), followed by Q6 and Q4 consecutively (45%, 40%). The most
easily answerable question was Q1 and Q8, only the 28% of the respondents gave wrong answer to both. In the
remaining three questions’ case the wrong answers' average proportion was 33-35%.
Proportion of false answers by questions

Proportion of total false answers by questions

9%

9%
11%

22%
11%

13%

14%
11%

(Q1) Interpretation of hypsography

Q1

(Q2) Orientation skills and mental
rotation
(Q3) Distance and travel-time estimation

Q2

(Q4) Interpretation of hypsography and
mental rotation
(Q5) Interpretation of map symbols

Q4

(Q6) Interpretation of geographic names

Q6

(Q7) Interpretation of topographic
objects
(Q8) Using of scale bar and distance
estimation

Q7

28%
35%

Q3

33%
40%

Q5

35%
45%
70%

Q8

28%
0%

20%

40%

60%

80%

100%

Figure 7-8. Proportion of total false answers by questions (left) and proportion of false answers by questions (right).
For further analysis, we examined the database aggregated by the number of mistakes. In figure 9. the benchmark group
(first row) consists of those who committed 8 mistakes, the probability of giving false answer to each question is the
same – every mistake type was committed by 13% of the respondents. As the cumulative number of mistakes decrease,
the deviation from the latter proportion becomes interesting: in the case of those who gave 7 wrong answers the
proportion of mistakes in Q1, Q5 decreases, and in Q8 increases. From the opposite perspective: for those who gave
only one correct answer the interpretation of hypsography and map symbols seemed easier, while distance estimation
with the use of scale bar appeared more difficult. The group with six wrong answers typically answered Q1 and Q5
correctly, dominantly Q7, Q4, and Q3 questions caused trouble for them (interpretation of topographic objects,
hypsography and mental rotation, distance and travel-time estimation). In the case of those who committed four or five
mistakes the same tendencies show up: along with the decrease of the cumulative number of mistakes the proportion of
wrong answers increases for the Q4, Q6, Q7 questions (interpretation of hypsography and mental rotation, geographic
names and topographic objects). Based on the latter groups’ performance Q1, Q2, and Q3 seemed easier to answer
(interpretation of hypsography, orientation skills and mental rotation, distance and travel-time estimation). For those
who committed three mistakes Q4, Q6 and Q7 caused problems, in the case of two wrong answers the latter two.
Finally, Q7 caused most trouble for participants with only one wrong answer.
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Proportion of mistake types by cumulative number of false answers
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34%
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34%
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26%

18%

13%

13%

80%

100%

Figure 9. Proportion of mistake types by cumulative number of false answers

THE CREATION OF MAP READING GROUPS
The research’s goal was besides the testing of the questionnaire to create map reading groups based on the amount of
good answers. Based on preliminary considerations and previous researches (Gerber 1981; Clarke 2003) the tripartition
seemed the best option – two groups would be trivially few for the further examinations, while for the experimental
settings’ number would be too large for more than three groups. For the tripartition we tried to find the cumulative
points’ optimal cut points. Based on the research’s sample and the cumulative points’ distribution, we examined at what
cut points could the proportion that is the most similar to the perfect tripartition be reached (when the 33.3% of the
respondents fall under each map reading groups). The distributions of respondents’ along the different cut points can be
viewed in figure 10, with the square deviation decreasing downwards. For the cut points determination it was necessary
to take into account the fact, that our research’s sample mainly consists of participants with higher education
background who – as our research’s consequences show – averagely perform better than the lower education
participants. Based on the previous consideration we chose the cut points with the lowest square deviation, which
generate the closest proportion in each group when the people with primary and secondary education are also counted
in. The chosen cut points are 4 and 6, so the beginner group consists of participants with 0-3 points; the intermediate
map readers are those who achieved 4-5 points, and the expert map readers above 6 points.
Proportion of respondents in each map reading group by different cut points
5;6

21,1%

39,8%

4;6
5;7

39,1%
42,2%

39,8%

3;6

39,1%

19,3%

20,5%

6;7

60,2%
21,1%

60,9%

4;7

18,0%

30,3%

9,4%

2;6 4,5%

56,1%

35,2%

6;8

35,0%

59,8%

1;5 1,0%

60,2%
36,7%

40,1%
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10%

20%

4,1%

39,1%

38,7%

weight (4;6)
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60,2%

60,9%
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39,1%
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First tercile

18,0%
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20,5%
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18,0%

51,4%
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39,1%

40,4%

20,5%
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40%
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23,2%

70%

80%
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100%

Figure 10. Proportion of respondents in each map reading group by different cut points
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For testing the latter cut points, we weighted the Hungarian subsample by relevant covariates – gender and education –
which resulted in such group proportions that we expected. The chosen cut points' validity can be strengthened by the
relationship between the created map reading groups and the map reading frequency. Clear-cut tendency shows up:
more frequent map reading corresponds to better map reading level.
The created map reading groups’ compositions differ, in the beginner group the female and younger participants’
dominance is typical, along with those who read and use maps less frequently. Regarding education, mainly primary
and secondary education participants characterize this group, and the examined languages appeared in approximately
the same proportion. In the intermediate map readers’ group, a nearly equal distribution can be found by gender and
age, the group mainly comprises of those who use maps weekly or monthly and are dominantly Hungarian or
Romanian. The expert map users’ group mainly consists of male, elder and highly educated participants. Mostly
Spanish, Hungarian and Romanian languages are dominant. The filling times do not differ significantly, the average
time for beginners was 12 minutes, for intermediate readers 8 minutes, and in the expert group 9 minutes.

MAIN FINDINGS BY MAP READING GROUPS
In the examination of committed mistakes by the different map reading groups it is better to take a “reversed logic” as a
basis, and start with the expert group. In the latter’s case the best average result was observable in the Q1 and Q8
questions, nearly 91% of the participants gave right answers for these. The most mistakes appeared typically in the Q7
question’s case – only 50.8% of the participants answered correctly – followed by Q6 (75.9%). Generally, interpretation
of topographic objects and geographic names caused the biggest problems for this group. When we focus on the
intermediate map reading group – so we allow more mistakes for the respondents – beside the mentioned two
competences Q4 – orientation skills and mental rotation – also appears problematic. Of course the correct answers
proportion is smaller compared to the expert group, in the case of Q7 21.8%, for Q6 48.2% and for Q4 51.8% of the
participants answered correctly. In the beginners group the problematic questions’ list widens. Among other questions
Q3 – distance and travel-time estimation – also caused difficulties. Naturally, in this group besides the mentioned ones
nearly all of the questions required serious effort from the respondents, the correct answers’ proportion is radically
lower compared to the previous two groups – naturally due to the characteristic of the group formation method.
Table 2. Proportion of good answers by map reading groups
Beginner Intermediate

Expert

(Q1) Interpretation of hypsography

39.0%a

69.0%b

91.1%c

(Q2) Orientation skills and mental rotation

31.0%a

61.9%b

86.9%c

(Q3) Distance and travel-time estimation

29.0%a

65.5%b

88.0%c

(Q4) Interpretation of hypsography and mental rotation

21.0%a

51.8%b

88.0%c

(Q5) Interpretation of map symbols

34.0%a

61.9%b

84.8%c

(Q6) Interpretation of geographic names

29.0%a

48.2%b

75.9%c

(Q7) Interpretation of topographic objects

8.0%a

21.8%b

50.8%c

(Q8) Using of scale bar and distance estimation

36.0%a

72.1%b

91.1%c

RESPONSE PATTERNS
Another goal of the research was to discover the response patterns of each map reader group to provide further
information for creating individualized maps. To achieve this, we used pattern finding algorithms to define which are
the most frequently repeating patterns of each map reader group and the whole sample. Figure 11–14 in the appendix
show the visualization of the 25 most frequent response patterns (each column representing a pattern). The results of the
whole sample (all 488 participants) show that 23 participants shared the same, most common pattern where they could
not answer Q7 (interpretation of topographic objects) correctly (Figure 11 in appendix). The second most common
pattern (with 22 participants) shows problems with both Q7 and Q6 (interpretation of geographic names). Faultless tests
are also frequent (20 participants) along with answering incorrectly to Q5 (interpretation of map symbols) and Q7 (14
participants) or missing Q5, Q6, Q7 (12 participants).
Beginner map readers (100 participants) didn’t have much exact pattern, so we had to concentrate on the correct
answers instead of the incorrect ones. According to the results most participants could answer question number Q1
(interpretation of hypsography), Q5 and Q8 (use of a scale bar, and distance). In the most common pattern (5
participants) only Q1 was answered correctly, or none of them. The patterns also show that despite Q3 (distance and
travel-time estimation) and Q8 requires similar competences Q3 had more incorrect answers.
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The intermediate map readers’ (197 participants) most common pattern (12 participants) consists of three main
mistakes: Q5, Q6, Q7 (Figure 13 in appendix). In the second most frequent pattern, participants gave incorrect answers
to Q1, Q2 (orientation skills and mental rotation), Q4 (interpretation of hypsography) and Q7, while in the third most
frequent pattern they gave wrong answers to three questions: Q4, Q5 and Q7. The remaining patterns of this group
mainly show the combinations of the previous faults.
The most common pattern of the expert map readers (191 participants) occurred at 23 test subjects, where they only
answered Q7 incorrectly (Figure 14 in appendix). In the second most frequent pattern (22 participants), they answered
Q6 and Q7 incorrectly, yet in the third most frequent pattern (20 participants) they answered all questions correctly. In
other common patterns, the experts were mistaking both Q5 and Q7 (14 participants), Q7 and Q8 (9 participants), but
mistaking both Q1 and Q3 occurred rarely.

CONCLUSION
The here presented study‘s primary goal was to quantify map reading skills by using the results of an online test
developed for this purpose (Szigeti & Albert 2015). With the questionnaire’s evaluation based upon a huge sample of
respondents of higher education, our aim was to gain information about the respondents’ map reading skills, and the
factors influencing it as well.
In the questions’ case, the most correct answer appeared when respondents faced with interpretation of hypsography,
distance and travel-time estimation, interpretation of map symbols, distance estimation with scale bar using – with the
proportion of good answers above 70%. This rate is between 60-70% in two question’s case: orientation skills and
mental rotation and interpretation of hypsography and mental rotation. The worst performance was observable in two
questions’ case: interpretation of geographic names and interpretation of topographic objects. Concerning good answers
significant difference can be observed by education, age categories, gender, language and map reading frequency.
Regarding particular questions – interpretation of hypsography, orientation skills and mental rotation, interpretation of
map symbols, cumulative number of good answers – a strong tendency shows up: male respondents perform
significantly better than female ones. Regarding age, the 16-20-year-olds’ results are significantly worse compared to
higher age categories at interpretation of hypsography, distance and travel-time estimation and cumulative number of
good answers. Also an occurring tendency is that more frequent map using results in better average performance –
mainly in distance and travel-time estimation, interpretation of map symbols, interpretation of geographic names and
cumulative number of good answers. In two questions’ case – interpretation of hypsography and interpretation of
hypsography and mental rotation – the proportion of good answers is increasing by the level of education. Regarding to
the survey language, the Romanian respondents perform better than Hungarians in the competences of orientation skills
and mental rotation. In the case of map symbol interpretation, the good answers’ proportion was the highest from
Hungarian and Bulgarian respondents, and the lowest from Spanish respondents. The interpretation of geographic
names caused problems especially to Hungarian and Bulgarian respondents, while Romanians performed best. In the
case of topographic objects’ interpretation, the Bulgarian respondents’ average result was again a bit worse. Concerning
distance estimation with scale bar, Hungarian respondents faired significantly better than Romanian ones.
Our further goal was to create optimal groups of map-reading skills based on the test performance – total points earned
– of the respondent and to find those group level characteristics which could help us in preparing the second module of
our research and designing personalized maps. For separating these groups, we chose such cut-points, which generate
the (three) most similar sized groups. We have taken in account the nature of our sample and the lessons learned from
the weighted – by gender and age – Hungarian subsample. By synthesizing the observations made, the following
grouping principle was formed: respondents with 0-3 correct answers are beginners, 4-5 points stand for the
intermediate group and those who gave 6 or more good answers are labelled as expert map readers. The beginner group
consists of mainly female respondents, mainly members of younger generations, persons with low or middle education
and those who does not use maps frequently. The ratio of beginners is similar across the language the test was taken in.
In this group the rate of correct answers is small for all question, and the worse performance can be observed at
questions Q7, Q6, Q4 and Q3 – interpretation of hypsography, use of a scale bar and distance estimation, interpretation
of hypsography and mental rotation, distance and travel-time estimation. Mistakes do not follow clear patterns; wrong
answers are present at almost all tasks – due to the forming rule of groups. The most frequent detectable patterns are
based on correctly answering the questions focusing on interpretation of hypsography, interpretation of map symbols,
distance and travel-time estimation. It seems like these questions were easier to answer for correctly for the group.
Members of the intermediate group mainly use maps weekly or monthly, are mainly Romanian or Hungarian. There are
no distinctive differences in the gender and age distributions. For respondents of this group questions Q7, Q6 and Q4
proved to be the most difficult – interpretation of hypsography, use of a scale bar and distance estimation, interpretation
of hypsography and mental rotation. Combinations of the following tasks form the most frequent response patterns for
this group: 1) interpretation of geographic names, 2) interpretation of topographic objects, 3) interpretation of
hypsography and mental rotation. Finally, the expert group consists of older, more highly educated – compared to the
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other two groups – male respondents who use maps quite frequently. Spanish, Romanian and Hungarian group
members are the most common. The dominant part of mistakes made by this group was about questions Q7 and Q6 –
interpretation of geographic names, interpretation of topographic objects –, most frequent response patterns are also
characterized by these two wrong answers.
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APPENDIX

Figure 11. Frequent patterns in the total sample

Figure 12. Frequent patterns in the beginner group
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Figure 13. Frequent patterns in the intermediate group

Figure 14. Frequent patterns in the expert group

199

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

CARTOGRAPHIC COMPETENCE OF A GEOGRAPHY
TEACHER – CURRENT STATE AND PERSPECTIVE
Hilda Kramáreková, Magdaléna Nemčíková, Zuzana Rampašeková,
Andrej Svorad, Alena Dubcová, Matej Vojtek
Hilda Kramáreková, PhD.; Magdaléna Nemčíková, PhD; Zuzana Rampašeková, PhD.;
Andrej Svorad, MSc.; Assoc. Prof. Alena Dubcová, PhD.; Matej Vojtek, PhD.
Constantine the Philosopher University in Nitra, Faculty of Natural Sciences, Department of
Geography and Regional Development
Trieda A. Hlinku 1, 949 74 Nitra, Slovak Republic
Telephone: +421376408638, Fax: +421376408556, E-mail: hkramarekova@ukf.sk;
mnemcikova@ukf.sk; zrampasekova@ukf.sk; andrej.svorad@ukf.sk; adubcova@ukf.sk;
mvojtek@ukf.sk
Abstract
The national educational program in Slovak Republic is an obligatory document which specifies the general objectives
of education and key competencies to which the learning has to lead. Competencies should be the main carrier of the
idea that students should not learn only by memorizing facts, but they have to be competent to apply their knowledge in
solving life situations. Therefore, the key competencies are obligatory for all teachers. In the case of geography
teachers cartographic competence is necessary. Besides traditional form of acquisition of this competence, it is
currently necessary to directly interconnect it with digital competence. The aim of the paper is to analyze the current
state of cartographic competence using a survey on the sample of geography teachers at primary and secondary
schools as well as students of geography teaching. Its results will contribute to the proposal of changes in
undergraduate training of future geography teachers.
Keywords: national educational program, key competences, cartography, education

INTRODUCTION
A competency is more than just knowledge and skills. It involves the ability to meet complex demands by drawing on
and mobilizing psychosocial resources (including skills and attitudes) in a particular context (OECD, 2005).
Competences, particularly key competences, in Slovakia are part of the national educational program (NEP). They are
divided into three categories: Use of tools interactively; Interact in heterogeneous groups; Act autonomously (ŠTÁTNY
PEDAGOGICKÝ ÚSTAV, 2016).
Key competences of NEP are based on the EUROPEAN REFERENCE FRAMEWORK - KEY COMPETENCES FOR
LIFELONG LEARNING (2006) in which eight key competences are determined (MADZIKOVÁ, KANCÍR, 2015):
1.

Communication in the mother tongue,

2.

Communication in foreign languages,

3.

Mathematical competence and basic competences in science and technology,

4.

Digital competence,

5.

Learning to learn,

6.

Social and civic competences,

7.

Sense of initiative and entrepreneurship,

8.

Cultural awareness and expression.

Competences should be the main carrier of the idea that students should not learn only by memorizing facts, but they
have to be competent to apply their knowledge in solving life situations. Therefore, the key competences are obligatory
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and important for all teachers. Key competences of teachers are focused on three areas - student, educational process,
and professional self-development. Teachers should dispose, except others, with the relevant professional competence
which is based on the scientific bases of subjects of their own specialization. In the case of geography teachers/students,
in addition to the geographical literacy also cartographic literacy is necessary.
Besides the traditional form of acquiring this competence (work with real and print maps, atlases, models), it is
currently necessary to directly interconnect it with digital competence using modern information and communication
technologies. By using them, it is possible to extend the cartographic competence of geography teacher/student.
It is cartography that represents the field with a number of options for implementation of information and
communication technologies, in particular geoinformation technologies (GIT), into the teaching process itself. The use
of GIT simplifies the process of analysis and presentation of geographic information and accelerates the resolution of
geographic tasks during teaching process, which is confirmed in the works of VAN DER SCHEE (2003), KRUMSVIK
(2008) or KREIJNS et al. (2013). Geoinformation technologies are primarily used as a supplement or certain extension
of cartographic content in geography lessons. GIT can be divided, given their educational potential, into 4 groups
(MADZIKOVÁ, KANCÍR, 2015): 1. Internet portals dealing with remote sensing (websites providing current and
historical satellite or aerial images; 2. Map servers (interactive online maps which are differently content-oriented e.g.
general-geographical maps, tourist maps, historical maps, etc.); 3. Geoinformation technologies using GPS (standalone
GPS devices, smartphones); 4. Educational software of different specialization (different maps editors, multimedia CDDVD, etc.).
The aim of the paper is, on the basis of relevant information in the national educational program of geography at primary
and secondary schools, in teacher training at universities, in other literature as well as by the questionnaire survey, to
analyze the current state of cartographic literacy on the sample of geography teachers at primary and secondary schools as
well as students of geography teaching. The results of the research have an ambition to propose changes in undergraduate
training of future geography teachers so that the geographic and cartographic competence (or even geoinformatic
competence) can be the usual and normal part of a broader understanding of literacy of every educated person.

CREATION OF CARTOGRAPHIC COMPETENCE – THEORETICAL ISSUES
Opinions on the concept of competence vary and, moreover, it is being associated/confused/replaced with other terms
e.g. literacy, standard, expected output, indicator, etc. (VALENTA, 2015a,b). In this paper we understand the
acquisition of basic literacy as a prerequisite for obtaining key competences. In this sense, the basis for obtaining
cartographic competence is considered the mastering of its contents – partial literacy relating to the following topics –
work with the globe (Earth's model), work with the map, fieldwork, use of sources of cartographic information, use of
geoinformation technologies.
In the work About School Cartography and Teacher Training, ALMEIDA (2009) puts emphasis on quality training of
future teachers, but also highlights the continuous cartographic education of teachers. The importance of developing
map skills among pupils is being addressed by HANUS, MARADA (2014) who also deals with an overview of the
works on this issue. Inspirational information for examination of cartographic skills and the level of their acquisition by
pupils at the second level of primary school and lower grades of multiannual high schools on a sample of pupils from
South Moravia Region in the Czech Republic is provided by MRÁZKOVÁ (2013). The development of graphical and
visual literacy of pupils by using the work with the map is addressed by ŘEZNÍČKOVÁ (2010). Geoinformation
literacy based on geographic, cartographic and informatic literacy is elaborated by VOŽENÍLEK (2004). Slovak
authors who experimentally dealt with the research of some issues of cartographic literacy (reading and creating maps)
are represented by PRAVDA (2001). General cartographic minimum and its position in the school system of Slovakia is
presented by BALÁŽOVIČ (2014).
There are several teaching resources available for the creation of cartographic competence from the didactic point of
view (textbooks, workbooks, atlases). Working with the cartographic material is one of the special teaching methods
(MADZIKOVÁ, KANCÍR, 2015). Organizational forms of obtaining cartographic competence are as follows according
to the place of realization of the teaching process: 1. school - lesson in the classroom, 2. outside school - in the field
(walks and excursions). A specific form for gaining cartographic competence is interest activities of pupils. These are
e.g. competitions such as Geography Olympiad, Secondary School Professional Activity, orientation run or Barbara
Petchenik Children's World Map Competition, etc. A specific role has the use of information and communication
technologies, especially, geoinformation technologies.
Currently, the separate subject called Cartography is not taught at primary schools in the Slovak Republic. The first
elementary knowledge are gained within the scope of the subject Regional Studies (in Slovak - Vlastiveda) at the 1st
level of primary schools (ŠTÁTNY VZDELÁVACÍ PROGRAM VLASTIVEDA, 2011, INOVOVANÝ ŠTÁTNY
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VZDELÁVACÍ PROGRAM VLASTIVEDA, 2015, 2015). This subject is a propaedeutics for future school subjects
Geography and History. Acquisition of cartographic competence at the 2nd level of primary schools is mainly
implemented through the subject of Geography (NOGOVÁ, 2010a, INOVOVANÝ ŠTÁTNY VZDELÁVACÍ
PROGRAM Geografia – nižšie stredné vzdelávanie, 2014), however, within inter-subject relations it is used mainly in
the subjects of History, Biology, Protection of Man and Nature as well as in cross-cutting topics Regional Education (or
Multicultural Education) and Environmental Education.
At the secondary level, the situation related to cartography is differentiated. Only at secondary vocational (geodetic)
schools, the subject Cartography is taught usually in connection with geodesy and cadastre. At the other secondary
schools it is again related to the subject of Geography (NOGOVÁ, 2010b, INOVOVANÝ ŠTÁTNY VZDELÁVACÍ
PROGRAM Geografia – gymnázium so 4-ročným a 5-ročným vzdelávacím programom, 2014). A common feature of
innovative state educational programs for primary and secondary school is the continued reduction of curriculum
content and dynamics of decline and growth of the lessons.
At universities, teaching/study of cartography is also differentiated. In the case of university study of Geography,
Cartography is a separate subject and it is an integral part of teacher training programs and also one-field study
programs usually within the first year of study. As an independent study program called Geodesy and Cartography, it is
studied e.g. at the Slovak Technical University in Bratislava, University of Žilina, and at the Technical University of
Košice.
Geography, which is inextricably linked to cartography regarding the content, thus develops especially those key
competences which have mainly spatial and integral nature (ČERNÁ, LIKAVSKÝ, 2014):


NEP of geography in primary schools - development of communication, understanding and interpretation of
information,



NEP of geography in secondary schools - development of social and civic competences, cultural awareness
and expression,



Geography/cartography and geodesy at universities - deepening of key competences and the acquisition of
professional competencies based on scientific knowledge of the relevant study program.

Key competences are presented and briefly characterized in the graduate profile, but their planned level or assessment is
not specified.

RESEARCH METHODS
The questionnaire survey was realized in 2016 on the sample of geography teachers at primary and secondary schools
(57) from the Nitra Self-governing Region and Trenčín Self-governing Region as well as (19) students of geography
teaching program from the second year of their master study at the same department as authors.
Teacher questionnaire comprises three main parts: 1. Information on respondents, 2. Content of cartographic
competence, 3. Use of geoinformation technologies. Part of the questions/tasks were closed with the possibility of
choosing the answer and the other part was open for adding information. For some of the questions, which had to
express an opinion of teacher/student on selected topics, we used one of the most preferred methods in educational
research - Likert 5-point scale to determine the importance of respondents' opinions on selected questions (GAVORA et
al., 2010), which were then evaluated and graphically interpreted.
Student questionnaire was almost identical with the teacher questionnaire. The difference was in the student's status
which means that individual questions/tasks were reformulated in relation to their study.

RESEARCH RESULTS
1. Information on respondents
The research sample of teachers consisted of 11 male and 46 female teachers. The questionnaire was completed by 41
teachers from primary schools and the other 16 were from secondary schools including 8-year high schools. The
average age of men was 45.72 years (most of them were in the age category 40-44 years) and the average age of women
was 47.93 years (most of them were in age categories 40-44 years and 50-54 years). The average length of teaching
experience was at the level of 19.68 years.
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The research sample of students consisted of 5 male and 14 female students studying academic subjects in combination
with geography. These students will finish their study in 2016 and they will become qualified teachers of geography in
primary and secondary schools. The average age of men was 23.5 years and the average age of women was 24.4 years.
In their future teaching practice, women prefer teaching in primary schools while men prefer secondary schools.
Comparison of the two research samples reflects the high degree of feminization of education in Slovakia which in the
school year 2015/16 amounted to 84.57% of women out of the total number of teachers in primary and secondary
schools in Slovakia (ÚSTAV INFORMÁCIÍ A PROGNÓZ ŠKOLSTVA SR, 2016).

2. Content of cartographic competence
Content of cartographic competence was based on an analysis of the required cartographic knowledge, skills and
abilities which are declared in state educational programs for teaching geography subject at primary and secondary
schools as well as at the university - workplace of authors. It was structured into four segments: work with the globe,
work with the map, fieldwork, sources of cartographic information.
Work with the globe represents the first group of analyzed information. Up to 77.19% (50) of teachers do not deal with
terms ortodrome and loxodrome during the lessons, 45.61% do not teach the history of cartography and 12.28 %
cartography as a scientific discipline. Similarly, they do not require understanding of relief representation on the globe,
determining absolute and relative elevation (21,05%), and scale on the globe (12.28%). They do not consider necessary
to explain the local latitude (1.75%), prime meridian (7.02%), colors on the globe (5.26%), description on the globe
(5.26%). According to teachers at all age categories, the most difficult for pupils is to know to identify the main points
on the globe, to determine the position of a point, to determine the distance on the globe, and to work with the scale of
the globe. In terms of orientation on the globe, more than half of teachers (50.88%) do not pay attention to measuring
distances on the globe or calculating distances (45.62%). As for the orientation on the globe, they consider demanding
for pupils to determine the degrees of geographic coordinates and to work with the date line. During the transmission of
knowledge and skills through the globe, teachers most often work with one standard globe (77.20%), several standard
globes with different scales (29.82%), digital globe (14.04%), and combined traditional and digital globe is used by
14.04% respondents.
When acquiring cartographic competence by using maps, up to 80.7% of teachers do not consider necessary to teach
terms ortodrome and loxodrome. 40% of teachers do not teach knowledge of mathematical cartography in the form of
cartographic projections, cartographic distortions and they do not even teach to use methods of cartograms and
cartodiagrams. Only 10.52% of teachers supplement the knowledge. For example, women in the age group 40-44 years
supplement the knowledge about major cartographers, define contours and their relevance to the morphometric
characteristics of the relief. Moreover, men in the same age category point out new methods to represent relief using
GIS and 3D models while older male teachers aged 60-64 years rather use practical experience (work with the map,
fieldwork using maps). The most problematic for pupils is, according to them, to determine the geographic coordinates,
geographic location, work with the scale of the map, and determining azimuth. Up to 60% of teachers do not consider
necessary for pupils to know the publisher of state map series and publishers of other cartographic products, to know
sellers of cartographic products, and to know how to purchase (print or digital) maps. From the content point of view,
30% of teachers do not lead pupils to create their own maps. This is probably due to the fact that 70.18% of the teachers
use mainly maps in atlases during the work in the classroom (78.95%). Given the fact that almost half (43.86%) of the
teachers work with contour maps of different scales and 42.11% of teachers use fieldwork, we can assume that it is
almost identical group of teachers. Problematic in relation to pupils are considered the mathematical competences in
calculating the distances, azimuth, conversion of length units, determining the cardinal directions or position of a point
on the map.
Fieldwork is preferred by 42.11% of teachers (of which 28.07% are women and 14.04% are men). GPS device to
determine the location in landscape is not used by 56.14% of teachers. 52.63% of teachers do not even use very popular
geocaching game in which pupils could easily and playfully acquire knowledge and skills related to the acquisition of
cartographic competence. Fieldwork is applied more by male teachers aged 45-49 years who prepare various routes for
pupils (e.g. in the form of cycle routes associated with geocaching). In the opinion of teachers, pupils have problems
with orientation in the field using maps, compare the content of the map with objective reality, and to work with GPS
device.
The main source of cartographic information is considered by 78.95% of teachers to be school world atlases and atlases
of the Slovak Republic, and the Internet (24.56%). Only 10.53% of teachers (8.77% of men and only 1.75% of women)
use print contour maps such as tourist maps, cycling maps, maps for orientation run at scales of 1:5 000, 1:10 000, 1:50
000. According to teachers, they buy these maps in bookstores. The "map service of Geodetic and Cartographic Institute
in Bratislava" as the exclusive seller of the state map series was not stated by any of the teachers.
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In terms of the content of cartographic competence, students consider the work with the globe as natural as working
with the map. Only 21.05% (15.79% female students and 5.26% male students) think that the terms ortodrome and
loxodrome were not part of the theoretical knowledge within the scope of the subject Cartography. Moreover, 15.79%
of female students think that during their studies they did not learn to work with the scale of globe, measure and
calculate distances on the globe. Other students (remaining 84.21%) reported that the acquired competences are
problematic for pupils. Knowledge related to the globe will be taught by 63.17% of the students using combined
standard and digital globes while 31.58% of them would only use the standard globe.
When working with the map, 31.58% of students stated that they would not teach the issues of ortodrome and
loxodrome. Also surprising was that 10.53% of students claimed that cartography as a scientific discipline has been
defined and the issue of generalization of map content was not addressed. 26.31% of students also indicated that they
consider problematic the concepts of cartographic projection, cartographic distortion, ortodrome, loxodrome, azimuth.
In teaching knowledge and skills with the use of map, students would use mainly maps in the atlases (57,89%), contour
maps at different scales (52.59%) and combination of print and digital maps (42.10%). The positive fact is that 78.95%
of students would work with the map in the field and 52.63% in the class which means that almost 30% of students are
interested in the work with map only in the field (26.32%). We believe that this is related to our five-year effort to teach
geography and therefore cartography in the field - in the local landscape. It is thus students who have fixed many skills
in natural environment not only within the scope of cartography, but also other geographical disciplines of physical and
human geography.
Teachers prefer to work in the field within the scope of the subject Protection of Man and Nature while students
consider necessary to work in the field in longer-term and also during the whole day. Therefore, they chose excursions
and walks in the first place. We consider positive that 69.91% of the students acquired knowledge and skills with a GPS
device. Nevertheless, 36.85% of them do not know what geocaching is, 31.58% of them did not learn to compare GPS
with a map, and 21.06% of them did not learn to find location in the landscape using GPS. These only about 30% of
students apparently did not use the optional seminars dealing with this issue during their 5-year study.
As for the issue of using sources of cartographic information, the finding that 78.95% of students would use readily
available tools such as school world atlas, Internet (31.58%) and digital maps (26.6%) was surprising. We suppose that
they did not realize that if they want to teach the work with a map in the field, they must use maps of large scales in the
form of topographic and tourist maps rather than school atlases which have small scale and are related more to the
regional geography and not to the local landscape.
Comparison of teacher and student questionnaires brought interesting findings. Up to 78.95% of students have acquired
knowledge from cartography also by using the globe. This conclusion was reached on the basis that 21.05% of the
students reported that they did not meet with the term ortodrome and loxodrome during their study. Furthermore, they
knew the other terms. In contrast, 77.19% of teachers reported that they do not deal with the terms ortodrome and
loxodrome. These are the terms which should be known e.g. in connection with shipping lines shown in the atlas or in
connection with the history of GPS. Some teachers also reported that they do not deal with concepts like prime
meridian, colors on the globe, and description on the globe. Here we assume that it is a basic knowledge that pupils
acquire at the first level of primary school within the scope of the subject Regional Studies (ISCED 1) and there is no
need to pay attention to them again. Opposing opinions can be seen in the use of cartographic aids. While 63.17% of the
students would use a combination of standard and digital globe for the acquisition of cartographic competences, 77.2%
of teachers use only standard globes.
When obtaining cartographic competences by using maps, the knowledge were acquired by 68.42% of the students.
Students (57.89%) as well as teachers (70.18%) would use especially maps in the atlases and contour maps at different
scales (students - 52.59%, teachers - 43.86%). Up to 78.95% of students and 43.86% of teachers intend to teach in the
field. This positive outcome of the upcoming generation of teachers is the result of educational activities of pedagogues
during 5 years of study whereas the geographic and cartographic skills are fixed by students mainly in the landscape.
Not very positive are considered the results achieved by teachers - whether it is the relatively low interest in the
fieldwork or that they do not consider necessary for students to know the publisher of state map series and the
publishers of other cartographic products or to know sellers of cartographic products and to be able to order and
purchase maps (print or digital).
In the context of teaching in the field, students would use mainly longer excursions or shorter walks. Up to 70% of the
students is familiar with GPS device while teachers amounted to only 43.86% in this category. This representation of
teachers is considered sufficient because their average age is around 47 years. These are the skills that teachers acquired
additionally during their teaching practice and thus the need for further education was confirmed. In terms of using
sources of cartographic information, 78.95% of students as well as teachers considered school atlases the best teaching
aid.
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3. Use of geoinformation technologies
Currently, geoinformation technologies (GIT) are still seen as a supplement or as a certain extension for teaching (not
only) cartographic content in geography lessons. However, the constant expansion of GIT in schools provides a
prerequisite for their further development in the educational process which is related to the issues concerning the
competencies of current and future teachers in relation to GIT. Respondents expressed not only their experience with
the use of GIT, but also opinions on their use in the lessons. This segment of the questionnaire contained questions
related to acquired knowledge of respondents with the use of GIT, participation in training activities, use of specific
GIT and aids, frequency of their use and techniques for their mediation to pupils during the phases of teaching. We
studied also whether pupils are interested in working with GIT and if they help pupils to better master the curriculum.
Moreover, we studied the level of importance of knowing GIT in relation to cartographic competence in terms of both
pupil and the teacher view.
Most of the surveyed teachers (56.2%) evaluated their knowledge with the use of GIT as a beginner. Expert or
advanced knowledge of the use of GIT was marked by 36.95% of respondents while 6% of respondents do not use GIT
in education at all. From the viewpoint of gender and age, no statistical significance was found in relation to the
knowledge of the use of GIT. Training activities related to GIT were attended by almost 9% of teachers while the most
frequently reported were seminars for working with GIS and tablet. The most widely used group of GIT or aids which
was indicated by respondents were teaching web portals (76.09%). This is the most used form especially because they
contain a large number of material which is also useable through GIT. The second largest group (67.39%) were
interactive Google Maps which are used by most respondents mainly for teaching the content of regional geography.
More than 50% of teachers use YouTube and multimedia CD-DVD which are thematically varied. Tablets are used by
17.39% and GPS devices by 19.57% of respondents. Software to produce maps in schools has only minimal use
(4.35%). As for the frequency of use of GIT, we can say that most teachers prefer only occasional work with these
technologies. Increased interest of pupils in the curriculum by using GIT was reported by 63.04% of teachers while
19.57% of the respondents did not provide any answer. To some extent the opposing is the fact that 58.7% of teachers
believe that the traditional way of teaching has the same results as the teaching with the use of GIT.
Interesting finding was that up to 68.38% of students, future teachers, consider their knowledge with GIT as expert or
advanced. The remaining respondents marked their knowledge as a beginner. 73.64% of students positively responded
to the possibility of further education especially the use of applications in tablets and production of maps in GIS
software for primary and secondary schools. Students would use in teaching mostly cartographic content from the stated
groups of GIT. GIT groups (applications in tablets and smartphones, YouTube, GPS devices, multimedia CD-DVD,
teaching web portals, Google Maps) were used by 55 to 75% of respondents. The difference with the teachers can be
seen in their opinions on the frequency of the use of GIT in geography lessons. Most of the students would use
geoinformation technologies once a month (or a week) while their greater usability is seen in outdoor teaching
(geocaching, orientation in the field, exploring the local landscape, work with GPS). Up to 75% of respondents believe
that GIT help pupils in learning the curriculum and majority of them consider working with GIT as attractive.
From the survey of both groups of respondents several different opinions can be seen. The most notable difference was
identified in the knowledge regarding GIT. This is logical since the current preparation for the teaching profession is
greatly enriched by the acquisition of digital competence, which was missing to some extent in the past or it was based
on the technological equipment of that time. The assumption that the knowledge of current teachers in using GIT is
closely correlated with the age of respondents was confirmed. Relatively greater differences can be observed in the
evaluation of GIT groups which are used by teachers and students. Generally speaking, the higher involvement of GIT
into the teaching process by students is logically opposing to the reality of using GIT in schools by teachers.

CONCLUSION
Cartographic information provided by various sources are important means of geography teaching and creating
cartographic competence. The process of its development is not the simple aspect of education and it develops gradually
through lifelong learning. Pupils gain basic cartographic competence in primary school and thus it is important that the
preparation of future teachers of primary education would take into account not only the specificities of developmental
psychology of pupils, but also modern trends of both sciences - cartography and geography. Only by this way it is
possible to ensure that pupils acquire the real ideas about the real world from the beginning.
Synthetic evaluation of the process of obtaining cartographic competence was investigated in both groups of
respondents separately and in relation to pupils through respondents' opinions on the importance of working with the
globe, map, fieldwork, sources of cartographic information and use of GIT by using Likert 5-point scale (1 - most
important, 5 - least important).
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From Figure 1 it can be concluded that teachers give maximal importance especially to work with the map not only in
relation to themselves (73.91%), but also in relation to pupils (63.04%), which is the logical result of a dominant
position of the map as a means of obtaining (also) cartographic competence. Significant position with the maximum
importance in this context has also fieldwork (for teachers 52.17%, but in relation to pupils only 30.43%). Work with
GIT is most important for 30.43% of the teachers, but in relation to pupils it has maximal importance only for 15.22%
of them. Work with the globe has about 4.35% higher preference than the work with GIT and in relation to pupils this
preference is also higher by 2.17%.

Figure 1. Evaluation of the content of cartographic competence by teachers in relation to themselves and to pupils
Similarly as teachers, also students expressed their opinions on the importance of content forms for acquiring
cartographic competence in relation to themselves as (future) teachers and in relation to (future) pupils. Students in
relation to themselves as future teachers prefer working with the map (89.47%) and their opinion is similar in relation to
their future pupils (84.21%). The work in the field has the second place (78.95% for future teachers, 68.42% in relation
to future pupils). Work with the globe is more important for students - future teachers (68.42%) than for their future
pupils (21.05%). On the other hand, the last fourth place was given to the work with GIT in relation to themselves and
also to their future pupils (Figure 2).

Figure 2. Evaluation of the content of cartographic competence by students in relation to themselves (as future
teachers) and to their (future) pupils
Regarding the evaluation of questionnaire results of both research samples, several findings were made. Working with
the map and fieldwork are a key area for acquiring cartographic competence. The work with the globe has an additional
function. The use of GIT in last place of preferences is not surprising in the case of teachers, whose average age is
higher than in the case of students, but it is quite surprising in the case of students - future teachers. It seems that in the
educational process in primary and secondary schools the development of GIT have not had a major impact on the
creation of cartographic competence so far. Nevertheless, it will be necessary to continuously pay attention to this
phenomenon in the educational process because it is important for acquiring the digital competence. The same applies
for those parts of the content of cartographic competence which were identified as problematic for pupils, students, and
teachers. In order to remove the problem parts, there are several educational strategies - to improve the educational
process at the authors' workplace by higher number of contact hours with students or to create educational activities for
teachers within the lifelong learning.
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Abstract
Man and map have had a special connection with each other for millennia. But the recent decades saw emergence of
various innovative geotechnologies, which have transformed this connection and have brought it to a new level.
Technologies like GNSS, remote sensing, and GIS have changed the way that society interacts with maps. The maps are
now dynamic, interactive, web-based, cloud-based, crowd-sourced, and having not lost the ultimate power to reveal a
location, analyze an event or tell a story. But is the full power of these geotechnologies well enough understood and
used by the general public? Is geo-literacy becoming increasingly valued? Using cloud-based and mobile mapping GIS
platforms, we have tested their potential as a tool that may enhance both school and university-level education in
geotechnologies. Several projects, dedicated to the informal and innovative way of teaching advanced geospatial
subjects are presented in this paper.
Keywords: geo-literacy, science communication, web apps, web maps, story maps, cloud GIS, mobile GIS

INTRODUCTION
Man and map have had a special mutual connection for millennia. A connection that has helped to explore and
understand the world we live in. But the recent decades saw emergence of various innovative geotechnologies, which
have transformed this connection and have brought it to a new level. Technologies like the Global Navigation Satellite
Systems (GNSS), remote sensing, and Geographic Information Systems (GIS) have changed the way that society
interacts with maps. The maps are now dynamic, interactive, web-based, cloud-based, crowd-sourced, and having not
lost the ultimate power to reveal a location, analyze an event or tell a story. From mapping and publishing the location
of critical assets during disaster situation, or a simple Facebook check-in, the ordinary citizen has the necessary
technology right in his hand.
But is the full power of these geotechnologies well enough understood and used by the general public? Or, if we use
another term coined in the past decade – what is the level of geo-literacy in our society? Is geo-literacy becoming
increasingly valued, as the ESRI Education Manager Joseph Kerski asks [1]? May we – the educators and GIS
professionals, utilize these geotechnologies to elevate society‘s knowledge not only on geography, but also history,
environment, culture... actually on almost everything that surrounds us? Yes, we may. And this paper presents several
real attempts to do that. Using cloud-based and mobile GIS platforms, we have tested their potential as a tool that may
enhance both school and university-level education in geotechnologies. Several projects, dedicated to the innovative
and informal way of teaching advanced geospatial subjects are described, using ESRI‘s ArcGIS Online and Story Maps,
as well as Trimble‘s InSphere TerraFlex platform.

GEO-LITERACY AND SCIENCE COMMUNICATION
The past decade saw the origination and firm establishment of unique terminology, related to the ultimate importance of
geographic locations in the modern geotechnological world. Most of it uses the prefix geo to augment an ordinary
word‘s meaning. So, geo-awareness would be the technology that delivers our device‘s physical location to another
device or application, for the sake of delivering us back customized services or information. Geo-enablement will
leverage a simple non-spatial process, information, device or system with the power of location knowledge. The geo210
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fencing will not let us leave a virtual boundary without being promptly notified, e.g. by text message. The geo-caching
portal will take us on an exciting treasure hunting adventure. But to properly use such terminology, we may need to be
at least a little geo-literate.

Geo-literacy
Geo-literacy is a term adopted and made popular by National Geographic Education, which define it as a threecomponent platform, consisting of „the understanding of human and natural systems, geographic reasoning, and
systematic decision-making“ [2,3]. Plenty of projects involved in various geo-educational activities are currently being
performed on a global scale. A list of age-appropriate educational activities is available on the website „Kid World
Citizen“ [4], and one of the proposed activities outlines the mission of our team – „Surround kids with geography: study
maps, create maps, follow maps, play with maps. The more you develop their spatial intelligence when they’re younger,
the more kids will understand their place in this world“. Other important groups that we strive to educate are the
university-level students studying geotechnologies, as well as the general public. The usage of modern technologies to
convey our knowledge is a core method that our team incorporates – a couple of implementations are described in the
next sections. Thus we strive to promote the benefits of geotechnologies, which, along with bio and nanotechnologies,
are the three key skills and job markets identified by the US Department of Labor for the 21st Century.[5,6,7]
Other methods that we implement – like public talks, entertainment geo-events, informal educational activities, bring
our mission also close with the science communication movement.

Science communication
Science Communication is another term that arose in the last decades. One of the earliest occasions when the need for
wide-spread engagement of science with society was in 1985 when in the UK the Royal Society published its report on
The Public Understanding of Science, which became known as the Bodmer Report [8]. According to most researchers
this was the birth of an entire movement aimed at Public Understanding of Science. The Bodmer Report brought that
same year to the establishment of the Committee on the Public Understanding of Science (Copus) founded by the
British Association for the Advancement of Science (BAAS), the Royal Institution and the Royal Society. It’s main
goal was to make science and research more accessible to the general, non-scientific public. Science Communicator is
an official profession in the UK. In 2002 the first Professor of Science Communication in UK was named at the
University of West of England.
Science communication is practiced in a variety of forms nowadays, for audiences of different, well targeted ages and
professional backgrounds, geographic location or interests. These events bring together growingly interdisciplinary
teams, at the center of which are the scientists, but often in collaboration with artists, representatives of industry, public
authorities, the media, the NGO and civil sector, and even the clergy. Our team chose to combine science
communications methods and geotechnologies, particularly cloud-based GIS, which are becoming more and more
important in the everyday life of the whole society.

CLOUD-BASED GIS BASICS
With the advancement of new technologies, terms such as “the cloud”, “cloud technologies”, “cloud services” and “GIS
cloud” are increasingly being used. The American National Institute of Standards and Technology (NIST) defines cloud
services as “a model for enabling ubiquitous, convenient, on-demand network access to a shared pool of configurable
computing resources (e.g., networks, servers, storage, applications, and services) that can be rapidly provisioned and
released with minimal management effort or service provider interaction” [9]. The term “cloud computing” entered
common usage as early as 1997, when a company called NetCentric made an attempt to trademark “cloud computing”,
only to give up on the idea several years later. There have since been other attempts to trademark the term, none of
which proved successful.
Nowadays the aforementioned terms and the associated technologies are a crucial part of the advancement of
information technology and are an inseparable part of our everyday lives. In order to conform to various customer
needs, different cloud technologies have been developed, depending on the service [10,11,12]. These are:


Software as a Service (SaaS);



Platform as a Service (PaaS);



Infrastructure as a Service (IaaS).

At the core of the Infrastructure as a Service (IaaS) model lie computational resources (processor time, computer
memory, network computing). This model allows for the access of computational resources in an internet environment,
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the aim being achieving economic efficiency and enabling scalability. The Platform as a Service (PaaS) model gives
users access to infrastructure and software applications hosted in the cloud, in order to develop their own custom
applications. This model is most commonly used by web and software developers, since it provides a suitable
environment and a comprehensive infrastructure to support the development of applications.
The main feature of the Software as a Service (SaaS) model is that users of the cloud do not need to purchase additional
hardware, due the software being entirely hosted remotely. This model does not require software installation and
support on behalf of users, as they simply pay for access to the cloud application. As with many market goods, they can,
in some cases, receive free access when the cloud solution comes bundled with or is designed to entice the use of other
application suites and products. This is commonplace with cloud storage services. The SaaS model has many
advantages, one of the main benefits being that all cloud users work with the same software version, which allows for a
fast and easy exchange of information. When this model is used for geographic information systems (GIS), the Cloud
SaaS supports three other service models:


GIS-as-a-Service (GaaS);



Applications-as-a-Service (AaaS);



Imagery-as-a-Service (IaaS), where ready-to-use GIS datasets are available as Data-as-a-Service (DaaS).

The key benefit of these models is that they allow for the easier creation, management and exchange of large quantities
of data, including different types of maps and images. In addition to the types of cloud technologies, four levels of cloud
access have also been developed:


Private cloud: the cloud is owned or rented by a single client and is used exclusively by them;



Community cloud: the cloud is shared by several clients and supports a group of users, who have common
and/or homogenous interests and requirements;



Public cloud: the cloud is owned by an organization which supplies cloud services to a set of clients in
exchange for a fee;



Hybrid cloud: a cloud composed of several types of cloud services, which satisfy the requirements of users by
incorporating different features of the various cloud services.

The tools that our team utilizes for geo-education belong to the SaaS family of public cloud applications (Figure 1).
⃝ Amazon Web Services
IaaS

⃝ ArcGIS for Server
PaaS
GaaS

The Cloud

⃝ ArcGIS Online

SaaS

Geo-literacy enhancement
projects

AaaS

⃝ Trimble TerraFlex

DaaS

⃝ Trimble Data Marketplace

The storymap project

Mapping the Little Europe

Figure 11. Public cloud SaaS applications and related (colored) geo-literacy enhancement projects
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CLOUD GIS PROJECTS FOR GEO-LITERACY ENHANCEMENT IN BULGARIA
University of Mining and Geology „St. Ivan Rilski“
In 2015 the University of Mining and Geology (UMG) purchased enterprise-level licenses for a number of ESRI GIS
products, including ArcGIS Online. At the same time, ESRI Bulgaria announced a map making competition, which
results were to be presented at the 17th World GIS Day in November. In addition, in the winter semester of the 1st
academic year at UMG the new discipline „General Topography“ was given a start. A team from the Department of
Mine Surveying and Geodesy at UMG combined these events and developed a cloud-based GIS platform using crowdsourced effort from the 1st year students, which was consecutively sent to the competition.

ArcGIS Online
ESRI‘s ArcGIS Online is a cloud-based mapping platform that allow user access to dynamic, authoritative content to
create, collaborate, catalog, and share maps, data, and applications with each other, the entire organization, or the
public. This cloud is among the few complete GaaS solutions available on the market. It is configurable and consists of
several features:


Web apps – ready to use apps, developed for various groups: office, field, personal or developer users;



Web maps – a digital atlas, comprised of imagery, basemaps and authoritative maps and data on thousands of
topics - businesses, landscapes, climate, transportation, and oceans among others;



3D visualization and smart mapping platform – consisting of various intelligent tools for productive and easily
performed planar and 3D cartographic modelling;



Geo-spatial analysis functionality;



GIS administration platform



Marketplace – order point for imagery and vector data;

Embedded as a core ArcGIS Online functionality is the Web AppBuilder for ArcGIS utility, which provides the
following key features:


Create HTML/JavaScript apps that run on any device;



Build 2D and 3D apps using ready-to-use widgets;



Customize the app look with configurable themes;



Host apps online or on a user‘s server;



Create custom app templates.

Figure 12. Online capabilities of ArcGIS Online cloud [13]

The Story Map project
The GIS platform developed via ArcGIS Online‘s embedded tools has three main objectives;


to promote geotechnologies to both 1st grade students and their educators;
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to develop crowdsourcing and team working abilities among the students;



to inform the students about their profession and future possibilities for professional realization.

To fulfil these, the GIS product was composed of three main components:
1) web-app, 2) story map, 3) presentation map.
As to date, all developed cloud-based apps and maps are still online, and are constantly being updated. Brief
information about them follows.
1. The web-app is developed using the Web AppBuilder for ArcGIS utility. Named „Introduction in the
discipline“, it serves as a data collection, visualization and basic geoprocessing platform. Since it is available for both
desktop and mobile devices, using the provided data editing functions the students were able to add information about
themselves via their own smartphones – a method which they preferred the most. The students’ high-school address was
chosen as location data source. Additional layers from different public sources were added, including:
 Mining concessions; geology; geodetic firms, authorized to perform cadastral activity;


ESRI demographic layer; ESRI administrative layer;



Various raster topographic maps (M 1:5000 and 1:25000) (as web-hosted .kml files), and many others.

An example of the web-visualization for desktop and mobile devices is shown in Figure 3.

Figure 13; a), b). The „Introduction in the discipline“ web app: a) – desktop, b) – mobile device, developed using
student-sourced data and teamwork effort.
2. The story map was developed using the ESRI Story Map web-app. The Map Journal type of story map was
chosen as the type which fits best (Figure 4).
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Figure 14; a), b), c), d). Four slides from the Map Journal, dedicated to Mine Surveying and Geodesy as general, and
the possibilities for 1st year students at UMG in particular
A number of web-maps prepared via the web-app in the previous step 1, as well as from various online sources, plus
different media – photos, videos, were combined to create a GIS product that informs in a highly interactive manner the
students and the general public on the Mine Surveying and Geodesy discipline, and the interesting professional
realization opportunities it provides. Several geoprocessing tools of the web-app were utilized, among which DRIVE
DISTANCE and DENSITY. The former produced a layer which overlaid every student position and a 30 km distance
from its residence (Figure 4: c). The latter analyzed statistically the location density of the students, and the result was
quite interesting, yet expected – most of the participating 1st year students are coming from cities, close to the
established mining regions of Bulgaria (Figure 4: d, Figure 5: a,b)
The full story-map is available for review at the following address:
http://mgu.maps.arcgis.com/apps/mapjournal/index.html?appid=7f95465f89034c6ea7da5126ea2bba77
3. The presentation map (Figure 5) was produced using ArcGIS for Desktop software, version10.3, combining
vector layers, student photos, university ranking data, web-maps, info notes, attribute-leveraged symbology,
classifications, geoprocessed raster and other. The map entered the ESRI competition and was displayed at the 17
World GIS Day in Sheraton hotel, Sofia, Bulgaria. Together with other map products from the university, it redounded
for an award named „Long contribution to the development of GIS capacity in Bulgaria“, received by the UMG Rector
Prof. Lyuben Totev.
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Figure 15. The presentation map, entitled „Mine Surveying and Geodesy – the Graduation 2019 perspective“, with its
four sectors, dedicated to „“Graduates, demographics, statistics“ (a), „Mines, geology, economics“ (b), „Geodesy,
cadastre, roads“ (c), and the university ranking system.
This Story Map project is pioneering for UMG, and is currently used a starting point for other related endeavors at the
Department of Mine Surveying and Geodesy. It proves the powerful capabilities which the cloud-based GIS solutions
provide for university-level education purposes. Another powerful GIS solution, aimed at user-friendly mobile
component for geo-education of minors, pupils and the general public, is presented below.

Family events and science fairs
For several years our team applies cloud-based solutions for popularization of geotechnologies at various general public
events, notably the Sofia Science Festival 2014 and 2015, and the European Researchers’ Night 2014. Both events are
organized by the science communication pioneer for Bulgaria – the British Council in the face of Mrs. Lyubov Kostova.
In this paper we are presenting a different project, in an event organized by Parents Association – Bulgaria, in the
framework of the European Youth Week 2015, funded by the Erasmus+ EU program.

Trimble TerraFlex software
The TerraFlex software, part of the Trimble InSphere integrated cloud platform, is a flexible and configurable cloudbased solution for field data collection and real-time updating of geospatial information. It enables collecting attribute
rich and accurate geo-located GIS and asset information. TerraFlex consists of two components – mobile application
and web service. The mobile component provides fast and efficient geospatial data collection via devices working under
Windows Mobile, Android, iOS as well as tablet devices running Windows 7/8/10. Seamless data integration and
consistency is possible through multiple form templates. Field data collection assignments are grouped into projects that
are assigned to different users. Projects updates are pushed to field users and field data is sent back to the office,
automatically synced with a central server. Trimble TerraFlex is basically a SAAS cloud platform, and as such it takes
full care of database administration and management.
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Figure 16. The Trimble TerraFlex cloud workflow [14]

Mapping the Little Europe project
The capabilities of TerraFlex are freely available through a 30-day trial. Our team seized this opportunity and utilized
the mobile application and web platform to organize several geo-literacy enhancement and science communication
events, dedicated to young people – mostly teenagers and children. The message for such audience has to be clear and
yet very attractive. The interface of TerraFlex Mobile is user-friendly and thus appropriate for users who are neither
GIS nor GNSS specialists. This cloud-solution was used for the first time in an event during the Sofia Science Festival
2014 (Kamburov et al., 2015). After a short introduction into satellite-based geotechnologies, the event went on as an
outdoor geo-quest it the nearby park. There were few minutes to tell the rules, including the training how to use
TerraFlex on their personal smartphones and several Trimble Juno 3 handhelds in addition, and less than half an hour
for the players to find the hidden “treasures”. Almost all of them finished on time and this was beyond the expectations.
The fast training on GNSS and GIS technologies among young people proved successful.
A year later – in 2015, yet another quest, named “Mapping the Little Europe”, was organized. It was developed as a
geotechnological upgrade of the “The Little Europe” - already known paper-map competition, performed during an
annual event called Familathlon. The classic rules utilize a paper map with the locations of all 28 “European capitals”,
represented with educational and funny installations in the park, and getting stamps from all of them to prove they had
been visited. Easy to download and install in the field, TerraFlex came with the idea to help players on finding the
hidden locations using their own geo-enabled smartphones or tablets. Thus every participant would create his own
interactive map and preserve the memory of adventure through GIS. Though “Mapping the Little Europe” was based on
the same platform as the previously organized quest, the new one contained challenging differences. The players had to
navigate through a greater range to the “capitals” where they had to record new location features. But the greatest
challenge was that it was a day-long event – players started at different times and finished when they got back to the
initial spot after all 28 features had been captured.
All required rules and instructions were produced on special leaflets. The information had to be as comprehensive as
possible and yet simple and attractive, so the instructions were plain and fitted the two sides of an A4 paper (Figure 7).
A team of students in geodesy from the University of Mining and Geology were also available to answer questions from
participants (Figure 8).
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Figure 17. “Mapping the Little Europe” within a sheet of paper, with screenshots of the game interface and credits to
the sponsors from Trimble/Bulgarian Geoinformation Company, the University of Mining and Geology, and the
Bulgarian Cartographic Association.

Figure 8. The start-final spot: a team of students in geodesy give instructions to participants with geo-enabled
smartphones on how to log into the TerraFlex cloud-based app
Each player was given personal username and password to log into the mobile TerraFlex application. The number of
accounts was 100 due to software limitation. When logged in, users had to choose purposely created project named
“Mapping the Little Europe”. They were able to see all 28 places (as features named “Pointer”) on the map in
comparison to their current GNSS position, and as a list showing the distance and the direction to a chosen navigation
target. To create a new feature they had to choose the one named “I am in…” to tag at each “capital” and take a photo
for a keepsake. The project name, the two feature types and their templates were in Bulgarian which was a great
advantage in comparison to most applications that are often limited in the use of Cyrillic.
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The game was marked by the International Map Year 2015-2016. To note the event, as well to provoke a competition
and bring additional excitement, some beautiful awards were provided by the Bulgarian Cartographic Association.
Therefore the start-finish time of each user was recorded and their maps were checked either on their devices or through
the web platform. Diplomas were given to all participants. In comparison to the first game, the percentage of finalists
was less. The most likely reason was the large scale – both distances and number of spots to visit, which appeared to be
exhausting for children who constituted the uppermost part of the players. On the other hand, the successful participants
consisted of both people related to GIS and amateurs. That validated the ease of use, intuitiveness and qualities of this
technology for educational purposes.

Figure 9. All records were automatically synchronized to the cloud and validated through the web platform. The
tentative mapped “capitals” are marked with red dots, and the players’ records are in green.

CONCLUSION
Recognized by institutions like National Geographic and ESRI, the importance of a geo-literate society is paramount.
Experimenting with various modern geotechnologies and science communication methods, our team is searching for
new ways to leverage of possibilities of the informal school and university level education. Using state-of-the-art cloud
GIS solutions by Trimble and ESRI, we have developed several web platforms, dedicated to the promotion of
geotechnologies – a class of technologies that only the nano- and biotechnologies surpass. Some of these platforms,
described here, are already implemented officially in curricula. Our further work will continue with testing and
validation of open source solutions. We will be more than excited to meet other teams with similar interests, so we are
looking forward to hearing from you.
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Abstract
In the current technological context new forms of mapmaking emerge. An increasingly common one produces story
maps, maps that are shown with synchronized explanatory text, to visualize events in a spatial context. Story maps
could be defined as the explicit display of such spatial and temporal landmarks on the grounds that a story is
constructed. In this paper we present a story map oriented to pedagogical purposes. We have compiled an atlas
displaying the expansion of the Black Death in Europe between 1346 and 1347, when the largest epidemic outbreak in
the History of Europe ravaged the continent. To depict this event, we have used CartoDB, Odyssey and some other Web
interactive tools to create eight interactive story maps gathered in an online atlas. The work was made in the frame of
an end-of-degree Project (Geomatics Engineering, in Universidad Politécnica de Madrid). By now, it can be found in:
http://clarar92.wix.com/atlasdelapestenegra
Keywords: story map, web map, Black Death, study tool, CartoDB

INTRODUCTION
The interactive maps and atlases are a valuable pedagogical resource for history and geography classes and their
effectiveness has been studied since the nineties (Linn 1997). Back in year 1992, only at the ICA National and Regional
Atlases Commission meeting eight different electronic atlases were demonstrated (Rystedt 1995). Ever since,
interactive maps and atlases have flourished to explore territories, time lines and other aspects about a study topic
(Neumann 2008) built through the available technology at the time. Currently, Web related tools are influencing the
educational resources that make use of interactive maps and Web mapping features, and story mapping possibilities are
starting to be explored. Amongst other peculiarities, story mapping technologies allow integrating maps, in a fluent and
natural way, within a temporalized narrative estructure to be displayed in the Web browser. Thus, story maps offer new
possibilities to communicate events in which the spatial component plays a key role –historic, social, environmental,
etc. and might bring a new type of educational resources, in which cartographers and map designers have an important
contribution to make.
In this work, we elaborate an educational resource on the Black Death of 1348 using both story mapping and Web
mapping tools. Specifically Odyssey library and CartoDB technology have been used to produce a series of eight
interactive maps, gathered in a Web atlas format. Each map is explored in stages or frames, being each frame displayed
with a short explanation visible on screen, at a time. This way the corresponding story to one specific map is divided in
sequences, which unfold either sequentially or controlled by user’s interaction. The design of the atlas presented in this
work was done in the context of an end-of-degree project in Universidad Politécnica de Madrid.
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BACKGROUND
During 1347 y 1348 in Western Europe the Black Death, an epidemic of high mortality, began to spread rapidly. This
misfortune left the population in distress, as it involved the death of 25% to 50% of the European population. The
dramatic demographic decline affected many aspects of the 14th Century society (social, political, cultural and so on)
and played an important role in the transition process from feudalism to capitalism. The Black Death is in fact regarded
as a turning point marking the transitional period between the Middle and the Modern Ages. (Benedictow 2011)
Multiple books and publications can be found on the Black Death of 1348. Entering the term “Black Death” in Google,
it yields 29 million results, some taking up the subject in a wide perspective, others providing specific approaches –like
the economic, the medical or regional, e.g. (Sloan 1981, Raoult, Aboudharam et al. 2000, Hatcher 1977). Searching in
Google Scholar, almost 3.5 millions results appear. However, regarding cartographic documentation on the subject a
different situation is found. The available mapping corpus in the matter is not abundant and it appears scattered, as
expected, normally diluted in books of History. For example Ole J. Benedictow’s book, a reputed text on the Black
Death (first published in 2004, although we have managed the Spanish Edition of 2011), only contains 10 maps
throughout its 522 pages, all of them small and simple, with just one map in colour. Of course, these maps are drawn
under the expected accuracy of data rooted in remote times and compiled by the means of secondary sources of
information, as there were not censuses at the time –neither population censuses nor any other kind. Historians must
deal with sparse, rather mixed, non-homogeneous and non-consistent data. In all events, data on the subject are
available and many times they can be linked to the territory; our proposal involves using Web mapping tools for
visualizing these data in a spatial manner and using story mapping tools in order to design an interactive study tool on
the subject of the Black Death.

WEB MAPPING TOOLS
It has taken about two decades to reach the current available variety of technologies for publishing Web maps. Twenty
years ago, the first Internet maps were deployed on the screen static, almost as paper maps, using image formats like tiff
and gif, and later jpg and pdf. In a second stage, Web maps allowed the user to make requests to the map through the
Web browser. Theses requests would be solved in the Web server by accessing a Geographic Information System
(GIS), which would generate the map on the fly before displaying it on the screen. These maps are still static, and their
dynamism depends on the data bases associated to the remote information system. The introduction of expanded
interactivity added via scripting to the Web client, characterises the third stage of the evolution of Web mapping. Some
requests are solved in the Web client, with no need of a Web server (Peng, Tsou 2003). The current stage of Web
mapping involves the use of GIS services in which the different components on the client side can directly
communicate with the GIS hosted in a remote server without using any http server. For creating maps with this
technology, many tools are available.
For a general public the most popular Web mapping tool well may be Google Maps, but there exist many more and
users begin to be acquainted with names like CartoDB, MangoMap or Arcgis Online, for example. In 2015, Roth et al.
compared 35 different available Web mapping tools focusing on four different aspects; base map, representation
techniques, interaction possibilities and mobility (Roth, Donohue et al. 2015). Additionally, these Web mapping tools
are now being supplemented with new utilities. Our interest is centered on those technologies that allow the coupling of
Web maps with articulated discourses for describing specific subjects linked to the spatial dimension. They are known
as story mapping tools, named after storytelling, with which we can describe occurrences and stories using Web maps.

STORY MAPPING
Story mapping combines interactive maps with other contents –text, photographs, video, audio and so on, organizing
and presenting all these resources threaded around a speech describing an occurrence, for ultimately narrate and
broadcast a story. Stories are useful for many reasons, including their pedagogical capability. As valuable lessons,
stories may recall memories, touch the emotions and eventually they may lead to action. Many stories are strongly
linked to the spatial component and frequently, the places defining the context in which the action happens play a major
role in the story. Different media (like scientific reports, journalism or education) make use of maps and cartography in
order to anchor to the spatial dimension the agents and events involved in the explanation of a fact, an occurrence or a
story.
Back in the Middle Ages, even the major works of medieval cartography could be considered good medieval story
mapping samples: The one in the Hereford Cathedral, the largest medieval map known to exist, and the one in the
Ebstorf Cathedral. The symbolism of these magnificent disc-shaped medieval mappaemundi is a blend of the historical
and the geographical, condensing the telling of the Holy Scriptures (Harley, Woodward 1987). It seems that
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pedagogical and indoctrination purposes were already making use of graphic narrative with a gaze to the geographic
space. In those motionless images, making chronologies explicit was still a problem though.
Today, the means to support a clear narrative discourse with cartographic documents can be found in story mapping
tools. They can be accessed online and used to deploy, in a desired sequence and at appropriate times, the visualisation
of diverse contents related to a specific story –basically maps, texts, images, data and sounds. Additionally, they offer
interactivity and let the users take action in the narrative flow as they provide controls to make stop-and-go and
forward-backwards movements. They also let the user intervene in the visualisation of the maps modifying frames and
zoom levels, and activating and deactivating information categories or layers. Although story maps can also incorporate
analytic functions, they have not been conceived with that purpose more related to the geographic information systems
(GIS). They just make use of GIS functions to get the results to offer to users with no specific technological skills (Esri
España, Year unknown). While undoubtedly they can be useful for specialist audiences, story maps seem to be designed
usually for a general public.
So far, story maps usually target a varied public taking a journalistic approach in an issue. The digital journalism gives
many examples: “How DC residents get to work”, by The Washington DC Economic Partnership WDCEP; “The
Uprooted” on Syrian refugees’ crisis, and “Zika Virus: 1947 to 2016”, about the expansion of this outbreak, both by
Esri Story Map Team. While there are fewer such examples, story maps can also target more specific audiences.
“Health Map”, an initiative from Boston Children’s Hospital, visualises emerging infectious diseases, and it is
addressed “to local health departments, governments, and international travellers” (http://www.healthmap.org/). “Where
On Mars?” (European Space Astronomy Centre, 2015) utilizes Web mapping and story mapping to disseminate specific
aspects of ExoMars 2018 project. They make a presentation of the criteria followed to select the candidate landing sites
for their rover. Story maps are also being used to describe historical topics as well as to disseminate environmental
knowledge –see The Amazonian Travels of Richard Evans Schultes, “On the Brink: The Sixth Great Extinction” (The
Amazon Conservation Team 2016). Ultimately, there are many map-based storytelling references to use in this work,
and just visiting the Esri and Odyssey story mapping galleries, offers a broad range of valuable examples.

BLACK DEATH IN MAPS
The expansion of the Black Death in Europe has been mapped more than once and many textbooks and History books
contain cartographic illustrations of this event. Searching the words “black death map” in quotation marks, Google
delivers 3680 general results displaying a good bunch of maps under the “images” category, these images normally
linking to static maps. All these maps pursue a common goal, to describe the expansion of the epidemic (although only
two images amongst the results of the quoted search “black death expansion” are maps). With regard to the search of
interactive maps, the results are dramatically reduced. Typing quoted “Black Death Interactive Map" leads to only 141
links, less than ten, under the tag “images”, showing maps. Typing “Interactive plague map” 275 results appear, and the
very same ten map images set. Typing “Black Death”+Interactive+Map resolves 101,000 links but only fifty or so of
the resulting images are maps. (Last search in April 2016.)
Focusing on the few existing examples of interactive maps on the Black Death, most of them are in Flash format. That
is the case of “Black Death in Europe” an interactive presentation, published in a Web for online educational resources
by McGraw-Hill and displayed under the banner of the National Geographic (Glencoe Online Learning Center and
National Geographic, year unknown). This is a simple but effective map, with the only aim of describing the expansion.
It shows the growing affected areas using multiple layers, organised by the plague affectation dates that the user can
show and hide. An audio makes a presentation of the issue, although the speech is not connected to the map displayed.
In the same repository of educational resources, another online map about the expansion can be accessed (Glencoe
Online Learning Center 2016), featuring the anti-semitic riots of the 14th Century. Another worth mentioning example,
also in Flash format, is found in the EDSITEment webpage −a compilation of educational websites “selected on the
basis of educational excellence in the humanities and high-quality website design” (EDSITEment, year unknown). This
map illustrates the Plague’s expansion, and also describes visually its relation with the main commercial routes of the
time. Although basic in its design, this map involves the users asking questions to make them connect the map’s
elements with the written text or story. The aforementioned resources are valuable references for the intended work as
they design maps, presented with their corresponding text, on the same subject we are interested in, and using
interactivity. However, being useful, they have limitations not only in the scope of the topic but also in the conception
of both map design and the features of interaction. In addition, they consist in closed systems, with no dynamism,
making it difficult the upgrading or the implementation of new modules. In this sense, we find more useful resources
like “A Frightful Number! - Mapping Daniel Defoe’s A Journal of the Plague Year” (Digital Research Centre, Hofstra
University, year unkonwn). This map tracks the spread of the 1665 London plague, annotating the epidemic’s progress,
by month and by parish. It was created with Itinerary, a Web based mapping tool for humanities teaching and research
by Hofstra's Digital Research Center. Even though, this map does not focus on the dates we are interested in. The same
happens with another example found in Historic UK Magazine, also about the city of London in the same dates (1665223
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1666), "The Reputed Plague Pits of London” (Historic UK, year unknown) which utilizes Google Maps for localizing
the plague pits.
Apart from Web maps on the issue, downloadable tablet applications also exist. At least we found one, released by
Time Maps Company (TimeMaps 2013), which uses story mapping techniques. (The application is available on itunes
for 2.99$, April 2016.) It allows the user to move forward-backwards in a timeline, and to get the details of specific
spots on the map. Its pedagogical aim is clear, as a questionnaire appears at the end of the explanation of the maps.
However, as regards our interests, an important issue is found; its geographic visualization is very limited, for the whole
visualization is based in one only map, always shown under a single frame and fixed zoom level.

DEFINING THE BLACK DEATH ATLAS
Motivation
As mentioned, the expansion of the Black Death in Europe has been the subject of many cartographic representations.
However, there is no cartographic representation in the consulted texts about the important consequences of the disease
in late medieval society and economy. For example, during the worst years of the Black Death (1346-1353) between a
quarter and half of the European population died due to this disease (Benedictow 2011). This makes us wonder how
evolved the population growth before, during and after these years. In addition, the disease, due to its high mortality
rate, resulted in a reduction of the cultivated area in Europe and the dramatic drop in agricultural production. This fall
became 40% in the north of Italy. Economically, the plague also affected to food prices and wages, and it impacted
socially in the persecution of Jews during the period of the epidemic, as they were made responsible for spreading the
disease poisoning wells. These issues, which relate to each other in the textbooks, are not found visually described in
maps, less still gathered together. This absence seems logical, since it is not possible to obtain data about these topics
with uniform precision to make complete maps.

The data sources
On the Black Death there exist much specialized literature, and gathering data and information is not a particularly
difficult task. Information found in books and essays should be contrasted and evaluated accordingly. This task is
beyond the scope of work though, since we are not doing research in the topic, but proposing new ways for its
representation. It was therefore decided to choose a limited number of reliable and rigorous historical sources, and to
indicate in each interactive map, the data source used for its elaboration.
Specifically, we used the following sources. Four textbooks on medieval history, one of them the mentioned book by
Ole. J. Benedictow (Benedictow 2011). This document is a reliable source on the spread and mortality of the disease.
Maps relating to population, economy and society drew on data obtained from essays on medieval history from
(Benedictow 2011) and (García de Cortázar y Ruiz de Aguirre, J. A., Sesma Muñoz 1998), and the work of
demographer Boris Urlanis (Urlanis 1941). We also used data from Paolo Malanima, researcher of historical economy
who offers economic data from Italy and England (Malanima 2016); and data on food prices in Bruges published by
historian Adriaan Verhulst (Verhulst, year unkown). Finally, we also employed information bulletins on current
outbreaks of plague provided by WHO (World Health Organization 2016), and data from the Jewish Encyclopedia
(Cyrus Adler, Gotthard Deutsch, Louis Ginzberg et al. 2011) was used for mapping the anti-semitic riots occurred
during the plague. When the sources provided data in tabular form, they were directly used for map elaboration. This
was the case of the maps related to population, agriculture, economy, mortality and society. In other cases, the tables
had to be constructed with data extracted from documents and textbooks (the maps of the spreading of the disease and
the map of commerce).

Story mapping to deal with the incompleteness of the data
Despite the abundant literature, the nature of the subject and its remoteness in time make the available data scarce and
highly fragmented. Lots of empty spaces remain, as the data may be associated to geographically dispersed areas.
Frequently, only data referred to specific locations can be found. Sometimes, the map to obtain will have more gaps or
empty spaces than areas with information. In the Atlas, this happens in two maps, the anti-semitic riots and the prices
maps. For the depiction of food prices, for example, we found data associated to just two locations, being spatially
distant one from each other –Bruges and Tuscany. Nevertheless, the use of maps for visualizing this data, visually
relating them to their locations and accepting the existing data-gaps, will be useful to bring spatial order in the mind of
the person interested in the topic. In this sense, we think story mapping tools can be of great help when it comes to deal
with the graphic presentation of fragmented and not complete datasets.
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Story maps define a sequential scan of the map, guiding the user in this itinerary. The narration unfolds sequentially,
synchronizing the explanation with specific states of the map –a proper frame and proper zoom level, with selected
layers of information visible. Being chronology important, the time is also present by the use of a timeline slider. The
timeline is also linked to the different frames of the map and may be used as an interactive control. For example, the
anti-semitic riots map, starts framing the French Riviera and the Ligurian Sea. The first step forward, pans the map to
the west, framing the Iberian Peninsula; the next interaction moves the map up to the North, framing France; the last
one, stops in Germany. Each step has a small fragment of text narrating the related events.
This ability of changing the center of attention in line with all its corresponding components in just one click (text,
layers, timeline and map acting synchronously) can be used to overcome the aforementioned difficulties with data. Data
from different sources, with different accuracies, related to different dates, and even data of different nature, can be
gathered under one only story mapping. This is possible because each representation is explained in the accompanying
text, creating an appropriate context for the presentation of each data set. The frames and states of the map-and-text
defined for the story map, along with the users’ personal clicks and movements to explore the Web map, work together
to help mentally organizing the events and data related to the described events.
Like any other atlas, the Atlas of the Black Death brings together various resources (text, graphics, images...) including
maps. The techniques used for representation are diverse, mainly presence locators, coropleths and proportional
symbols. The choice of one or the other depends on the subject to represent.
In conclusion, story mapping is useful for mapping historical phenomena in which there are no homogeneous data,
complete or with the same precision. It allows us to make useful spatial visualizations and to help organize the user's
mind by guiding him to concrete scales and frames, accompanying with explanations each of these events.

The content of the maps
Eight maps, presenting the causes and consequences of the Black Death’s spreading across Europe, compose the Black
Death atlas. In this section we present the content and the information sources used for each map.
Black Death spreading across Europe (M1): This map highlights among others as it represents the main focus of
research, the expansion of the Black Death in Europe. The presentation is based in the animated emergence of point
locators in the corresponding cities to reflect the direction and chronology of the spread of the disease. It also presents
the registered number of deaths. These data come from the book of Benedictow (Benedictow 2011), and were recovered
by the author by searching in death records.
Commerce in the Late Middle Age and its impact on the spread of the epidemic (M2): This map presents the main
European trade routes during the 14th Century, from the book of Cortázar and Sesma Muñoz (García de Cortázar y Ruiz
de Aguirre, J. A., Sesma Muñoz 1998), plus the cities and main commercial areas of the era. Major navigable rivers,
used for transportation of goods, were also included. This map intends that the reader establishes any causal link
between the flow of people through trade routes linking Asia and Europe and the expansion of the Black Death.
Additional information on the most important materials for trading in each city is provided.
Evolution of the population during the Late Middle Age: the rebirth of cities (M3): This map describes the evolution of
the population density in Europe, by country and region, every fifty years from 1250 to 1450. It shows the slow growth
of the European population from 1250 to 1350, which experienced a sharp decline caused by the Black Death and other
causes (explained on maps), and its subsequent slow recovery until 1450. This variation was calculated from population
data by countries and regions from 1000 to 1500, present in (Urlanis 1941).
Mortality during the epidemic period (M4): This map shows the rate of mortality organized by three orders of territorial
distribution, in the English, French and Italian regions. Within each region, data is visualized by counties, provinces,
districts and communes, depending on the country. Other factors that influence the spread of disease, and the death rate,
are also described: climate and population density. The information displayed is extracted from (Benedictow 2011).
Crops: Wheat yields in England between 1347 and 1351 (M5): This map shows the yields of wheat in the 1347-1351
period in some English counties with available data, which come from the database “Three centuries of English crops
yields 1211-1491” (Campbell 2007). Being wheat the main food that sustained Late Medieval European population, it is
possible to assess the impact of the epidemic in the abandonment and later recovery of wheat harvests produced during
the years in which the epidemic ravaged the British Isles.
Economy: Prices, wages and currency values (M6): This map shows the evolution of food prices (wheat, butter, rye,
barley, oats and cheese) in Bruges before, during and after the epidemic; rural and urban average wages of population in
Italian Tuscany during the plague; changes in the value of the Florentine lira during the epidemic; and the evolution of
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value of the English penny, to show how they were affected by the epidemic. For this map data from Paolo Malanima
have been used (Malanima 2016), and the food prices table from AdriaanVerhulst’s website (Verhulst, year unkown).
Social consequences: The persecution of the Jews (M7): One consequence of the epidemic, due to religious fanaticism
of the time, was the persecution of the Jewish people. This map focuses on Spain and Germany, showing, on one hand,
the regions who had Jewish communities, with additional information such the number of Jews families that populated
a city. On the other hand, it is presented a record of the persecution of Jews during the period from 1347 to 1351 with
information about the massacres recorded and the number of victims. The data have been extracted from (Cyrus Adler,
Gotthard Deutsch, Louis Ginzberg et al. 2011) and (Vives 1972).
The Black Death today (M8): The latter map records the current outbreaks caused by the Black Death disease. Since the
epidemics of the 17th Century in Seville, London, Vienna and Italy, until the outbreak of the last decades, produced
mainly in Africa. The data provided are the places of transmission, the date of the outbreak, the estimated number of
infections and deaths. The source consulted in this case has been the site of the World Health Organization (World
Health Organization 2016).

Figure 1. Commerce (top) and mortality (bottom) in the Late Middle Age

MAP IMPLEMENTATION
The implemented atlas contains one base map and eight interactive maps. In this section we explain the tools used for
the preparation of these maps, applying filters, customizing styles, providing different modes of interaction with the
map and displaying historical information and data associated with the phenomena represented.

Implementation requirements and employed tools
Story mapping allows displaying various resources and enables some interactivity and user intervention in the narrative
flow. This intervention is materialized by the actuation on the timeline, activation and deactivation of categories of

226

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

information and finally, navigation by specific map areas, obtaining additional information from the phenomena
represented. To meet these requirements we need to analyze and incorporate certain tools.
In relation with the provision of geographic information and representation of geometries we must have a geospatial
database available on the Web. We chose CartoDB tool for this purpose (https://cartodb.com). CartoDB is a geospatial
database (PostGIS) in the cloud with features for Web display. CartoDB editor enables the addition and load of
geospatial data in the browser (in formats such as CSV, ESRI shapefiles, etc.), and has a console to perform database
queries to PostGIS, allowing to modify the stored data and display data changes on the map in real time. Through this
editor it is possible to create views of real-time maps, customizing styles, legends and symbols through CartoCSS, a
CSS-based language for style definition.
To support the thematic phenomena a base map is designed by MapBox Studio tool (https://www.mapbox.com/mapboxstudio/). MapBox Studio is a MapBox add-on to create maps from scratch or customize existing maps using CartoCSS.
In this case the base map is configured to make it consistent with the topics to represent, with administrative elements,
roads, hydrography and terrain shading.
Regarding the provision of narrative flow in the story map, Odyssey.js was used (https://cartodb.github.io/odyssey.js/).
Odyssey is an open-source tool that can be integrated in any Web page, and enables combining maps, narratives, and
other multimedia into an interactive story. This tool facilitates creating new stories, enhancing the narrative and
multimedia by using Actions (e.g. map movements, video and sound control, or the display or new contents). Templates
are used to control the overall look and feel of the story in predefined layouts.
Related to the provision of interactivity on the map, the navigation controls have been implemented using the Leaflet
library (http://leafletjs.com/). This small size and high performance library is used for Javascript development of
interactive maps. Leaflet allows the introduction of navigation controls to the map, such as zoom buttons, attribution,
layer switcher and scale. Maps created with Leaflet can be displayed properly on mobile devices.
Other animations considered for the development of interactive maps have been implemented using the Torque library
(https://github.com/CartoDB/torque/) which is used in CartoDB for the representation of multidimensional data with
geospatial coordinates based on the Tile Map Service Specification from OSGeo foundation
(http://wiki.osgeo.org/wiki/Tile_Map_Service_Specification/). Torque is used to render big, time series or categorical
data in the client. This is useful for providing dynamic maps representing human movement, social network activity,
biodiversity data, and other large-scale datasets.
Finally, a Web page in HTML5, Javascript and CSS is implemented for the publication of the atlas. This Web resource
links maps and provides an overview of the atlas: an introduction to the theme of the atlas, a presentation of maps, a
collection of images, information of authorship and bibliography. The website was created based on a template
provided by WIX.com. Website content was published in neocities.org, a free Web hosting service.

Implementation strategies
Selected tools allow the development of mechanisms for interaction with users through three different levels: the
animation plane, the symbology plane and the data plane.
Animation plane: It collects the techniques to give dynamism to the map, promoting interactivity and user intervention
in the narrative flow. Using the Torque library, three animation models can be selected:


Slides: Displays the visualization chapters like slides in a presentation. Once a slide is changed, the map is
moved to the location of the following event.



Scroll: The visualization is transitioned to a new window when the reader moves through the narrative.



Torque: Story elements are linked to moments using an animated map template based on CartoDB’s torque
functionality.

In most cases, the slide template was chosen, giving more prominence to the map and displaying the text as a
supplement. In other cases, the Torque animation was used, which offers some interesting options for maps showing
evolution or directions. For maps representing very close points, such as the Black Death spreading across Europe, we
have defined the option to accumulate the points, so that the visualization of overlapped points is highlighted, and the
spreading of the disease across the continent is easily observed. We have also defined the option to represent buffers
around points. This technique makes the map visualization more attractive, but buffer intensity must be moderate to
avoid distracting the user with the effect.
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The Torque technique has the disadvantage that it does not allow the deployment of information windows. Torquebased maps have been complemented with an auxiliary Slide-based map for infowindow and tooltip representation.
Symbology plane: Integrates any technique for visual representation of geographic information, considering the
representation of geometries, application of styles (colors, line weights, opacity, size of symbols, etc.) and interpolation.
Concerning the choice of color for the presentation of geometries, representative colors were chosen depending on the
information. For example, black for the disease, blue for Jewish communities and red to describe tragic events. The
thickness of these lines depends on the importance of information, setting a thickness of two points for overlays and one
point for information from the base map.
Point opacity was set at 0.3 of 1.0, so that points can overlap (establishing an appropriate size for them) and provide a
greater sense of intensity in areas where more points are accumulated.
Display of labels was activated, showing the name of places, usually cities and regions. A zoom limit was established
for the visualization of these labels so that these names do not overlap at low zoom levels.
As for the symbolism, different symbols to represent specific locations were used when those places contain additional
information, such as in the case of Jewish communities, in which date of establishment and estimated population were
available. Choropleths and proportional symbols were used to classify different zones according to some criteria. For
choropleth maps, color ramps in brown and red tones were used for positive variations and blue tones for negative ones.
Color Brewer tool (http://colorbrewer2.org/) was used for selecting colors. For the utilization of proportional symbols a
minimum radius was assigned to minimum data values, and an interpolation was generated towards the maximum data
value. Colors were chosen trying to not to interfere with the rest of the layers.
Finally, for the design of the base map, as discussed in the previous section, the MapBox Studio tool was used using
CartoCSS. Administrative units, roads, hydrography and terrain shading were considered. The color of the sea (#water
fill-color) and ground were changed to gray shades, and administrative divisions were reduced to only counties or
higher (#admin_country admin-level=2), sufficient for the purpose of the atlas. The road network (#road_major)
remained, although with low contrast, as many current roads were placed over old roads of the time of the spreading.
Representation of the relief, by shades (#hillshade) also remained. They were defined specific ranges of zoom for
displaying the different elements of the terrain (#place_label zoom_min, zoom_max), including place names. In this
regard we must highlight the fact that place names are separated from the base map, so that they can be displayed above
vector data (this feature is not supported by many analyzed story maps).
Data plane: Integrates the presentation of data inside and outside the map, the use of place names and functions for
querying additional information about a geographical phenomenon through infowindows. Geometry of countries was
retrieved from Eurostat website. These data were transformed by processes of dissolution and fusion with ESRI®
ArcGIS tool.
Place names (sources of infection, commercial and most populated cities, Jewish communities or where Jews were
persecuted) were geocoded through the Batchgeocoding tool, which offered better performance than the geocoding tool
provided by CartoDB. Commercial routes were digitalized with data from the book of Cortázar and Sesma Muñoz
(García de Cortázar y Ruiz de Aguirre, J. A., Sesma Muñoz 1998), using ArcGIS for map creation at scale 1:4000000.
We present Table 1, mentioning the implementation decisions on each map, divided by the three explained
implementation planes. Fig. 1 contains two screenshots from two representative maps.
Table 1. Implementation decision for each story map
Map ID

M1

M2

Animation
- Torque-based to see direction
of spreading, cumulative data
for disease spreading.
- Zoom and pan controls.
- Slide-based
- Zoom and pan controls
- Use of photos in animation

Symbology
- Points used to avoid unknown
zonal representation.
- Point transparency to reflect
density by color intensity. Use of
buffers in points.
- Lines and points
- Dull colors for elements from
base map (rivers).
- Vivid colors and thick lines for
commercial routes.

Data
- Presence of legend.
- Supplementary map for tooltip
deployment on mouse over.

- Multi-thematic legend.
- Infowindows for representing
data in routes
- Tooltips for city names.
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- Slide-based
- Zoom and pan controls.
- Dynamic change of
symbology
- Slide-based
- Zoom and pan controls

- Polygons
- Proportional symbols and
coropleths

- Polygons
- Zonal representation with
coropleths

M6

- Slide-based
- Zoom and pan controls
- Layer selector and search
functionality
- Slide-based
- Zoom and pan controls

M7

- Slide-based
- Zoom and pan controls

- Different symbolization for the
two datasets (blue and red tones)

- Slide-based
- Zoom and pan controls
- Use of photos in animation

- Points used to avoid unknown
zonal representation.
- Proportional symbols

M3

M4

M5

M8

- Zonal representation with
coropleths

- Combination of points and
polygons

- Relative values of density
between slides.
- Supplementary map for tooltip
deployment and legend.
- Supplementary map for tooltip
deployment and legend.
- Average calculation in crop
yield performance.
- Supplementary map for tooltip
deployment on mouse over.
- Use of interactive charts for
food and currency value
evolution.
- Legends
- Tooltip deployment on mouse
over.
- Legends
- Infowindow deployment on
mouse click

CONCLUSIONS
History maps are a good pedagogical resource for teaching. In this work we present a study tool based on story mapping
for a better comprehension of the Black Death disease. The aim of this work is the proposal of an atlas displaying the
spatial expansion of the Black Death in Europe during the first half of the 14th Century, along with other resources to
better understand the causes and consequences of this plague in Europe. By using emerging Web technologies such as
CartoDB and Odyssey we can create an exploration sequence through time and space, complementing map navigation
with historic information and other interactive tools such as tooltips, charts and other pictures.
Particularly, we have created an atlas created by eight interactive maps, considering the animation, symbology and data
planes, providing on each map the features and controls needed for proper exploration. Finally, we present a table
mentioning the implementation decisions on each map and some screenshots of the most representative ones.
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Abstract
Ecosystem structure and functions provide significant values to the social well-being and human health. The integration
of the ecosystem services concept tailor’s multiple challenges and opportunities to the investigation processes
simultaneously in the scientific approaches andin the environmental management initiatives. In this paper, the focus is
defined by some of the main research questions related to the scale in terms of localization of the service production
areas and service benefit areas. The spatial identification and analyses of these units has been delineated by the
landscape characteristics in the lower Ogosta (Augusta) River watershed (North-western Bulgaria). The geo-spatial
methods allow to model a set of opportunities that arise from the empirical analysis associated to the ecosystem
services provision and quantitative assessment. The results support the perspectives for integration of the GIS analysis
as decision support and management tool in the context of socio-ecological perspectives when economic valuation is
transferred at watershed and/or landscape scale.
Keywords: ecosystem services, landscape, geo-spatial analysis, mappin, service providing areas

INTRODUCTION
The integration of the ecosystem services (ES) concept into the scientific and practical domain requires the application
of a systematic approach in the landscape investigation. The key importance of the landscape pattern is highlighted by
the numerous functions, defining the provision of ecosystem stocks and services for the human wellbeing. The
ecosystem functions become services only when there are people who can benefit of (Fisher, Turner, & Morling, 2009;
Kenter et al., 2015). The natural capacity for the provision of services depends on the manner the different ecological
processes develop, on the structure and on the functions of the ecosystem environment (Burkhard, Kroll, Nedkov, &
Müller, 2012; García-Nieto, García-Llorente, Iniesta-Arandia, & Martín-López, 2013; Müller, de Groot, & Willemen,
2010).
In the recent decades, as pressure on natural resources and land increases, the higher becomes the demand of proper
organization and management of resource delivery and share between the beneficiaries. This requires better
understanding on the spatial and temporal patterns of resources as well as on the spatial and temporal processes
governing their availability (Burrough, McDonnell, McDonnell, & Lloyd, 2015). Since the mid-centuries, systematic
mapping of the land has been having high values on governmental level where the need of land organization led to the
production of cadastral and topographical maps of settlements, regions, and for whole countries. Maps are perceptible
product and as such they have significant impact in both scientific and practical contexts to support the decision making
process on environmental issues.
The present researche is focused on the complex ecosystem interactions and on the relationship human-environment
over time require the use of different geo-spatial tools and models. Whereas there is a constant growth of the
possibilities of qualitative data integration (e.g. expert knowledge, demographic surveys, social polls, cost-benefit
analysis), the spatial identification and delineation of the unit providing ecosystem services remains still a challenging
topic. On the other hand, the opportunities of integration of the GIS analysis to the collaborative landscape planning
initiatives necessitates precise physical definition of the service providing units – SPUs. In this context one of the main
research questions would be whether the ES supply area matches the ES benefitting area (Burkhard, Kandziora, Hou, &
Müller, 2014; Burkhard, Kroll, & Müller, 2009; García-Nieto et al., 2013). Not at the least important, the data
availability and visualization of the results remains still challenging where scarce data and unsufficient information
meets such investigation criterias.
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In this paper, we present a methodological approach for spatial analysis and ecosystem services mapping based on
biophysical indicators. Some of the main research questions related to the proper development of that approach
appeared during the development of the author’s dissertation thesis “Ecosystem and landscape services in the Danube
Plain between rivers Timok and Iskur”. The goal of this paper is briefly to outline the practical challenges that arise
from the different interpretations of the ecosystem services analysis regarding the spatially and temporally explicit
settings presented with a case study in the lower Ogosta (Augusta) River watershed in the Danube plain (North-western
Bulgaria).

THE CONCEPT OF SPACE, TIME, AND SCALE
The need of identification and quantification of the natural resources brings the ecosystem services concept in the
scientific and environmental policy activities. When mapping ecosystem services, it is extremely important to locate
them and to delineate their provision area. In this paper we define the landscape unit “level 1” as a service providing
unit that could be a subject of analysis and assessment of the natural potential to provide services to the social
wellbeing. However, if the capacity of a SPU changes over time, and the social preferences for the particular services
stays, it is anticipated that this area will not be able to fulfill anymore the demands for ES provision, i. e. the supply of
the service will be affected. We use the following landscape character classification system (Fig. 1) where each taxon
defines the importance of the landscape components (Zhelezov & Iliev, 2003) and reveals the spatial liaison and level of
subordination between the landscape units, forming the landscape complex (Yaneva & Zhelezov, 2016).

Figure 18 Typology levels and diagnostic criteria
The landscape presents a dynamic system where the provision of ecosystem services could be observed as a variable,
defined by different social and physical parameters. The spatial configuration of the landscape elements has a leading
role for the application of the ES concept. The Millennium ecosystem services assessment (MEA, 2005) highlights the
services and their beneficiaries pinpointing the multifunctional character of the services contributing to the human
wellbeing. Despite the widespread recognition of the services as “benefits obtained by nature”, in spatial aspect the
definition of services within the landscape unit can have better practical application. Environmental management could
be efficiently applied to the local and regional planning initiatives by considering space as a structure of homogeneously
aggregated zones. In such context the area divided into patches can be analysed and modelled more effectively than
administrating a complex system as a whole (Blaschke, 2006). Because of the physically defined limits, the landscape
approach asserts its applicability in the environmental practices (Bastian, Grunewald, Syrbe, Walz, & Wende, 2014;
Potschin & Haines-Young, 2013).
Concerning the spatial supply and demand aspects, maps represent the temporal dynamics of the services provision
depending on naturally or antropogenically driven activities over time. The changes in the land use, land management
and conservation may cause disturbances that reflect to the landscape configuration. When dealing with the temporal
characteristics it is important to refer them to whether trends can be measured and mapped over time and accurately
presented via GIS analysis. Maps can tackle multiple hypothesis and serve as a communication tool enhacing the future
understanding of the potential scenarios in the human-environmental dynamics. The commonly used selection criterias
for indicators refer to measurability, sensitivity to changes, temporarily and spatially explicit and scalable (Van
Oudenhoven, Petz, Alkemade, Hein, & De Groot, 2012). However, some present mapping methods select indicators
that are not reliant on multi-dimensional spatial and temporal aspects and the sustainable thresholds to keep the
ecosystem functioning (Maes et al., 2012). There are ecosystem services indicators that could be collected from data
without any sustainability spatio-temporal resolution criteria for service definition. Such indicators could be the
quantitative data based on timber and fibres biomass that do not concider the sustainable potential of the ecosystem to
fulfill the maximum of the service delivery.
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Scale is used ambiguously in landscape ecology and often brings different aspects of space and time. According to the
objectives of the landscape planning an exact use of the terminology and definitions is needed. Lavers & Haines-Young
(1993) outline landscape scale as the one that “considers the pattern and interaction between the various mosaic
elements of patch, edge and corridor”. One of the main challenges when mapping ecosystem services across multiple
scales is the data availability for bigger scale. Spatial scale mismatch for a service is a commonly intriguing research
question that needs to consider weather the services supply is on local scale and the demand is on regional scale
(Blaschke, 2006; García-Nieto et al., 2013). For instance, forest ecosystems have a huge impact on the carbon
sequestration, provision of timber, and habitat connectivity, etc. of a region. Extrapolated to a larger scale, the question
is whether the ecosystem functioning and landscape configuration have the same effect on global scale. The ecosystem
service assessment is based on indicator mapping and leads to spatial representation of the service providing units
(SPUs) and the service benefiting areas (SBAs). Models and maps should match not only the scales of the
geobiophysical supply origin, flow and demand units but also the scales of administrative units for better integration to
the scientific, political and practical domain (Burkhard, Crossman, Nedkov, Petz, & Alkemade, 2013; Burkhard et al.,
2014).

MATERALS AND METHODS
Study area and selection of services
The study area covers the lower Ogosta River watershed located in the Danube plain, North-western Bulgaria (Fig. 2).
The investigated territory encompasses part of the Danube floodplain - an area exposed to high natural and
technological hazards (Dobrev et al., 2013; Kotcev et al., 2013, Nikolova & Nedkov, 2013). In demographic terms the
study area is characterized by rapid depopulation rates and the regional GDP per inhabitant is calculated to 30% for
2014 (EUROSTAT4).

Figure 19 Map of the lower Ogosta watershed, North-Western Bulgaria
In the recent decades, the industrialization of the region and the intense agricultural activities have assimilated most of
the natural vegetation. Nowadays major part of the watershed territory is covered by croplands and non-irrigated arable
land and remnant patches of natural flora are predominantly dispersed throughout the river valleys. Deforestation
processes reflect directly to transformations in the biophysical and ecological properties that highlight the vegetation as
an important resource and main factor for the ecosystem functioning processes.

4

Regional gross domestic product (PPS per inhabitant in % of the EU28 average) by NUTS 2 regions:
http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&plugin=1&pcode=tgs00006&language=en
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The ecosystem services delivered by the natural vegetation within the watershed have been recognized in relation to the
biomass production and mediation by biota in forest areas. The selected indicators, corresponding to the services
definition, are derived by biophysical data collected through field work analysis. These indicators refer to the final
ecosystem services in the Common International Classification of Ecosystem Services (CICES V 4.35) where “final”
denotes the directly enjoyed, consumed or used components of nature (Boyd & Banzhaf, 2007). The selected services
that will be mapped are timber for direct use or processing, bio-remediation by plants, and
filtration/sequestration/storage/accumulation by plants (Tabl. 1).
Table 2 Ecosystem services identified by the selected indicators in CICES V 4.3
SECTION

DIVISION

PROVISIONING

MATERIALS

REGULATION
&
MAINTENANCE

MEDIATION
OF WASTE,
TOXICS
AND OTHER
NUISANCES

GROUP
BIOMASS

CLASS
Timber for direct use or processing
Bio-remediation by plants

MEDIATION
BY BIOTA

Filtration/sequestration/storage/accumulation
by plants

Mapping the supply of ecosystem services
The EU Habitats Directive6 and the EU Water Framework Directive 7 both integrate the space-time characteristics of the
natural systems regarding the environmental management and conservation efforts. The emphasis is placed on the
ecosystem services flows through different landscape types and on the spatial distribution of the services to the final
beneficiaries (Fig. 3). Fisher et al. (2009) suggests a classification scheme that should include the following categories:


In-situ – where the place of services provision and the benefits are realized at the same location



Omni-directional — where the services are provided in one location, but benefit the surrounding landscape



Directional — where the service provision benefits a specific location due to the flow direction.

Figure 20 Possible spatial relationships between service production areas (P) and service benefit areas (B). In panel 1
the service provision and benefit occur at the same location. In panel 2 the service is distributed to the beneficiaries at
different locations in the surrounding landscape. Panels 3 and 4, the generated services have specific directional
benefits (by Fisher et al., 2009).
Mapping and modelling of the ecosystem functions gives the opportunity to reveal the spatial heterogeneity in the
quantity and quality of the provides ecosystem services. Empirical analysis on landscape functions and landscape
properties can be used as spatial indicator selection and quantification method (de Groot, Alkemade, Braat, Hein, &
Willemen, 2010). The selection of quantitative indicators and their integration in the mapping process uncovers the
actual ecosystem service supply and the biodiversity status (Burkhard et al., 2013). Each system is characterized with a
5

Common International Classification of Ecosystem Services V 4.3: http://cices.eu/
The Habitats Directive: http://ec.europa.eu/environment/nature/legislation/habitatsdirective/index_en.htm
7
The EU Water Framework Directive: http://ec.europa.eu/environment/water/water-framework/index_en.html
6
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specific potential to deliver services according to its functioning. The naturally defined supply of and the socially
defined demand for these services are the factors which turn them into “benefits for the human well-being”. The
concept of the sustainable landscape management brings to the front long term stability/resilience and the achievement
of a stable equilibrium by slowly varying biophysical parameters and fast changing anthropogenic-driven disturbances
(Blaschke, 2006; Botequilha Leitão & Ahern, 2002; Walker, Holling, Carpenter, & Kinzig, 2004).
As a referent spatial base for the ES mapping an extract from the Landscape character map of the Danube Plain
between rivers Timok and Iskur, developed in the author’s dissertation thesis has been used (Fig. 4). The values of the
biomass quantities have been associated to the landscape unit “level 1” and later aggregated to 6-point Likert scale (05). This classification method is based on the assumption that the interval between the values is expected to be equal
and each interval has values. The maps visualize the landscape units with high and low supply capacity of the
ecosystem services in the case study. In addition, the GIS analysis provides a spatial database of information that could
support the decision making processes and could present a high level of integration and achievement.

Figure 21 Landscape character map of the lower Ogosta watershed, North-western Bulgaria

RESULTS
As discussed above, landscape heterogrnity changes over space and time. Based on the structure and processes, the
ecosystems functions have different capacity to supply particular ecosystem service. The generated maps reveal the
high capacities of the more natural landscape patterns. The more human induced the landscape is, the lower is the
supply of the service and the capacity to support ecological integrity. By linking the biophysical information to 0-5
values in GIS, estimates of ecosystem services supply can be mapped in spatially explicit unis (Burkhard et al., 2012).
The values of the indicators for the selected ecosystem services in the study area are shown in Tabl. 2.
Table 3 Ecosystem services and estimated values of the service indicators
ECOSYSTEM
SERVICES

Timber for direct
use or processing

Bio-remediation by
plants

class

t/ha

t/ha

Filtration/sequestr
ation/storage/accu
mulation by plants
t/ha

0

0 – 2.68

0 – 2.72

0 – 2.72

1

2.69 – 5.37

2.73 – 5.45

2.73 – 5.45

2

5.37 – 8.06

5.46 – 8. 18

5.46 – 8. 18
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3

8.06 – 10.74

8.19 – 10.91

8.19 – 10.91

4

10.75 – 13.43

10.91 – 13.25

10.91 – 13.25

5

13.43 – 16.12

14.53 – 16.37

14.53 – 16.37

For the provision of the service timber for direct use or processing (Fig. 5) landscapes of flat meadow-steppe, steppe,
and forest formations present the highest supply capacity. Because of its topography and hydrological peculiarities,
these landscapes do not provide favorable conditions for development of agricultural activities and forest areas are
developed following the increase of the elevation to the periphery of the Danube plain. Indicators fot the ecosystem
service is the predominant vegetation type of Quercus cerris (oak tree) and the estimated quantity of dry matter [t/ha].
The estimated quantities are arranged in the scale 0-5 and linked to the landscape units. As mentioned in the previous
sections, this service is not conditional on the spatio-temporal resolution criteria and both the service provision and
benefit area share the same location.

Figure 22 Supply map of timber for direct use or processing

Figure 23 Supply map of Bio-remediation by plants and Filtration/sequestration/storage/accumulation by plants
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The regulating ecosystem services bio-remediation by plants and filtration/sequestration/storage/accumulation by
plants are defined according to the total biomass quantity of the vegetation. The provision of both of the services is
characterized by the same indicators therefore the values in Tabl. 2 are the same. The map on Fig. 6 illustrates the
higher supply capacity of the SPUs on territories with lacking or less intensively developed agricultural activities. There
is an omni-directional relationship between service production areas and service benefit areas. The units with
hydrophyte meadow and forest formations demonstrate the highest potential to supply the particular ecosystem services.
Major part of the landscapes within the study area are intensively antropogenic modified and the land cover is presented
by non-irrigated arable lands. Therefore, these areas are not a subject of study and are not concerned during the field
work analysis.

DISCUSSIONS
As the investigation and knowledge about the human-environmental relationship goes further, the need of
interdisciplinary analysis and better geo-spatial interpretation of the results grows. Nevertheless, the challenges facing
the analysis of ecosystem services remain. Van Oudenhoven et al. (2012) summarize them in: (1) the identication of
comprehensive indicators to measure the capacity of ecosystems to provide services; (2) the dealing the complex
dynamics between land management and ecosystem services provision; (3) the quantification and modelling of the
provision of ecosystem services by linking ecological processes with ecosystem services; and (4) the accounting for the
multiple spatial and temporal scales of ecological processes and ecosystem services provision. The spatial synthesis of
the landscape characteristics allows the delineation of landscape units at the smallest scale on taxonomy “level 1”. At
this spatially explicit landscape base the capacity of each unit to supply ecosystem services has been defined and the
ecosystem services have been quantified by biophysical parameters.
In the context of natural and anthropogenic systems the integration of social component to the geo-spatial analysis
affects the productivity capacity of the landscape unit, since ecosystem functions are directly dependent on land cover
and land use. Associated statistical data can also improve the interpretation of the maps. The proximity of the users of
these services to the place of their generation has prominent importance for the ecosystem flows of services. Their
differentiation reveals the spatial relationship between the locations of services generation and the places where services
are consumed by humans. Ecosystem functions are assessed via quantitative parameters and are displayed in maps
presenting the supply capacity of each landscape unit to provide ecosystem services. In addition, the created maps could
contribute to the spatial representation of the relationship between possible actions for environmental management and
the supply/demand aspects for ecosystem services depending on the scale of planning.

CONCLUSION
The achievement of better results and fostering the recognition of the potential of the ecosystem services approach for
environmental management needs an integrated approach. It is crucially important to select suitable indicators,
appropriate temporal and spatial scales and physically defined system borders. Regarding the vegetation component, for
the lower Ogosta watershed intensive agricultural activities and vast croplands have negative impact on the regulating
ecosystem services in terms of mediation by the biota. Maps illustrate the temporal dynamics of the spatial supply
distributions in the case study area using the example of timber for direct use or processing, bio-remediation by plants
and filtration/sequestration/storage/accumulation by plants ecosystem services. The mapping approach and the geospatial analysis could help to represent quantitatively and qualitatively the interactions between landscape management,
ecological processes and the provision of ecosystem services. Therefore, a better understanding of the opportunities and
the challenges in the geo-spatial analysis in the evaluation processes of ecosystem services could further develop the
communication platform and implementation of the concept to the environmental management.

REFERENCES
Bastian, O., Grunewald, K., Syrbe, R.-U., Walz, U., & Wende, W. (2014). Landscape services: the concept and its practical
relevance. Landscape Ecology, 29(9), 1463–1479.
Blaschke, T. (2006). The role of the spatial dimension within the framework of sustainable landscapes and natural capital. Landscape
and Urban Planning, 75(3-4), 198–226.
Botequilha Leitão, A., & Ahern, J. (2002). Applying landscape ecological concepts and metrics in sustainable landscape planning.
Landscape and Urban Planning, 59(2), 65–93.
Boyd, J., & Banzhaf, S. (2007). What are ecosystem services? The need for standardized environmental accounting units. Ecological
Economics, 63(2-3), 616–626.

238

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.
Burkhard, B., Crossman, N., Nedkov, S., Petz, K., & Alkemade, R. (2013). Mapping and modelling ecosystem services for science,
policy and practice. Ecosystem Services, 4, 1–3.
Burkhard, B., Kandziora, M., Hou, Y., & Müller, F. (2014). Ecosystem service potentials, flows and demands-concepts for spatial
localisation, indication and quantification. Landscape Online, 34(May), 1–32.
Burkhard, B., Kroll, F., & Müller, F. (2009). Landscapes‘ Capacities to Provide Ecosystem Services – a Concept for Land-Cover
Based Assessments. Landscape Online, 1–22.
Burkhard, B., Kroll, F., Nedkov, S., & Müller, F. (2012). Mapping ecosystem service supply, demand and budgets. Ecological
Indicators, 21, 17–29.
Burrough, P. A., McDonnell, R. A., McDonnell, R., & Lloyd, C. D. (2015). Principles of Geographical Information Systems. OUP
Oxford.
de Groot, R. S., Alkemade, R., Braat, L., Hein, L., & Willemen, L. (2010). Challenges in integrating the concept of ecosystem
services and values in landscape planning, management and decision making. Ecological Complexity, 7(3), 260–272.
Dobrev, N., Ivanov, P., Brov, B., Krastanov, M., & Mihalkova, B. (2013) Landslides. In: Zhelezov, G. (ed). Hazard Assessment and
Mitigation in the Danube Floodplain (Calafat-Vidin – Turnu Magurele-Nikopol Sector). TerArt: Sofia, 64-79.
Fisher, B., Turner, R. K., & Morling, P. (2009). Defining and classifying ecosystem services for decision making. Ecological
Economics, 68(3), 643–653.
García-Nieto, A. P., García-Llorente, M., Iniesta-Arandia, I., & Martín-López, B. (2013). Mapping forest ecosystem services: From
providing units to beneficiaries. Ecosystem Services, 4, 126–138.
Kenter, J. O., O’Brien, L., Hockley, N., Ravenscroft, N., Fazey, I., Irvine, K. N., … Williams, S. (2015). What are shared and social
values of ecosystems? Ecological Economics, 111, 86–99.
Kotcev, T., Benderev, A., Zhelevov, G., Cecilia, R., et al. (2013). Technological hazards. In: Zhelezov, G. (ed). Hazard Assessment
and Mitigation in the Danube Floodplain (Calafat-Vidin – Turnu Magurele-Nikopol Sector). TerArt: Sofia, 186-256.
Lavers, C., & Haines-Young, R. (1993). The use of landscape models for the prediction of the environmental impact of forestry. In
Landscape Ecology and Geographic Information Systems (pp. 273–282).
Maes, J., Egoh, B., Willemen, L., Liquete, C., Vihervaara, P., Schägner, J. P., … Bidoglio, G. (2012). Mapping ecosystem services
for policy support and decision making in the European Union. Ecosystem Services, 1(1), 31–39.
Millennium Ecosystem Assessment. (2005). Ecosystems and Human Well-being: Synthesis. Ecosystems (2005th ed.). Washington,
DC: Island Press.
Müller, F., de Groot, R., & Willemen, L. (2010). Ecosystem services at the landscape scale: The need for integrative approaches.
Landscape Online, 23(1), 1–11.
Nikolova, M. & Nedkov, S. (2013). Flood hazard. In: Zhelezov, G. (ed). Hazard Assessment and Mitigation in the Danube
Floodplain (Calafat-Vidin – Turnu Magurele-Nikopol Sector). TerArt: Sofia, 174-185.
Potschin, M., & Haines-Young, R. (2013). Landscapes, sustainability and the place-based analysis of ecosystem services. Landscape
Ecology, 28(6), 1053–1065.
Van Oudenhoven, A. P. E., Petz, K., Alkemade, R., Hein, L., & De Groot, R. S. (2012). Framework for systematic indicator selection
to assess effects of land management on ecosystem services. Ecological Indicators, 21, 110–122.
Walker, B., Holling, C. S., Carpenter, S. R., & Kinzig, A. (2004). Resilience , Adaptability and Transformability in Social –
ecological Systems, 9(2).
Yaneva, R., & Zhelezov, G. (2016). Landscape diversity of the Danube plain – exploring the peculiarities in Lom municipality,
North-western Bulgaria. In: Halada, Ľ., Bača, A., Boltižiar, M. (eds.). Landscape and Landscape Ecology. Proceedings of the
17th International Symposium on Landscape Ecology, 27-29 May 2015, Nitra, Slovakia, Institute of Landscape Ecology, Slovak
Academy of Sciences, Bratislava, Branch Nitra. 365 pp.
Zhelezov, G., & Iliev, M. 2003. Differentiation and spatial modelling of the landscapes diversity in the Danube Dobrudzha. Problems
of geography, 1-2, 19-30.

239

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

BIOGRAPHY
Rositsa Yaneva is a PhD student in the National Institute of Geophysics, Geodesy and
Geography, Bulgarian Academy of Sciences. She has a Master degree in engineering (Geodesy)
from the University of Architecture, Civil engineering and Geodesy in Sofia. Her PhD
dissertation thesis is titled “Ecosystem and landscape services in the Danube Plain between
rivers Timok and Iskur”. Her professional interests are in the area of sustainable natural
resources management, ecosystem services, landscape ecology and smart cities.

240

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

USE OF DIGITAL ELEVATION MODEL IN A GIS FOR FLOOD
SUSCEPTIBILITY MAPPING: CASE OF BUJUMBURA CITY
Emmanuel Niyongabire, Rhinane Hassan, Elarabi Elhassan, Mansour Mehdi
Ph.D. Student, Emmanuel NIYONGABIRE, Geosciences Laboratory, Faculty of Sciences,
University Hassan II Casablanca, Rue Tarik Bnou Ziad, Mers Sultan BP: 9167, (+212) 680 146462,
naleummesig@gmail.com
Dr. Hassan RHINANE, Department of Geology, Faculty of Sciences, University Hassan II
Casablanca, Rue Tarik Bnou Ziad, Mers Sultan BP: 9167, (+212) 664 7288655,
h.rhinane@gmail.com
Dr. Mansour Mehdi, Department of Geology, Faculty of Sciences, University Hassan II Casablanca,
Rue Tarik Bnou Ziad, Mers Sultan BP: 9167
Dr. Elarabi Elhassan, Department of Geology, Faculty of Sciences, University Hassan II
Casablanca, Rue Tarik Bnou Ziad, Mers Sultan BP: 9167
Abstract
In many parts of the world, flood is one of the most expensive and devastating natural hazards especially in urban
areas. A significant and violent rain fell down on Bujumbura city and its surroundings in the night of 9th-10th February
2014 during less than three hours where rivers crossing the city overflowed and flooded the plain bordering the
Tanganyika Lake. This study aims to exploit morphologic properties of Tanganyika Lake watershed to detect and map
areas that are most vulnerable to flooding during extreme precipitation events. A Digital Elevation Model (DEM) was
integrated in a Geographic Information System to compute morphometric factors influencing susceptibility to flooding.
A weighted overlay analysis was carried out on these causal factors to distinguish areas according to their
susceptibility to flooding. Main damages of February 2014 were located and superimposed to the resulting map of flood
prone areas in order to validate the results.
Keywords: DEM, GIS, flood susceptibility, overlay weighted analysis, Tanganyika Lake watershed, Bujumbura city

INTRODUCTION
Flash ﬂoods are rapid surface water responses to rainfall, produced by extreme precipitation events of short duration
affecting a limited area. The potential for ﬂash ﬂood casualties and damages is increasing in many regions of the world
due to the social and economic development bringing pressure on land use (Marchi et al., 2010). They cause extensive
disruptions to a diverse range of living, working, societal, and spatial environments, the raison why they are reported to
be one of the deadliest and most expensive natural hazards worldwide. Flood damages do not only depend on
precipitation amounts but are also a consequence of geomorphological factors and human inﬂuences (Maruša et al.,
2014) and in this study, the main attention is particularly concentrated on geomorphological factors to flooding. Flash
flood events can be characterized by the amount of rain responsible to their occurrences and their duration. For some
authors, floods happen when accumulated precipitation are larger than 100 mm in few hours of the triggering rainfall
(Gaume et al., 2009; Llasat et al., 2008), but for some other authors, flood episodes can last up to 34 h (Marchi et al.,
2010). Hydrological response-time to extreme precipitation is usually smaller than 6 h (Georgakakos and
Hudlow, 1984), but it can be up to 16 h (Marchi et al., 2010).
According to the national contingency plan of Burundi, flood risk is considered as the most threatening compared to
other natural hazards. For example, in 2007, two million people affected by heavy rains and floods were in need of
emergency assistance, 50-80% of crops were destroyed and seven provinces out of seventeen were declared at disaster.
Historically, national strategic places such as the international airport, the port of Bujumbura, the industrial zones as
well as divers infrastractures have been subject to floods. Flooding also proliferates epidemics of waterborne diseases
such as cholera or dysentery. In our area of interest, Bujumbura city, the municipalities along Lake Tanganyika are the
most at risk due to their location in floodplain. In this study, we focus on the damages of the 9 th to 10th of February
2014 event where the cost in infrastructures was evaluated around 4 million dollars. Indeed, this episode affected
national roads, bridges, schools, markets and agricutural infrastractures, water supply and electrical networks and
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caused several households destruction. Furthermore, this event made about 20,000 people homeless, 77 deaths and
important infrastructure damages.
The identiﬁcation of ﬂood prone areas is becoming a more challenging and pressing issue around the world (Di
Baldassarre et al., 2013a,b ; Sivapalan et al., 2012). Obviously, both public decision-makers and private leaders are in
need of the development of new tools and strategies not only for prompt risk identiﬁcation but also for mapping over
large regions. The scientiﬁc community made signiﬁcant efforts to improve techniques for the detection of areas
exposed to the ﬂood hazard. In particular, several hydrologic and hydraulic modelling approaches are regularly
developed and used for practical applications (Grimaldi et al., 2013; Merz et al., 2007). In recent studies (Barbara
Theilen-Willige et al., 2015; Bates et al., 2003; Brandt, 2005; Cook and Merwade, 2009; Tate et al., 2002), topography
data in the form of a Digital Elevation Model (DEM) are used in hydraulic, hydrologic or hydrodynamic modelling,
and in mapping flood-prone areas or ﬂood inundation extent. DEMs can be derived from contour surveys,
cartography, photogrammetry, interferometry and radar imaging and their horizontal resolution and vertical accuracy
(Siddharth and Merwade, 2015) are important parameters when chosing a convenient DEM product. Nowadays, the
United States and other developed regions of the world have resources to collect LiDAR (Light Detection and Ranging)
data with horizontal resolution of as high as 0.5 m, and vertical accuracy in the range of 0.15–0.25 m (Aguilar et
al., 2010; Giglierano, 2010; Smith, 2010). However, many parts of the world are still relying on coarser resolution, less
accurate DEMs derived from Shuttle Radar Topography Mission (SRTM) and Interferometric Synthetic Aperture Radar
(IfSAR) to make ﬂood inundation maps (Sanders, 2007). A considerable number of studies in the past have emphased
on the importance of DEM resolution in ﬂood inundation mapping, concluding that higher resolution DEMs produce
more accurate ﬂood maps (Brandt, 2005; Marks and Bates, 2000; Omer et al., 2003; Werner, 2001). Furthermore, the
vertical accuracy of a DEM doesn’t influence the results at its own but is affected by its source, sampling techniques
and interpolation techniques (Bater and Coops, 2009; Burrough, 1986; Chaplot et al., 2006; Heritage et al., 2009;
Merwade, 2009). The DEM used in this study is described in the data section.
This study used DEM data to exploit morphologic properties of Tanganyika Lake watershed in order to detect and map
areas prone to flooding during extreme precipitation events. Thus, an orthophotograph dataset of the study area and an
existing topographic map were used to locate infrastructures such as bridges, roads, settlements that may be affected by
flooding occurrences. The findings show that DEM analysis allows getting satisfactory results for flash flood hazard
assessment.

STUDY AREA AND DATASET
Description of the studied area
Bujumbura city is located at 3° 22′ 32″ South 29° 21′ 33″ East, around the North-East corner of Lake Tanganyika in the
West of Burundi. Seeing its location is a floodplain of Imbo region, flood hazard can not be studied without considering
its surrounding topographic environment and hydrologic regime. In fact, the borders of the city are eastwardly limited
by foothills of Congo-Nile crest which is a mountainous chain. In addition, rivers crossing the city originate from the
mountains and have to go a long distance to and through the floodplain. The figure below illustrates that Bujumbura
city elevation is inferior to 1000 meters while the top of the surrounding areas can reach 2500 meters. An example of
topographic profile from A to B (see Figure 1) depicts that natural reality caracterised by rugged terrain. Furthermore,
the distribution of relief faithfully reflects the climatic diversity. The wettest area is this Congo-Nile Ridge where
annual rainfall average varies between 1600 and 2000 mm while lowlands of Imbo receive annual rainfall less than
1200 mm and often even less than 1000 mm. Similarly, average temperatures in Congo-Nile Ridge hover around 15°C
with temperatures as low as 0°C but 23°C in the plain.
Flood events have been occuring inside the city where are established most of the economic and administrative
activities of the country. Seeing that the eastern high regions are the rainiest in Burundi, heavy precipitations are
accompagnied by land degration by soil erosion and land slides in the steepest slopes.
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Figure 1. Location of the study area and topographic profile

Data
We exploited a Digital Elevation Model (DEM) from BCG (Bureau de Centralisation Géomatique) which is a National
Center of Geographic Information of Burundi. This DEM was acquired in 2012 and underwent a stereoscopic
rectification with Socet Set Software by Fit Conseil. Although there are data such as ASTER DEM available for free
download, this one was chosen for its spatial resolution of 10 meters. While this product covers the whole country, the
portion we are using was clipped according to the extent of the study area with ArcGIS. In addition, apart from an
existing topographic map, an orthophotograph with 50 cm of resolution was used for the validation of the results. Both
topographic map and orthophotograph helped to locate the main damages of February 2014 event to check whether the
affected areas are found in the mapped flood prone areas.

METHODOLOGY
There are many causative factors of flash flood and their use varies from one study area to another (Pedzisai, 2010;
Pramojanee et al., 2001 and Yalcin and Akyurek, 2004). Sometimes, data availability determines the factors to consider
in a certain study. The present work aims to extract morphologic properties that can play a role in influencing flash
flood occurerences under certain triggering factors such as extreme precipitation events. We focus our attention to
natural geomorphologic preparatory factors to flooding. From the DEM, slope gradient, drop raster, height level and
aspect maps are derived. These allow to determine areas which relatively receive more quantities of water input than the
surrounding environment during precipitation period in general and flood event in a particular. These areas likely to be
affected by flooding are located in flat surfaces, areas with slope inferior to 10 degree, and altitude inferior to 920m (the
lowest altitude being 758 m) in our study zone. These potential causative factors are aggregated and weighted to derive
the map of susceptibility to flash floods represented in lowest to highest classes. In order to compute the map, weights
are determined where every weight is a percentage of influence from each factor. The most important criterion is given
the highest percentage as arbitrary weight. Furthermore, inside each parameter, rating values representing degrees of
influence are considered (e.g.: within slope gradient criterion, areas with slope egal to 0 degree are distinguished from
those with 0.1 to 5 degrees for example: their influence depends on these rating values). This approach is summed up in
the flowchart of Figure 2.
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Figure 2. Methodology flowchart

RESULTS AND DISCUSSION
In order to detect flood-prone areas with causal morphometric factors superimposing over each other, a weighted
overlay processing was carried out.The resulting map (Figure 3) shows classes of susceptibility to flash floods. The
North-East of the city is the most susceptible to flooding: this is due to the fact that it is characterized by flat areas with
slopes inferior to 3°. The drop raster factor shows a ratio of the maximum change in elevation from each cell along the
direction of flow. Its values in these areas revolve around 0, which indicates that the change in elevation is almost null.
The extracted aspect from the DEM helps us to explain why that zone is more susceptible to flooding: its value -1
indicating flat areas dominates in that zone. These most prone-areas cover residential areas and farm lands. This reveals
also the vulnerability of economic infrastructures such as roads, bridges and other public and private settlements. As it
can be observed on the map the susceptibility varies from higher in the West to lower in the East. Thus, the
susceptibility to flooding decreases as the elevation increases eastwardly.
This map helps us to explain historical meteorological events that have been reported to be devastating in the city. Here
are some exemples. In 1983 and 1986, severe floods around the main river crossing the city, Ntahangwa, caused huge
losses valued at over one billion Burundian francs. Damages included:


the destruction of homes in neighborhoods Buyenzi in 1983 leaving many families homeless;



and in 1986, the deterioration of machinery and equipment of the industrial zone and destruction of factories
like COGERCO (cotton factory), RAFINA (oil factory), BRARUDI (brewery), the port of Bujumbura and
others companies were affected;

In 1991, floods were recorded at Kajaga and caused significant exodus of the affected population.
In the years 2006 and 2007, severe floods have severely affected most of the country.
Muha and Kanyosha rivers also regularly cause flooding but less catastrophic than the previous.
All these locations are found in the mapped flood prone areas. However, this study used some located damages of the
February 2014. These have been collected by the governement of Burundi and reported in document that not only
presents the economic losses but also maps and describes the most affected areas during the event.
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Figure 3. Flash flood susceptibility map: detection of prone-areas
In order to validate this map, a layer of reported damages of the February 2014 flood event was superimposed on the
susceptility map to locate them. As mentioned in the introduction, this meteorological event caused important economic
losses and was the consequence of 80 mm of rainfall during 2 hours and half (from 8h to 9h30 PM). In some part of the
world such as arid and semi-arid regions, this precipitation would have caused less harm. But the violence of the flood
was aggravated by soil saturation and thus the low infiltration due to previous rain occurrences. Thoughout the country,
the precipitation of February 2014 were clearly above average, particularly at Bujumbura with 153 mm compared to an
average of 100 mm. In addition, more than the half of February 2014 precipitation fell down the same day in less than 3
hours.
Figure 4 locates the damages categoried in roads/bridges, schools, markets, farm lands and drinking water supply. This
map reveals that most of road/bridge damages were not located in the floodplain. This was due to the sediment loads
from the Congo-Nile Ridge and land slide occurrences during the episode. However, other damages were related to
flooding. For example, Table 1 shows selected schools and markets affected by the flood. It is also obvious that the
triggering heavy rain was concentrated in the North and North-East of of the city. It is not usual that the flash flood
occurs in the whole city at the same due spatial variability of the rainfall distribution in time.
The intensity or frequency of hazards, exposure and relative vulnerability accentuate the consequences of floods.
Seeing that some natural factors such as topography, rainfall rate are difficult or even impossible to prevent, there are
other human influences such as constructions in floodplains or too near to roads, lack of maintenance that can be easily
addressed. Significant impacts of the February 2014 flood are associated with areas that are known as having a deficit in
rainwater drainage. Therefore, this natural predisposition to flood hazard can be overcome purposeful actions in order to
build a sustainable and resilient city.
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Figure 4. Location of main damages of the 9th – 10th February 2014 event
This following table reveals the fact that these locations are definitely inside the flood prone areas.
Table 1. Examples of the affected locations(markets and schools) and the flood impact
Entity

Flood level

Sediment deposit

Nature of impact

Kamenge market

Less than 50 cm

10 to 50cm

Some constructions destruction

Gatunguru market

More than 1 m

More than 50cm

More than 100 stands destroyed

EP Kinama III

Less than 50 cm

10 to 50cm

Classrooms damaged

Gasenyi III

Less than 50 cm

10 to 50cm

6 classrooms flooded, mud

Kamemge II

More than 1 m

Less than 50 cm

11 classrooms affected

Kinama IV

Less than 50 cm

10 to 50cm

5 classrooms flooded, mud
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In this study, we were interested in the main damages with significant economic impacts. About 1,000 houses collapsed
and population was forced to leave certain localities.

CONCLUSION
This study evaluates the contribution of morphometric causal factors of ﬂash ﬂoods. It is an overview of the impact
of the terrain properties on susceptibility to flood occurrences in urban areas. The advancement in remote sensing data
acquisition and their integration in a Geographic Information Systems contribute to specific studies in flood researches.
Digital Elevation Model allowed us to compute the morphometric analysis resulting in mapping the susceptibility to
flash flood. By aggregating causal factors, the weighted overlay procedure presented the ability to distinguish areas with
higher, medium and lower susceptibility to flash floods. The lowest and flattest areas are the most affected by the
flash floods in Bujumbura city. These are located along the Lake Tanganyika and in the floodplain towards the North of
the city. The lack of data about real time observation of flash floods constitutes a hindrance from disaster monitoring
and model validation. Some studies have used satellite images like LandSat dataset to detect surface water during flood
episode. But because of the cloud over the study area preventing us from acquisition of useful images, the results were
validated according to the field investigation of the impacts of the February 2014 event. Prevention of damage to human
life and infrastructure related to extreme rainfall and resulting flash floods requires preparedness and mitigation
measurements that should be based on a regularly updated GIS data mining.
This study provides important information to the decision-makers, helping them to develop appropriate adaptation
strategies and flood prediction. Local authorities have to conduct activities for the rehabilitation of infrastructures after
abnormal excessive rainfall but also need to consider a resilient reconstruction. The challenges of Bujumbura urban
development, water drainage, sustainable land management are to be truly addressed in the long-term period through
land use policies and plans. A futher study for the same area will integrate other parameters such as soil influence, runoff, drainage density, distance to main channel and land cover to enhance the flash flood hazard mapping.
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Abstract
In Japan, it has been possible to get information about the number of railway passengers at a station by means of
widely popularized traffic IC cards, but it is difficult to know a mid-flow route during railway ride. Although there are
some questionnaire surveys such as person trip survey to grasp the detail of route selection, it is difficult to conduct
continuous survey due to implemenation cost and time-consuming tasks. On the other hand, using positional
information automatically acquired from GPS devices, it has been possible to get people flow continuously. In this
paper, in order to implement continuous estimation of railway traffic volume including mid-flow routes, we employed
movement trajectories obtained from GPS functionality embedded in a smart phone, and firstly extracted railway
passengers and their interpolated railway trajectories. Subsequently, we estimated the number of railway passengers,
and examined the possibility about the traffic volume estimation of mid-flow routes with taking account of multiple
railway lines of different railway companies.
Keywords: mobile phone GPS data, railway traffic volume, smart phone

1. INTRODUCTION
Understanding the number of railway passengers is a social needs to understand traffic condition in city planning, to
estimate railroad demand in a short-term event, and to estimate damage at a disaster or an accident. In Japan where most
railway operations are managed by private companies, it has been able to get information about the number of railway
passengers at a station by means of widely popularized traffic IC cards such as Suica and PASMO. However, it is
difficult to understand a passenger’s mid-flow route including a transfer between different companies. Each railway
company can understand the number of their own passengers, but it is limited within own railway.
There are some questionnaire surveys such as person trip survey to grasp the detail of route selection, but it is difficult
to conduct continuous survey due to implemenation cost and time-consuming tasks. Metropolitan Transportation
Census by Ministry of Land, Infrastructure and Transport (MLIT) contains the estimation of the number of
railway/subway passengers based on "railroad OD survey". However, the estimation only includes stations where an
automatic ticket gates are equipped and the information getting on and off is availble.
On the other hand, recently, it is possible to get continuous people flow from the large number of people through GPS
equipped mobile phones and smart phones(Sekimoto et.al (2011)). In addition, since GPS functionality equipped in
mobile phone can acquire data automatically, users’ workload under a continuous investigation could be drastically
mitigated. However, since GPS functionality is unavailable in indoor environment such as subway and tunnels,
estimation of railway traffic requires interpolation of mid-flow routes as well as raw GPS positions
In this paper, in order to implement continuous estimation of railway traffic volume including mid-flow routes, we empl
oyed movement trajectories obtained from GPS functionality embedded in a smart phone. Firstly, we extracted railway
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passengers and their GPS points within railways, and interpolated railway trajectories along with the railway network in
cluding subway. Subsequently, we estimated the number of railway passengers at each station in every 1 hour, and exa
mined the possibility about the traffic volume estimation of mid-flow routes with taking account of multiple railway lin
es of different railway companies.

2. RELATED RESEARCHES
There is "the railroad inside of car congestion estimate that used the search demand to the wireless LAN access point"
that Nakano, Numano and others as a precedent study of the estimation of number of ralway passenger using a mobile
terminal. They focused a mobile terminal with wireless LAN sent a probe demand to search neighboring access point,
and they suggested the method of estimate the congestion of the railway inside of car using this probe demand. Their
suggestion method is to estimate the section where each passenger took by classifying a terminal in the railroad inside
of car and the terminals outside the railroad car, using a hash value of the MAC address of the dispatch terminal as ID.
By the evaluation experiment using this method, there was the result to estimate a part of the section which a passenger
took, but was not able to reach the estimate stationgetting on and off of the passenger. In addition, because there was the
MAC address that they used as ID as the ID that was only in the railroad inside of train,
It was not able to understand passenger’s action before getting on train and after getting off train like whether
passengers performed the transfer of the train or get out from station.In this research, it is possible to understand user’s
action not depend on a railway and a railway company using GPS log data of the cell-phone. This is the big advantage
in this study.

3. DATA SPECIFICATION
This chapter describes three data sets in this study.

3.1 Congestion Statistics ®
The data called “congestion statistics ®” provided from ZENRIN DataCom CO., LTD. (ZDC) through the joint
research is the statistics data that they added up positional information data, then quantify and visualized flow pattern
of people. Positional information data is provided by NTT DOCOMO, INC. (docomo).This data got from "docomo map
navi" provided by docomo. Users of "docomo map navi" consented to that. The data used in “congestion statistics ®”
(※) is managed it generally and statistically so that an individual can't identified by docomo requested from ZDC. So,
this data don’t include attribution such as sex, age. They extracted the data that related to time and position of start and
end move of people from this data by method of Ono (2013). And they added a means of transportation to that data.
Comprehensive processing of the congestion statistics® in this paper were performed by not authors but ZDC. In this
research, we used all over the Kanto region between July 22, 2013 and July 28, 2013. Figure 1. shows the number of
raiway users and trip one every day.

Figure 1. Number of daily railway passengers and number of estimated daily trips (※)

ⓒ「congestion statistics ®」Copyright© ZENRIN DataCom CO., LTD
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3.2 Railway Network Data
Railway network is necessary to estimate mid-flow routes between getting on and off stations. In this paper, with the
conversion method proposed by Kanasugi et al.(2013), we employed the conversion result from the railway
geometry(2011) provided by MLIT. The dataset convers all over Japan, and represents eatch station as node and each
section between neighboring stations as link.

3.3 Natinal Survey Data for Evaluation
For the evaluation of our estimation, we used the national survey data about the number of railway passengers in 2013
provided by MLIT. The data include the number of average passengers a day at all stations except for some unknowns,
and exclude the separation of weekday or holiday. And, we also used the national survey data about the time
distribution of railway user in 2010 by the Metropolitan Transportation Census.

4. ANALYSIS METHOD
4.1 Railway Route Estimation and Interpolation (map matching process）
Since mobile phone GPS data we employed in this paper have insuffucient time resolution, and have no observation
points in subway areas, GPS points do not always represent all railway lines where passengers used. Therefore, in order
to estimate and to interpolate mid-flow routes and stations, we employed sparse map matching proposed by Hara et
al.(2013). Sparse map matching can estimate a practical route based on observation points by implementing the
combination of the map matching of GPS points to network and the route search between the matching ponits on the
network. Although the original methodology of sparse map matching in their paper employed the nearest network node
as the map matching target, we employed the nearest link to mitigate matching error from original observation
points(Figure 2). In this paper, sparse map matching is applied to railway trips extracted from mobile GPS data with
Ono’s methods(2013)

Figure 2. Estimation of railway route with sparse map matching
Since sparse map matching can estimate mid-flow routes, time at each passing station(node) need to be associated with
the estimated routes as the next step. Therefore, observation time of GPS point is regarded as the time at the nearest
point on the link. And the time at each station can be calculated by assuming that a train runs with uniform velocity
between matching points. In addition, the time at a getting on/off station is calculated from the first and last GPS points
with average velocity of entire route(Figure 3). Accordingly, we didn’t consider time duration of stoppage time at a
station.
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Figure 3. Estimation of the time at each station
As the result of these process, we could create the baseline data for aggregation.

4.2 Aggregation of Traffic Volume on Railway
As the estimated traffic volume on railway, we prepared three kinds of aggregation in this paper(Figure 4). The 1st
aggregation is time distribution of the number of the hourly railway passengers in each day for understanding situation
of railway passengers. 2nd is aggregation of the data extracted information of each passenger’s trip at 3 stations (getting
on, getting off, transfer) from after estimation of railway of user’s, and same aggregation at 2 mainly stations in
metropolitan area and 2 mainly stations in the commuter belt for understanding time distribution of the number of
station user. (Table 5. and Figure 6.) 3rd is aggregation of each railway passengers on each station link using the data of
after estimation of user’s railway for understanding time distribution of the number of railway passengers.

Figure 4. Extraction the data for aggregation
Table 5. Target stations and features
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Figure 6. Sparial distribution of target stations

5. RESULT AND CONSIDERATION
5.1 Time distribution of the number of railway passengers
The left chart of Figure 7 shows the time distribution of the number of railway passengers.
From the left chart of Figure 7, the peak of the number of railway passengers is located at 7:00, 8:00 and 18:00. These
peaks reflect that many passengers use railway for commuting to work and school in the morning, for returning home in
the evening. Morning peaks are distributed in 7:00 and 8:00 because start time of most companys and schools is usually
8:00 to 9:00. And evening peak is less than morning because returning time is different among workers and students.
In this paper, it was possible to compare the number of railway passengers between weekday and holiday, that was not
included in the estimation of the number of railway passengers in Metropolitan Transportation Census and the data of
number of station users of National Land Numerical Information download service, because it is possible to calculate
time distribution of railway passengers on holiday.The number of railway passengers on holiday less than the number
on weekday because many companies and schools becomes break. That’s why, there are no remarkable peaks on
holiday.
The right chart of Figure 7 shows time distribution of the number of the railway passengers of stay in a station on
weekday in metropolitan area, extracted the Metropolitan Transportation Census. Because the estimation of the
Metropolitan Transportation Census focus railway passengers on weekday, we compared between the time distribution
on weekday of the left chart of Figure 7 and the right chart of Figure 7. There are the peak of the daytime passengers of
the left chart at 7:00 and 8:00, and there is the peak at 8:00 in the day of the right chart. In addition, there is the peak of
the evening in the left chart at 18:00, and there is the peak of the evening in the right chart at 18:30. And, there are
fewer passengers both than a peak at daytime around 12:00. That’s why, we understood the time distribution of number
of railway passengers seems corresponding.

Figure 7. Left : Time distribution of railway passengers estimated (all, ※）right :Time distribution of the number of
the railway passengers of stay in a station (Metropolitan Area, from the Metropolitan Transportation Census)

ⓒ「congestion statistics ®」Copyright© ZENRIN DataCom CO., LTD
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5.2 Time distribution of station users
Figure 8 shows estimation result of the time distribution of the number of the station users getting on and off and
transfer. From Figure 8, There are the peaks of the morning is 8:00, 7:00 and 18:00 like Figure 7.
Figure 9. shows the time distribution of station users at 2 mainly stations located metropolitan area and 2 mainly
stations located suburbs. From Figure 9, because there is a peak of station user in the morning at Shinjuku Station
located in the metropolitan area most in 4 stations at 8:00, and there is a peak in the morning at Omiya Station located
in the suburbs and Kashiwa Station at 7:00, the possibility that many users begin to use a railrway from the stations in
suburbs at about 7:00 and arrive at the stations in metropolitan area at about 8:00. In addition, the peak of number of
station users in the morning at Yokohama station divied 7:00 and 8:00, by there are 2 types users, these are users of
arrival for commutation attending school toYokohama station and users of departure for commutation attending school
toYokohama station, because Yokohama Station is a big station of the scales like Shinjuku Station located near from
Shinjuku station in Kanagawa Prefecture.
And, big downtown is located in the neighborhood of Shinjuku Station, and as for the number of station user, there are
not weekdays and the big difference even if it is the night of Saturday.

Figure 8. the Number of station users (all, ※)

ⓒ「congestion statistics ®」Copyright© ZENRIN DataCom CO., LTD
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Figure 9. the Number of station users ( 4 mainly stations, ※)

ⓒ「congestion statistics ®」Copyright© ZENRIN DataCom CO., LTD

5.3 Time distribution of railway passengers on each railway
Figure 10 shows mapping result of a part of the time distribution of railway passengers on each railway of weekday and
holiday, the time is 8:00, 12:00 and 12:00. From Figure 10, the number of users on weekday more than the number on
holiday at 8:00.
The number of users on every railway was not many, the number of users on railway for metropolitan area from the
suburbs is many tends that there is particulary many it. Reason of result becomes such distribution,was dividing number
of users, By the number of subways in the metropolitan area. Around 12:00, number of users on holiday was small by
many companies and schools becomes break, number of users on weekday’s around 12:00 by many users stay at
companies or schools. That’s why, the number of railway passengers around 12:00 less than it in the morning.Around
18:00, the number of users on holiday less than weekday. However, the number of users on weekday around 18:00 less
generally than the number of users on weekday around 8:00, because Many users’s movement time in the morning is
overlapping, but the time of returning home is various.
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Figure 10. the number of railway passengers on each railway(※)

ⓒ「congestion statistics ®」Copyright© ZENRIN DataCom CO., LTD
Figure 11 shows a comparison result between the number of the passengers getting on and off according to the station
in the estimated result and the number of the passengers getting on and off according to the station in this research
served from numerical land information downloading service. From Figure 11, most of stations located in the lower left,
and it is revealed that four stations greatly deviate from other groups. That these stations are Shinjuku Station,
Ikebukuro Station, Shibuya Station and Yokohama Station, has much of the number of the getting on and off and are
unbalanced in a regression line by these stations.
Figure 12 shows a comparison result between the number of the passengers getting on and off according to the station
in the estimated result and the number of the passengers getting on and off according to the station in this research
served from numerical land information downloading service without 4 extreme stations.
The correlation’s value of Figure 11 is 0.828, the correlation’s value of Figure 12 is 0.759. From correlation’s value,
both had a strong association. That’s why, estimation of number of station users was effective using method of this
research.
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Figure 11. Comparison result between the number of estimated passengers and MLIT data（※）
ⓒ「congestion statistics ®」Copyright© ZENRIN DataCom CO., LTD

Figure 12. Comparison result between the number of estimated passengers and MLIT without 4 extreme stations (※）

ⓒ「congestion statistics ®」Copyright© ZENRIN DataCom CO., LTD

6. CONCLUSION AND FUTURE WORK
By the estimation of number of railway passengers using a smartphone GPS log data, we could made the time
distribution of railway passengers of day, and it followed that this closely resembled it with the estimation that Ministry
did. And, we was able to understand time distribution of railway passengers in each railway. In addition, we also
understood that it was associated between the data of the number of the passengers getting on and off according to the
station in the numerical land information downloading service and the data estimated of the number of the passengers
getting on and off according to the station using smartphone GPS log data. The estimate of the railroad ridership using
the personal movement history was very near to an actual feeling as a result of this study and I forced it and was
associated with the estimation that a country went to and was very effective.
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From the above, the result of the estimation of the number of railway passengers using individual movement trajectory
was near to our feeling, there was a strong association with the estimation by the Ministry, the estimation using
methhod of this research was very effective.
In this estimation, we couldn’t evaluate numerically about the time distribution of railway passengers and the time
distribution of railway passengers on each railway.
The future works are evaluation numerically about the estimation result of this reseach using the data of the number of
passengers on each railway and the data of the number of passengers of origin station from destination station, and
expanding the estimation area to all of Japan because this research limitted only Tokyo metropolitan area.
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Abstract
Abbreviation GIS is an equivalent for both science and technology and comes with its own approaches and theories for
processing and evaluating various data. Also therefore GIS technologies are currently penetrating various fields of
science. This contribution is focused on specific issues connected with application in studies of historical religions
within GEHIR project (A Generative Historiography of the Ancient Mediterranean), which is focused mainly on the
ancient Mediterranean. Selected issues as nature and properties of historical spatial data, environmental modelling in
religious studies etc., will be demonstrated on example of case study dealing with the cult of Isis. Results show
potential of GIS for purposes of research studies in the field of the Religious studies.
Keywords: GIS, Religious studies, Environmental modelling

INTRODUCTION
Digital humanities are nowadays rising in their popularity in various fields of science. With new methods and
technologies scientists are able to produce new findings and outputs in unique forms. The mentioned project of GEHIR
(ID MUNI/M/1867/2014) connects researchers from the field of religious studies, information science, mathematics and
cartography. The research agenda is to study the spatial and temporal dissemination of different religions in the times of
ancient Roman Empire.
This paper tries to introduce a selected issue that lies behind the cartographers that are dealing with historical research.
In the next part a case study discovering the spatial reasoning of Egyptian cult’s presence in the area of Aegean Sea is
described. The following discussion section brings noted issues and questions together and tries to provide
recommendations for the related future works.

EXISTING SPATIAL DATASETS AND THEIR CONSTRAINTS
Research in the field of religious studies typically used spatial datasets from different fields of science as archaeology,
historiography, etc. Based on the aim of the GEHIR project this paper is focused on the spatial datasets covering ancient
Mediterranean.
Pleiades database consists of historical gazetteer built by a community of users. It stores a lot of relevant types of
(ancient) places and provides additional information, connection to other places and also a geographic representation.
Finally, the project Pelagios is focused on retrieving the datasets from other sources and provides a framework for their
visualization. Therefore the essential part is a web map and the ftp repository for those data. Also ORBIS (The Stanford
Geospatial Network Model of the Roman World) could be mentioned as it provides the framework for calculation of the
cheapest and shortest path between places in ancient Roman Empire.
There are also more specific datasets that should be noted. Project Mantis (The American Numismatic Society) collects
information from coins from the times and area of Roman Empire. This dataset has more than 130 000 items and stores
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spatial locations, images and other relevant attributes. Similar approach has the project of Heidelberg (Heidelberger
Akademie der Wissenschaften) that focuses on epigraphic inscriptions of Roman Empire. Other examples are Fasti
(archaeological excavations), the Amphora project (amphoras) or Omnes Viae (Roman roads). Historical datasets
should also be used as a proxy, an indirect form for describing a particular phenomenon. This way, the density of
amphoras or coins should be used as a proxy for local trade or writing as a proxy for urban expansion.
All these datasets provide specific and valuable insight into a historical period but also their constraints have to be
mentioned. Quality of dataset is possible to observe on temporal, thematic (attributional) or spatial level. In our
classification, on each of this level, precision, uncertainty and completeness should be defined.
The quality of precision is in lot of cases possible to formalize and stored as an attribute. For example, spatial precision
could be classified into categories (i.e. GPS located, literature based location, rough estimation...) and handled in further
analysis. Temporal precision is possible to define by the granularity of used units (i.e. days, months, years...) or by the
used method (literature, dendrochronology, model...).
Another aspect beside of precision is the uncertainty of a specific historical dataset. For the denomination of complex
temporal information historians use terms “ante quem” and “post quem”. These Latin words define the first and last
possible occurrence of spectated phenomenon and could be transformed into interval. Length of this interval is then an
abstraction for the temporal uncertainty.
In the historical datasets satisfied level completeness is not always guaranteed. In many cases this is a problem of
heterogeneous spatial distribution of archaeological excavation or the (sub) regional character of the historical research.
This way one historical province could be observed and documented into detail and the neighbouring one only on the
global level. Beside the complete absence of particular objects it is possible to observe only the absence of some
attributes. In that case these data are not known or the attributes are related only for a subset of data. As these
constraints are crucial for the quality of further analyses, the researcher should be informed about them. Then he will be
able to choose proper methods and avoid the incorrect output.

METHODOLOGY
As was previously mentioned the project Gehir systematically applies selected methods of formalized modelling and
computational simulations to the study of the diffusion dynamics of specific religious ideas and forms of behaviour. In
case of geographic information science (GIS), the environmental modelling is a very promising methodological
approach originated in Species distribution (e.g. Pearson, 2007) or climate modelling. This approach was also used in
historical research. For example Turchin et al (2013) tried to explain how human societies evolved from small groups to
huge anonymous societies using environmental modelling.
Therefore we decided to apply this approach for selected case study within the GEHIR project focusing on the spread of
the Egyptian cults in the area of Aegean Sea between cca 4th - 2nd century BCE. So far, the historiographical research
was mainly based on critical analysis of archaeological evidence and literature. The results from this type of research
are put together using researcher's "intuition" and "intuitive predictions". However, when we want to study complex
systems with many variables, the computing capacity of human brain and intuition are not simply capable of providing
solid results. Modelling and simulations on a network or in geographical space, where the computer guarantees the
computational capacity, can be a vital addition to methodological tools of historiography. This methodology can be a
vital addition to traditional tools of historiography.

CASE STUDY
Pilot study was conducted on the area of Aegean Sea. The motivation was to reconstruct the process of the spread of
the Egyptian cults in that area during the reign of the first Ptolemies (cca 4th - 2nd century BCE). The model can help to
explore the correlation between various factors and their possible impact on the cults’ spatial dissemination. Hellenistic
Egypt was one of the main exporters of grain and Egyptian goddess Isis was a patron deity of sailors. Also, the first
Ptolemies were politically active across the whole ancient Mediterranean (Bricault, 2004; Hölbl, 2001). Therefore, the
main research intention was to delimitate the impact of political and trade influences.
From the geographical point of view, the research area consists of tens of islands grouped into two main regions Dodecanese and Cyclades. Focus was also maintained on other islands that were recognised as potentially crucial for
the investigated phenomenon, as Samos and Icaria. Population data for islands were obtained from available historical
censi from the end of the eighteen century. Other possible methods and estimations were observed but only mentioned
censi were sufficient and relevant for this research.
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The first part of research was aimed to prepare an environmental model that could reflect the potential of food shortage
on islands. As it could be seen on Fig.1, this model consists of four parts. Firstly, fertile lands are identified based on
slope values. Profitability of these lands depends on precipitation and soil types input layers. The area of fertile lands on
the particular island multiplied by the island agricultural profitability and given constant value for hectare production is
the total island food production. Consumption is then based on island population. The last step is the subtraction of
consumption and production values that gives the theoretical surpluses of food reserves.
The next step, the creation of the transportation network was highly inspired by the works of Pascal Arnaud (2005) who
collected ancient navigational guides for sailing in the ancient Mediterranean. The standard GIS software was used to
redraw all relevant documented maritime routes from literature. Filtered and modified dataset of ancient ports from A
de Graauw (2014) was used as a skeleton of our network. The buffers of 100 meters and 2000 meters were created over
island geometries as minimal and optimal sailing distances. This zones then determined the construction of routes.
Network was afterwards exported to csv format and processed with python and networkX library8.
This network was used for calculating the distance matrix between all relevant ports. Then the layer of religion
evidence (temples, artefacts) and the layer of military activity (military camps, garrisons) were overlapped and
identified with the closest port. The distance on network from one port to another with specific phenomenon was used
as an abstraction of quantification. For example, the value of distance to the closest port with a temple was used as a
parallel of religiosity and the distance to the closest port with a military camp as an impact of army to that island.
As the created network was too complex for basic static analyses, a new simplified network (node = port) was drawn.
Then one agent was sent from the port of Alexandria to each existing port and the total sum of all stops was calculated.
This was an abstraction and quantification of the strategical advantage of island position in the network. Other
recommended measures as eigenvector value or the node degree were not used as they were evaluated as inefficient.
Afterwards, all these collected values were put into one table and possible correlations were observed. Specifically for
the given hypothesis - crucial were relations between the distance to the closest temple and the distance to the closest
army, potential of food shortage or used centrality value. In the first iteration of mathematical exploration two major
findings were discovered:


The distance of the closest temple is highly related to the centrality of that island (how often the ships sail near
the island) (see Fig. 3) and to the distance of the closest army base.



The subset of islands shows a significant correlation between the coefficient of potential food shortages and
the distance to the closest temple (see Fig. 4). This subset is made by the subtraction of islands of Rhodes and
Anafi. Selection of these two islands could be investigated and argued from the historical point of view Rhodos was a transfer point and had a specific role within trade network, Anafi had strategic importance for
army.

Fig.1: Schema of designed environmental model

8

https://networkx.github.io/
261

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Fig.2: Created transportation network and the position of relevant temples and army bases for the focused area of
Aegean Sea in third/second century BC
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Fig. 3: Correlation between the distance to the closest temple and centrality of island

Fig. 4: Correlation between the distance to the closest temple and vulnerability of island to food shortage (islands Anafi
and Rhodes were excluded from the regression line)

DISCUSSION
As was introduced in the first part of this paper, there are numbers of spatial historical datasets created and some of
them still continually maintained. There are also several initiatives and projects that focus on the collection of relevant
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historical data and their publishing to broader audience. As the quality of these data cannot be always controlled within
optimal conditions, researchers should be aware of possible constraints. These constraints are dependent on the quality
of various aspects of data. Used classification explained completeness, uncertainty and preciseness aspect. All of these
aspects could be observed on the spatial, attributional or temporal level. These quality measures are crucial for all the
following analyses. Therefore it is highly recommended to all authors of these data to provide the necessary metadata
and the description of data creation process. The proper categories of precision or uncertainty could be created and
stored with the data for better manipulation.
For the religious studies (as for the most of humanities) research the variety of GIS methods could be used. One of the
biggest advantages of GIS and also a precondition for the interdisciplinary historical research is the possibility to work
with spatiotemporal data. In the described case study, the filtering was used to subset only relevant data. In the next
steps of this research the temporal aspect is intended to be added and analysed. This way a complex spatiotemporal
pattern could be obtained for a modelled phenomenon.
The second crucial advantage is seen in the tools and software that comes with geographical science. This way a new
data could be easily re/created with a specific architecture driven directly by the research question. In the presented case
study a spatial network was created specifically for the purpose of further distance and network analyses.
Both these reasons confront the GIS as science and its future. For this purpose new methods should be implemented
into GIS software that would allow cartographers to study spatiotemporal phenomenons even more deeply. Also there
would be a good demand for tools possible to create, store, describe and study historical spatiotemporal data. As an
example of an initiative to standardize the process of data collection and further analyses for historians is OpenAtlas
project.
As the GIS experts are able to prepare, create and analyse required datasets, historians are the crucial part of the
interdisciplinary teams to define the relevant hypothesis and interpret the results and outputs. Further expertises are
required to clarify possible gaps in input datasets and the usefulness of outputs for the research agenda.

CONCLUSION AND FUTURE WORK
This paper was intended to describe selected issues of using GIS for the religious studies research. The motivation for
this topic came mainly from the ongoing project of GEHIR that attempts to use the interdisciplinary approaches
(mathematical/environmental models, agent-based modelling, spatiotemporal network simulations, ...) to model the
spread of religions in ancient Roman Empire.
The first part of this paper lists some notable project or datasets that are relevant for this topic. As mentioned later the
character of these data and uncertainty of their sources come with constraints. Within these constraints completeness,
preciseness and uncertainty could be defined on the level of spatial, attributional or temporal information.
In the next part of this paper the case study in the area of Aegean Sea was introduced. This region was in the
third/second century BCE influenced by the Ptolemaic dynasty and the Egyptian cults of Serapis and Isis spread there.
Factors connected with this phenomenon came both from politics and trade areas. The workflow to find these
correlations consisted from the environmental model, trade network redrawing and the collection of data directly
connected to the cult and Egyptian army. For interpreting the plotted results and correlations some statements were
made:


The spread of studied cults was highly influenced by the centrality of particular island and the distribution of
army bases in that area



The distance from temple is in most of islands correlated with the potential of food shortage. Islands with more
insufficient agriculture conditions had more often a temple in a close distance.

The presented work is only the first step. Collected values based on static network and environmental model provide the
elemental insight to the reasoning of religion spatial distribution. All these data are afterwards planned to be analysed
more deeply with the help of mathematical analysis. We propose to use agent based models and simulations in the study
of historical relations and impact of various factors also on temporal level. There are also some plans to bring this data
and information to public. The idea is to create a interactive web map, blog posts and a simulation web game.
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Abstract
This study summarizes a practical approach to create an isarithmic map layer that can be used with online web
mapping services such as Google Maps, Bing Maps, MapQuest, Open Street Map and so on. Isarithmic maps are types
of thematic maps that represent a continuous field using isolines (lines of equal value) and isopleths (regions of similar
value). Isarithmic maps are created by interpolating a set of isolines between sample points of known values. Also there
are some basic solutions to create custom thematic maps with web mapping services – like choropleth maps – there is
no clear solution to create isarithmic map layers and visualize them on an online map. To find a solution to this
problem, we focused on JSON data interchange format for data layer and Multi-quadric Radial Basis Function
Interpolation method for interpolating set of isolines. An alternative to XML, JavaScript Object Notation or JSON is a
popular data-interchange that is now commonly used by web-mapping tools and web-based APIs. It is easy for humans
to read and write. It is easy for machines to parse and generate. It is based on a subset of the JavaScript Programming
Language. JSON is a text format that is completely language independent but uses conventions that are familiar to
programmers of the C-family of languages, including C, C++, C#, Java, JavaScript, Perl, Python, and many others.
These properties make JSON an ideal data-interchange language. There are different types of formalized JSON syntax
– such as GeoJSON for storing geodata such as points as longitude/latitude coordinates and shapes and other spatial
features and TopoJSON that improves upon GeoJSON by processing GIS data with geospatial topology – for storing
different types of optimized data. The main goal of this study is to develop a program with C programming language
which starts with segmenting the area of interest (study area border with closed polyline) into cells that’s number is
determined by the user by taking into account the point in polygon test. Then interpolating sample points and assign
interpolated values to each cell (centroid) by using multi-quadric interpolation method. As final step, the program
writes all parameters according to GeoJSON format. The output file then can be used as a data layer for many web
mapping services.
Keywords: Web Mapping, Isarithmic Maps, Isopleth Maps, JSON, Thematic Maps, Statistical Maps

INTRODUCTION
International Cartographic Association (ICA, 2003) defines a map as:
“A symbolized image of geographical reality, representing selected features or characteristics, resulting from creative
effort of its author’s execution of choices, and designed for use when spatial relationships are of primary relevance”.
Over the past two decades, developments in Internet and technology have brought the concept of web-mapping. Web
mapping is the process of implementing and visualizing maps on the World Wide Web (WWW or commonly just
Web). Since the birth of the Web in 1989 (Tim Berners-Lee, 2016), invented at CERN for the exchange of research
documents and shortly after the emergence of the first map server Xerox PARC Map Viewer (Putz, 1994), web-based
maps (or web maps) have raised widespread use and have evolved to Rich Internet Applications (RIA) at the present.
Web maps are often used to display overlays to bring information to users via the Internet. These overlays may contain
information from other web sources (i.e. RSS feeds) and/or users own external data. Getting an overlay onto a web map
varies depending upon the mapping API (Application Programming Interface). In computer programming, an
application programming interface (API) is a set of routines, protocols, and tools for building software and applications
266

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

(Wikipedia, 2016). An API may be for a web-based system, operating system, or database system, and it provides
facilities to develop applications for that system using a given programming language. Of course the way of delivering
web maps substantially changed in 2005 when Google introduced its tile-based mapping system based on AJAX that
facilitated interactive zooming and panning (Peterson 2012). Just 6 months after the release of the Google Maps,
Google has launched Google Maps API which makes it possible to embed a Google Map on any website or web page
free of charge and provides overlaying information from other web sources or users own external data. Other online
map providers like Microsoft Bing Map, MapQuest, Yahoo! Maps, OpenStreetMap and ESRI include an API. Almost
all of these services support adding geometric primitives like point (marker), polyline and polygons as an overlay and
creating info windows, putting image overlays on top of the map and external data layer support for common types as
KML, JSON or GeoRSS. Some providers like Google, also have advanced tools such as Fusion Tables for data storage,
management and overlay as a layer on the map.
There are a lot of alternatives to create a web map that fulfills basic mapping functions and almost all of these are free
of charge except some usage limits. Even the majority of them allow creating powerful heatmaps automatically. But
thematic mapping capabilities with web mapping services somewhat limited. For example users can make a choropleth
map easily using Google Maps API and Google Fusion Tables service with their tabular data. But there is no clear
solution about making isarithmic maps which are created by interpolating a set of isolines between sample points of
known values. When web map makers want to produce such thematic maps they should produce these thematic layers
by third party software and export them as raster images then add to base map as a ground overlay. Otherwise they
should develop their own solutions. In this research a practical approach is suggested to create isarithmic map layers
that can be used with web mapping services. The following sections address the developed solution. In this context,
dataset used for testing the developed algorithm, interpolation method for deriving values between sample points and
creating a layer to assign these values and visualize them are discussed in detail.

MATERIAL AND METHOD
Sample Dataset
The sample dataset of this research consist of two main groups. The first dataset can be named as area of interest (AOI).
It identifies the boundary of the subject area for thematic mapping. Konya Closed Basin (KCB) border has been used
for this purpose which is located at the center of the Turkey’s Anatolian peninsula. It has a large area and the boundary
data includes approximately 1400 line segments and it is ideal for testing our approach in terms of performance and
usability. Second dataset is a set of sample points, includes 12 meteorological stations used to derive isolines of
precipitation from meteorological stations located in the KCB. Figure 1 illustrates the KCB boundary and
meteorological stations.

Figure 1. Sample dataset consists of KCB boundary and meteorological stations located in it.

Minimum Boundary Rectangle and Point in Polygon Test
An Isarithmic maps is a type of thematic map that represents a continuous field using isolines (lines of equal value) and
isopleths (regions of similar value) (Kraak and Ormeling, 2011). Dividing the area of interest into seamless grid cells,
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may be a good way to obtain a continuous field from a point or multi-line segment dataset. In this case, size of cells
determines resolution of the field. Our approach uses an algorithm that developed with C programming language and
requires the dataset in KML (Keyhole Markup Language) format. The first process is defining the Minimum Boundary
Rectangle (MBR) of the AOI. After defining the MBR from minimum and maximum coordinates of the dataset, second
process draws squares (grid cells) in MBR that’s size are determined by user. The challenge is to eliminate the cells
occurring outside of the AOI. Figure 2 illustrates MBR and cells occurring inner and outside of the AOI.

Figure 2. Minimum Boundary Rectangle of KCB and sample inner and outer cells.
The decision of a cell whether in AOI or not, depends on the position of centroid of a cell in our approach. In
computational geometry, the point-in-polygon (PIP) test asks whether a given point in the plane lies inside, outside, or
on the boundary of a polygon. One simple way of finding whether the point is inside or outside a simple polygon is to
test how many times a ray, starting from the point and going in any fixed direction, intersects the edges of the polygon.
If the point is on the outside of the polygon the ray will intersect its edge an even number of times. If the point is on the
inside of the polygon then it will intersect the edge an odd number of times. Unfortunately, this method won't work if
the point is on the edge of the polygon (Shimrat, 1962). Regardless of how complex the shape of the polygon, this
simple test gives accurate results. This process is performed by determining the intersection count of two line segments
in two-dimensional coordinate space. The test performed here is just for investigating the number of intersection.
Therefore the coordinate of intersection point is not required and has not been calculated. The complexity and the
number of line segments may increase the number of calculations. For example, KCB boundary has 1400 line segments
and that means 1400 calculation of intersection for each line segment should be performed. To avoid this and accelerate
the process, the algorithm benefits from a programming technique called “box test”. Box test is a logical test that
determines probability of intersection of two line segments or overlapping of two bounding boxes. Figure 3(d)
illustrates sample boxes and Figure 3(b) and (c) illustrates intersecting and non-intersecting boxes respectively. Box
coordinates can be obtained from the maximum and minimum coordinate values of the relevant object. If both equation
(1) and (2) given below are provided it can be said that intersection is not possible, otherwise intersection is possible.
By this simple test redundant calculations can be avoided and process can be accelerated (Cromley, 1989).

max( yi , y j )  min( yk , yl ) (1)
max( xi , x j )  min( xk , xl ) (2)
To find whether a centroid of a cell is inside or outside KCB boundary polygon, first we have defined a point outside of
the KCB box (in Figure 3(e) defined as “i”) by using;

xi  min( x)  (max( x)  min( x)) (3)
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yi  min( y)  (max( y)  min( y)) (4)

Figure 3. (a) intersection of two line segments (b) boxes are intersecting (c)boxes are not intersecting (d) boxes of a line
segment and a polygon (e) an outer point of box i; a point in the box j.
Each centroid of cells tested by the point “i” and evaluated by the number of intersection. First step is investigating if
the two line segments are parallel or not. Because, if they are parallel to each other it is clear that intersection is not in
question. The parallelism between two line segments can be checked by following method:
If as shown in Figure 3(a) starting and ending points of first line segment defined as i(x i, yi) and j(xj, yj) and second line
segment k(xk, yk) and l(xl, yl) and “s(xs, ys)” is the intersection point, then;

d  ( xl  xk )( yi  y j )  ( xi  x j )( yl  yk ) (5)
d=0 means that two line segments are parallel and there is no intersection. If d≠0 then the parameters p 1 and p2 are
calculated;

p1 

p2 

( xi  x j )( yk  yi )  ( xk  xi )( yi  y j )
d

(6)

( xk  xi )( yl  yk )  ( xl  xk )( yk  yi )
(7)
d

After p1 and p2 parameters are calculated, 0 > p1 > 1 and 0 > p2 > 1 conditions should be discussed. If both conditions
are provided, it can be said that line segments are intersecting, otherwise there is no intersection. This process is applied
to each line segment and by the number of intersections, cells located out of the polygon are eliminated. After applying
point-in-polygon test the appearance of 2’x2’ grid cells are shown in Figure 4(a).
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Interpolation of Sample Points
In this research Multiquadric Radial Basis Function is used to assign values to each grid cell, interpolated from sample
points. The multiquadric function which is first published by R.L. Hardy (1971), determines a surface from sample
points. The unknown values for an any (x, y) pair can be calculated from sample points as;
n

z   Ci ( x  xi ) 2  ( y  yi ) 2  2 (8)
i 1

where “z” is the unknown value of an any (x, y) pair. ∆ is the parameter that defines the smoothness of the surface.
There are a lot of discussions about the value of ∆. For suggestions and applications about this subject see Hardy
(1990). In our approach we have used the following equation for ∆.

 ( x
n

 
2

n

i 1 j 1

i

 x j ) 2  ( yi  y j ) 2
n(n  1)


(9)

Once unknown values are assigned to each cell, colorizing cells based on the given value is now possible and as simple
as writing a few javascript code depending on which mapping API is used. Following section discusses the appropriate
file formats and loading these files on a web map with mapping API’s. Figure 4(b) illustrates the generated isarithmic
map layer by using multiquadric function.

Figure 4. (a) Generated grid cells after point-in-polygon test (b) Generated isarithmic map layer.

The Ultimate File
There are a lot of web mapping APIs and supported data formats for adding external data as a layer varies depend on
which mapping API is being used. The most common formats for geo-referenced data are GML, KML, GeoRSS and
GeoJSON. Except GeoJSON, all of them are XML based markup languages. Almost all of mapping API’s support
KML and GeoJSON format. Because KML became an international standard of the Open Geospatial Consortium
(OGC) in 2008 (OGC, 2008) and both KML and GeoJSON are supported by numerous mapping and GIS software
packages, including OpenLayers, Leaflet, MapServer, Geoforge software, GeoServer, GeoDjango, GDAL, Safe
Software FME, and CartoDB. It is also possible to use GeoJSON with PostGIS and Mapnik, both of which handle the
format via the GDAL OGR conversion library. Bing Maps, Here Maps and Google Maps also support KML and
GeoJSON in their API services. A notable offspring of GeoJSON is TopoJSON, an extension of GeoJSON that encodes
geospatial topology and that typically provides smaller file sizes. Rather than representing geometries discretely,
geometries in TopoJSON files are stitched together from shared line segments called arcs. Arcs are sequences of points,
while line strings and polygons are defined as sequences of arcs. Each arc is defined only once, but can be referenced
several times by different shapes, thus reducing redundancy and decreasing the file size. In addition, TopoJSON
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facilitates applications that use topology, such as topology-preserving shape simplification, automatic map coloring, and
cartograms.
The developed algorithm in our approach can export generated cells with interpolated values as KML, GeoJSON and
TopoJSON. Either using KML or GeoJSON, cell size is directly effects the size of file. Big data size takes longer
loading times Table 1 shows cell numbers and size of files depend on different selected cell sizes for GeoJSON format
and Table 2 shows file sizes of different cell sizes and different file formats.
Table 1. Cell numbers and size of files depend on different selected cell sizes.
Cell size

Cell number

File size

File format

30” x 30”

73576 cells

22.9MB

GeoJSON

1’ x 1’

18398 cells

5.7MB

GeoJSON

1.5’ x 1.5’

8167 cells

2.5MB

GeoJSON

2’ x 2’

4594 cells

1.4MB

GeoJSON

Table 2. Cell numbers and size of files depend on different selected cell sizes.
Cell size

KML

GeoJSON

TopoJSON

30”x30”

45.3MB

22.9MB

7.7MB

1’x1’

11.3MB

5.7MB

1.9MB

1.5’x1.5’

5MB

2.5MB

1.1MB

2’x2’

2.8MB

1.4MB

823Kb

CONCLUSIONS
This study summarizes a practical approach to create an isarithmic map layer that can be used with online web mapping
services. Also there are some basic solutions to create custom thematic maps with web mapping services – like
choropleth maps – there is no clear solution to create isarithmic map layers and visualize them on an online map. To
find a solution to this problem, we focused on most common supported file formats by web mapping services and
generating an isarithmic map layer with this format. Our approach first divides the area of interest into grid cells then
eliminates the unnecessary cells and assigns a value to each cell derived from sample points. Final step is to export the
results as an appropriate file format. In this research TopoJSON gives the best performance for our case and generates a
grid file consist of 2’x2’ cells with a size of less than 1MB and 30”x30” cells with a size of 7.7MB. Once generating the
output file, users can use this file with any mapping API that supports these types of files. But note that the output file
does not contain any styling information. It includes cells and their derived values. As a future work we are planning to
create a user interface of our algorithm.
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Abstract
The Atlas visually represents the fusion between science, art and technology. This paper presents the 3rd generation
Romanian Digital Atlas, with an updated collection of high-quality, ready to print and use maps layouts. The contents
of the atlas represent counties in Romania and a series of thematic maps that focus on different sights from our country.
Using the latest technology available -ArcGIS Pro- with its high-end capabilities for production maps with superior
typography and design, the Atlas reached a balance of good composition, legibility and simplicity. Apart from the latest
technology, the most current data was used, as new information became available and changes occurred with regards
to roads, water bodies and administrative units. In order to access the Romanian Digital Atlas, all the contents are
being referenced via ArcGIS Online and all the maps can be visualized and downloaded free of charge and used in
different areas of activity such as educational and local administration government. Future capabilities will enrich the
users experience by adding Web Map Services, Routing Services, etc., in order to create a distributed network of data
and services that will enable new and different types of applications.
Keywords: digital atlas, county maps, thematic maps, web services

INTRODUCTION
After 1990 the cartographic activity in Romania slowly decreased and with it the production of cartographic products
decreased also. In our current day-to-day activity we see more and more the need to use a map – to answer a question,
to get directions, to better understand a phenomenon, to find patterns, and so on. But if I were a common citizen or a
teacher… where would I find a map? Where is the map that points to the maps?
Nowadays, Google seems to have the answers to all of our questions. Of course, when it comes to geographic
information, (N)SDI is a big word that promises to fulfill all of our geographic cravings. Still, we just wanted to put
ourselves in the shoes of the common citizen so, one day we asked ourselves: If I would need a good, up-to-date,
accurate and most of all, free map, where would I find one? So, we went to Google and typed in the magic box: “harta
județului”, which in English means “county map”, and we got approximately 1.400.000 results in under a second (0.22
seconds to be precisely). We began browsing through the pages, searching for county maps but soon realized that this
would discourage anyone. We found maps, but not the maps we expected.

273

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Figure 1. A sample of the discovered maps
Switching to “Images”, with the thought in mind that a picture’s worth a thousand words, actually led us to the
following conclusion: Currently we cannot find a map collection that will comply with the following: is complete (will
include all Romanian counties), is consistent (uses the same cartographic rules and layouts throughout the entire series
of maps), has the same size and/or format, is suitable for high detail printing, is up-to-date, is focused on geography
only (we found maps that were used as billboards, with just a tiny map in the center and lots of commercials around that
map) and most of all are not free for downloading and printing.

Figure 2. Google image search result for county maps
Considering all of the above, a project with the following objectives was initiated:


Create a series of maps for all 42 Romania counties;



Use of the same cartographic representations and layouts is a must throughout the entire map collection;



The maps must be suitable for high detail printing and will be large in size;



The original data used for these maps must be at least 1:10.000 and up-to-date – based on this, data
generalization procedures will be applied when necessary;



The resulted maps must be provided in an open and wide spread format (GeoPDF) suitable for both digital
displays and hardcopy printing.



The resulted map series must be available for download at no cost;



The maps must be easily discovered in both web search engines, geoportals and social media.
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INPUT DATA AND METHODOLOGY
Vector data used in the project was provided by Esri Romania – Digital Map of Romania 1:10.000 which includes the
following layers:
Table 1. Digital Map of Romania 1:10.000 – selected layers for the project

No.
1.

Layer
Localities

2.

Administrative Units

3.

Counties

4.

Administrative
boundaries
Roads
Railroads
Hydrography
Hydrography
Lakes
Geographical names

5.
6.
7.
8.
9.
10.

Geometry Summary
Polygon
Polygons depicting localities according to official
boundaries
Polygon
Polygons depicting administrative units according to
official boundaries
Polygon
Polygons depicting counties according to official
boundaries
Polyline
Polylines depicting all administrative boundaries
Polyline
Polyline
Polyline
Polygon
Polygon
Point

Polylines depicting road network nation wide
Polylines depicting railroad network nation wide
Polyline depicting hydrography (down to channel level)
Polygons depicting major rivers
Polygons depicting lakes
Points depicting geographical names (also contains
heights)

We also used in the project raster data for the elevation background. The raster data used was ASTER GDEM 2 9, which
was downloaded from http://www.ersdac.or.jp/GDEM/E/4.html. The ASTER GDEM covers land surfaces between 83N
and 83S and is comprised of 22,702 1 x 1 tiles. Tiles that contain at least 0.01% land area are included. The ASTER
GDEM is distributed as Georeferenced Tagged Image File Format (GeoTIFF) files, and in geographic coordinates
(latitude, longitude). The data are posted on a 1 arc-second (approximately 30-m at the equator) grid and referenced to
the 1984 World Geodetic System (WGS84)/1996 Earth Gravitational Model (EGM96) geoid. The basic characteristics
of the GDEM collection are summarized in the following table:
Table 2. ASTER GDEM Characteristics

No.
1.
2.
3.
4.

Characteristic
Tile size
Pixel size
Geographic
Coordinate
System
DEM Output Format

5.
6.

Special DN Values
Coverage

Summary
3601 x 3601 (1o x 1o)
1 arc-second
Geographic latitude and longitude
GeoTIFF, signed 16-bit, in units of vertical meters reference to the
WGS84/EGM96 geoid
-9999 for void pixels, and 0 for sea water body
North 83o to South 83o, 22.702 tiles

ASTER GDEM tiles for Romania were downloaded and mosaicked thus assuring the elevation background for the
maps. To enhance the cartographic quality of the maps, an appropriate color ramp was generated for entire Romania.
The color ramp was created to accommodate the minimum and maximum elevation values across entire country ( ~ 0
meters minimum values to ~2544 meters maximum values).

9

Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model Version 2
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Figure 3. Elevation color ramp used in the atlas
Creating the color ramp was a re-iterative process in which we had to make sure that the colors will be displayed
correctly in both digital displays and hardcopy printouts.
In order to enhance contextual understanding, we also used the Multi-Directional Hillshade image service (Figure 4),
wich provides a quick indication of the shape of the terrain. The image service can be added directly to ArcGIS Pro.

Figure 4. Multi-Directional Hillshade image service
Another tedious and re-iterative process was establishing the cartographic design of the maps, evaluate the results and
further refine the maps. In this step the following actions were performed:


Define basic and advanced cartographic representation;



Define the map layout to the map’s purpose;



Identify and produce additional map elements (legend, scale, disclaimers, etc.).

The entire process for creating the maps could be outlined in the following steps:


Identifying all necessary data for the project – taking into consideration the purpose of the maps, the intended
audience, the terms of use and constraints for the data and the format/size of the map;



Gathering all necessary data;



Organizing the data;



Data generalization (where necessary);



Establish cartographic design (cartographic representation for elevation data and vector data, map layouts, map
elements, labeling, etc.);



Apply the cartographic design and further refine it;



Produce the first maps and printouts to evaluate the results;



Apply all modifications as identified in the review process;



Produce the final maps.

The result of the project is a map collection of 42 items, each item representing a high-detail printable and viewable
county map. An example of such a map may be viewed bellow:
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Figure 5. Bacau County Map, v.3

Figure 6. Detail - Bacau County Map, v.3
As I metioned in the abstract, we’ve created the third version of the county maps. The enhancement for this version
consisted in using the latest techology available, ArcGIS Pro, the Multi-Directional Hilshade image service available in
ArcGIS Online but also the experience that we riched over the years in which we’ve created the previous versions of the
atlas. In Figure 7 is an example of the previous maps that we’ve created, in the left is the first version of the map of
Bacau County that we’ve created in 2011 and in the right is the second version of the map of Bacau County that we’ve
created two years later, in 2013.
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Figure 7. Bacau County Map, previous two versions

WEB MAP CATALOG AND DISSEMINATION
Having finished the maps, the next step is to promote the map collection and make it accessible for download. In order
to achieve this, a Web Map Catalog was build and published on the Internet. In the promoting campaigns we used so far
newsletter in which we announced the launching of the Map Collection and that all the map collections can be easily
downloaded from our website http://www.arcgis.ro. As a direct result of the campaigns, we registered, in all this years,
sice we’ve published the first version of the atlas, more than 1.816 signups, 1.293 downloads and roughly 32.440
unique visits (Figure 8). We found the figures quite encouraging considering that the newsletter campaigns was focused
on a group of users and plan to release a press announcement in a news portal soon.

Figure 8. Site statistics after a newsletter campaign
The Web Map Catalog was developed to allow a publisher to easily add new items, in our case maps, and briefly
document those items making them discoverable. This has to be done without the hassle of filling in ISO compliant
metadata forms but rather to offer quick and representative information to the user. The Web Map Catalog can be easily
seen as a Content Management System for maps in our case or for Geographic Information in an extended case.
The Web Map Catalog includes the following modules:
1.

A resource gallery that can be browsed (Figure 9)

2.

A map module

3.

An administration module (for publishing new resources, managing and editing existing resources)

4.

A search module

5.

A site statistics module
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Figure 9. Web Map Catalog Gallery

CONCLUSIONS AND ROAD-AHEAD
The results of this project, that were obtained so far, are significant and encouraging but also led to an obvious
conclusion: in order to maintain users on the web site, new content has to be published continuously. Moreover the
content type of the catalog has to become more diverse and user oriented.
Several conclusions can be outlined:


The project was a success and it has fulfilled its purpose – to create an up-to-date, freely accessible and
downloadable Mapping Catalog;



People/Users usually enjoy great maps but browsing through thousands or millions of pages can be
discouraging;



Creating a great product does not guarantee its success. An important part of a projects success is promoting
the results through all available media;



Users will not come back to the catalog if new and interesting content is not frequently added;



Social media may prove to be a quick and cost-free mean to promote your work.

Still there is much work ahead that needs to be done. Some future steps can be outlined:


Extend the Digital Atlas by adding new map collections for several thematic areas;



Update the maps as new information is available or changes occur (new highways);



Extend the content of the Digital Atlas by adding Web Map Services, Routing Services etc.;



Create a Web Map Service using the same cartographic representation (provide an interactive map);



Reference the existing resources in NSDI Metadata Catalogs;



Use Google to promote the content by means of SEO.
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Abstract
The open source virtual globe API, Cesium is an excellent tool for creating various thematic visualizations on an
interactive 3D globe model embedded into a web page. This API became particularly important since the deprecation
of the popular Google Earth plugin. Cesium has a lot of features that can be utilized in thematic mapping: raster
ground overlays, point placemarks, lines, polygons and 3D objects. Using its own data format, CZML, it is also
possible to define time-dependent features: any kind of numeric values can be interpolated over time such as
coordinates, size, height, rotation or colour components, which gives the opportunity to create various spatio-temporal
visualizations. This paper introduces the most important features of this API along with their possible use in thematic
visualization as well as their limitations. The author also developed a QGIS plugin that helps generating various
thematic visualizations in CZML format.
Keywords: Cesium API, Thematic mapping, CZML

INTRODUCTION
Virtual globes and geobrowsers are nowadays very popular media for thematic mapping. As an interactive, moving,
rotatable-zoomable “gadget” is always good at raising attention, their primary use is in the fields of decision support
and popularising, disseminating information. Several papers are available on the topic, focusing either on the technical
possibilities, the possible visualization methods or discussing the justifiable uses of these visualization methods.
Regarding the technical background, most of the solutions based on Google Earth or its – already deprecated – plugin,
and using the KML file format for defining thematic content (e.g. Sandvik 2008). Others (e. g. Tiede, Lang 2010) used
ArcGIS Explorer, ArcGlobe or NASA World Wind for visualizing data, although in some cases also using KML
format.
With the emerging new technologies, WebGL and HTML5, several JavaScript-based virtual globe libraries, APIs
(Application Programming Interfaces) were developed to facilitate displaying 3D interactive globe models on web
pages without the use of any plugins. Such a library is OpenWebGlobe, created by Swiss researchers (Christen,
Nebiker, Loesch 2012) or WebGL Earth JavaScript API, which originally was a bachelor thesis (Sloup 2011) and is
currently maintained by Klokan Technologies. Although these two products are also useful in some cases, due to their
limitations (discussed e.g. in Gede 2015a) it is advisable to use another library, the Cesium API (Cozzi 2013). Cesium
offers much wider functionality, rich documentation and a very active developer community ensuring that most
questions are answered quickly in developer forums.
In a few special cases it is more advisable to create a “standalone” 3D thematic globe model instead of using one of the
aforementioned APIs. This usually occurs when the globe has a special, non-spherical shape, e. g. the detachable
structural-morphological Earth model showing cross-section of the Earth in (Gede 2015a). If the goal is publishing the
globe on the web, the best choice is X3DOM, a JavaScript library which enables embedding declarative 3D content
(X3D code) directly into HTML (Fraunhofer 2014). Using X3DOM, the 3D content becomes an integrated part of the
Document Object Model (DOM), making it possible even to alter the 3D content run-time.
As for the thematic content of the globe, the possibilities of 3D visualisation are virtually unlimited – there are much
more possible visual variables than in the case of 2D maps. This does not mean, however, that one should overwhelm
the globe with data – placing too many objects to the globe or using too many visual variables simultaneously may
result in information loss (Gede 2015b). In daily practice, however, most thematic globes use only one of the three most
common visualization methods: choropleths, 3D prism maps and graduated 3D symbols.
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Globes are not necessarily the best choice for thematic maps. Harrower (2009) even claims that there is no need to use
virtual globes for thematic visualizations at all, as reading planar maps is faster and more efficient. A master thesis at
the University of Kansas (White 2012) evaluated the effectiveness of thematic maps on virtual globes. The results
indicate that planar thematic maps are more effective in information transmission than thematic globes.
These studies suggest that globes are not a good choice for thematic mapping, but one should not forget that there are
much more ways of visualizing information than the most commonly used choropleths, prisms and graduated symbols;
and that the nature and extent of the data should always influence the choice of visualization method. There are at least
two important factors that make it reasonable to use globes instead of flat maps. First, let’s think about traditional
globes, and their role compared to planar maps. Although it is usually easier to read information from a paper map,
globes have advantage when it is important to emphasize the seamless and/or the spherical nature of the Earth surface.
This is the reason of the existence of traditional thematic globes as well, depicting usually some global natural
phenomena, like the Earth’s tectonics, or climate zones etc. Then, there are cases when the attractiveness of an
interactive, three dimensional object is taking preference. This is particularly important nowadays when people are
overwhelmed with information, which makes it hard to raise their attention.
If, considering all these factors, the best choice is a thematic visualisation on a virtual globe, the solutions and tools
introduced in the following sections may help to create it.

FEATURES OF CESIUM API FOR THEMATIC MAPS
Using Cesium, only a few lines of JavaScript code is required to embed an interactive virtual globe into an HTML page.
This is described in detail in the Cesium API documentation (Analytical Graphics 2016), especially in its tutorial
section. Once having a virtual globe on our website, various types of thematic visualizations can be added to this globe
several ways:

Raster overlays
In a number of cases it is enough to drape a raster overlay to the globe. Using this solution we can use all the traditional
cartographic visualization methods (e. g. point density, choropleths, isolines) but it is important to take the distortions
into account while editing the map: the raster overlay have to be in equirectangular projection, therefore distances in
east-west direction will be reduced significantly on higher latitudes. The compilation of equirectangular maps suitable
for use on virtual globes is explained in details in (Hargitai, Gede 2009 and Gede 2015b).
The raster overlay can be added as a single image (which is the advisable solution for smaller resolution images) or as
tiled image, either through a TMS service or in a KMZ file.

Vector data
Points, polylines and polygons can be added either directly from JavaScript (which is preferable when there are only a
few features to add), or using KML/KMZ or CZML files.
KML (or KMZ) is the native format of Google Earth (Google 2016). These files can be added with a few lines of code.
This is particularly useful when the thematic content in KMZ format had already been prepared for some other purpose
and we would like to use the same material on Cesium. As KML is widely supported by most GIS applications, it is
very easy to produce data in this format. When using KML/KMZ, one should keep in mind that not all features of KML
is supported by Cesium. Basic geometry types have full support, as well as ground overlays, but for example contextsensitive styles or zoom-dependent visualization using Regions and LODs has not been implemented yet.
The most widely usable format is Cesium Language (CZML). Similarly to KML/KMZ, adding CZML files to the globe
is also very simple. The disadvantage of CZML is that it is not yet supported by any of the popular GIS software, but
with a bit of programming skills these files can be easily produced.
KML and CZML data can be added from remote URLs as well, provided the remote server supports cross-origin
resource sharing (CORS) (W3C 2014).

Special features provided by CZML format
CZML is a JSON-based format, therefore documents in this format can be parsed directly by JavaScript. The content of
a CZML document is one single JSON array, containing objects called packets. Each packet represents an object on the
globe, except the first one, which contains the document version. The detailed documentation can be found on the
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Internet (Analytical Graphic 2015), here only those features are introduced that are important for creating thematic
visualisations.
Probably the most widely used thematic mapping method is choropleth. In CZML (and usually in most GIS software)
choropleths are realised by polygons free from gaps and overlaps. Polygons can be filled with uniform colours, hatches
or even images. Polygons can be extruded and/or raised above the ground as well as. A great advantage of Cesium that
(unlike in Google Earth) elevated polygons still follow the curvature of the sphere, therefore they won’t intersect the
surface (Figure 1).

Figure 1. While raised polygons may cut into the surface in Google Earth (left), they follow the curvature of the sphere
in Cesium (right).

Figure 2. Scaled 3D models for displaying quantitative data
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For displaying geolocated quantitative data we can also use scaled 3D symbols (Figure 2; similar visualisations can be
found e. g. in Zsoldi 2011). In Cesium (and CZML), 3D models have to be in glTF (GL Transmission Format). If we
are not able to produce models in this format, there is a free on-line converter at http://cesiumjs.org/convertmodel.html.
Maybe the most important feature of CZML is that any numeric value can be interpolated through time. When
displaying such data, the time-dependant value (e. g. the colour, height, position of elements) changes with time
(Cesium provides a “time slider” for setting time).

GENERATING CZML CONTENT IN QGIS
Unfortunately, most GIS software products do not support data export in CZML format. To help this situation, the
author developed a QGIS plugin (available for download at https://github.com/samanbey/czml_generator), which
facilitates the creation of (at the time of writing this paper) three different visualisation types in CZML.
After copying the plugin to the Python plugin folder of QGIS, it can be added to the program in Plugin Manager, and
will appear in the Plugins/CZML Generator menu.
Using the “Prism Map” menu item we can create 3D prisms (elevated choropleth) from any polygon layer. In the dialog
box (Figure 3) we can select the layer and the attribute field, as well as the colours for the lowest and the highest value
of the chosen attribute (the values in between get interpolated colours). The prism heights can be linear, square root or
logarithmic function of the attribute; a vertical exaggeration factor can also be defined. The plugin can also create an
HTML format legend if the appropriate checkbox is set. The legend settings appear in an additional dialog box.

Figure 3. The Prism Map function of the plugin
The resulting CZML file can be opened using the sample HTML viewer accompanying the plugin (located in the folder
sampleViewer), after changing the CZML (and the legend, if created) file name in the code at the appropriate places
(marked by comments). The map, created from the sample data also attached to the plugin can be seen on Figure 4.
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Figure 4. Prism map created by the plugin visualized in Cesium.
When having time series data, one can also use the function “Prism Map with time”. Its dialog box is similar to the
previous one except that more than one attribute of the selected vector layer can be used. A timestamp has to be chosen
for each attribute (Figure 5).

Figure 5. Using CZML Generator plugin with time series data.
When visualizing time series data, we have to set the animation and the timeLine options to true at the Cesium.Viewer
constructor. These settings make the time slider and the other necessary controls visible in the viewer (Figure 6).
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Figure 6. The time controls of Cesium (at the bottom of the screen) come in handy when visualizing time series data.
The function “Scaled models with time” creates a CZML file containing 3D models with sizes corresponding the
selected attribute value (like on Figure 1). Settings are similar to the previous function but here also the URL of a 3D
model has to be given. It is advisable to use relative URL. A sample model (cow.glb) can be found in the folder
sampleViewer.

FURTHER PLANS
This paper gives only a brief introduction to the possible uses of Cesium in the field of thematic mapping. The CZML
Generator plugin is still under development; the author’s aim to add several new functions, covering many fields of 3D
thematic visualization.
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Abstract
The rapid development of the modern technologies all over the world requires new strategies for planning the best
solutions in web mapping. Before this progress to be accomplished, manually drawn maps were upgraded to computer
generated once using Geographic Information Systems. Eventually GIS maps started moving from the desktop part to
the World Wide Web and big GIS vendors started making the first frameworks for online maps. It can be claimed that
computers are the key to evolution in all application fields in our society, especially as a turning tool in “Innovation
Cartography”. Up-to-date topics about modern mapping include web GIS technological principles about server-side
technologies, geospatial standarts, and protocols, along with their implementations. Also, from a scientific perspective,
having a powerful knowledge base of how to use map projections and spatial databases, having a long-term experience
with gathering, generalizing and visualizing the geospatial data to specific scales, having useful observations of the
nicities of placing labels on the map, having a work-based practical experience in setting up a server that will serve the
map, and many others, are of great importance. Web GIS applications are widely usable and helpful in many areas like
the military defense, environment conservation, tourism development, disaster management, educational purposes, and
so on. This paper contributes to the understanding of the web GIS architecture and its main technological principles,
describing the characteristics of the proprietry and free software applications, giving the methodological principles for
creation of an efficient fast functional web GIS application, and accessing the thematic web GIS content according to
the specific needs of users.
Keywords: Web GIS, technological principles, application fields

INTRODUCTION
Nowadays, life with Internet-based technologies gives people unlimited access to all types of information in space-time.
In turn, Geographic Information Systems are a tool for creating, manipulating, storing, analysing and visualizing
geospatial data. Merging WEB and GIS components into one interconnected system provides free and universal access
to Big Data from everywhere. This technological progress helps a wide range of users to find solutions that can meet
their needs. In fact, WEB GIS is a set of software, hardware, data, procedures and specialists and it is a powerful tool
for communication between web-based server and client architectural components. Undeniable advantages of WEB GIS
products are the possibilities for visualizing geospatial data in real time, maintaining different operating systems and
building cross platform applications. Only the developement of WEB technologies allows GIS to continue growing and
developing their potential. Extremely important step in development process is the transition from the traditional
exchange of databases on paper or digital media to modern transfer of attribute and spatial information in the Web. If
somehow people attempt to separate GIS from WEB, it would undoubtedly cause a lack of stability in functioning of
the numerous application fields in our society. As an end result it would be much more difficult for people to keep up
with the qualitative symbiosis between them. That is why the application of WEB GIS cannot be assumed to be an
unjustifiable and meaningless vagary, but can be thought of as a powerful tool that could help getting through many
problems such as social, political, economic and environmental issues.

BRIEF HISTORY OF WEB MAPPING
For decades, the main access to geographic information has been pursued only through desktop-based personal
computers. During this long period of time it hasn’t been possible to be easily and efficiently shared information with
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other people and organizations due to the lack of rational approach and innovative thinking for tackling this problem.
With the invasion of the Internet in the mid-90s the idea of sharing maps and other geographic information between
computers both within the labor organization and the public space began to grow. Hardware presence of this and each
subsequent stage of development preceded the advancement of the newest software technologies and the necessary
technical skills of the cartographers-performers. Currently, with the required dose of desire and labor challenges, the
detailed graphics, the good resolution and the smooth navigation of the interactive cartographic images can be
effectively achieved. More and more, the development of web space turns into an opportunity for exercising new
cartographic techniques and tools for making satisfactory attractive maps. This is evidenced by the frequent use of
methods for "smart" snapping interactive map objects and immediately highlighting their “origin location”. Here also
appears the necessity of using different management approaches according to protrusion and coloring, combined with
pop-up windows from the stylishly formatted web page. The highest advantage of WEB technologies from a
development perspective occurs at the end of the XX century, when the possibility of accessing maps from mobile
devices becomes a reality. The development of the web maps as a current and future process is constantly growing
proportion of the introduction and improvement of modern personal computers and portable mobile devices. Without
this progress realization, the access to a map content would be significantly more limited, much more difficult and
extraordinarily slowed. The transition from GIS to WEB enables an universal access to geospatial information as for
both employees and customers of various organizations. In the broad sense, this progress is also useful for ordinary
people because it allows them the ability to search some information that could meet their needs freely and easily.

MAIN TECHNOLOGICAL PRINCIPLES AND MAPPING APPLICATIONS OF WEB GIS
There are two broad kinds of web mapping applications – static and interactive. Stattic maps consist of only one
function that is connected with visualizing the cartographic image. That’s why their functionality can be defined as
primitive. Web GIS applications in turn, includes a lot of information structured as cartographic layers and a number of
tools which are supporting the possibilities for interaction with the map. Interactive maps allow users not only to view
the precise map content which is the object of attention, but also to take part in the communicaton between themselves
as clients-consumers of information and the middle-tier server parts that interact with the pre-created GIS data saved on
the file server, or more preferably on the database server, so as to respond to the clients requests. On one hand, the
middle-tier server side architecture includes web server part, but on the other it also requires geospatial server part or so
called web mapping server part where a certain GIS content is stored. A web server (e.g. Apache) is needed to handle
the high-level communications between the end user (who is using a Web Browser to access provider’s mapping site)
and the underlying web mapping services on provider’s computer. It represents a web page containing maps and maprelated tools to the end user. The content of the web page consists of Hyper Text Markup Language (HTML) that
entirely represents the web page content, Cascading Style Sheets (CSS) that effectively stylizes the web page content
and Java Script (JS) that dynamically manipulates the web page content. The web mapping server, or so called web
mapping program, is the engine behind the maps that users see on the web page and it needs to be configured to
communicate between the web server and the database server (PostgreSQL/PostGIS). The final step before exporting
the GIS content to the WEB is getting through a server-side map rendering engine for publishing, stylizing, sharing and
editing geospatial data (e.g. GeoServer), along with a server software solution for caching and rendering the geospatial
information (e.g. GeoWebCache) and a client-side framework for visualizing and analyzing the geospatial information
(e.g. JavaScript Libraries as OpenLayers/ExtJS/GeoExt), which are used for a better visualization, flexible functionality
and high-speed performance. The management of the underlying map data is performed on the first level of the web
mapping process scilicet working with the personal chosen desktop part application (e.g. QuantumGIS). Mapping data
can also come from web mapping servers when custom geospatial information in real time is needed. Mapping
metadata is data about data and it describes where the mapping data came from, how it can be used, what it contains and
who to contact with questions. There are 4 transition steps to the final geospatial data serving on the Web (Figure 1).
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Figure 1. Example of a system architecture for Web GIS application.

Rich Internet Applications
In recent years there has been a great proliferation of web-based mapping applications. While Geographic Infromation
Systems (GIS) were traditionally used mainly by a relatively small group of experts, the general public has now been
introduced to WEB GIS applications by the increasing number of free web-based mapping applications that use a set of
different technologies popularly referred to as a Rich Internet Application (RIA) technologies. A Rich Internet
Application (RIA) is a web application that has many of the characteristics of desktop application software, typically
delivered by way of a site-specific browser, a browser plug-in, an independent sandbox, extensive use of Java Script, or
a virtual machine (Johansson, 2010). Traditionally, WEB GIS applications have used technologies and techniques such
as Java Script and AJAX (Asynchronous Java Script And XML) to create advanced web mapping features.
Asynchronous calling of remote procedures, intelligent caching, image tiling and advanced user interface construction
has enabled developers to create rich, interactive mapping applications (Johansson, 2010). Java Script (JS) and
Asynchronous Java Script And XML (AJAX) applications run in the Web Browser environment and exhibit RIA
characteristics such as rich user experience, asynchronous background client-server communication, interactivity and
transmission of computing and processing complexity from server to client-side.
Java Script (JS) is a dialect of the scripting language ECMAScript (ES) which is officially managed by the Mozilla
Foundation. A scripting language is a programming language that controls the behavior of an existing application or
system. That means that there is a core application that hosts the script and provides the Core Functionality and the
Document Object Model (DOM). Script code is often interpreted from the source code, or bytecode, instead of being
pre-compiled as many traditional programming languages. That’s the main reason such programming languages to be
called interpreted languages. As there are many different Web Browsers that support Java Script, each one of them is a
different host environment for the Java Script Code. The Web Browser contains a Java Script Engine that interprets and
executes the Java Script Code and the Document Object Model (DOM). Java Script Code is contained within the Hyper
Text Markup Language (HTML) and reacts to user interactions in an event-driven manner. The Web Browser provides
functionality for the embedded Java Script Code, such as Objects exposed by the DOM API, and represents windows,
menus, pop-ups, dialogue and other user interface components. The hosting Web Browser also provides event
propagation and handles attachment of Java Script Code by so called event-listeners/event-handlers to the different
events. Events could be triggered by user interactions (such as mouse-clicks) or by document state changes (such as
completion of loading a document component).
Most Web Browsers use the Document Object Model (DOM) for Objects Representation and Event Management. XML
or HTML documents are represented in the DOM as a tree of nodes (parent, child, and sibling nodes). Any subnode of a
given node is called a child node, and the given node, in turn, is the child’s parent. Sibling nodes are nodes on the same
hierarchical level under the same parent node. Nodes higher than a given node in the same lineage are ancestors and
those below it are descendants. Each of these nodes is represented in the DOM as Objects which can be manipulated by
Script Code such as Java Script via the DOM API. In recent years, a standardization of the DOM API has been
developed by the World Wide Web Consortium (W3C) to increase interoperability and to strive towards platform and
programming language independency. However, different Web Browsers have still different support for the DOM.
Asynchronous Java Script and XML (AJAX) applications, in turn, use the XMLHttpRequest Object in the Web
Browser to retrieve data from a server/service asunchronously. This means that the data can be loaded into a web
application in the background, without interfering with the user interactions within the application. This enables a web
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application to represent the new information to the user by partially updating the screen without having to reload the
web page or load a new one. AJAX is traditionally thought of being paradigm for updating information on a web page
because it increases the dynamic and interactive behavior of the web pages and can enrich the user experience. Lately,
the AJAX technique has become very popular because of some “killer applications” such as Google Maps.

Open Geospatial Web Services and Standarts
Later on, open standarts which are protocols for communication between applications are of great importance because
they refer to the ability of a program to share data or functions with another program or so called interoperability. There
are proprietary and open-source software working possibilities. The first mentioned includes one main barrier for
customers and that is the cost price. On the other hand, open-source software refers to a type of software product that
has the programming source code available which means that it is free to use. There is also one more mixed opportunity
between these two aforementioned options and that is betting on paid improvements to the open-source code when extra
functionality or additional patching is needed. In this case another barrier in exporting geospatial data to the Web might
be the lack of technical know-how professional skills. Here must be mentioned the last common used fourth additional
option connected with free software application usage, whereupon the whole program is downloaded for free, but the
program source code is invisible to the user. Regardless of the aforementioned advantages and disadvantages of
analysed in future software products, the final decision taken by the service providers always must come from defining
the specific customer needs. This may be given the thought of a rule number one in the WEB GIS industry. Entering the
depths, there should also be removed one common mistake connected with showing in details mostly the general
geographic information without paying attention to the necessity of presence of comprehensive personal information,
that could help the map content to being thought as pragmatic along with intriguing. Another critical component of any
WEB GIS application is the used map projecton – whether for a hardcopy printout or an interactive web map. The map
projection itself depends on the heterogeneous nature of spatial datasets. Heterogeniety can be result of data collection
methods, analysis methods, file formats, or the software used to create, store, and make the datasets available online.
Differences in heterogeneity can pose a major problem in spatial data sharing and data interoperability, as well as in the
functionality (Zhang et al., 2010; Lassoued et al., 2010). However, the creation of open-source geospatial web services
and standarts provide the framework for the incorporation and exchange of heterogeneous spatial datasets and
overcoming interoperability and data-sharing problems (Zhang and Li, 2005; Moses, 2011). The rapid development and
adoption of open-source services and standarts provides a stable foundation for the development, growth, and use of
web services (Zhang and Li, 2005). The enabler of open-source geospatial web services is the Open Geospatial
Consortium (OGC). The three most common used OGC standarts, namely Web Map Service (WMS), Web Feature
Service (WFS), and Web Coverage Service (WCS), are designed for geospatial information visualizing but they vary
based on their inputs, outputs, and inherent client functionality. The comparison between these three popular OGS Web
Services is shown in Table 1.
Table 1. Comparison of the most common used OGC Web Services.
Service Interface Standart

Inputs

Outputs

Client
Functionality

Web Map Service (WMS)

Maps (created from vector
and/or raster datasets)

Image (GIF, JPEG, etc.)

Request

Web Feature Service (WFS)

Vector datasets
lines, polygons)

(points,

Extensible
Markup
Language
(XML) data that is both humanreadable and machine-readable such
as Geography Markup Language
(GML) data and Scalable Vector
Graphics (SVG) data that includes
geospatial
and
attributive
information along with metadata

Request,
Query, and
Manipulate

Web Coverage Service (WCS)

Raster datasets (pixel-based
or feature bounded in space)

Encoded binary images (GeoTIFF,
Network Common Data Form or so
called NetCDF, etc.)

Request and
Query
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From controlling reality to manipulating possibilities, there are 5 different types of tools used in digital mapping and its
related disciplines:
1.

Geospatial data Mapping and Viewing;

2.

Geospatial data Analysis as data classification, spatial proximity calculations, statistical summary. Analysis
tends to summarize information temporarily, in cases where manipulating data is changing in time or new data
creation is needed;

3.

Geospatial data Creating and Manipulating by using proprietary or open-source desktop GIS products;

4.

Geospatial data Conversion by using conversion tools and data access libraries, in cases where source data
isn’t in the format required by viewing or manipulating the WEB GIS application. Historically viewed, in the
commercial world more and more vendors supported their own proprietary formats with marginal support for
others. This use of proprietary data formats has led to a historic dependency upon a vendor’s product.
Fortunatelly, recent advances in geomatics software have led to cross-application support for more competitor
formats. This, in turn, has led to interoperable vendor-neutral standards through cooperative organizations such
as the Open Geospatial Consortium (OGC).

5.

Geospatial data and Web maps Sharing from one side by sharing static or interactive maps through the WEB
GIS application and from the other side by using web service specifications for sharing geospatial data
between the used applications of the provider. The use of Open Geospatial Consortium Web Services
Srandarts (OWS) allows different WEB GIS applications to share geospatial data both with each other and
also with other applications. OWS is an open standart for sharing and accessing information. Therefore
organizations are no longer tied to a particular vendor’s data format. That means that the softwares used in the
WEB GIS application processing needs only to support OWS.

There is a number of 8 Open Web Services Standards authorized by the Open Geospatial Consortium, which
characteristics are shown in Table 2.
Table 2. Open Web Services provided by Open Geospatial Consortium.
Web
Coverage
Processing
Service

The Web Coverage Processing Service Specification (WCPS) defines a protocol-independent language
for the extraction, processing, and analysis of multi-dimensional gridded coverages representing sensor,
image, or statistics data.

Web
Coverage
Service

This Web Coverage Service Specification (WCS) offers multi-dimensional coverage data for access over
the Internet.

Web
Feature
Service

The Web Feature Service Specification (WFS) represents a change in the way geographic information is
created, modified and exchanged on the Internet. Rather than sharing geographic information at the file
level using File Transfer Protocol (FTP), for example, the WFS offers direct fine-grained access to
geographic information at the feature and feature property level. Web Feature Services allow clients to
only retrieve or modify the data they are seeking, rather than retrieving a file that contains the data they
are seeking and possibly much more. That data can then be used for a wide variety of purposes, including
purposes other than their producers' intended ones. WFS is primarily a Feature Access Service but also
includes elements of a Feature Type Service, a Coordinate Conversion/Transformation Service and
Geographic Format Conversion Service.

Web
Map
Context

The Web Map Context Specification (WMC) states how a specific grouping of one or more maps from
one or more map servers can be described in a portable, platform-independent format for storage in a
repository or for transmission between clients.
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Web
Map
Service

The Web Map Service Interface Standard (WMS) provides a simple HTTP interface for requesting georegistered map images from one or more distributed geospatial databases. A WMS request defines the
geographic layer(s) and area of interest to be processed. The response to the request is one or more georegistered map images (returned as JPEG, PNG, etc) that can be displayed in a browser application. The
interface also supports the ability to specify whether the returned images should be transparent so that
layers from multiple servers can be combined or not.

Web
Map
Tile
Service

The Web Map Tile Service Implementation Standard (WMTS) provides a standard based solution to
serve digital maps using predefined image tiles that are available in each layer (i.e. each type of content),
in each graphical representation style, in each format, in each coordinate reference system, at each scale,
and over each geographic fragment of the total covered area. The Service Metadata Document declares
the communication protocols and encodings through which clients can interact with the server. The
clients can interpret the Service Metadata document to request specific tiles.

Web
Processing
Service

The Web Processing Service Interface Standard (WPS) provides rules for standardizing how inputs and
outputs (requests and responses) for geospatial processing services overlay. The standard also defines
how a client can request the execution of a process, and how the output from the process is handled. It
defines an interface that facilitates the publishing of geospatial processes and clients’ discovery of and
binding to those processes. The data required by the WPS can be delivered across a network or they can
be available at the server.

Web
Service
Common

The Web Service Common Specification (WSC) includes common aspects according to the Web Map
Service (WMS), Web Feature Service (WFS), and Web Coverage Service (WCS) which includes
operation request and response contents, parameters included in operation requests and responses, and
encoding of operation requests and responses.

Open Geospatial and Web Servers
If Open Web Services are the communication language, then Open Web Mapping Servers are the partial body of the
middle-tier system architecture of WEB GIS. Therefore here is provided an information, shown in Table 3 below, about
the made comparison of the two most common used open-source Web Mapping Servers – MapServer and Geoserver.
None of them is better or worse – it depends on the development objectives that better fits the developer’s needs.
Table 3. Advantages and disadvantages of MapServer and GeoServer according to specific indicators.
Traits

MapServer

GeoServer

Open
Web
Services
–
WMS/WFS

Better dealing with Web Map Service (WMS) that
serves georeferenced map images and has very
simple quering of data.

Better dealing with Web Feature Service (WFS)
that allows powerful querying and retrieval of
features.

WFS/WFS-T

Supports only the basic Web Feature Service
(WFS).
Doesn’t
support
the
additional
Transactional Web Feature Service (WFS-T).

Supports both Web Feature Service (WFS) and
Transactional Web Feature Service (WFS-T)
that allows creation, deletion, and updating of
features.

Common
Gateway
Interface/
Servlet

Works with Common Gateway Interface (CGI) that
is the very first attempt at providing users with
dynamic content. It allows users to execute a
program that resides in the server to process data
and even access databases in order to produce the
relevant content. Since these are programs, they are
written in the native operating system and then

Works with Servlet that is called J2EE. A
servlet is is an implementation of Java that aims
to provide the same service as Common
Gateway Interface (CGI) does, but instead of
programs compiled in the native operating
system, it compiles into the Java bytecode
which is then run in the Java virtual machine.
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stored in a specific directory. One of the CGI
disadvantages is the platform dependence. With
CGI, switching operating system is a difficult and
laborious process as programs recompilation in the
new operating system would be needed. Since
independent programs in CGI are being run, they
create their own process when they are executed,
something that does not happen with servlets as
they just share the memory space of the Java Virtual
Machine (JVM). This can lead to problems relating
to overhead, especially when the number of users
exponentially increases. It also creates vulnerability
issues as the program is not controlled in any way
once it is run on the server. Later on, the more
common method when using CGI is via scripts.
This, in turn, has a positive effect because it reduces
the time needed in creating programs and it is
generally more secured.

Though Java programs can be compiled into the
native code, they still prefer to compile in the
Java bytecode. One of the Servlets advantages
is the platform independence. That’s because
Servlets can run on any operating system just as
long as a Java Virtual Machine (JVM) is
installed, which means that there would not be
any problem even if operating systems are
chosen to be switched. Servlets saves executing
processes time and assures control safety. With
CGI, scripts can be run right away, while
servlets, the script has to being translated into
Java and then being compiled into a servlet
which adds a little bit to the loading time. The
summary of the aforementioned facts may
entail to some advantage to GeoServer, since
some companies don’t want to work with CGI.

Configuration

A little bit hard to configurate

Has a Web Tool Administration that eases the
configuration

Software
Interface

Command line or separately installed Graphical
User Interface (GUI)

Graphical User Interface (GUI)

Visualization

Has without any doubt a very powerfull
cartographic system, providing data under dynamic
vectors with high quality

Has a satisfactory and good enough geospatial
data visualization

Release

A more mature project – 1996

A bit more recent project – 2003

The other upgradeable part of the body of the middle-tier system architecture of WEB GIS is the presence of Web
Server. Undoubtedly, more than 20 years already undisputed world leader in the ranking of Web Servers is the opensource Apache followed by the proprietary Microsoft IIS. Its main advantage is that it is free-to-use application without
license taxes and fees. It can be installed not only under Windows, unlike Microsoft IIS Web Server, but also under
Linux, Unix, Mac OS. It is also flexible because of its capability for users to choose between different modules. In
addition, it allows for certain more safety and security, which could obviously be expected, assuming that Windowsbased computer operating system is more often attacted by hackers. Last, but not at least advantage of Apache is that it
is still being used with the widest support from the user community.

Open Desktop GIS Software Platforms
After all, looking back at the beginning of the whole web mapping process, there is expected that the most important
thing is the data itself. Without it, there could not be talked about any possible start pointing at all. So firstly, it is
needed for the developer a desktop GIS web mapping solution for creation, managing, analyzing and displaying the
underlying data sets where it’s necessary. Examples of this kind of software platforms may be the proprietary ArcGIS
or the open-source QuantumGIS. In accordance with their widespread use, their main characteristics are represented in
Table 4 below. The made comparison could be of any help in cases where there’s a doubt which one of the two most
common used softwares is more appropriately to be used according to the specific user needs and experiences, along
with program limitations and extra functionalities.
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Table 4. Comparison of the two main used desktop GIS software platforms – ArcGIS and QuantumGIS.
Characteristics

ArcGIS

QuantumGIS

Software

Commercial

Open-source

Functionality

Much more developed with an advanced
complex set of editing tools and analytical
functionalities

A basic set of the most common used geospatial
processing tools together with continuous
development of free plug-ins. It could include a
powerful
analytical
functionality through
integration with the oldest and largest available
open-source GIS software, to wit GRASS GIS,
which, in turn, is used around the world in
academic and commercial settings as well as by
many governmental agencies and environmental
consulting companies.

Data
Consuming

Not so efficient conversion and reciprocality

GDAL/OGR
library
maintenance
PostgreSQL/PostGIS interaction

Speed

Wasting time in license validating

Less processing time

Labelling

Better annotation placement properties

Better label styles

3D mapping

Much better performance using the 3D Analyst
Extention (such as extruding objects with
amazing vertical exaggeration or performing
fly-throughs)

Lack of decent 3D support

Print

Better option for beautiful
masterpieces creation

Not so appropriate choice

Results

More reliable results (especially in cases where
Automatic/Manual Interactive Topology Fixing
is used)

Verifiable results (e.g. Topology checking)

Documentation

Superb in-depth documentation provisioning on
how to use different tools for getting hands-on
experience

Informative,
well-written
documentation

Release

A more mature project – 1999

A bit more recent project – 2002

cartographic

and

and

practical

Open Spatial Databases
One more level higher, in addition to the aforementioned first-level data processing, the mission for creation a Spatial
Database which to act as one wholly inseparable system is also needed for gathering, continue manipulating and
transfering above the previously collected geographic information. That’s why what’s comming next is the installation
of some sort of Spatial Databases such as PostGIS which is an extension to PostgreSQL (developed by a Spatial
Database Technology Research Project) that allows GIS objects to be stored into the database. PostGIS spatially enables
the popular PostgreSQL Object-Relational Database, allowing it to be used as a back-end database for Geographic
Information Systems (GIS) and web mapping applications. PostGIS is stable, fast, standarts compliant, with hundreds of
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spatial functions and is currently the most widely used open-source Spatial Database. PostGIS is used by diverse
organizations from around the world, including risk-averse government agencies and organizations storing terabytes of
data serving millions of web requests per day. Database administration is available for the desktop and web via
pgAdmin, php PgAdmin, and others. Data import/export can be done by the command line tools (such as shp2pgsql,
pgsql2shp, org2org, dxf2postgis) or from the desktop and web GIS clients. These clients can also manipulate and
produce PostGIS geospatial data tables. It allows hundreds of geospatial processing functionalities including Buffers,
Unions, Overlays, Distance, and many more as well as Atomicity, Consistency, Isolation, and Durability (ACID)
transactional integrity, R-Tree Spatial Index, Multi-User Support, and so on. ACID transactional integrity ensures
predictable behavior, reinforcing the role of transactions as all-or-none propositions designed to reduce the management
loading when there are many variables. PostGIS implements Simple Features Structured Query Language (SFSQL)
Open Geospatial Consortium (OGC) Implementation Specification for Geographic Information.

Metadata
Last, but not at least, a very important characteristic of the final WEB GIS application with regard to users is having a
knowledge of where, when, why and how data is available on the Internet. Users must know where provider’s
geospatial data comes from and answer the question if they can rely on its quality and reliability. Metadata, or data
about data, provides necessary information for users about the data, including information about collection and analysis
methods, sources of error, spatial reference systems, and contact information. Metadata components might be
hierarchically constructed at various levels according to the listed information about geospatial data because the
amounts of metadata included with spatial data vary, from none to full documented metadata that meets a metadata
standart. Example of kind of this structure is shown in Table 5.
Table 5. Metadata components according to the listed information about the provided geospatial data.
Listed Information

Metadata Components

No Metadata

Basic information generated directly from data, such as data sources and information about the
attributes (names and data formats)

Basic Metadata

File name, keywords, summary, description, spatial reference system, basic attribute
information, credits, and access and use limitations for the data

Mandatory Metadata

All mandatory fields including basic information (e.g. abstract, keywords, supplementary
information, data citation, contact information) and information about data quality, data
organization, spatial reference system, attributes, and its distribution

Full Metadata

All mandatory and optional fields including basic information (e.g. abstract, keywords,
supplementary information, data citation, contact information) and information about data
quality, data organization, spatial reference system, attributes, and its distribution

Utilization of web-based GIS can provide managers, decision-makers,and scientists access to uo-to-date and accurate
information from multiple sources, including the government and academia, and across multiple spatial scales that are
essential to informed decision-making (Bauer, 2012). A key point in this process is the presence of an efficient access to
up-to-date information by using data portals or searchable data catalogues that could benefit managers, decisionmakers, and scientists by providing access to spatial decision support tools, assisting with spatial planning, and serving
as an educational resource (Wright et al., 2011). Once Web Services are published, or made accessible, they can be
called and invoked by other applications, like web sites, and then combined with other services can create larger, more
comprehensive services and/or applications (Anderson and Moreno-Sanchez, 2003).

CONCLUSIONS
There are many new principle technologies and mapping applications in WEB GIS field that are rapidly and constantly
changing it. On the technology side, such examples include the technical evolutions and predictable trends in web GIS
server-side and client-side capabilities, Cloud GIS, Mobile GIS, Online Spatial Analytics, Web 3D and Big Data. On
the application side, the main future development purpose is WEB GIS applications to include complex functionalities
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so as to be showcased in public information services, citizen engagement events, and operational decision support.
Increasingly, the new trends in WEB GIS filed are undoubtedly having a positive effect on the society as a whole,
according to the deep thought-provoking and strategically planned experiments in the WEB GIS industry.
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Abstract
The cartographic design of 3D maps (a term 3D map can be defined as computer-derived perspective view with
cartographic content) is still under the strong influence of map authors’ preferences. It comes from the wide range of
different parameters, which should be taken into consideration during the process of the map’s creation. This process
comes from the concept phase, through modeling stage, follows by symbolization step to the final visualization itself.
Such parameters and the process itself are well known in the classic 2D map design. More importantly, they are
standardized for a long time. On the contrary, the standardization of the process dealing with a creation of 3D maps is
still ongoing and in development. This contribution aims to outline the already deployed principles in the 3D map’s
creation process and elaborates a workflow of such a process with certain cartographic and other variables.
The process contains data preparation (steps from concept to visualization), definition of cartographic aspects (which
are divided into the variables together with their definition and design) and the derivation of cartographic principles
for a design of 3D maps. Note that this paper focuses on the cartographic principles of the mentioned process, not on
technical issues of a visualization of 3D data.
Keywords: map, cartography, design, process, principle, urban area

INTRODUCTION
This paper aims to discuss the principles of cartographic design for 3D maps. The cartographic design is one of the
steps in the workflow of a 3D map’s creation. The scheme of such a workflow is depicted in Figure 1. The cartographic
design is related to the symbolization part of the workflow, consisting mainly of definition of the graphic appearance of
the displayed objects. The particular examples will be explained on instances of 3D map of urban areas, while urban
areas are places with higher density of population comparing the areas around them.
The terms “3D map” and “3D scene” need to be stated here for the purposes of this paper. A 3D map is understood as
an analogy to a classical 2D map, so the term 3D map stands for a representation of a 3D model based on cartographic
rules and variables. The 3D scene is then a space in which the 3D model is perceived on the base of a camera viewing
and projection.

DEFINITION OF A 3D MAP
The term “map” has a lot of different definitions, see for example Andrews (1996), Čerba (2011) for numerous
definitions of such a term. To define of term “3D map”, the suitable definitions should be presented. Several suitable
definitions for the purposes of this paper dealing with the term “3D map” are listed below.
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A definition of a map is proposed as:


“A representation or abstraction of geographical reality: a tool for presenting geographical information in
a way that is visual, digital or tactile”, ICA (1992);



“A symbolised image of geographic reality, representing selected features or characteristics, resulting from the
creative efforts of cartographers, and designed for use when spatial relationships are of special relevance”,
Wood (1993).

Continuing, a 3D map can be defined as:


“A 3D map is determined as a digital, mathematical defined, three-dimensional virtual representation of the
Earth, surfaces, objects and phenomena in nature and society. Represented objects and phenomena are
classified, designed and visualized according to a particular purpose”, Bandrova (2001);



“Maps are used to visualize geospatial data, that is data that refer to the location or the attributes of objects
or phenomena located on Earth”, Kraak & Ormeling (2011);



“3D map - modern computer-generated perspective view with cartographic content”, Heaberling (2005);



“3D map - a generalised representation of a specific area using symbolization to illustrate physical features”,
Heaberling et al. (2008).

Looking at the above mentioned definitions, 3D maps are a special type of maps, portraying 3D data. Usual approach
of such a portrayal consists of showing:


A sphere as a reference surface for draping imagery or vector data in small scales;



Terrain (generalized) as a reference surface for draping, while zooming in medium scale;



Detailed terrain, draped 2D geodata, 3D features.

This means that under the term 3D map, it is commonly understand a map containing Digital Terrain Model (DTM),
2D data draped on terrain, 3D models of objects (in proper scales) and 3D symbols (expressing objects, which cannot be
modeled in their real proportions). Not every 3D map of course consists of all scale levels. The most common use
of 3D map is a map of urban areas (sometimes called 3D city maps). Such a map then usually consists of medium
and large scale layers. Urban area10 is a location characterized by high human population density and many built
environment features in comparison to the areas surrounding it. The 3D models shown at these maps have a lot
of different purposes and ways of use. The 3D models can be used for various 3D analyses, spatial planning,
3D cadaster, Crisis Management and so on, not only to be presented in a form of 3D map. For a list of possible usage
of 3D models see e.g. Biljecki et al. (2015).

10

https://en.wikipedia.org/wiki/Urban_area
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STEPS OF DESIGNING A 3D MAP

Figure 1. A scheme of 3D maps’ process, adopted from Terribilini (2001), Haeberling (2002)
Every step of designing a 3D map should be considered with respect to the purposes of a 3D model (modeling part),
way of communication with a user (symbolization part) and the presentation of a 3D map (visualization part). That is
the main issue of designing process, that each creator of maps (a creator is not necessarily a cartographer) can percept
every single element of this process in a different way. The elements of each step are discussed further.
Haeberling (2002) and Haeberling (2008) define that each step of a 3D map’s creation, so called Design Steps
(i.e. modeling, symbolization, visualization) can be divided into several elements. There are Design Aspects and Design
Variables proposed in Figure 2.

Figure 2. An outline of design steps, design aspects and design variables, adopted from Haeberling (2008)
A similar workflow for a creation of 3D maps can be found in Bandrova (2005). As depicted in Figure 3, the first two
steps refer to Modeling part, the next two steps refer to Symbolization part and the last one is the Visualization part.
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Figure 3. The procedure for creating 3D map from digital data, adopted from Bandrova (2005)
Wood et al. (2005) defines the visualization pipeline also applicable to 3D maps. The “Visual Mapping” and “Visual
Representation of Data” is the part of the Figure 4 related to the Symbolization part of the design process mentioned in
Figure 2.

Figure 4. The scheme of a visualization pipeline, adopted from Wood et al. (2005)
The detailed overview of possible visual variables used for 3D models can be found in Rautenbach et al. (2015), chapter
2. There are stated the basic visual variables adopted from Bertin (1983) such as position, size, shape, value, color,
orientation and texture, together with ones from MacEachren (1995) such as movement, duration, frequency, order, rate
of change, and synchronisation (concerning dynamical phenomena). Other variables stated in Rautenbach et al. (2015)
are perspective height, sketchiness and so on. But there is no differentiation of design variables for particular parts
of the 3D map’s creation workflow, because it deals more with 3D models, than 3D maps.The workflow of 3D model
creation was examined also by authors of this paper, e.g. in Jedlička & Hájek (2014).
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Steps of designing a 3D map - summary
This chapter examined three approaches to designing a 3D map from three research groups. Wood et al. (2005) defined
a visualization pipeline, which is very general and suitable for visualization of practical any data. Bandrova (2001)
stated also general principles for designing a map, though focusing on photo-realistic kind of a 3D map. Haeberling
(2008) postulated not only cartographic principles for any 3D map’s creation. The following text will be mainly based
on such principles by Haeberling with influences of the other two. It is worth to mention, that a geodata harmonization
usually precedes the modelling of 3D model (the very first step of a 3D map creation). The geodata harmonization is not
further discussed in our paper, but is deeply described e.g. in Janečka et al. (2013) or Charvát et al. (2013).

PRINCIPLES USED DURING THE CREATION OF A 3D MAP
The first and profound principle is to take the user’s need into the consideration through the whole process of
a 3D map’s creation. The second profound principle is taking the previous and next design steps of a 3D map’s design
process (as depicted in Figure 2) into consideration as well, during each such a step. Other principles for these steps are
mentioned further.
The next part describes the steps of 3D map’s creation based on Haeberling (2008), with suggestions about the issues
that need to be taken into the consideration in each particular step:
Modeling - a process leading to creation of a 3D model depending not only on:


An intended purpose of such a 3D model;



An available source data for creating a 3D model;



Time, money and work.

The objects (symbols, see the next step of symbolization), which are represented in 3D map, should be similar
to the real objects and modeled in their real dimensions if possible. Because a 3D map represents objects of the real
world as much as similar to their real appearance, this principle is self-explanatory.
The creation of a 3D model of urban areas with a DTM, 3D model of objects and 3D symbols is influenced
by the technology used for the visualization of such a model. There are visualization techniques able to visualize the
large amount of data (advanced visualization techniques of computer graphic), but common tools used for visualization
of geographical data are not yet suitable for visualization of large amount of data (see the chapter about the use case
of Terezín’s 3D model). Therefore the principle of minimizing the amount of polygons (or other graphical primitives) is
still appropriate to use in this stage (see the next point for the Symbolization step).
Symbolization - a process of defining a graphical appearance of the 3D model
This step is related very closely to the modeling step, see further text. Pegg (2011) describes that orientation is not
really an issue for a 3D map, other factors can have a major effect on the way a 3D presentation is perceived.
Recognition of symbology and 3D objects for the user is being an issue. Other issues that can affect the usefulness
of a 3D map are different levels of detail and abstraction, depth perception and a changing scale. Regarding mentioned
issues, there can be derived steps or rules useful for creation of 3D models. Those steps are taken over from Bandrova
(2001), which operates with the term of symbol for the 3D cartographic representation of real objects (adopted from
Hájek et al. (2015)).


The symbols, which are represented in 3D map, should be similar to the real objects.



Minimum polygons should be used when a new symbol is built.



The symbols should be created in their real dimensions



The symbols are designed for different purposes depending on user's needs.

Visualization - using techniques for presentation of a 3D model in a 3D map
Not every time the rules adopted from Bandrova (2001) can be abided, especially the rule about the real dimensions
of a symbol. Usually for the purposes of quick visualization, the generalization of the object (e.g. Level of Abstraction see Semmo et al. (2015), Semmo & Döllner (2015)) or the replacement of the object with an object of lower dimension
(e.g. Level of Detail - see OGC (2012)), need to be taken into the consideration on top of the minimization of polygons
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representing a 3D object. The visualization techniques are not stated in this text closely, for more information see
Wood et al. (2005), Petrovic (2003), Haeberling (2008).

Steps of designing a 3D map - summary
The process of designing itself is influenced mainly by the aim and intended purpose of a 3D map, therefore each step is
related to the purpose as well. Each step of designing a 3D map cannot be done without the others taken into
consideration. For example the rules stated in Bandrova (2001) and listed above, are based on each of defined steps.
Particularly step B is related to both modeling (creation of a 3D symbol as simple as possible) and visualization (simple
objects can be visualized more smoothly than the complex, very detailed ones). Therefore such a distinguishing
of the designing steps is easy to define, but on the other hand, such steps are entwined to each other. For example,
perspective view and camera adjusting can be used not only during visualization (as proposed in Figure 2), but also
during the process of modeling and symbolization as well.

APPROACHES FOR CARTOGRAPHIC PRINCIPLES OF 3D MAPS
“Cartographic principles are mainly related to the symbolization part of the design steps of 3D maps. There are two
basic concepts of 3D cartography – photorealistic and non-photorealistic or symbolic (discussed in many chapters
of Cartwright et al. (2007)). The both 3D cartography approaches have similar questions to solve. The book
Dodge et al. (2008) summarizes these common problems – non-perspective projections, reference frames, object
minimization and displacement, distortions, symbol transparency and shadows (this problem is related to the nonphotorealistic concept, because it adds to the scene new abstract symbols). Also the interpretation of terrain
visualization is different in 2D and 3D, see Popelka & Brychtová (2013)”, Jedlička et al. (2013). Döllner (2008) also
deals with this two concepts.
Haeberling (2005) postulated 19 propositions of cartographic design principles for 3D maps, regardless the photo –
and non-photorealistic approach. According to the authors of this paper, the last 5 propositions (of categories such as
camera aspect, lightning aspect and atmospherics effects) belong to the visualization part of the design process. The first
14 propositions deal with an abstraction and dimension degree of objects shown in a 3D map.
Using of Bertin’s variables in 3D presentations is slightly different than in 2D maps. In perspective views close objects
are clearly visible and bigger like distant ones, see Hájek et al. (2015) for details. Therefore we cannot use the variation
of Bertin’s variations only for distinguish different object types. Every object type should have different appearances
according to the distance between observation point and an object. Since we cannot perform linear transition we have to
decide to limited number of discrete steps - different map symbols for the same object type; similar as map symbols for
2D maps at different scales, Petrovic (2003). It leads to use either different models according to the distance between
observation point and an object - usually in different Level of Details (LOD; see more in OGC (2012)) or analogous
approach consisting of filtering or altering the 3D model on the base of abstraction - called Level of Abstraction (LOA Semmo & Döllner (2014)). The second option (LOA) could be also related to the visualization part rather than to the
symbolization part, because the 3D model of an object stays the same, but its appearance is rendered differently
according to the distance between observation point and an object.
Wood et al. (2005) stated, that a 3D representation in a 2D display (meant as a screen) builds on projecting three
locational dimensions onto a 2D plane. Using a set of perceptual depth cues to reinforce this projection, such as
perspective, occlusion, and parallax motion, a cartographic “degree of freedom” was added to visual representation
variables.
The previous text indicates that there is a bulk of cartographic aspects and variables, which can be used during the
design process of 3D maps. The next chapter discusses the suitable cartographic principles for 3D maps of urban areas.

Cartographic principles for 3D maps of urban areas
This chapter aims to postulate suitable cartographic principles and variables for the purpose of 3D maps of urban areas’
creation. The main purpose of such maps is to present an area of a village/town/city usually together with its
surroundings.
The content of 3D maps of urban areas is defined comprehensively in the CityGML standard, OGC (2012). There is
a taxonomy of appearances, thematic objects and attributes suitable for using in 3D maps of urban areas. The taxonomy
of suitable parts of this standard is (adopted from OGC (2012)):
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Digital Terrain Models as a combination of (including nested) triangulated irregular networks (TINs), regular
rasters, break and skeleton lines, mass points;



Sites (buildings, bridges and tunnels);



Vegetation (areas, volumes and solitary objects with vegetation classification);



Water bodies (volumes, surfaces);



Transportation facilities (both graph structures and 3D surface data);



Land use (representation of areas of the Earth’s surface dedicated to a specific land use);



City furniture;



Generic city objects and attributes / User-definable (recursive) grouping;



Appearance model.

The 3D maps of urban areas are specific by the content of such maps. The most abundant objects are the “man-made”
ones, especially buildings (sites) and a city infrastructure (transportation facilities). Due to the amount of buildings
and length of an infrastructure, objects of such categories fill the most of the displayed 3D map. Therefore
the cartographic principles for such objects are the most important for 3D maps of urban areas.
A cartographic representation of a 3D model should be investigated also on behalf of several criteria (derived from
Cartwright (2007), Dodge (2008)):


Clarity / clearness / readability of a 3D map;



Clarity / clearness of symbols;



Mutual distinctiveness of symbols;



Graphic load of a map;



Relationship among symbols;



Subject communication of a map maker / object opinion and a view at a map.

The cartographic principles suitable for 3D maps of urban areas can be stated on the base of the previous research
and the above mentioned criteria of cartographic representations as follows:




Setting up the cartography of the 3D model for the expected maximal detail:
o

Selection of dimensionality and a representation of all portrayed objects (as a point/line/area, symbol
or volumetric) and surfaces (TIN/GRID);

o

Respecting of the cartographic variables (position, size, shape, value, color, orientation and texture
of the symbol) stated by Bertin (1983) during the model symbolization to express the similarity
to the real object;

o

Using proper categorization of objects to easily distinguish among different objects layers and objects.

Setting up cartographic rules of the model symbolization and visualization in less detailed views – using
a cartographic techniques (as generalization) or techniques for 3D model substitution (such as LOD or LOA)
for establishing an appropriate graphic load of a map in all potential levels of details.

Following the criteria proposed above leads to better perception of a 3D map. These criteria were used during a use case
dealing with a creation of a 3D model of Terezín (especially Main and Small Fortress of Terezín at the state-of-the-art
in 1944). See the next chapter for further information.

USE CASE ON THE 3D MODEL OF TEREZÍN
The description of works during the creation of a 3D model of Terezín City (a city in the Northern Bohemia) is depicted
in detail in Hájek et al. (2015). The following chapter outlines directly the the cartographic principles of 3D map
creation used during this process. The 3D model of Terezín City shows the appearance of this city in 1944, when there
was a deportation camp during the Second World War. The model was created within the project "Memorial
Landscapes Dresden and Terezín as places to remember the Shoah".
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The cartographic principles stated in the previous chapter were fulfilled during the creation of the 3D model of Terezín
City in the following way:


Selection of dimensionality and a representation of all portrayed objects - 3D boundary representation
of buildings was selected together with the representation of a terrain of the city and the surrounding
fortification in the same way;



Respecting of the cartographic variables to express the similarity to the real object - buildings (as the most
profound parts of the whole 3D model) were symbolized to the real past appearance of buildings using both
colors and textures. Textures were used for the representation of wall surfaces and for the representation
of spatially complex objects (such as decorative structures on the buildings);



Using proper categorization of objects to easily distinguish among different objects layers and objects –
There were two categories of buildings, the first one (so called the important ones) were modeled in colors
and in very high detail, and the second (non-important) were modeled grey scaled and in low detailed to easily
distinguished among them;



Setting up cartographic rules of the model symbolization and visualization in less detailed views –
the most detailed models were based on less detailed ones (from LOD0 to LOD3, more in OGC(2012)),
to minimize the graphic load during the visualization. That was accomplished by switching among the LOD’s
according the the position of a camera pointing the model.

As you can see, the mentioned principles used during the creation of a symbolized 3D model of Terezín City
completely corresponds to the principles designed in the previous chapter. More information about the creation of such
a model, the project itself and the historical background of Terezín City can be found in the reference stated
in the beginning of this chapter and in its references. Figure 5 depicts the visualization of the 3D model of Terezín City
in the web-based project platform.

Figure 5. The visualization of the 3D model of Terezín City in the project platform
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CONCLUSION
This paper aims to discuss the principles of cartographic design for 3D maps. Definitions of a 3D map were investigated
firstly. Then the design process of a 3D map was discussed. Three approaches of designing a 3D map were stated
afterwards. Then, the cartographic principles suitable for a symbolization of 3D maps of urban areas were designed.
Finally a use case for such principles was introduced.
The designed cartographic principles are based on the previous authors’ works on this topic and they are designed
especially for a creation of 3D maps of urban areas, reflecting the needs and use of such maps. The designed principles
can serve as an inspiration for creating any 3D map of an urban area.
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Abstract
ASTER is a Japanese sensor which is one of the five equipments that are on board of the Terra satellite launched by
NASA in 1999. The sensor has been collecting satellite imagery since 2000. The ASTER GDEM was released to the
public after a joint operation between NASA and METI (Japan's Ministry of Economy, Trade and Industry). It is the
most complete DEM of the earth ever made, covering 99% of its surface in 1 arc second resolution. The previous most
comprehensive DEM, Shuttle Radar Topography Mission (SRTM) DEM, covered approximately 80% of the Earth's
surface, with a resolution of 3 arc seconds, and 1 arc seconds. The GDEM covers the earth from 83 degrees North to 83
degrees South (SRTM's coverage is from 56°S to 60°N), becoming the first DEM that covers the Polar Regions.
Nowadays the second version is in use, which is corrected and enhanced in terms of several artifacts. In spite of these
corrections it is reported that there are still some artifacts such as wells and spikes in the data. In this study ASTER
DEM and SRTM DEM are analyzed against local height data. The ground truth data is local DEMs created by using
25K national topographic maps. We will do an area based comparison between ASTER DEM, SRTM DEM and local
DEMs. For this purpose we selected 37 25K map sheets randomly distributed over the country. Furthermore we create
3D visualizations and compare them in terms of detail richness of the topography. Finally it is concluded that SRTM
DEM seems to be superior to ASTER DEM over the Turkish territory.
Keywords: ASTER, SRTM, validation, 25K topographic maps, Turkish territory.

1 INTRODUCTION
Global Digital Elevation Models (GDEM) which cover large parts of Earth’s physical surface was produced from the
remote sensing methods or existing topographic maps by digitizing, and then it is presented to the end users
commercially or non-commercially. In this context, SRTM (Shuttle Radar Topography Mission) and ASTER
(Advanced Spaceborne Thermal Emission and Reflection Radiometer) that are performed in the last decade are the
projects at the non-commercial category, which are jointly realized by NASA, German and Italian space agencies, and
Japan's Ministry of Economy, Trade and Industry (METI), respectively (ASTER, 2016; SRTM, 2016).
In the SRTM project, a radar system mounted on a space craft collected data on the land masses of the earth surfaces
between approximately ±60° latitudes. The two radars which are termed X and C bands belong to NASA and GermanItalian space agencies, respectively, whereas C band radar collected data continuously, X band radar produced gappy
stripe data on the physical surface. NASA freely presented the SRTM Digital Elevation Model (DEM) for United States
(US) within one arc-second resolution for the other parts of the earth within three arc-seconds resolution. A Global
SRTM DEM version within one arc-second resolution has been released lately.
ASTER GDEM which is completed after SRTM is the second global DEM. ASTER (Advanced Spaceborne Thermal
Emission and Reflection Radiometer) is a satellite project which is jointly produced by Japanese Economy-CommerceIndustry Ministry, NASA and both country’s scientific and industrial institutions. ASTER has a more sophisticated
remote sensing capability than the previous satellite missions. ASTER collects high resolution spatial data within
wavelengths of visible, thermal and infrared which are collected in 14 bands, totally. Because ASTER has a stereo
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vision, the collected data can be converted to a DEM by a photogrammetric method so as ASTER GDEM was produced
by such a method.
Compared to the SRTM DEM, ASTER GDEM has more comprehensive (between ±83° latitudes) and high resolution.
However, in a variety of references it is stated that ASTER is not good as SRTM DEM in terms of accuracy since
ASTER has been formed by photogrammetric technique (Team, 2009; Bubenzer and Bolten, 2008, Luanac et al 2015;
Pipaud et al 2015; White et al 2015).
In this study, the accuracies of ASTER GDEM (1 arc-second resolution) and SRTM DEM (3 arc-second resolution) in
Turkey were tested. The SRTM DEM used here is the void filled data which is produced in a previous national project
of the authors (Bildirici et. al., 2008; Bildirici et al 2009). As ground truth data, a DEM derived by digitizing 1:25 K
topographic map sheets has been used. Results shows that despite the lower resolution and smaller coverage, SRTM
provides better results in terms of accuracy over the Turkish territory.

2 MATERIAL AND METHOD
This section starts with brief views of SRTM and ASTER DEMs as input data. For the control data, a regional DEM
digitized from 1:25 K topographic maps will be explained. Finally comparison method will be explained.

2.1 SRTM DEM
The space shuttle Endeavour orbited the earth in 2000 within the Shuttle Radar Topography Mission (SRTM). The
National Aeronautics and Space Administration (NASA) and the National Geospatial-Intelligence Agency (NGA)
participated in an international project to collect radar data which were used to create the first global digital elevation
model which covers 80% of the earth land masses between 60° north and 56° south. Endeavour orbited the earth 16
times each day during the 11-day mission (USGS, 2016).
In SRTM single-pass interferometry was used, which acquired two signals at the same time by using two different radar
antennas. An antenna located on board the space shuttle collected one data set and the other data set was collected by an
antenna located at the end of a 60-meter mast that extended from the shuttle. Differences between the two signals
allowed for the calculation of surface elevation. SRTM successfully collected radar data over with data points posted
every 1 arc-second (approximately 30 meters). SRTM Data Products are distributed in three different form.
SRTM non-void filled elevation data was produced from raw C-band radar signals spaced at intervals of 1 arc-second
(approximately 30 meters) at NASA’s Jet Propulsion Laboratory (JPL). This version was then edited or finished by the
NGA to delineate and flatten water bodies, better define coastlines, remove spikes and wells, and fill small voids. The
resolution for this data set is 1 arc-second for the US and 3 arc-seconds for global coverage.
SRTM void filled elevation data are the result of additional processing to address areas of missing data or voids in the
SRTM non-void filled collection. The voids still occur in areas where the initial processing did not meet quality
specifications. The resolution for this data set is 1 arc-second for the US and 3 arc-seconds for global coverage.
SRTM 1 arc-second global elevation data offer worldwide coverage of void filled data at a resolution of 1 arc-second
(30 meters) and provide open distribution of this high-resolution global data set. Some tiles still contain voids.
In a previous project of the authors the second version of the non-void filled data from NASA JPL was evaluated within
Turkish territory. One of the outcomes of this project is the void-filled SRTM data for Turkey, where the voids are
filled by using the local height data taken from 25K topographic map sheets (Bildirici et al, 2009). In this study this data
set is used.
Table 1. Characteristics of the DEMs used in the study
SRTM

ASTER

Projection

Geographic

Geographic

Horizontal Datum

WGS84

WGS84

Vertical Datum

EGM96 (Earth Gravitational Model 1996)
ellipsoid

EGM96 (Earth
1996) ellipsoid

Gravitational

Model
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Vertical Units

Meters

Meters

Spatial Resolution

1 arc-second for global coverage (~30 meters)
3 arc-second for global coverage (~90 meters)

1 arc-second for global coverage (~30
meters)

Raster Size

1 degree tiles

1 degree tiles

File format

hgt, bil

geotiff

2.2 ASTER GDEM
METI and NASA announced the release of the ASTER GDEM Version 2 (GDEM V2) on October 17, 2011, which is
used in this study. The first version of the ASTER GDEM, released in June 2009, was produced by using stereo-pair
images collected by the ASTER instrument. ASTER GDEM coverage spans from 83 degrees north latitude to 83
degrees south, which makes 99 percent of Earth's land areas. The improved GDEM V2 adds 260,000 additional stereopairs, improving coverage and minimizing the artifacts and anomalies. The refined production algorithm provides
improved spatial resolution, increased horizontal and vertical accuracy, and superior water body coverage and detection.
The ASTER GDEM V2 maintains the GeoTIFF format and the same gridding and tile structure as V1, with 1 x 1
degree tiles in 1 arc second resolution. ASTER GDEM V2 data are available free of charge to users worldwide from the
Land Processes Distributed Active Archive Center (LP DAAC) and J-space systems.
In GDEM V1, pixels of which heights are not determined due to the clouding were flagged by -9999 (i.e. void data). In
GDEM V2, non-uniform data was tried to be eliminated by analyzing more rigorously. In this version, the voids were
patched from SRTM DEM. Together with each DEM file, a quality file was yielded then patched pixels were marked
on it. Thus, V2 does not contain any voids. Nevertheless, it is possible to identify the patched areas by using quality file
if desired.

2.3 Ground Truth Data
Ground truth data consists of digitized contour lines of 25K topographic maps. In order to create a nation-wide DEM
the contour lines of 25K maps were vectorized by General Command of Mapping Turkey (GCM). These data were
distributed in CAD files, each sheet in an individual file. The authors obtained this data within a previous project
(Bildirici et al 2008; Bildirici et al 2009), and used in this study. Today, GCM distributes today DTED files in 1 arc
second resolution, which is generated from digitized contour lines of 25K maps. The data from GCM is not free of
charge.
Due to automatic vectorization the point density on contour line are very high. A line thinning process 05 be necessary
to use this data set properly. The coordinate system is UTM on European Datum 1950, the vertical datum is average sea
level. In order to perform a comparison, point density on contour lines is reduced, and horizontal and vertical datum
conversions are performed.

2.4 Validation Strategy
Our validation strategy is to interpolate the height of each point in the ground truth data from the GDEM (ASTER or
SRTM) and compare the local height to GDEM height. For this purpose the ground truth data was prepared doing the
following steps:


The CAD files (dxf format) were processed to obtain points in 30 horizontal distance in a contour lines (data
thinning).



The coordinates of the selected points are converted to geographical coordinates in WGS84 datum. The initial
coordinate system is UTM on European Datum (EDD50). For datum conversion global parameters of GCM
are used (GCM, 2002). Doing so, for each 25K map file a point set with geographical coordinates in WGS84
datum and local heights was formed, which is used as ground truth data thereafter. For this purpose a specific
program in C programming language was developed.

The evaluation of ASTER GDEM and SRTM DEM is carried out in the following steps.


ASTER GDEM tiles were downloaded in GeoTIFF format. By using GDAL programming package
(http://www.gdal.org ) these files are converted to binary grid files, in which heights are recorded as 2 byte
integer sequentially. Since SRTM data are distributed in grid file format (hgt format), no conversion was done.
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For each point within ground truth data neighboring 4 points in grid file (ASTER or SRTM) are found. By
using IDW (Inverse Distance Weighting) interpolation method the height of the point is determined (Gruver,
2016). For each 25K file, a file with geographical coordinates, local heights and interpolated heights are
formed. By using this file a vertical datum conversion is performed and heights are compared. For this step
another program again in C language is developed.



Finally the local DEM and Global DEMs were matched in terms of accuracy. In order to avoid systematic
errors (e.g. datum shifts), two types of heights (Local DEM and ASTER/SRTM DEMs) were compared with
four parameter corrector surface model.

3 APPLICATION
In this section validation of ASTER and SRTM and visual representations produced by ASTER GDEM will be
discussed.

3.1 Validation of ASTER GDEM and SRTM DEM
For the validation 25K map sheets are selected. Total number of sheets is 37. The files are distributed randomly to the
Turkish territory, mostly in rough areas in terms of topography. In Figure 1 and 2 spatial distribution of the selected
sheets can be seen.
As we mentioned in previous section the points in the 25K sheet files are thinned in terms of number, by omitting points
on the contour lines, of which distance to the next point is less than 30m. Thereafter geographical coordinates in
WGS84 datum are obtained for each map sheet as an individual file. In these files geographical coordinates and local
heights are listed. Then for each point ASTER heights and SRTM heights are interpolated with IDW method by using
four surrounding points.
In geodetic literature, height data in different datum are non-suitable for the comparison. Thus a corrector surface model
can be used before detailed discussion. From a linear model to more sophisticated similarity transformation model can
be available (Kotsakis and Sideris, 1999; Abbak, 2014).
Such a comparison is based on as follows,

H LOCAL  H MODEL  Ax  
where A is a design matrix, x is a vector of unknown parameters,
assumed to absorb all systematic errors.



(1)

is the random noise term. The parametric model is

In this study, four parameter model was used because it gives more reasonable results for our study. Four parameter
model,

cos  i cos i 
 cos  sin  
i
i 
a
 sin  i



1



(2)

Where  and  are geodetic coordinates of check points. This a vector is extended for each check point, then A design
matrix is attained. Afterwards, unknown parameters are solved by Least Squares (LS) approach. Finally, the Root Mean
Square Errors (RMSE) is calculated that are supposed to be the accuracy of global DEM. However, the RMSE values
contain errors of local DEM.
Table 2 shows results that are obtained from four parameter corrector surface model. According to table, SRTM is
better than ASTER, but in some rough topographies, ASTER is superior to SRTM DEM. In map sheet m34a3, accuracy
of SRTM is approximately 49 m whereas accuracy of ASTER is about 65 m. In figure 1 and 2 the map sheets are
depicted according to RMS values. Here we see the locations of the local height data together with the RMS levels.
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3.2 Visualization
In order to evaluate the 3D visualization capabilities we created 3 different topographic maps of the same area (a 25K
map’s area) by using ASTER GDEM, SRTM DEM and the ground truth data. Mercator projection on WGS 84 datum is
used, contour line interval 100m. A 25K sheet (M34a3) with rough terrain with the highest RMS value is selected. In
Figure 3 to 6 the maps based on local data, ASTER GDEM and SRTM DEM are shown, which are prepared by using
Generic Mapping Tools (http://gmt.soest.hawaii.edu) software package.
In the figures there are differences between the contour line representations. Lines from SRTM seem to be more smooth
because of 3 arc second resolution. In south west part of the map of ASTER GDEM some irregularities are visible
(Figure 4). The RMS value is possible so high due to these irregularities (65m see table 1). Considering the RMS values
the SRTM data is better in this area. This can be the reason why the contours of SRTM DEM seem more consistent in
comparison to local data.
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Table 2. Evaluation of ASTER and SRTM DEMs by means of local DEM.
Map sheet

ASTER

SRTM

Min

Max

Mean

RMS

Min

Max

Mean

RMS

e31c4

-36.02

53.97

-0.01

8.14

-38.36

37.06

0.01

7.05

e31d2

-36.97

45.65

-0.02

7.81

-40.78

31.14

-0.04

6.72

e31d3

-38.28

60.03

-0.01

7.51

-28.32

30.12

0.01

6.34

f18a2

-23.26

20.89

0.03

4.00

-14.85

14.99

0.00

3.09

f18a3

-25.58

19.76

-0.00

3.72

-15.38

13.93

-0.00

2.58

f18b1

-19.28

26.89

-0.00

3.80

-16.71

14.42

0.00

3.08

f46c4

-148.85

109.28

0.02

15.97

-368.41

192.35

-0.01

40.63

f47b3

-146.73

137.06

-0.01

15.35

-292.77

177.88

0.00

22.28

f47c4

-215.63

217.23

0.01

18.71

-246.39

159.54

0.01

20.49

g46a1

-198.62

103.82

-0.00

17.26

-214.16

188.93

0.01

21.37

g46a3

-215.48

124.22

-0.00

18.84

-228.75

213.59

0.00

25.39

g46b1

-168.99

109.54

-0.01

23.47

-319.76

162.25

0.01

32.65

i35b3

-41.33

38.81

-0.00

7.58

-34.33

32.45

0.01

7.11

i35c2

-43.85

54.24

0.00

8.28

-35.17

36.98

0.03

7.81

i36d1

-43.07

74.40

-0.00

9.03

-34.19

36.98

0.01

8.02

i48c3

-42.27

34.74

-0.00

6.82

-42.01

29.12

0.00

6.39

i48c4

-29.95

43.86

-0.00

6.62

-32.45

30.61

-0.01

5.92

j20d1

-42.42

55.70

0.02

8.00

-41.54

42.02

-0.00

8.98

j20d3

-42.41

78.33

-0.00

6.71

-40.86

51.84

-0.00

7.56

j20d4

-78.92

121.50

0.01

9.32

-50.94

65.23

-0.00

8.76

j48b1

-35.67

41.28

-0.01

7.08

-35.82

36.21

0.00

6.78

j48b2

-33.21

43.94

-0.00

6.35

-32.64

31.92

-0.00

5.90

l29d4

-135.24

228.32

0.01

41.62

-129.97

200.66

0.02

40.69

m34a3

-496.22

409.43

-0.02

64.91

-451.21

315.73

0.01

49.05

m34b3

-204.69

217.68

-0.01

23.36

-195.83

334.40

-0.07

36.68

m44d3

-58.35

27.14

0.01

4.70

-21.60

20.02

0.00

4.31

m44d4

-16.10

20.14

-0.01

3.59

-19.06

18.45

0.00

2.99

m49b4

-175.29

226.22

0.02

17.66

-379.81

474.24

0.01

39.23

n26a2

-230.14

211.00

-0.00

15.64

-162.50

595.43

0.02

37.17

n33a4

-225.38

180.66

-0.00

27.78

-395.97

445.95

0.02

47.48

n36b2

-257.09

175.50

-0.00

19.87

-361.39

458.85

0.01

34.63

n44a1

-93.93

29.56

-0.00

5.64

-98.04

24.77

-0.01

5.35

n44a2

-35.10

62.95

0.00

7.77

-31.64

39.32

-0.00

7.20

o30c3

-53.39

46.89

-0.01

9.27

-54.43

39.55

-0.01

7.86

o31d4

-61.84

69.27

-0.00

10.83

-63.90

56.65

-0.00

9.17

p30b2

-57.39

64.37

-0.00

10.93

-53.62

67.61

0.00

8.40

p31a1

-53.37

62.14

-0.01

8.29

-47.01

45.98

0.00

8.31
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Figure 1: The results of the ASTER GDEM validation in 25K map sheets

Figure 2: The results of the SRTM DEM validation in 25K map sheets

4 CONCLUSIONS AND REMARKS
In this study, SRTM DEM and ASTER GDEM were compared in terms of local height data which are produced from
1:25K topographic map sheets over the Turkish territory. For this purpose, 37 map sheets which are covers different
characteristic structures were selected. According to our numerical results, ASTER GDEM is better than SRTM in
some rough areas (in 13 map sheets) whereas SRTM gives more reasonable results in other test areas. Considering
overall statistics, SRTM DEM is superior to ASTER GDEM from the point of view of height accuracy. Maximum RMS
for ASTER is about 65 m, for SRTM about 49 m. On the other hand, from the point of terrain visualization ASTER
GDEM contains irregularities, and SRTM DEM delivers better results in terms of morphology even if SRTM DEM has
lower resolution.
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Figure 3. Contour lines created with the local height data (ground truths) (Map Sheet M34a3)
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Figure 4: Contour lines created with the ASTER GDEM 1 arc seconds (Map Sheet M34a3)
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Figure 5. Contour lines created with the SRTM DEM 3 arc seconds (Map Sheet M34a3)
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Abstract
Building three-dimensional (3D) models and photorealistic visualizations of environment is important in many
applications ranging from virtual representation of landscape to analysis and monitoring of land cover/use, as well as
landscape management and planning. The aim of 3D modelling of landscape is to produce according to the user needs
sufficiently reliable and accurate digital three-dimensional model of the earth's surface that can be visualized
dynamically through selected software or can be used to produce static cartographic or presentation products. Basic
data in 3D modelling includes GIS datasets for relief, land cover, hydrography, buildings, roads and tourist
infrastructure, as well as remote sensing data such as satellite and orthophoto images, Radar, LiDAR, etc. The first step
is to generate a 3D model of terrain using remote sensing data, next is to prepare the basic data for landscape
simulation (geology, soil, vegetation, hydrography, etc.). Depending on the type of visualization of 3D models (dynamic
or static) the needed software for presentation is used. One of the advanced results is the flight simulation at selected
height above ground for landscape observation. Presented applications of developed 3D models and photorealistic
visualizations are case studies of national park, Natura 2000 site and tourist resorts in Bulgaria.
Keywords: 3D modelling, 3D map, 3D visualization, GIS, landscape simulation

INTRODUCTION
Today, the rapid development of information technologies (hardware and software) allow the creation of a virtual world
that provide new possibilities for interactive communication, orientation and environmental management and
monitoring. 3D landscape modelling and visualization facilitate an attractive representation of environment by
generation of perspective views based on different types of digital data - geographical, geological, architectural,
biological, etc. In addition, the availability of geospatial data sets is increasing rapidly including all their aspects, such
as geographic coverage, spatial and temporal resolution, thematic content, format (both raster and vector) and accuracy.
Furthermore, the technological advancements improve capabilities for data capturing, storage, management and
presentation in three dimensional space.
Recently, precise landscape modelling and mapping make available the development of many different applications that
are designed for the creation of 3D maps and visualizations. An advanced technique is applied in landscape
visualization, such as multi-perspective views for interactive visualization and 3D panoramic maps. As 3D maps offer a
better perception and understanding of landscape spatial relationships, they are very suitable for tourist applications,
scientific presentations, regional planning and management.
During the last decade, researchers discussed and proposed cartographic standards, design principles and visualization
techniques to further increase the effectiveness and expressiveness of 3D landscape modelling and mapping. The most
basic term 3D map is defined by Haeberling (2002, 2005) as a computer generated perspective view (representation) of
a three-dimensional integrated geodata model with cartographic content, i.e., in accordance with cartographic
symbolisation and generalization conventions. Considerable research has been done in connection with cartographic
design principles, acquisition and realistic visualization of 3D geodata, interactive communication and user-oriented
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maps (Haeberling, 2005; Haeberling et al., 2008; Pegg, 2012; Bandrova et al., 2012; Semmo et al., 2015). Today 3D
modelling and mapping represent key components to a growing number of diverse applications and have varied range
of users for such purposes as city planning, landscape monitoring, utility and transportation management, tourist maps,
and 3D mapping services.
In this paper, the static 3D perspective views are presented as they reflect in the highest level of detail the real world
and may be used for environmental monitoring or for creating 3D panoramic maps. Different visualization techniques
are illustrated for basic landscape elements, e.g., vegetation, rocks, sand, water, etc., as well as 3D symbols for
buildings, trees, sport and leisure facilities, etc.

3D MODELLING AND MAPPING PROCESS
3D mapping includes four general process steps concept, modelling, symbolization and visualization (Figure 1) that
have an impact on the final quality of the map and running through iteratively (Haeberling, 2005).

Figure 1. Schematic 3D landscape mapping process (modified, Source: Terribilini, 2001)
In the conceptual phase, the user context and the product specifications had to be defined. Thus, choosing the map type
is depended on knowledge and experience of users, possible future users and the necessary geospatial data.
The modelling step contains the processing of original thematic data sets (both raster and vector data) including
transformations of data format and structure, objects geometry and semantics. From the original geospatial data a
complex structured 3D landscape model is created that allows to investigate in details the landscape as a static model, as
well as to implement dynamic and interactive functionalities.
The symbolization step involves adding the graphic attributes to the single objects of the 3D landscape model. Thus, the
graphic appearance of each object class is defined as in the legend construction for classic maps, and cartographic
generalization rules are considered. It should be noted that the construction of legend does not affect the graphic
appearance of the objects when they are attributed graphically. Thereby, the landscape model is transformed into a
cartographic 3D model.
In the last visualization step the cartographic 3D model is displayed perspective on the designated media. Cameras are
used to setup a viewing position or moving viewpoint path. The final rendering process transforms the cartographic 3D
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model into a 3D map with projection parameters and simulation of lighting and shading effects in order to obtain a
photorealistic image. Rendering includes set-up of parameters of the final image (e.g. size, resolution) and parameters
of the output file format.
In this study, 3D landscape models were created and visualized by applying the four process steps mentioned above
using the professional 3D GIS software VNS (Visual Nature Studio) (3D Nature, 2008). VNS allows to model the real
world in very high level of details and facilitates an attractive representation of environment by generation of 3D
models and realistic visualization. 3D modelling and visualization are performed in VNS by several main structural
elements (Figure 2) as follows:
1.

Terrain – import a Digital Elevation Model (DEM). A DEM file is a grid of elevation points taken across a
landscape at regular intervals, via satellite, aerial photography or by surveyors on the ground. The terrain
surface can be modelled also based on imported vector data or a surface created in an external application
(Arc ASCII Array, Arc Grid, Arc Export Grid, ASCII Array, DTED, DXF, GTOPO30, Images: BMP, IFF,
PICT, Targa, JPEG, PNG, TIFF, ECW.

2.

Land cover – import vector data. The cartographer can edit polygons by adding details and roughness to make
the terrain look more natural. Then can be applied foliage and ground texturing to that landscape using groups
of Ground Effects, Ecosystems, and Environments – groups of Ecosystems.
a.

Ground – Ground Effect forms the ground beneath everything else.Ground Effect places materials on the
terrain. The Ground overlay is a color or texture that is rendered on terrain polygons.

b.

The Ecosystems can include things like dirt textures, rock textures, strata, grass, shrubs, deciduous trees,
conifer trees, palm trees, cacti and even 3D Objects such as boulders.It is possible also to have separate
Ground texturing with satellite imagery, strata, photographic texturing of dirt, rock or fallen leaves,
procedural textures to simulate ground detail or other texturing. Ecosystems are used to cover terrain with
everything from a base level of detritus (Ground overlay) to undergrowth (Understorey), and full-blown
trees (Overstorey).

c.

Environments - Environments control the render order of unbounded Ecosystems. An unbounded
Ecosystem must be part of an Environment to render. In its common form a single Environment is global
and unbounded. Complex models may contain several vector-bounded Environments. Many more than two
Ecosystems can be combined in one Environment. Arranging their order in the Environment list and
adjusting the Rules of Nature can achieve quite complex and realistic spatial arrangements.

d.

Snow - Snow covers Ecosystems (Material Ground Overlay) and Ground Effects. Ecosystem foliage is not
affected. Snow covers ground wherever it exists and the Snow transparency is less than 100%.
Transparencies between 0% and 100% create a blend of colors between the snow and either Ecosystem or
Ground, whichever would render if there were no Snow.

3.

Thematic vector data - import or digitize Vectors to show thematic data like rivers or political
boundaries.Vectors are geographically referenced points connected by straight-line segments. The shape of the
terrain may be changed by applying Terraffectors™(VNS modul) to Vectors. Vectors may place individual
trees or entire forests. Trees can be 3D Objects, 3D-shaded Image Objects or animated Image Object
sequences. Vectors can also be used to place roads, lakes, streams, snow, areas where shadows are cast, and
individual 3D Objects.

4.

Environment - simulates sunlight to shade the terrain and foliage, and creates a gradient sky; allows to apply
atmospheric effects like haze, fog and sunbeams; add multiple levels of clouds to the sky; and animate the sun,
moon and stars.
Cameras - Cameras are the device used to setup a viewing position or moving viewpoint path. Cameras
contain settings that often mimic properties of a real camera rig (not just the camera itself): Position,
Orientation, Lens/Zoom, Targeting, Terrain-following, Stereo, Panoramic. Cameras contain some settings that
have no clear real-world analog: Floating, Orthographic, Projection.
Rendering - transform the cartographic 3D model into a 3D image with projection parameters and simulation
of lighting and shading effects in order to obtain a photorealistic image. VNS is geo-referenced and includes an
internal calculator to position the sun by local solar time related to the latitude and longitude of the DEM. A
program algorithm uses the latitude and longitude of the DEM to compute the azimuth and altitude of the sun
and translates that to the Latitude and Longitude of the overhead sun position. Rendering includes set-up of
parameters of the final image and the output file format.

5.

6.
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Figure 2. Main structural elements for 3D modelling and visualization in VNS (Visual Nature Studio) (modified,
Source: 3D Nature, 2008)

3D LANDSCAPE MODELLING AND VISUALIZATION
3D panoramic map of Albena Black Sea resort

Figure 3. 3D model of Albena Black Sea resort
Modelling and visualization of tourist complexes requires cartographic representation of the environment, infrastructure
and recreation facilities, sport and leisure facilities. The coverage of such maps is usually about 10 km2, which allows to
design a 3D model with very high precision and details. In this study we present the main stages of producing a 3D
panoramic map of Albena Black Sea resort in Bulgaria with VNS software.

Preliminary work and input data
For the creation of 3D model of Albena resort (Figure 3) were used digital data from large-scale topographic (cadastral)
plan in scale 1:1000 in AutoCAD DXF digital format (Fugire 4). For updating and completing the information the field
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GPS data was acquired. The obtained geo-referenced data from cadastral plan and GPS measurements were processed
in GIS environment and geodatabase was developed with vector layers for relief, hydrography, infrastructure, buildings
and facilities (Figure 5).

Figure 4. Albena Resort – cadastral plan 1 :1000

Figure 5. Albena Resort – GIS layers

Terrain 3D modelling
GIS layer that contains 1-meter elevation contours and elevation points was used to generate a TIN model (Figure 6).
The figure 6 shows that the generated surface is not consistent with the location of the infrastructure, buildings and
facilities and the terrain “cross”some buildings or “cover” some swimming pools. To achieve the correct terrain surface
data for boundaries of all facilities , roads and alleys were used as a structural lines of the relief. Additional control and
vertical planning was made of the streets and alleys network and of the parking lots and playground around swimming
pools. As a result the terrain model represents an exact location and height of all elements (Figure 7).

Figure 6. TIN modelled from contour and elevation
points

Figure 7. TIN modelled after vertical planning

Building and Facilities modelling
The architecture of Albena Black Sea resort in Bulgaria has a unique vision with its terraced hotels. The buildings and
facilities were modelled with very high precision and accuracy of al details to preserve the architectural authenticity of
the resort. On Figure 8 is shown a sample with detailed 3D model of Ralitsa hotel. Along with the sea tourism the resort
also offers a modern sports facilities. On Figure 9 are shown a football sports complex and complex for equestrian
sport.
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Figure 8. 3D model of Ralitsa hotel

Figure 9. 3D model of football sports complex and
complex for equestrian sport

Land cover and environment modelling
The realistic reproduction of the natural environment (parks, gardens and leisure facilities) is of particular importance in
the presentation of resorts. Thereby, for the Albena resort the land cover layer requires special attention for landscape
modelling in GIS. A terrain measurements were made and also a pictures of tree species and gardens were taken . In the
VNS the respective ecosystems were structured with Ecosystem Materials (Figure 2), reflecting the landscape in the
model (Figure 10). It should be noted that the 3D symbols of leisure facilities give the complete and realistic view of the
3D model (Figure 11).

Figure 10. Albena resort – park and gardens

Figure 11. Albena resort – leisure facilities

3D visualization and application of the model
Created 3D models of terrain, buildings and leisure facilities were integrated in the VNS and photorealistic visualization
with high resolution (11200/8000 pix.) was generated. Then, the 3D panoramic map was created by adding 2D
cartographical symbols, labels, framework layout and legend. Currently, the 3D panoramic map of Albena resort in
Bulgaria (DavGEO, 2012) (Figure 12) is used for advertising materials, indication signs, billboards, etc.
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Figure 12. 3D panoramic map of Albena Black Sea resort in Bulgaria

3D modelling of mountain regions
3D photorealistic visualization is very suitable to create an attractive and expressive map of mountain region, national
park or mountain resort. In this study, several applications of 3D modelling and visualization of mountain regions are
presented in different scale, coverage and level of details.

Central Balkan National Park (Stara Planina Mountain)
The 3D panoramic view of the Central Balkan National Park in the Stara planina Mountain is presented on Figure 13.
Central Balkan National Park is located in the “heart” of Bulgaria, nestled in the highest and most picturesque part of
the Balkan Mountains (Stara planina Mountain). With its area of 72,021.07 ha, the park is the second largest national
park in Bulgaria. The highest peak is Botev 2376 m above sea level. The Central Balkan National Park preserves rare
and endangered wildlife species and communities, self-regulating ecosystems of biological diversity, as well as
historical sites of global cultural and scientific significance

Input data
For creation of 3D models of large mountain regions we can use available free data for relief such as Shuttle Radar
Topography Mission (SRTM) data with spatial resolution 1 arc-second for global coverage (~30 meters) or ASTER
(Advanced Spaceborne Thermal Emission and Reflection Radiometer) GDEM (Global Digital Elevation Model ) data
with spatial resolution 1 arc-second. If a higher accuracy is needed, a vector data is used (contour lines, elevation points
and breaklines) for generating DTM, as well as remote sensing data with high accuracy (LiDAR - Light Detection And
Ranging). For the territory of Central Balkan a DTM was generated based on GIS vector data – 20-meter elevation
contours and elevation points. In addition, structural lines (rivers and watersheds) were used in order to obtain more
precisely relief forms.
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Figure 13. Central Balkan - 3D panoramic view

Terrain modelling and representation
DTM previously generated in GIS is imported in VNS for 3D modelling and visualization. 3D visualization of
mountain landscapes requires a vertical scale coefficient (factor to convert DEM values to scene units) to be applied.
Thus, the higher visibility of relief forms is obtained. For modelling the relief of Central Balkan we have applied an
altitude coefficient (Kz) to strengthen the altitudes Kz = 2. The colouring mode “Full Blend” was used to create
hypsometric colouring of the relief in smooth gradient of 8 basic colours. A snow cover was simulated for altitudes
above 1750 m. Additional data for rock formations and settlements’ boundaries were extracted from available thematic
map and situated in the model.
For better visualization of the relief, vector data for boundaries of protected areas, roads and hydrography were included
as 3D elements of the terrain. The park’s boundary is a 3D polyline that follows the terrain surface. Roads, railways and
rivers are all 3D polylines, which shape the basic terrain through defined additional characteristics such as width of
roads (rivers), trenches and embankments, banquet, slopes, etc.
The labels of peaks and settlements are dynamic 3D labels, which were generated from vector point layer with attribute
data about the names and elevation points of peaks. The photorealistic visualization includes also additional 2D labels
and symbols. Created 3D panoramic view (DavGEO, 2014) is used in tourist map of Central Balkan National Park.

3D panoramic map of Pamporovo Ski Resort in Rhodope Mountains
Pamporovo ski resort is located in the Rhodope Mountains (southern Bulgaria, municipalities of Smolyan and Chepelare)
amongst pine forests at an altitude of 1650 m a.s.l. at the foot of Snezhanka peak (1926 m). It is around 220 km away
from Sofia city and 85 km away form Plovdiv city. The territory of Pamporovo resort along with the ski zone covers
about 27 km2.
In 3D maps for mountain tourism the most important task is the precise modelling of relief, ski tracks, tourist routes and
facilities. The realistic and attractive representation of the environment is also of great importance (Figure 14).
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Figure 14. Pamporovo ski resort – 3D render

Input data
Developed GIS geodatabase contains several layers: relief, land cover, infrastructure, buildings and facilities. The input
data were obtained through digitalization of large-scale topographic map at scale 1:5000 (Figure 15) and processing
digital data about woodland. Additional GPS measurements were performed for verifying and updating the ski tracks
and relevant facilities. Figure 16 shows the created thematic map with GIS layers for land cover and elevation contour
lines.

Figure 15. Pamporovo resort – Topographic map
1:5000

Figure 16. Pamporovo resort – GIS layers

Terrain modelling and representation
For the territory of Pamporovo we have established DTM based on vector GIS data – 5-meter elevation contours and
elevation points. In addition, structural lines were constructed for providing a correct relief representation. 3D
modelling and visualization was performed using VNS software. As it was mentioned before, the z axis scale should be
exaggerated in 3D modelling of mountain regions. In modelling of relief of Pamporovo the vertical scale coefficient
(Kz) was used for strengthening the altitude Kz = 1,5. The options for showing snow in the land cover were used as the
image represents a winter panorama (Figures 17 and 18). In modelling the road network GIS polyline layers were used
and an option for terrain correction according to the road section was applied (Figure 17).
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Figure 17. Pamporovo – roads modelling

Figure 18. Pamporovo – Snezhanka peak model

Land cover and environment modelling
The representation of woodlands in 3D models (simulation of real trees) contributes to the realistic effect of the 3D
panorama. Since the modelling is getting more complicated when 3D vector models of trees are used, we have used
raster images of trees for 3D visualization of large forest areas. VNS software provides the simulation of land cover by
the so-called "Foliage Effect". The Foliage Effect allows to place Image Objects or 3D Objects onto the terrain. A
single object or rows of objects could be placed and defined by the points of a Vector Object. Different raster images of
trees (e.g. pictures) could be used after appropriate processing. Figure 19 shows coniferous trees which were used for
simulating forest ecosystem in 3D model of Pamporovo resort. These images were processed additionally by Adobe
Photoshop to acquire the "snow" effect at the upper half of the tree.
Figure 20. Pamporovo – 3D
models of ski equipment

Figure 19. Pamporovo – raster images
of coniferous trees

Figure 21. Pamporovo – hotel Snezhanka 3D model

Buildings and facilities modelling
Detailed 3D models of ski equipment (Figure 20) and buildings of hotels (Figure 21) were constructed in an external
program (Autodesk 3ds Max) and then were integrated into the 3D model for rendering.

3D visualization and application of the model
The rendering was performed using VNS and photorealistic visualization with high resolution (9200/6700 pix.) was
generated. Then, the 3D panoramic map with 2D cartographical symbols, labels, framework layout and legend was
created. The 3D panoramic map of Pamporovo ski resort (DavGEO, 2004) (Figure 22) is used for tourist maps,
billboards and web applications (http://pamporovomap.com).
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Figure 22. Pamporovo – 3D panoramic map

3D model of the Natural landmark “Muhnati Skali” for Natura 2000 monitoring
The Natural landmark “Muhnati Skali” is a protected area located in the “Bulgarka” Natura 2000 in the Central Stara
planina Mountain. It comprises age-old beech forests of middle age over 160 years which are located between groups of
bare rocks. The territory has steep slopes and sectors with inaccessible areas. There are beautiful panoramic views north
to the towns of Plachkovtsi and Tryavna. The study area covers 5 km2.
Digital geodatabase in GIS environment was developed for the Natural landmark “Muhnati Skali” monitoring. Then,
3D model was created and photorealistic image was generated using VNS software.

Input data
Developed GIS geodatabase contains data layers for relief, forest roads and trails, soil, rocks and land cover. The
vegetation cover layer includes protected species of flora and habitats of European importance on NATURA 2000
(under Directive 92/43/EEC, Annex 1). Figure 23 shows a thematic map of vegetation cover for the Natural landmark
"Muhnati Skali".
A thematic map of land cover based on geological and soil data for localization and visualization of rock formations and
land cover was created (Figure 24)

Figure 23. "Muhnati Skali"– vegetation cover

Figure 24."Muhnati Skali" – soil and relief
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3D modeling and visualization
3D modelling was performed using VNS software as follows:
a.

Generation of DEM from vector GIS data - 20-meter elevation contours and elevation points;

b.

Development of a local database with vector data for protected area boundaries, nature habitats, rivers and
forest roads;

c.

Import of raster thematic maps of land cover;

d.

Creation of Ecosystems for species of flora and rock formations;

e.

Land cover settings – Ground Effect;

f.

Parameter settings for light, atmospheric effects and cameras for model visualization;

g.

Rendering.

Figure 25 shows detail of the 3D model of the Natural landmark "Muhnati Skali" where Ecosystems and Ground Effect
are marked.

Figure 25. "Muhnati Skali" – 3D model of ecosystems
The rendered image was integrated with labels and symbols for obtaining 3D panoramic view (Figure 26).
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Figure 26. "Muhnati Skali" – 3D panoramic view

CONCLUSIONS
This paper presents cartographic applications of 3D landscape modelling and visualization for tourist maps and
protected areas monitoring. The study is focused on technical approaches for data modelling, cartographic design and
practical use of the created 3D maps.
3D landscape models are developed and visualized using specialized GIS software that allows to model the real
landscape in very high level of details. Various visualization techniques are illustrated for basic landscape feature types
and 3D cartographical symbols. The applied approach facilitates an attractive representation of 3D geovirtual
environment and realistic visualizations by 3D panoramic maps. It offers effective means for visual communication of
3D spatial information.
Created 3D models and 3D maps are generated at different levels of detail and generalization according to user
demands. The whole mapping process is aimed at better understanding not only of the modelling techniques, but also of
the end user requirements. This emphasizes the high degree of customization with respect to cartographic design and
applications. The present work highlights the need for more study to be done on the efficient presentation of geospatial
information by providing additional context within a 3D maps.
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Abstract
Sir George Biddell Airy was an English astronomer, mathematician and physicist with a great interest in geodesy and
geophysics. According to Airy's autobiography, he published 518 papers, only two out of which are associated with
cartography. In the one published in 1861, Airy was the first to propose the least squared method to azimuthal
projection with the least distortion ("minimum-error"). He approached the development of his projection with a goal of
having a minimum "total evil" or "total misrepresentation" determined by what he called "Balance of Errors". The
present paper explains Airy's method and the need to differentiate between the terms error and distortion in the map
projection theory. Airy's second cartographic paper, published in 1858, is rather unknown and deals with his method of
approximating a geodetic line using a circular arc on a map produced in the normal aspect Mercator projection.
Keywords: George Biddell Airy, map projection, minimum distortion, geodetic line

1. INTRODUCTION
Sir George Biddell Airy was an English astronomer, mathematician and physicist with a great interest in geodesy and
geophysics. Many of his achievements are associated with planet orbits, Earth density and solving two-dimensional
problems of solid mechanics. In 1830, he calculated dimensions of ellipsoid as Earth's model based on measuring 14
parallel arc lengths and 4 meridian arc lengths (grade measurements). The ellipsoid was named after Airy. In 1851, he
established the Prime Meridian (Greenwich), which was internationally accepted in 1884.
Airy was born in Alnwick on July 27, 1801 (Northumberland, England) and he died in Greenwich on January 2, 1892.
He was a professor of astronomy and experimental philosophy in Cambridge until 1835, when he became the director of
the Greenwich Observatory and served as a Royal Astronomer until 1881. In 1855, he established the contemporary
view on isostasy with his hypothesis on the distribution of densities in the upper parts of Earth's crust, in contrast to
Pratt's compensation hypothesis.
Airy experimented with aberration of light and proved Fresnel's theory of light. Airy determined Earth's density in
1855. He studied measurement error theory and conducted geomagnetic measurements at the Greenwich observatory.
His most significant and most important work is Figure of the Earth, published in London in 1849.
Airy's contributions to sciences are best illustrated by a series of terms named after him: Airy disk, Airy point, Airy
hypothesis, Airy ellipsoid 1830, Airy's map projection, Airy's theory of isostasy, Airy wave theory, Airy functions Ai(x)
and Bi(x) and the differential equation they are based on, Airy-Heiskanen gravity anomaly, Airy-Heiskanen gravity
correction, Airy-Heiskanen gravity reduction. Airy also had a crater on Mars named after him. Within it, there is a
smaller crater Airy-0, the position of which is defined by the Mars Prime meridian, in the same manner as position of
the Airy telescope on Earth is defined by the Greenwich meridian. A crater on the Moon was also named after Airy.
According to his autobiography (Airy 1896), he published 518 papers, only two out of which are associated with
cartography (Airy 1858, 1861). The first one is about the approximation of a great circle arc on Mercator's chart by an
arc of a circle, and that paper is almost unknown. The second one is a proposal of a new azimuthal projection, which is
famous in the map projection theory. The concept was stimulating enough to result in considerable scholarly attention
in subsequent textbooks and articles, considering the minimal cartographic use made of the projection (Snyder 1993).
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2. AIRY'S METHOD OF REPRESENTING THE PROJECTION OF A GREAT CIRCLE
Airy's paper published in 1858 is rather unknown and deals with his method of approximating a geodetic line using a
circular arc on a map produced in the normal aspect Mercator projection of a sphere. The paper is not even mentioned
by Snyder in his famous Bibliography of Map Projections (Snyder, Steward 1988). Airy was suggested by a person of
the Dutch mercantile marine to develop a method of approximation on Mercators's chart of the projection of a great
circle by an arc of a circle, to be swept with an ordinary pair of compasses. In his paper, Airy (1858) explained:
1. Join the first and last point of the course (or the point of departure and the point of arrival) by a straight line; find its
middle; erect there a perpendicular to that line, on the side next the equator; and produce it, if necessary, beyond the
equator. The centre of the sweep will be on this perpendicular.
2. With middle latitude, enter the Table 1, and take out the corresponding parallel. (It will be remarked that the four first
numbers and the last can never come into use.)
Table 1. Middle latitude and the corresponding latitude of the parallel needed for the construction of the approximation
of a great circle in the Mercator projection (Airy, 1858)

3. The centre of the sweep will be the intersection of the perpendicular, (drawn in conformity with the precept in step 1)
with the parallel thus found.
4. Fix one point of the compasses in this intersection, and with the other point sweep through the point of departure and
the point of arrival; this sweep is the curve required.
Airy calculated the latitude of the parallel needed for the construction of the approximation of a great circle in the
Mercator projection by using the following formula



x

log tan   45   log tan  m  45   0.43429448  nat.cosecm (1)
2

 2
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where x is the needed latitude, m is the given middle latitude, 0.4342448 is the modulus of common logarithms, and
nat.cosec means the natural cosecans trigonometric function, which is equal to reciprocal of the sinus function.
Airy lived during a period with no computers, which means tables were important and used frequently. Furthermore,
tables with Brigg's logarithms existed, but not for natural logarithms. This is why Airy used Brigg's logarithms.
Nowadays, there is no problem of using natural logarithms, and Airy's formula (1) can be simplified into

1


x

, (2)
ln tan   45   ln tan  m  45  
2

 2
 sin m
from where the unknown x can be easily computed. Of course, a table like Table 1 is no longer necessary.

Example
Let us suppose we want to travel by boat from Varna to Sevastopol. Geographic coordinates of Varna are 43°13'N,
27°55'E, while coordinates of Sevastopol are 44°36'N, 33°32'E. The distance from Varna to Sevastopol is
approximately 476 km. To construct the arc of a circle approximating the great circle on Mercator's chart, we only need
the middle latitude m , which is in this case 43°54.5'N. By using formula (2), it is easy to obtain x = 31°52'S.
Constructing a corresponding arc of circle would require a large enough compass and a map in a small scale. On the
other hand, if we use a software tool for drawing, there is a problem of knowing circle arc coordinates. Airy did not deal
with these issues.

3. AZIMUTHAL PROJECTION WITH THE LEAST DISTORTION
In a paper published in 1861, Airy was the first to propose applying the least squares method to azimuthal projection
with the least distortion ("minimum-error"). He approached the development of his projection with a goal of having a
minimum of "total evil" or of "total misrepresentation" determined by what he called Balance of Errors. His Projection
by Balance of Errors is neither perspective, conformal, nor equal-area, but it is a compromise appearing very much like
the azimuthal equidistant projection, especially if limited to about one hemisphere. Airy’s approach was stimulating and
resulted in significant attention, appearing in numerous textbooks and papers, even though it was not applied in practice
much (Hinks 1912, Maling 1973).
Airy (1861) introduced the term average square length distortion in the entire mapped area, by analogy to the theory of
errors. It was not really average square distortion, but sum of squared distortions, which obviously leads to the same
results when comparing different projections (Kavrayskiy 1958).
Airy’s special approach was to minimize the sum of squared distortions of a linear scale in azimuthal projections in the
direction of the radius from the centre of the projection and perpendicular to the direction. In the normal aspect
azimuthal projections, they are directions along meridians and parallels.
Airy's principle is founded upon the following assumptions and inferences:
First. The change of area being represented by

projected area
 1 (3)
originalarea
and the distortion being represented by

ration of projected sides
projected length  original breadth
1 
 1 (4)
ratio of original sides
projected breadth  original length
where the length of the rectangle is in the direction of the vertical (great circle) connecting the rectangle's centre with
the centre of reference, and the breadth is transverse to that vertical, these two deformations, when of equal magnitude,
may be considered as "equal evils".
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Second. As the annoyance produced by a negative value of either of these formulae is as great as that produced by a
positive value, we must use some even power of the formulae to represent the real amount of the "evil" of each. Airy
took the square.
Third. The "total evil" in the projection of any small part may properly be represented by the sum of these squares.
Fourth. The "total evil" on the entire map may therefore be properly represented by the summation through the whole
map of the sum of these squares for every small area.
Fifth. The process for determining the most advantageous projection will therefore consist in determining the laws
expressing the radii of almucantars in the projection plane, which will make the "total evil", represented as has been
stated, the smallest possible.
Let l and b be the length and breadth of a small rectangle on the Earth's surface, and suppose that the length and breadth
of the corresponding rectangle on the map are l+Δl and b+Δb, and neglect powers of Δl and Δb above the first. Then the
change of area



projected area
(l  l )(b  b)
l b
1 
1  
(5)
original area
lb
l
b

while the distortion



projected length  original breadth
(l  l )b
l b
. (6)
1 
1  
projected breadth  original length
(b  b)l
l
b

The sum of their squares
2

2

2

2

 l b   l b 
 l 
 b 
 
  
  2   2
 . (7)
b   l
b 
 l
 l 
 b 
Therefore, according to Airy, we may use
2

 l   b 
  

 l   b 

2

(8)

as the measure of the "evil" for each small rectangle.
Let z be the length, expressed in terms of radius, of the vertical (arc of great circle) on Earth connecting the centre of the
small rectangle with the centre of reference; ρ the corresponding distance on the map, expressed in terms of the same
radius, of the projection of the centre of the small rectangle from the centre of the map; the object of the whole
investigation is to express ρ in terms of z. Let the length of a small rectangle on Earth be Δz, the corresponding length
on the map Δρ. Also let ω be the minute angle of azimuth under which, in both cases, the breadth of the rectangle is
seen from the centre of reference or the centre of the map. Then we have

l  z , l  l   , l    z (9)
b  sin z , b  b   , b  (  sin z ) (10)
2

2

2

2

 l   b      

 1  
 1 . (11)
  
 
 l   b   z
  sin z 
This quantity expresses the "evil" on each small rectangle. The product of the "evil" by the extent of surface which it
affects, omitting the general multiplier ω, is
2
  2  
 
 1  
 1  sin zz . (12)

  sin z  
 z

Consequently the summation of the partial "evils" for the whole map is represented by
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2
 d   2  
 
 1  
 1  sin zdz . (13)

  sin z  
 dz

This is a case of the Calculus of Variations. Airy (1861) demonstrated that finding the minimum of the integral comes
down to solving a second order Euler-Lagrange differential equation and obtained the following general solution:

z
z
z
z
  2cot ln cos  C1 cot  C2 tan , (14)
2
2
2
2
where C1 and C2 are constant. By setting conditions

(0)  0 and

d
(0)  1 (15)
dz

Airy reached the final solution

( z )  tan

z
z
z
 2cot ln cos . (16)
2
2
2

Airy continued by comparing his projection with several other azimuthal projections: azimuthal projection equidistant
along meridians, equal-area azimuthal, stereographic projection and James projection. Table 2 contains basic data on
those projections.
Table 2. Several azimuthal projections and their properties
Equidistant
azimuthal

 z

Equal-area
azimuthal

  2sin

z
2

(0)  0

Stereographic

  2 tan

z
2

(0)  0

James's
projection



(0)  0

5sin z
3  2cos z

(0)  0

d
1
dz
d
z
 cos
dz
2
d
1

dz cos 2 z
2
d  5(3cos z  2)

dz (3  2cos z )2

d
(0)  1
dz
d
(0)  1
dz
d
(0)  1
dz
d
(0)  1
dz

d
(0)  1 seem completely natural.
dz
However, in his review of Airy’s 1861 paper, Clarke determined Airy "inadvertently made a mistake" in one of the
constants because he did not set integration boundaries and thus did not set correct boundary conditions for solving the
Euler-Lagrange differential equation (James, Clarke 1862). Airy made "the mistake" of supposing the constants were
completely at his disposal. However, if one seeks the minimum of integral in the interval  0, then, according to
Clarke (James, Clarke 1862) or Young (1920), constants C1 and C2 which appear in the solution of the Euler-Lagrange
differential equation have to be determined from the condition
Considering the third and fifth column in Table 2, Airy’s conditions (0)  0 and

d
d
()  1 . (17)
(0)  1 and
dz
dz
Taking this into consideration, Clarke reached the following solution

( z )  C tan

z
z
z
 2cot ln cos , (18)
2
2
2
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where



C  2cot 2 ln cos . (19)
2
2
A comparison between the Airy’s original projection and the projection corrected by Clarke (named Airy-Clarke's
projection) is provided in Table 3.
Table 3. A comparison between the Airy’s original projection and the Airy-Clarke's projection

Airy's
projection

z
z
z
( z )  tan  2cot ln cos
2
2
2

(0)  0

AiryClarke's
projection

z
z
z
 2cot ln cos
2
2
2

2
, C  2cot
ln cos
2
2

(0)  0

( z )  C tan

z
ln cos
d
1
2


1
z
dz 2cos 2 z
sin 2
2
2
z
ln cos
d
C
2 1


dz 2cos 2 z
2 z
sin
2
2

For what angle β would Airy-Clarke’s projection have the property

d
(0)  1
dz

d
1 C
(0) 
dz
2

d
(0)  1 ? It should be C  1 , i.e.
dz



 tan 2  0 . From there, β = 0, which implies that the two projections are always different.
2
2
Let us notice that for z = 0, equations of Airy’s and Airy-Clarke’s projection are undetermined. However, it is not
z
z
difficult to see that if z approaches 0, then  also approaches 0, i.e. lim cot ln cos  0 .
2
2
z 0
Illustrations of the Airy-Clarke projection can be found in references (James, Clarke 1862, Snyder 1985, 1993).
2ln cos

4. DISCUSSION ON THE FOUNDATIONS OF AIRY'S PROJECTION
Nowadays, map projection theory terminology differs somewhat from the one used by Airy 150 years ago. He
distinguished between change of area and distortion. Nowadays, it is common to talk about distortion of areas, distances
and angles.
Kavrayskiy (1958) explains that Airy used the following expression as a measure of projection distortion in a given
point:

(a  1)2  (b  1)2 , (20)
where a and b are distortion ellipse semi-axes in a given point. However, Airy first used a different measure of
distortion in a given point
2

a 
2
  1  (ab  1) , (21)
b 
and subsequently moved to mathematical analysis and changed the measure with the square of expression (1).
Kavrayskiy (1958) demonstrated that values of distortion obtained in these two ways differ by a small quantity of the
sum of third and higher order members:
2

a 
2
2
2
  1  (ab  1)  2 (a  1)  (b  1)   III , (22)
b 
where III indicates the sum of third and higher order members.
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Laskowski (1998) mentions distortion indicators and distinguishes between area distortion indicator) ab  1 and shape
a
distortion indicator  1 . Since ab is the area of the Tissot indicatrix and 12    is the area of the original circle,
b
ab is the ratio of these two areas. Therefore, we are able to give ab the geometric interpretation of the area scale factor
at a given point on the map and ab  1 can be interpreted as the area scale distortion. When ab  1 , area distortion is
a
zero. The second indicator,  1 , has a geometric interpretation very similar to the flattening of the distortion ellipse
b
(indicatrix). When a  b , the flattening is zero and the indicatrix becomes a circle – indicating zero distortion in shape
at that point.
The first member in expression (21) represents approximate squared greatest angle distortion in a given point and the
second one represents the square of area distortion in the vicinity of the given point. Numerically, equal values of angle
and area distortions were equally undesirable to Airy. According to Kavrayskiy (1958), Airy’s assumption is completely
arbitrary and can be modified by introducing weights.
Results of comparing estimates of various projections are obviously not going to change if we replace (20) with half of
the expression under the root, i.e.

2 

1
(a  1)2  (b  1)2  , (23)


2

thus  can be described as the average square distortion of lengths in a given point in main directions.
Problems of researching projections with minimum distortion continue to inspire scientists (Snyder 1985, 1993).
Several authors defined other measure of average square distortion of projection in a given point or the entire mapped
area (Jordan 1875, 1896, Kavrayskiy 1958).
In Clarke’s 1862 paper "correcting" Airy's work, he also applied Airy's approach to produce perspective azimuthal
projections with the least distortions. Behrmann (1910) proposed an equal-area cylindrical projection with the least
distortions, but he did not apply the least squares method. Tsinger (1916) applied the least squares method to conformal
and equal-area conical projections. Young (1920) applied the least squares method to various azimuthal and conical
projections. Projections with the least distortions were also studied by Miller, Reilly, Stirling, Tobler and others, and
almost the entire Snyder’s 1985 publication (Computer-Assisted Map Projection Research) deals with projections with
the least distortions. Researching projections with the least distortions continues to inspire scientists, e.g. Canters (1989,
1991, 2002), Canters and De Genst (1997), Laskowski (1998).

5. INSTEAD OF CONCLUSION
Airy named his projection the Projection by Balance of Errors (Airy 1861). In his paper he used terms such as evil or
misrepresentation. He also uses the term distortion, but not in its present meaning. In my opinion, it is not adequate to
use the term error in the map projection because error usually means something wrong, not nice or even bad. There are
many types of error. Errors in science range along a spectrum from those relatively local to the phenomenon (usually
easily remedied in the laboratory) to those more conceptually derived (involving theory or cultural factors, sometimes
quite long-term). One may classify error types broadly as material, observational, conceptual or discursive (Allchin,
2001).
An error (from the Latin error, meaning "wandering") is an action which is inaccurate or incorrect. In some usages, an
error is synonymous with a mistake (for instance, a cook who misses a step from a recipe might describe it as either an
error or a mistake), though in technical contexts the two are often distinguished. In statistics, for instance, "error" refers
to the difference between the value which has been computed and the correct value.
As it was explained in chapter 3, according to Clarke (James, Clarke 1862), Young (1920) and many others after them,
Airy made an error or a mistake in solving the problem of the Calculus of Variations. This error is something
completely different from "errors" in his projection. In order to distinguish a mistake (errare humanum est) from
inevitable or unavoidable distortions in map projections, I propose not using the term error in the map projection theory.
We must be aware that distortions are immanent in any map projection, we must be able to control the amount of
distortions in any map, and we need to serve as educators to people who are not aware of the properties of map
projections and who believe everything represented on a map, including its mathematical base, is without distortions. If
we can agree that a distortion in map projections is misrepresentation, something giving a misleading account or
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impression, then instead of the Projection by Balance of Errors, it would be better to refer to it as the Projection by
Balance of Distortions.
Moreover, it will be shown in a future paper that Airy did not make a mistake in his approach published in 1861. In fact,
it was Clarke (James, Clarke 1862), followed by Young and others who made an error!
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Abstract
The paper addresses a problematic aspect encountered during the georeferencing of old maps, namely georeferencing
of multiple sheet map series. Currently, there are several methods available for the georeferencing of multiple sheet
map series. Each method has its specificities and can be used in different cases. The paper describes and compares two
methods. The simplest option is to merge the map sheets into one unit and successively georeference the entire map
series. The second compared method is based on the adjustment with conditions. Each map sheet is georeferenced
separately and conditions are added for the transformation to guarantee that the corners of adjoining map sheets fit.
The comparison of the above examples was performed for Müller’s Map of Moravia. In particular, the results of global
transformation methods were compared – affine transformation and second-order polynomial transformation.
Keywords: georeferencing, conditional adjustment calculation, transformation, Müller’s map of Moravia.

PROBLEMATIC ASPECTS IN GEOREFERENCING
The georeferencing of old maps is a process consisting of a series of individual acts. Not much emphasis is often put on
georeferencing during the map digitising process, and georeferencing itself is affected with numerous errors. Frequent
errors arising in georeferencing are pointed out by Baiocchi and Lelo (2010). The process of georeferencing old maps is
described by Podobnikar (2010) and Molnar, Podobnikar and Timar (2009).
If we want to georeference an old map, first we must scan it. Scanning is performed on large-format calibrated scanners.
A map is usually scanned with a resolution of 400 DPI. Higher resolutions than that mostly only increase the volume of
data. The risk associated with the choice of a lower resolution, on the contrary, is losing map details. In the case of a
resolution of 400 DPI, the size of one pixel is approximately 0.06 mm, and with regard to the minimum width of a line
on the map of 0.1 mm, this resolution is sufficient.
The following step is to locate the scanned map into a coordinate reference system. This step is called georeferencing.
The georeferencing of maps is mentioned by Zlinszky and Molnar (2009). Ground control points are identified on the
scanned map for which coordinates in the local map system (usually pixel coordinate system) and in the respective
coordinate reference system are available. It is of utmost importance in georeferencing to read the coordinates of ground
control points from the same, or a very similar cartographic projection. The original scanned map is always made in
some cartographic projection, and the coordinates identified on the background map should be in the same (or a very
similar) cartographic projection. Cartographic projections with respect to georeferencing were studied in more detail by
Havlicek and Cajthaml (2014 and 2015a), Bayer (2009 and 2009a) and Boutoura and Livieratos (2006).
After getting information on a map and determining ground control points (Havlicek and Cajthaml 2014a), the next
important step is to choose the type of transformation method and the very type of transformation. There are two types
of transformation methods used in practice. The first group are global transformation methods by means of which one
transformation key is calculated from all ground control points using the Least Squares Method. This key, in turn, is
applied to the whole area covered by the map, and, therefore, ground control points do not have their own position in
the final result as some deviations arise at these points in the case of redundant ground control points. The second group
of used transformation methods are local methods. A unique transformation key is calculated for each point on the map.
Ground control points have their own position in the final result of this method. A major drawback is that in the case of
a wrongly determined ground control point this point cannot be identified, and a relatively large map distortion arises in
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its vicinity. Identification of a wrongly assigned ground control points were studied in more detail by Havlíček and
Cajthaml (2015).
The following step usually involves saving information on georeferencing. Currently, there are three saving options
used. The first is creating a world file where information is stored in an auxiliary file to a raster file by means of six
numbers – the pixel size in the x and y axis, the rotation about the x and y axes, and the coordinates of the upper left
corner of the raster. The drawback of this type of saving is that only global transformation methods, namely identity,
similarity and affinity transformation, can be saved within these six values. If higher order polynomial transformations
or local transformation methods are used, the results can no longer be saved in six unknown parameters. Another option
is to save information in an XML file where data on the coordinate reference system, ground control points,
transformation type, etc. are also saved. This type of saving is the best considering the future use. Unfortunately, there
is currently no single XML available for different geographical information programmes, and e.g. the ESRI Company
uses its own AUX.XML file. The third option is resampling the georeferenced raster. A new raster arises in this case
which always has a worse resolution than the original as the pixel values are derived from the surrounding pixels using
a variety of methods. The drawback of this option is the loss of information on ground control points. For more details
on the possibilities of saving the results of georeferencing, consult publications by Cajthaml (2007 and 2012).
The georeferencing of multiple sheet map series represents a special issue. The following three methods are presently
most commonly used for this purpose. In the first method, the map sheets are first merged and the map series is
subsequently georeferenced as a whole. The second method is the conditional, so-called “Cajthaml’s”, method
(Cajthaml 2007 and 2012), based on the adjustment of each map sheet separately with predefined constraints to ensure
the identity of the corners and edges of map sheets. The last method is splicing where a map sheet is adjusted to its
precise size and the map content is then transformed using the TPS method (Cada 2003).

COMPARISON OF METHODS IN GEOREFERENCING A MULTIPLE SHEEP MAP SERIES
The georeferencing of multiple sheet map series is one of problematic aspects. The following three methods are
presently most commonly used for this purpose:


method of merging map sheets into one image first and its subsequent georeferencing,



method of adjustment with conditions where edge matching constraints of adjustment into identical
coordinates are added into transformation equations,



splicing method where a map sheet is adjusted to the precise coordinates of the map frame and the map content
is subsequently transformed using the TPS method.

The splicing method has already been described in a habilitation dissertation of Cada (2003). In the first and the second
method, we do not need to know the precise size and pattern of the map frame. These two methods are applied to
Müller’s Map of Moravia. The result is the comparison of the georeferencing of this multiple sheet map series using
two most frequently applied global transformation methods – the affine transformation and second-order polynomial
transformation.

Method of merging map sheets into one image first and its subsequent georeferencing
This method assumes that at least partial information about the map sheet is available, such as the approximate size of
print matrixes for individual map sheets. Based on these dimensions, a transformation grid is prepared into which the
individual map sheets are transformed. The affine transformation is used for locating as scanned maps have a different
longitudinal and transverse map distortion.
After the grid has been created, the whole raster may be generated by joining individual map sheets into a single map
drawing. Alternatively, each map sheet may be transformed separately in the case that it is located in the local system of
the map series. The global transformation key is then applied to the merged raster of the map series, or individually to
all map sheets.
In the case of a map series composed of a large number of map sheets, it is very likely that the resulting raster will
contain a large amount of data. Working with such a raster is both labour and time consuming.
In the case that a large number of control points (1000 and more) is available, the GIS programme very often computes
the adjustment of one control point after another and the whole computation is very lengthy because of the high
demands for PC hardware. In the case that we want to use global transformation methods, it is advisable to compute the
transformation coefficients in an external mathematical programme (such as AllTran (2009), or to write one’s own
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source code – Matlab, R-project). These coefficients may be applied to a minimum number of control points. For the
affine transformation, three control points are necessary, while the second-order polynomial transformation needs six
control points. The transformation key is then used for all map sheets using only the points identified in the above way.
A continuous georeferenced map drawing in a given reference coordinate system is finally produced.

Method of adjustment with conditions where the constraint of corner adjustment into identical
coordinates is added in transformation equations
This method was invented and applied in the source code by Cajthaml (2012). The method is based on the principle that
each map sheet is adjusted by means of a defined transformation (up to now, this method works for the affine and
second-order polynomial transformation) with the condition that the coordinates of the corners and edges between
adjacent map sheets must be identical.
The application of the source code in a functional, user-friendly programme was the objective of the diploma project by
Fiedlerová (2015), who created the MultiGeoref programme. The inputs for this programme are the coordinates of
control points (XXX_ib.txt), coordinates of map sheet corners in the order of points of NW, NE, SE, SW
(XXX_ib_rohy.txt) and a text file with the distribution matrix of individual map sheets. The application allows reading
the list of control points in the format coming from different GIS programnes (ArcGIS, QGIS and GRASS). The output
is the graphical representation of map sheets and control points after the transformation (Fig. 1), files for defining the
raster position like the XML file and the world file (e.g. aux.xml, jpgw), adjusted coordinates of control points, the
transformation key for individual map sheets, coordinates of adjusted corners of map sheets, shape files with adjusted
map sheets and the computation protocol.

Figure. 1 The graphical representation of software MultiGeoref – result of transformation and ground control points

Georeferencing and comparison of results according to individual methods and individual
transformation types
Müller’s Map of Moravia was selected for the comparison of the result of georeferencing multiple sheet map series. The
research into this map series was carried out within the Czech Science Foundation grant project – Complex Study,
Analysis and Popularisation of Müller’s Maps of Bohemia and Moravia via GIS Technology. The majority of
background data for the map series was available– scanned rasters of individual map sheets and a list of 2 028 control
points.
Using the ArcGIS GIS programme, the original maps were trimmed so that individual rasters would not overlap and
local coordinates of all map sheet corners were identified. The copies of rasters were locally transformed into the
identified map frame dimension using the affine transformation – one map sheet of 974 x 687 mm, the entire map of 2 x
2 map sheets into the dimension of 1 948 mm and 1 374 mm.
The transformation key for the method of merging the map sheets into one image first and its subsequent
georeferencing was computed in the AllTran programme. At the same time, during the computation, the transformation
key was applied to the lowest number of points by means of which individual map sheets were georeferenced into the
reference coordinate system (3 points for the affine transformation and 6 points for the second-order polynomial
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transformation). The reference geographical coordinate system which had been indentified during the examination of
Müller’s Map of Moravia was assigned to the rasters (Havlicek 2011). The georeferencing was performed into the
geographical coordinates of a sphere with a radius of 6 233 816 m.
The georeferencing results were projected by means of mathematically defined equations in the GIS programme and
also into the metric coordinate system which had been identified during the examination of Müller’s Map of Moravia.


Mercator projection,



radius of a substitute sphere of 6 233 816 m,



undistorted parallel of 51°38‘.

In the corners of the map sheets, points were created whose metric coordinates were read in order to compare both
methods.
The results obtained using the method of merging the map sheets into one image first and its subsequent georeferencing
are displayed in Figure 2 for the affine transformation and in Figure 3 for the second-order polynomial transformation.

Figure. 2 The graphical representation method of merging the map sheets for the affine transformation

Figure. 3 The graphical representation method of merging the map sheets for the second-order polynomial
transformation
Pairs of files for each map frame, which contained control points, and one file with the distribution of map sheets were
always prepared for the MultiGeoref programme. The results obtained for the affine transformation are displayed in
Figure 4 and for the second-order polynomial transformation in Figure 5.
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Figure. 4 The graphical representation method of conditional adjustment calculation for the affine transformation
Again, points identical for more map sheets were identified in the corners of the map sheets. The coordinates of the
points were read in metric coordinates in the reference coordinate system for Müller’s Map of Moravia. The results for
the comparison of the affine transformation are shown in Table 1, and for the second-order polynomial transformation
in Table 2.
Table 1 Comparing the position of the map sheets corners - affine transformation

Point

MultiGeoref

The merge
transformation

∆d

Corner of map
sheet

number

x [m]

y [m]

x [m]

y [m]

[km]

1

1125991

3938124

1127158

3940822

2,94

01 02

2

1023947

3846500

1020084

3847619

4,02

01 03

3

1133395

3856248

1132914
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Figure. 5 The graphical representation method of conditional adjustment calculation for the second-order polynomial
transformation
The coordinate standard deviation of the georeferencing of the entire map after its merging is 1 579 m for the affine
transformation and 1 392 m for the second-order polynomial transformation. The coordinate standard deviation of the
georeferencing based on the MultiGeoref programme is 1 394 m for the affine transformation and 1 266 m for the
second-order polynomial transformation.
Table 2 Comparing the position of the map sheets corners - the second-order polynomial transformation

Point
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transformation
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x [m]

number

x [m]
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x [m]

y [m]
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0,97
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3866396

1,18

02

04

5
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3776449

1135578

3773454

3,12

03

04

03

04

CONCLUSION
The research involved the comparison of two georeferencing methods of a multiple sheets map series – the method of
merging the rasters into the whole map first and its subsequent georeferencing, and the method of adjustment with
conditions in which the constraint of corner adjustment into identical coordinates is added to transformation equations.
The method of adjustment with conditions has reached better results – a lower standard deviation of the coordinates.
The differences in the position of individual map sheets depend on the number of map sheets which should have the
same corner point. The disadvantage of MultiGeoref software should be a great distortion of raster data located outside
control points, particularly in the second-order polynomial transformation. In the case of a small number of unsuitably
distributed control points, total deformation of the located raster may occur. This case for Muller map of Moravia was
not occurred.

348

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

REFERENCES
Alltran (2009) Documentation of the library Alltran v 01.01 (Dokumentace knihovny Alltran v 1.01., in Czech), Department of
Special Geodesy, FCE, CTU in Prague.
Bayer T. (2009) Detection of cartographic display: techniques based on the comparison of sets of identical points (Detekce
kartografického zobrazení: techniky založené na srovnáním množin identických bodů, in Czech). Prague: Geodetický a
kartografický obzor. ISSN 0016-7096.
Bayer T. (2009a) Software: Automated detection of cartographic mapping from a set of points using the detection of point patterns
(Automatizovaná detekce kartografického zobrazení z množiny bodů s využitím detekce bodových vzorů, in Czech). Prague.
Baiocchi V. and Lelo K. (2010) Accuracy of 1908 high to medium scale cartography of Rome and its surroundings and related
georeferencing problems. Acta geodetica et geophysica Hungarica. p. 97-104. ISSN 1587-1037.
Boutoura C. and Livieratos E. (2006) Some fundamentals for the study of the geometry of early maps by comparative methods. EPerimetron. Vol.1, No. 1, p. 60-70. ISSN 1790-3769.
Cada V. (2003) Habilitation thesis: Robust methods for the creation and management of digital cadastral maps in locations Fathom
Maps (Robustní metody tvorby a vedení digitálních katastrálních map v lokalitách sáhových map, in Czech). Plzeň: University
of west Bohemia.
Cajthaml J. (2012) The analysis of maps in the digital environment on the example of Müllerian map of Bohemia and Moravia
(Analýza starých map v digitálním prostředí na příkladu Müllerových map Čech a Moravy, in Czech). 1. vol. Prague: Czech
technique - publishing, CTU in Prague, 172 p., ISBN 978-800-1050-101.
Cajthaml J. (2007) Dissertation thesis: New technologies for processing and access to maps (Nové technologie pro zpracování a
zpřístupnění starých map, in Czech). Prague, CTU in Prague, supervisor Prof. Ing. Bohuslav Veverka, DrSc.
Fiedlerova T. (2015) Master thesis: Application for georeferencing (Aplikace pro georeferencování vícelistových mapových děl, in
Czech) Prague, CTU in Prague, supervisor Doc. Ing. Jiří Cajthaml, Ph.D.
Havlicek J. (2011) Master thesis: Analysis of the vector models of Müller's map (Analýzy nad vektorovými modely Müllerových
map, in Czech) Prague, CTU in Prague, supervisor Ing. Jiří Cajthaml, Ph.D.
Havlicek J. and Cajthaml J. (2014) The influence of a used reference coordinate system on georeferencing. 5th international
conference on cartography and GIS. Riviera: ICA, vol. 1, p. 130142. ISSN 13140604.
Havlicek J. and Cajthaml J. (2014a) The influence of the distribution of ground control points on georeferencing. 14th international
multidisciplinary scientific geoconference - SGEM 2015, Conference Proceedings vol. III. Sofia: STEF92 Technology Ltd., p.
965972. ISSN 13142704. ISBN 9786197105124.
Havlicek J. and Cajthaml J. (2015) Identification of a wrongly assigned ground control point 15th international multidisciplinary
scientific geoconference - SGEM 2015, Sofia, Bulgaria: STEF92 Technology Ltd., ISBN 978-619-7105-35-3, ISSN 1314-2704,
p. 939-946.
Havlicek J. and Cajthaml J. (2015a) Influence of Replacement Used Reference Coordinate System for Georeferencing of the Old
Map of Europe. International Science Index, Waset.org, US.: World Academy of Science, Engineering and Technology, p. 281287.
Molnar G. and Podobnikar T. and Timar (2009) Mosaiking the 1:75,000 maps of the third military survey of the Austro-Hungarian
empire. Geodetski vestnik: glasilo Zveze geodetov Slovenije. p. 459-468. ISSN 0351-0271
Podobnikar T. (2010) Historical maps of Ljubljana for GIS applications. Acta geodetica et geophysica Hungarica. p. 80-88. ISSN
1587-1037.
Zlinszky A. and Molnár G. (2009) Goreferencing the firtst bathymetric maps of lake Balaton, Hungary. Acta geodetica et geophysica
Hungarica. p. 79-94. ISSN 1607-7938.

349

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

BIOGRAPHY
Jakub Havlicek (1985) is a post-graduate student at the Czech Technical University in Prague, Faculty of Civil
Engineering, Department of Geomatics. His specifications of post-graduate study are focused on cartography and GIS.
The main theme of his research are olds maps and problematic aspect of the georeferenced old maps. Jakub Havlicek is
the author of many articles on Czech and international conferences. Currently he is working on two projects of the
Ministry of Culture of the Czech Republic dealing with creating History atlas of the Czech republic and creating
interactive web mapping application of the cultural heritage displayed on old photographs.

350

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

HANDLING BOUNDARY CUTS WHILE REPROJECTING GIS
VECTOR DATA
Kerkovits Krisztián
Affiliations:
Kerkovits Krisztián, PhD student;
Eötvös Loránd University, Department of Cartography and Geoinformatics;
1117 Budapest, Hungary, Pázmány Péter sétány 1/A;
kerkovits@map.elte.hu;
Abstract
When projecting the spherical Earth on to a plane, the map projection has distortions, but discontinuities turn up
inevitably too. These so-called boundary cuts may cause illegible geometries after applying the projection. Most GISsoftware suffer from this, therefore vector data needs to be pre-cut before reprojecting it. Using the following
algorithm, these boundary cuts can be handled correctly producing good-looking geometries for cartographic
purposes. This way a cartographer can quickly create base maps for his/her work in an arbitrary projection. A sample
implementation of this method is shown as an OpenLayers plugin.
Keywords: map projections, world maps, vector GIS, computer assisted cartography, software development

DISCONTINUITIES IN GIS
When the whole surface of the Earth is projected onto a plane, it is unavoidable to have discontinuities at least at one
point of the map. This is because the datum surface (in small-scale maps this is usually a sphere) is a closed and finite
manifold, while the projected planar manifold does not possess these properties. Discontinuities may only be located at
a singular point of a datum surface, but usually they follow lines. On the projected plane they always appear as lines
following the boundary of the map. Any linear or polygonal map object crossing a discontinuity continues at another
location of the map. In this article the term “boundary cut” refers to such discontinuities.
Most GIS programs do not handle boundary cuts. Line strings and polygons that cross a boundary cut are displayed by
incorrectly connected nodes, which create a disturbing line network. Due to this problem most of the vector data is precut at the antimeridian (180°). However, this still does not solve the issue (moreover, it might give worse results) if a
midmeridian other than Greenwich is chosen for map-making. In addition, when an interrupted projection (e. g. the
Goode homolosine) is used, additional discontinuities appear. Furthermore, for special reasons unusual aspects of
projections may be used. The three best-known aspects are direct, oblique and transverse. In this case, the boundary cuts
do not simply follow the graticule lines, but they rather cut the map along the metagraticule lines. (Terminology used as
in Wray, 1974)
Recently as large quantity of GIS-data is becoming available, cartographers began to use the data more and more
frequently to create a base map for their work. With the assistance of computers, reprojection of data takes only a few
seconds, therefore an optimal, tailor-made projection can be chosen for each map. However, if the boundary cuts are
disregarded, the result can be ineligible for cartographic purposes. Figure 1 shows a tailor-made projection optimized
for oceans. On the upper map, the areas are jumbled, the lines cross the metapole-lines and flow over the map area. We
may get such visualization if we use a common GIS for reprojecting data.
A better method is needed for not only geographic maps, and the boundary cuts also have to be handled in any global
thematic map. As thematic data is often generated by GIS, it cannot be guaranteed that the shapes are pre-cut at the
discontinuities of the chosen projection. While facing this problem, I was surprised that I could not find any routine
answering this issue. The only exception is the D3 library of JavaScript (Bostock, 2016a), but it uses the internal
methods of D3, and the result can be exported to the SVG vector format only, which contains no geographic
information.
This problem rises only in those small-scale maps that display areas larger than a hemisphere. The boundary cuts can be
neglected in regional maps, because they appear outside of the area of interest. Therefore, I suppose that the lower
precision of small-scale maps is acceptable for the output.
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Naturally, such a method is irreversible. Although I tried to preserve the topology as much as possible (for example by
avoiding self-intersections and overlapping rings too), still the output can only be used for cartographic visualization.

Figure 1. Boundary cuts handled wrongly (upper map) and correctly (lower map) on a plagal aspect of a Wagnertransformed Aitoff’s projection

PROJECTIONS AND VECTOR DATA IN THE OPENLAYERS SYSTEM
The OpenLayers is an open source JavaScript web-GIS library, which supports any arbitrary projection. This feature
makes it suitable for use in my research. It supports exporting reprojected features to various formats including
GeoJSON, KML etc.; further, it can also display any vector data directly in the web browser. However, its raster
reprojection method is rather rudimentary and are much better implementations using WebGL. (Jenny et al., 2015)
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OpenLayers stores geometry in a format resembling GeoJSON and supports all geometry types of GeoJSON. There are
six kinds of simple geometries (Butler et al., 2008):


Point: array of coordinates



MultiPoint: array of points



LineString: array containing nodes in linking order



MultiLineString: array of line strings



Polygon: array of line strings, the first one is always the outer ring; others are holes (e.g., islands in a lake,
local deviations in an isoband map). The first and last node of each ring is always the same.



MultiPolygon: array of polygons.

Sometimes one object combines several types of simple geometries, which is called a GeometryCollection. No special
routine is needed, as all parts of collections are of simple geometry. In OpenLayers there is a geometry type called
Circle, which is not included in the GeoJSON standard. It is a Point geometry with a given radius, therefore it is
regarded as a point.
To define a projection in OpenLayers, either the proj4 string or the direct and inverse transformation formulas are given
(OpenLayers, n. d.). If the formulas between the projected coordinate systems and the geographic (EPSG:4326)
coordinates are known, OpenLayers knows how to reproject the data between these coordinate systems. If the
transformation formulas between the ellipsoid and the coordinate system A are given and between system A and system
B too, OpenLayers has to be explicitly told to use both formulas for transforming the ellipsoid to system B.
Therefore, if a metacoordinate system is needed for a particular aspect, three transformations are needed (the difference
between the WGS84 datum and the sphere is ignored due to small-scale mapping): the spherical rotation, the formulas
between the metagraticule and the projected plane, and a function calling both transformations when projecting directly
between the datum and the plane. Applying this model, computations can be made simpler using the metacoordinates of
the shapes. The transformation formulas of the rotation are given in Snyder, 1987.

BOUNDARY CUTS IN VARIOUS PROJECTIONS
Most projections have a discontinuity at the 180th metameridian. In direct aspect, with a midmeridian  M other than
Greenwich, this meridian will be M 180 . In the following the term antimeridian refers to this (meta)meridian. Since
nearly all boundary cuts follow special metagraticule lines, the terms latitude (  ) and longitude (  ) are always
understood as metalatitudes and metalongitudes. (The latter, in direct aspect with an arbitrary midmeridian, are   M .)

Azimuthal and pseudoazimuthal projections
The use of an azimuthal projection to map the whole surface of the Earth is rather rare. However, it can be applied by a
few special azimuthal projections (e.g. the azimuthal equal-area, the azimuthal equidistant and the Wiechel
pseudoazimuthal). An example could be if oblique azimuthal equidistant projections are used for displaying distances
from a particular point of the Earth (Reyes, 2012).
These projections have discontinuity only at one point: the antipode metapole. A line segment crosses a metapole, if the
difference between the longitudes of two neighbouring points is approximately 180°. Taking latitudes into consideration
it can easily be decided which metapole the line segment crosses. As the floating-point error of the computation of
metacoordinates is high near the metapole, greater tolerance has to be given for vertices near the metapole. A heuristic
formula may be used to determine this tolerance. It is possible to have a node exactly on the metapole. In this case, this
point has to be removed, because the longitude value of the point may contain misleading information.
Although the longitude has no meaning at the pole, transformation formulas of projections with pole-lines map the
points of the pole described by different longitudes to different points of the pole-line (see Figure 3). To get a goodlooking output geometry, the endpoints should get the same longitude as the neighbours after splitting the lines at the
pole. After cutting, the software must not transform the shapes back to the geographic coordinate system to avoid
roundoff errors; instead, formulas of direct aspect should be used to reproject them from the metacoordinate system to
planar coordinates.
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If a polygon contains the antipode metapole, its boundary is not cut. In this case, not the inner, but the outer side of the
ring should be filled. It is impossible to do so in GeoJSON, as most GIS software disregards winding order. My solution
is to add the pole-line as an outer ring, and convert the original outer ring to a hole (Figure 2).

Figure 2. Filling Australia on an equidistant azimuthal projection centred on the North Atlantic Ocean
Far-side vertical perspective projections cannot display the whole surface of the Earth, but in a well-chosen oblique
aspect the clipped part can be placed on a less important part considering the map thematics. This way almost the whole
Earth can be displayed.
Knowing the exact place of the zenithal point, the boundary latitude of the map can be computed. Whilst areas
metasouth from this latitude are not displayed at all, I got acceptable result only by clipping the geometries at the
bounding metaparallel.

Other non-interrupted projections
Almost all other projections cut at the antimeridian. Cylindrical, conical, pseudocylindrical, polyconic and lenticular
projections are not continuous along this metameridian.
Attention should be given to line segments that intersect the antimeridian while cutting geometries. This occurs when
the longitude difference of two neighbouring nodes is greater than 180°. (If it is nearly 180°, it crosses the pole rather
than the antimeridian.)
When substituting into the projection formulas, longitudes 180° and –180° are projected onto the opposite border of the
map. It is essential to determine from the split line segment whether it lies on the metaeastern or metawestern
hemisphere, and give the correct sign to the longitude of the intersection point. If this is missed, we will receive the
same confused network as when the lines were not cut.
Numerous projections of this type have pole-lines instead of pole-points. The output may be ugly especially if the poleline has some curvature. This occurs on some conical, polyconic and lenticular projection (Figure 3). Lines crossing the
pole-line have to be cut; otherwise, they might flow over the map area. Using the same method as with azimuthal
projections (now including both metapoles) produces satisfactory output. In this case, it is better to cut geometries first
through the antimeridian and then at the poles. Here, it is easier to associate the holes with the correct outer ring.

Figure 3. Pole-line of the Wagner-transformed Hammer’s projection
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Interrupted and polyhedral projections
To reduce distortions, projections may be applied in interrupted form. The most popular is the interrupted Goode
homolosine projection. Most of these projections are not recommended in any aspect but direct. Boundary cuts follow
meridians, but they usually appear between only one of the poles and an arbitrary parallel (Figure 4).

Figure 4. Interrupted Bonne’s projection
The same solution is used as before, but with the following considerations:


Some projections (e.g. the Berghaus or the William–Olsson) are star-shaped. (Figure 5) Cutting the
antimeridian must not be performed in this case for the full meridian. Although it is generally a good idea to
choose such midmeridian for computations, the antimeridian of which is followed by a boundary cut.



Otherwise, the projection has at least one meridian that is cut through in its whole length. Then this meridian
has to be the antimeridian, and the corresponding midmeridian has to be chosen for computations.



We should not forget that a line segment is cut only if its intersection with the bounding meridian is in the
latitude interval of the discontinuity.



The antimeridian cut has to be performed first; otherwise false results are produced when looking for
intersections with other meridians.



This method is useful only for injective projections. Non-injective interrupted projections (like the Baranyi–
Márton projection (Márton, 2006)) need more sophisticated approach that duplicates geometries and performs
different cuts on each duplicate.

Figure 5. Simple oblique aspect of the William–Olsson projection
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Polyhedral projections are still considered special in small-scale mapping because of their complexity. Distortions are
significantly reduced if the polyhedron is close to the sphere, but several boundary cuts arise while unfolding the
polyhedron to plane. Depending on the chosen polyhedron, these boundary cuts can follow any great circle, and the
calculation of intersection points with line segments can be very complicated.
The octahedron is a special case. Its direct aspect can only have discontinuity following meridians and the Equator. Any
other aspect can be reduced to this case using metacoordinates. These projections are also known as butterfly maps
because of their appearance. These projections have to be handled as if they were simple interrupted projections. Some
butterfly maps have cuts following the Equator too (Figure 6). Intersection of a line segment and the Equator can be
computed, and if it falls on a boundary cut, it has to be split too.
This algorithm works only for the octahedron. If boundary cuts follow arbitrary great circles, more complicated
calculations are needed (such projection is the Fuller Dymaxion). It might be easier to describe the cut lines in cubic
projections by using geocentric Cartesian coordinates.

Figure 6. Boundary cuts of Waterman’s projection

SPLITTING UP GEOMETRIES
After the exact locations of the boundary cuts have been determined, geometries have to be split. Points, line strings and
polygons have to be dealt separately.

Points (Circles) and MultiPoints
If a point lies exactly on a boundary cut, it might cause errors during reprojection. For safety, it is advised to move the
point a little bit away.

LineStrings and MultiLineStrings
Vertices of line strings are like points, which need to be moved away from boundary cuts. If a line segment between
two neighbouring nodes is intersected by a boundary cut, the exact coordinates of the intersection point are to be
computed. The following trigonometric equations are calculated very slowly on computers, therefore a filter must be
established to calculate the equations for those line segments only, where the existence of a boundary cut is assumed.
The intersection of a great circle and a cutting meridian can be calculated using spherical trigonometry. Any angle in
the formulas should be substituted in radians.
Let the coordinates of vertices be  A , A and  B , B . Then the spherical distance:

s  acos(sin  A sin  B  cos  A cos  B cos(B   A )) (1)
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The angle of the polar spherical triangle ABN at point B from the cosine rule:

  acos

sin  A  sin  B cos s (2)
cos  B sin s

The latitude  S of the intersection point can be expressed from the cotangent four-part formula ( S is the longitude of the
splitting meridian):

tanS cos B  sin B cos(S  B ) | sin(S  B ) | cot  (3)
Rearranged:

S  atan

sin  B cos(S  B ) | sin(S  B ) | cot  (4)
cos  B

Naturally, these formulas may only be used if none of the vertices lie on the cutting meridian (because of the floating
point error they also must not be too close to it). In this case, the intersection point is the same as the vertex lying on the
meridian, so no calculation is needed. This formula must not be used if one of the vertices lies on the pole, because the
intersection is in the pole.
If a parallel is cut, calculations become more complicated. Let

x  tan

S  B (5)
2

Then equation (3) is arranged to zero using the identities of half angles:

tanS cos  B  sin  B

1  x2
2x
 2
cot   0 (6)
2
x 1 x 1

Bringing fractions to a common denominator, and arranging (6) as a quadratic equation of x:
(tan S cos B  sin B ) x2  2 cot x  tan S cos B  sin B  0 (7)

Applying the quadratic formula:
x

2 cot   4 cot 2   4(cos  B tan s  sin  B )(cos B tan s  sin B ) (8)
2(cos B tan s  sin  B )

Substituting x back, reducing the fraction by two and applying the identity (a  b)(a  b)  a 2  b2 :

tan

S  B
2



cot   cot 2   cos 2  B tan 2  s  sin 2  B (9)
cos  B tan  s  sin  B

Now S can be expressed from latitude  S and the angle  computed from equation (2).

S  B  2 atan

cot   cot 2   cos 2  B tan 2  s  sin 2  B (10)
cos  B tan  s  sin  B
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We have four solutions. Usually, only one is correct, the other three are extraneous. (Of course, it is possible to choose
two vertices on the sphere, which are on the same side of the parallel, but the geodetic between them intersects it twice.
Let us see this case as if there were no intersection, because it not only makes the algorithm really complicated, but
would also create negligible small areas.) The ± sign before the square root is –, if  A   B , and + if  A   B . The ± sign
before the atan takes the sign of sin(A  B ) .
If n  Z :  A  B  n , then the formulas above are numerically unstable. The intersection point in this case lies
approximately on the meridian of either point A or B. The formula is also unstable if B  S . If this occurs, a good
approximation is given by limit calculus:

s  B  2 atan(tan  sin B ) (11)
Here ± takes the opposite sign of sin(A  B ) .
Now the line string can be cut at the intersection, adding the intersection point to both sections. It is important that these
endpoints always lie on a boundary cut, therefore it is advised to move them a little towards their neighbouring vertex.
If there already has been a vertex on the intersection, it must be deleted to avoid duplicate nodes.
The split up sections must be kept together as a MultiLineString. So a LineString containing n intersections with
boundary cuts is converted to a MultiLineString of n+1 lines. No such conversion is needed for geometries that were
MultiLineStrings originally.

Polygons and MultiPolygons
Polygons need a more sophisticated method. Although they are described with linear rings similar to line strings, if they
are cut in the same way, their borders will not close, and so they cannot be filled. It must be taken into consideration
that if a hole is split by a boundary cut, its border will be added to the outer ring as a depression. (See the top hole in
Figure 7)
The winding order of polygons is not defined in GeoJSON. OpenLayers can return coordinates in consistent order;
however, the result is usually wrong, hence unreliable near the antimeridian. As it is not trivial which side of a border is
filled on a sphere, a routine is needed to determine it. I assume that there is no polygon larger than a hemisphere, so I
always fill the smaller area.
First, the signed area of the ring is computed. Calculating the exact value is computationally expensive, but an
approximation is achieved with a simple sum. (Chamberlain–Duquette, 2007)

A

1
  sin  i (12)
2 i

where i is the latitude of the vertex, and  is the longitude difference of node i+1 and i–1 in radians. Usually
  i 1  i 1 , but if its absolute value is greater than  , then the antimeridian is crossed:   2  (i 1  i 1 )
Choose the sign that fulfils    . If the absolute value of the signed sum of  is greater than  (area contains a
pole), add 2 to or subtract 2 from the area. A always must be less than or equal to 2 (a hemisphere). Add or subtract

4 if needed (it happens in the unlikely case when area contains both poles).
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Figure 7. Splitting a polygon geometry
The signed area calculated in this way is positive if the winding order is clockwise, and negative if counter-clockwise.
The ring that has the biggest absolute value of area is the outer ring, while all the others are holes. Rings are reversed if
needed, so from now on, all outer rings are stored clockwise, and all holes are stored counter-clockwise. (Blue lines in
Figure 7)
After making the winding order consistent, rings are split as line strings. If a boundary cut was intersected, the first and
last segment can always be connected, as they always have a common point (the first and the last ones) in this format.
(Marked by black circles in Figure 7) Holes need investigations too, if the outer ring has been cut. If a hole is not split,
it can be added as a hole to the new geometry (like the lower hole in Figure 7). If it is cut, the first and last segments are
connected, and open segments are stored in an array together with the segments of the outer ring.
In the next step, not closed segments are ordered separately by their start and endpoints counter-clockwise around the
boundary cut. (Here, the counter-clockwise is understood on the sphere, not on the map! It might be different in the case
of the antimeridian.) Line segments are connected from the endpoints to the next start point respectively. One must
walk around the discontinuity counter-clockwise. (The boundary cut is at the left hand, just like the green lines in Figure
7.) This guarantees that the interior side of the original polygon is kept intact.
The boundary cut may not appear as a straight line on the map. Additional vertices need to be added to follow its
curvature. I experienced that it is usually enough to add a vertex at every half degree to produce a good-looking smallscale map, so in my approach, the nodes are placed at a fixed distance. A scale-adaptive method can also be used to
produce more accurate results (Sakshuwong–Angeli, 2012.; Bostock, 2016b), but when implementing it, attention must
be paid that if a parallel is cut, the connecting lines must not follow a geodetic line, rather a small circle on the sphere.
It is possible that two segments at two different sides of a discontinuity have to be connected. (See at the top of Figure
7.) Connection must be executed by adding vertices and getting around the boundary cut counter-clockwise until
reaching its end. Then the line is continued by placing vertices on the other side of the discontinuity. On general
perspective azimuthal projections (where the discontinuity is a complete small circle) this must not happen; it must be
avoided by ordering segments correctly.
If we are lucky, a part of the polygon is now already closed (e.g. at the lower right corner of the figure). If the segment
was connected to another one, it must be stored as a partial result. The array of segments must be synchronized, as now
the number of free endpoints decreases by two. If the procedure is continued, eventually all segments are closed.
After closing the outer rings, multiple outer rings may evolve. The interior rings kept intact must be examined to
associate them with the corresponding outer ring. A bounding box test (the bounding box of the outer ring must fully
contain the bounding box of the interior ring) is usually sufficient.
If a simple Polygon was cut into multiple parts, its type must be set to MultiPolygon.
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IMPLEMENTING THE METHODS
The methods above were implemented as an OpenLayers Plugin. The API has two public methods. The
ol.proj.rotateProjection takes a projection defined in direct aspect, and registers the transformation formulas from
geographic to metacoordinates. It also defines the given aspect of the input projection. Non-direct aspects of projections
must be defined in this way so as to make calculations with metagraticules possible without transforming them back to
geographic coordinates after cutting.
The other method ([ol.format.Feature].readCutFeatures) is meant to replace the readFeatures method of OpenLayers. It
reads the input file with the original parser of OpenLayers, and then the cuts are performed. For complicated
projections, the metagraticule lines where the boundary cuts lie must be given manually as an array. Output feature
collection can be drawn directly in the web browser as a vector layer, but can also be exported to a georeferenced file
using OpenLayers’ writeFeatures method. (This outputs only a string representation of the file, so the implementation of
a file-writing algorithm is needed.)
A demonstration site was created (http://mercator.elte.hu/~kerkovits/reproj/), where a dataset of a small-scale world
map can be viewed in any aspect of several projections. It is recommended to try the vertical perspective and the
interrupted projections, where locations of boundary cuts depend on the projection parameters. You can even choose a
hypsometric map to see the robustness of the algorithm.
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Abstract
This paper presents a methodology to extract a new hierarchy to effectively generalize and label street features in
intermediate multi scale street networks. The hierarchy uses two main parameters as criteria for ordering the street
features; their centrality measures, i.e., betweeness, reach, straightness and closeness, and their functional classes
attribute. The measures are integrated using fuzzy-AHP to yield proper coefficients in the hierarchy creation process.
The hierarchy is applied for the thinning process to reduce the complexity of the network. Later, the proposed hierarchy
is implemented as a priority value to label street features in intermediate scales.
Keywords: Generalization; Labeling; Multi-resolution; Street Network; Functional Class; Hierarchy; Centrality

INTRODUCTION
A multi-resolution map is a tool that uses a small space to represent a large space while zooming into the map, thus its
contents often compete for the map space leaving little space for features and labels. The main consideration of multiresolution map design is to make its features more comprehensible, accurate, legible, complete and aesthetic which are
the basic needs for the map users. A certain amount of street features appear at the users’ sights in each zoom level
while surfing a multi-resolution map of the network. The map readers use some common information about the streets’
functionality to browse the map efficiently, i.e. they use important classes of the streets to navigate to other less
important streets. Several important streets can aggregate within a limited area at small scales and overlay each other as
well as their labels. Therefore, proper generalization and labeling processes for the street network is necessary to apply
at these scales.
Map generalization is the name of the process that simplifies the representation of geographical data to produce a map
at a certain scale with a defined and readable legend. To be readable at a smaller scale, some objects are removed;
others are enlarged, aggregated and displaced one to another, and all objects are simplified (Ruas, 2008). One common
applied generalization process is the thinning process where insignificant features are omitted from the network.
However, eliminating all insignificant FC streets from the network is not a realistic solution for intermediate level of
details multi-resolution maps; because the number of these features is the flooding majority of the total street number
within a map, and they have important role in providing the connectivity of the network.
Map labeling is a visual process of assigning the best positions for texts of the graphical features of a map. The main
aim of this process is to find a good configuration for labels (Kakoulis and Tollis, 2006). Determining which streets to
be labelled is one of the difficult decisions to be made in labelling process. Street hierarchies, which rank the network
features according to levels of importance, are implemented to ease the application of generalization and labelling
processes. The importance of each street feature in the network is distinguished based on its functional class (FC), by
which streets and highways are grouped into classes according to the character of traffic service that they are intended
to provide. However, this classification is not valid to differentiate between features from the same FC within a limited
area. To promote this, spatial geometric properties beside FC of the street features are considered in the proposed
hierarchy. It distinguishes the spatial importance of each feature and ranks them in a sequence order by calculating their
centralities in the network. Centrality values change in each scale by calculating (1) a convenient distance from the
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users’ eyes to the laptop’s screen, and (2) the radius in which the users capture the street features in the screen in their
focus states.

THE PROPOSED HIERARCHY
In this study, the four centrality measures are extracted from the primary graph of the network using Sevtsuk and
Mekonnen (2012)’s formulas in a test area. Betweenness is a measure of how often a street feature is located on the
shortest path between other street features in the network. Reach illustrates the density of the features because of its
position close to other near features. Straightness signify directness and connectivity of tracks amid the street feature
and it’s adjacent. Closeness simply indicates to which extent a feature is near to all the other neighbor features (Crucitti
et al., 2006). Those measures are derived using the mid-points of street features and the appropriate radius in each scale.
Each of the centrality measures marks different patterns of the street network as significantly important; however these
patterns alter in their practicality for the generalization and labelling processes.
Centrality measures for each street feature in the network are calculated, then normalized and recorded in the
geodatabase. Tests for each measure are applied to evaluate the capability of each measure in capturing relevant
important street features in the network at each scale. By considering the authors cartographic judgments with
information obtained from the operated tests; the importance of the measures is categorized in descending order as
follows: 1. Betweenness, 2.Reach, 3.Straightness and 4.Closeness.
Ranking and giving priorities to the various centrality measures in an equation are constructed by using multi-criteria
decision methods. One of the most utilized methods in the multi-criteria decision approaches is the Analytical Hierarchy
Process (AHP), which is a theory of the measurements through pairwise comparisons and relies on the judgments of
experts to derive priority scales (Saaty, 1980). In fuzzy-AHP approach, the linguistic variables of human feelings and
judgments are represented by a triangular fuzzy numbers to conduct the pairwise comparisons, and extent analysis
method is employed to decide the priority of alternatives (Chang 1996; Chan et al., 2008 and Tyagi, 2015). The weights
for each of the centrality measures are computed and normalized from Chang’s (1996) fuzzy priority method. Equation
1 is generated to extract the priority value for each feature, within the same FC, by multiplying each measure’s value
with its assigned weight. Equation 1 is used to rank all street features in the network in distinct class as shown in Figure
1
normalized betweeness value of the feature

× 0.5223 +

normalized reach value of the feature

× 0.3252 +

normalized straightness value of the feature

× 0.1129 +

weight of the street feature =

(1)

normalized closeness value of the feature

× 0.0396
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Figure1. Part of the attribute table of the geodatabase displaying the proposed hierarchy.
The hierarchy ranks street features from the same FC, which all have “1” in Figure 1 represented in Class field, by their
extracted priorities, represented in Priority field. Features which have the same label also receive different priorities
thus different orders in the hierarchy, i.e. street with id 167142 in the STREETLIST field pick up different priority
values for its features.

GENERALIZATION AND STREET LABELING PROCESSES
In this paper, three generalization processes, merging, collapsing and thinning, to reduce the geometric complexity of
street features are deployed. Merging followed by collapsing is deployed using FC attribute as input hierarchy in the
merging process. Later, thinning is applied for the scales (1:8K, 1:16K, 1:32 and 1:64) and the proposed hierarchy is
employed as a priority input.
Part of the test area is displayed in Figure 1.a. before the thinning processes is applied. Features colored in green
illustrate vital streets while features colored in red illustrate other less significant streets in the network. For the scale
1:64K, the thinning process is applied using the FC hierarchy (Figure 2.b), and using the proposed hierarchy
(Figure2.c). The proposed hierarchy in thinning process provides more space for labels and other symbologies between
the street features in the map.

(a)

(b)

(c)

Figure2. Part of the sample area at 1:64K a) before thinning b) after thinning using functional class hierarchy b) after
thinning process using the proposed hierarchy.
Using the proposed hierarchy, a boxed part of the test area in each scale is shown in Figure 3. The percentage of the
remaining number of features in important FC streets using the proposed hierarchy and street FC hierarchy for the same
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area are given in Table 1. The proposed hierarchy gives priorities for important street in the network, thus maintain
more visuality of them.
Table 1. Percentage of remained important street features number at each scale

1:8K

1:16K

1:32K

1:64K

Using functional class hierarchy

25.71%

28.73%

35.76%

48.70%

Using the proposed hierarchy

24.68%

26.21%

28.88%

36.92%

(a)

(b)

(c)

(d)

Figure 2. Part of the sample area after the thining process is applied using the proposed hierarchy at
scale a) 1:8K b) 1:16K c) 1:32K d) 1:64K.

Four quality constrains for the labeling process are maintained to ensure best interpretation of multi-resolution street
map as follows:
1.

The association of a street feature and its label.

2.

The visibility condition.

3.

The aesthetic condition.

4.

The priority for labeling (using the proposed hierarchy).

Multi-resolution street network generalized at intermediate level of details is labelled using Styled Layer Descriptor
(SLD) in GeoServer. To control the overlaps between labels, priority labeling option is used, during the rendering of the
layer. The proposed hierarchy is specified as a priority value in the SLD to calculate relative spatial importance for each
feature in GeoServer. Figure 3 displays a sample area at scale 1:8K and 1:16K using the proposed hierarchy as a priority
value in GeoServer, streets in green are streets of most important while streets in red are of less important.
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(a)

(b)

Figure 3 displays sample labeled areas using the proposed hierarchy as a priority value at scale a)1:8K and
b)1:16K

CONCLUSION
Generalization and labelling processes using the proposed hierarchy is implemented to best represent important streets
at intermediate level of details. Centrality measures help identifying important features in the street network by
capturing various patterns of streets that differ in importance according to the used scale. By implementing the proposed
hierarchy in the thinning process, more spaces between street features are available to display and interpret the multiresolution map with less legibility problems while maintaining the most important street features in the network. The
mentioned quality constrains, with the proposed hierarchy as a priority value, maintain display of important street
features in their top priority by considering their streets spatial significance. However, developing proper model is
essential in the application of the quality constrains, because some issues of improper label placement occur more often
as scales get smaller that are not referenced to the hierarchy.
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Abstract
This article gives an overview of how the mixed methods approach can be implemented in cartographic user research.
Mixing methods can serve many different goals and can be used in a variety of settings (e.g. simultaneous or
sequentially; in controlled laboratory experiments or in a realistic – possibly field-based – structure). First a
theoretical overview regarding these goals and settings is presented, which are then demonstrated through a number of
case studies. These are recent user studies conducted in the field of cartography and geographic information systems.
Most importantly, the benefits of implementing a mixed method approach in these different settings are illustrated to
indicate their value for future studies.
Keywords: Cartograhpy, User Research, Mixing Methods, Case Studies

INTRODUCTION
At the beginning of the century, Kraak (2001) defined a rough web map classification based on how the map is or can
be used. He distinguished between static and dynamic maps on the one hand and between view-only and interactive
maps on the other hand. Today, however, almost every map on the Internet is ‘clickable’ and produces dynamic
responses such as animations or videos. Moreover, the line between ‘map maker’ and ‘map user’ has become very
vague since the introduction of Web 2.0, facilitating the creation of volunteered geographic information (VGI), mashup
maps (e.g. with social media data) in the context of neocartography (Turner 2006; Field 2008; Haklay et al. 2008;
Hudson-Smith et al. 2009; Batty et al. 2010; Field & O'Brien 2010; Kraak 2011; Cartwright 2012). Because of the
increasing amount of digital cartographic products, based on fast evolving technologies, it is of utmost importance that
these products maintain a link with their actual end users: their requirements but also their (cognitive) capabilities
(Cartwright 2012; van Elzakker & Griffin 2013).
Cartographic user research can be approached from two different angles: focussing on usability issues of a specific
product or focusing on the user’s cognitive issues. In her PhD, Bleisch (2011) makes the distinction between in vitro
and in vivo research approaches. In vitro research approaches are hereby focusing on perception and cognition and are
characterized by mainly quantitative research methods which are employed in controlled experiments and analysed
through statistics. In vivo research approaches focus on the evaluation of specific applications through case studies, with
a tendency to employ qualitative research methods. These latter studies are characterized by an increasing level of
context, tactic knowledge and (data and task) complexity (Bleisch 2011). One can indeed make a distinction between
qualitative and quantitative research methods, but there is no strict one-to-one relation with the in vivo and in vitro
research approaches.
When conducting user research (in vitro and in vivo) it is of utmost importance to select the most appropriate research
method to measure the variables or factors under investigation. However, one must keep in mind that, as Carpendale
(2008) perfectly states, “methods both provide and limit evidence”. Therefore, it can be good practise to combine
several methods, as the evidence that one method provides can cover the limitations of another. In this context, a
mixture of qualitative and quantitative methods is often advised (e.g. Jick 1979; Kaplan & Duchon 1988; Brannen 2005;
Polit & Beck 2010). The advantages of mixing methods can be brought down to three main elements: complementarity,
triangulation and expansion (e.g. Carpendale 2008; Bleisch 2011).
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This mixed method approach is not new (e.g. Jick 1979; Kaplan & Duchon 1988), but it has only recently been
introduced in cartographic user research (e.g. Çöltekin 2015). In the next sections, we aim to present a number of case
studies related that implement a mixed method approach to illustrate their gains in different settings.

MIXING METHODS IN CARTOGRAPHIC USER RESEARCH
As can be derived from the review of Nivala et al. (2007), usability research is slowly being integrated when
considering the development process of cartographic products. Since that review, this has only gained importance, but
the number of digital products that have been released in mean time known an even steeper increase. What is more, in
the context of validity, users should be able to interact with the (cartographic) products as they would normally do.
Especially in the light of the fast technological evolutions, it is essential that the dynamic and interactive nature of the
cartographic product can be implemented in user studies. Consequently, mixing methods in user research – both in vitro
and in vivo – is gaining importance to be able to obtain useful, valid and reliable results. In the next paragraphs we
present different settings in which a mixed methods approach can be used in the context of cartographic user research.
Finally, a number of case studies are presented in cartographic user research to illustrate the gains that can be obtained.

Mixing Sequentially or Simultaneously?
Mixing methods can be done in two settings: simultaneously or sequentially. Mixing sequentially refers to the situation
when different experiments are conducted and their outcomes are linked to each other. These experiments are often
conducted in a larger context: the outcome of one experiment is only one part of the puzzle to reach a main research
objective. Typically, the separate experiments focus on different aspect of this main objective, each using the most
appropriate method to study the specific research question at hand. However, to make inferences on the level of the
main research objective, the outcomes of the different experiments need to be linked. Even within the same experiment,
it is common to sequentially mix different methods: questionnaires of often used in a pre or post experiment setting to
gather individual characteristics of a participant, independent of the main method used during the experiment
(Carpendale 2008). Simultaneous mixing refers to situations when data from multiple methods is gathered at the same
time: e.g. thinking out loud while the participant’s eye movements are being recorded, recording eye movements and
mouse actions. Examples of both settings will be provided in the case studies.

Complementarity: Covering the limitations of a single method
Every methods has its limits regarding the measurements and evidence it can provide. Nevertheless, the limits of one
method might correspond to the core measurements that are provided by another. This is also stressed in the PhD of
Bleisch (2011): mixing methods with ”complementary strengths and nonoverlapping weaknesses” (Johnson &
Onwuegbuzie 2004, p. 18). For example, users’ might perform a certain task in a certain system very fast (thus
efficient), which gives a positive impression on the usability of the system. Nevertheless, if the users indicate (e.g. in a
post-study questionnaire) that they found it frustrating to work with the system, its usability is questionable. Because of
the distinction between qualitative and quantitative methods, they fit well in the “complementary strengths and
nonoverlapping weaknesses”-strategy. A good overview of the distinction between qualitative and quantitative research
methods is given by Nielsen (1993) and by Carpendale (2008). Quantitative methods are – because of their controlled
nature – characterized by a high level of generalizability and precision. Qualitative methods are used in a holistic
approach which enables studying the interplay between factors in the most realistic setting. It results is very rich data
sets, which are typically very labour intensive to collect and analyse. Nevertheless, Carpendale (2008) stresses that
qualitative methods are already commonly used in laboratory experiments (or in vitro research), such as questionnaires
with open questions.

Increase Validity and Reliability
Carpendale (2008) discusses three important factors related to all types of user research: generalizability, precision, and
realism. Some of these concepts are also linked to the issue of validity of user studies. Generalizability corresponds to
external validity, which is related to he question to what extent the results of the study are applicable in another context
(situation, users, etc.). Realism is linked to ecological validity, or the question whether the experimental settings
sufficiently reflect the actual situation. Precision is related to how definite one can be about the level of control
(measurements and factors) during the study. This is associated with measurement validity (are we really measuring the
proposed dependant variables?) and reliability (are the recordings consistent and repeatable?). Measuring the same
factor through multiple different methods allows to verify whether the same conclusions are derived from the different
sources, which increases the validity and reliability of these conclusions.
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Targeting Different Elements of Usability
When looking at in vivo research approaches, usability is the key element (e.g. Nielsen 1993; ISO 1994; Bevan 1995;
Hartson et al. 2003; Hornbaek 2006; Rubin & Chisnell 2008). Usability is defined as “the extent to which a product can
be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use” (ISO 1994; Earthy et al. 2001). Consequently, when evaluating the usability of a product, the context in
which the product will be used need to be implemented and the appropriate end users need to be selected as participants.
Both these elements are related to the realism of the study. Besides effectiveness, efficiency and satisfaction, other
factors that influence usability are considered, such as memorability, learnability, accessibility (e.g. Nielsen 1993;
Rubin & Chisnell 2008). Roth et al. (2015) consider the interplay between three U’s: user, utility and usability. Nivala
et al. (2007) did a review on the implementation on usability engineering in the development of map services. They
found and slow but rising trend, but concluded that most map making companies lack the knowledge to implement it in
their processes. In order to be able to evaluate the usability of a product, it is clear that different factors need to be
considered: Is the system effective? Is the system efficient? Is the user satisfied when working with the system? Are
sufficient utilities available for a certain user? Is the system suitable for novice users? How steep is the learning curve
for the system? etc. There is no single method that can provide data to evaluate all these factors; typically a specific
method focusses on a specific factor. For example: efficiency is measured through completion times, effectiveness
through scoring the participants’ answers and satisfaction through questionnaires (e.g. Nielsen 1993). Mixing methods
fits in the strategy of complementarity and expansion. Complementary methods need to be selected so that one methods
covers the limitations of the other. Because of this, multiple factors that attribute to usability can be evaluated, which is
linked to expansion.

Mixing throughout the User Centred Design life cycle
User Centred Design (UCD) is closely related to usability engineering (e.g. Nielsen 1993). The UCD life cycle
originates from software engineering, where it is adopted when developing a certain product. The user is involved in the
different stages of the development process in order to be able to align the product with his needs as best as possible.
These different phases are presented schematically in Fig.1. In a first crucial phase, the user’s requirements need to be
gathered. This can take the form of, for example, focus groups, interviews, questionnaires, etc., resulting is a very rich
qualitative data set. This is used as input for a basic initial prototype, which is again evaluated with the user’s to verify
if this corresponds to the needs that were gathered. In a number of iterative cycles, the product is redesigned and
evaluated until the user’s needs are met. In the final stages of these evaluations, the focus shifts from general needs to
details in the product’s usability which contribute to its efficiency (e.g. completion time), effectiveness (e.g. error rate)
and satisfaction towards the user. Consequently, this shift in focus corresponds with a shift in methods from qualitative
to quantitative. During the past decade, researchers in the field of cartography and geographic information systems have
recognized the benefits of this approach (Nivala 2007; van Elzakker & Wealands 2007; Haklay & Nivala 2010; Ooms
2012; Roth et al. 2015).

Figure 1. Schematic representation of the UCD-life cycle

Targeting Different Cognitive Processes
Processing (visual) information follows a number of cognitive steps supported by the available cognitive system (e.g.
reading, interpretation, analysis, working memory, long term memory, etc.). A good overview on this can be found in
(MacEachren 1995; Slocum et al. 2001; Montello 2002; Matlin 2009; Montello 2009). Some researchers have focused
on factors that influence these processes, such as personal differences (age, gender, expertise), differences in the map
design (e.g. saliency of certain map objects) and external influences (e.g. Hegarty et al. 2010; Popelka & Brychtova
2013; Ooms et al. 2015). Nevertheless, technological evolutions have also impacted significantly how the information is
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presented to the user and especially, how the user interacts with the information. Still little is known about the influence
of these highly dynamic and interactive visualization on the user’s cognitive systems and its limitations (van Elzakker &
Griffin 2013; Hall et al. 2014). Nevertheless, specific cognitive processes need to be measured by specific methods. In
order to obtain insights in the interplay between there processes these measure need to be combined, resulting in a
mixed method approach. Also in these type of experiments, a distinction can be made between subsequent and
simultaneous mixing to target different cognitive processes that occur simultaneously or in a sequential order. Both
settings will be considered in the case studies.

CASE STUDIES
The case studies below illustrate the importance of mixing methods, but also the need for implementing realistic stimuli
and tasks in the experiments. The gain in this approach can be found in the fact that the combination of methods results
in more than just a sum of its parts.

Covering Weaknesses (Complementarity)
In an experiment conducted by Ooms et al. (2012), eye movements were complemented by, among others, the
recordings of mouse actions. These latter recordings had two purposes: providing additional information (task
completion times) and covering the limitations of the eye tracking recordings (correctness of the answer). During the
experiment, a number maps – consisting out of a basic background on top of which a collection of labels were depicted
– were presented to the participants. Only the (position and contents) of the labels were different in the stimuli. Five
target labels were listed on the right side of the stimulus and the participants were asked to locate these on the map. In
order not to disturb their natural search behaviour, they could chose the order in which the task was executed. However,
using eye tracking alone, the experimenter cannot be certain if a target label was found. For example, the participant
may have looked at one of the target labels in the map, but he was searching for another target label; or, the
participants’ gaze was directed towards the target label on the map while searching for this label, but he/she was
actually not interpreting/processing the map’s content at that moment. Therefore, participants were asked to click a
mouse button to indicate that they found a label. The authors could have instructed the participant to click on the label
in the map to indicate where the label was found, but this actions would have disturbed their cognitive processes.
Similarly, the participants could have been asked to press a specific button (e.g. 1,2,3,4,5) to indicate which of the target
labels was found, but this also requires additional cognitive thinking. By comparing the timestamp of the mouse action
with the position of the recorded eye movement at that moment, it could be determined if the correct label was found,
keeping the disturbance of the cognitive processes as limited as possible.
A second case can be found in the experiment of Ooms and Dupont (2016), in which eye tracking was used to study the
participants’ attentive behaviour while performing a task in GoogleMaps, using only panning. Different eye movement
metrics are combined (e.g. fixation duration, saccade length) to make comparisons between the influence of, for
example, map view and satellite view. However, these quantitative data sources only give limited insights in why the
differences that were located occur. In order to cover this limitation of quantitative research, it is good practise to
complement it with quantitative methods, such as thinking aloud. This gives insights in the participants’ unfiltered
thoughts while solving a task, and thus the cognitive processes associated with the recorded measurements. A
significant difference in multiple eye movement metrics was found between the satellite and map view, but only from
the thinking aloud data it could be derived that the satellite view corresponded to a chaotic search pattern as users
experienced more difficulty to find the needed information.

Verifying a Method’s Validity
Combining different research methods is often integrated in user research in order to cover the limits of a single method
and triangulate findings across the registered data sources. Nevertheless, two different methods can be capable of
capturing the same factors. Implementing both methods in the same user study gives the possibility to verify the results
across the two data sources: are the same conclusion derived? Below we present two experiments in which a similar
combination of two methods is employed. However, in these studies the authors aim to verify the (ecological) validity
of a ‘new’ method by comparing the obtained results with these obtained by an established method.
The focus of the first experiment is on the identification of landmarks in indoor environments, conducted by Viaene et
al. (2016). Participants had to complete a route in a building by following the experimenter. While moving through the
environment, the participants’ eye movements were recorded (using a mobile eye tracking device) and they were asked
to formulate route instructions out loud (audio recordings using a headset). After the experiment, participants had to
answer some general questions regarding the route they had taken and personal characteristics. The goal of the
experiment was to compare the landmarks that were derived from the verbalized route instructions, with those derived
from the eye movement data (fixation duration on the objects). Furthermore, these findings were linked with theoretical
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probability values for each of the landmark categories. The authors noted a strong correlation between the landmarks
identified in the verbalised instructions and those identified using the eye tracking recordings, however variations
regarding to the type of landmarks (e.g. structural) were found.
In the second experiment, the validity of mouse movements used as a proxy for eye movements was evaluated. Demšar
and Çöltekin (2014) state that mouse movements can be recorded much more easily than eye movements because of the
the latter’s costs (e.g. equipment) and time investment (single user testing). Consequently, the goals of the experiment is
to investigate how both measurements are linked. During a controlled experiment in a lab setting, participants had to
complete a visual search task (find a certain region in a map) while their eye and mouse movements were recorded.
They had to click on the map where they found the region the targeted region. The authors registered two types of
responses: the mouse did not move until the target area was found, or, user the mouse movements reflect the gaze
movements in terms of ‘distance to the target area’. Further research on comparing the actual trajectories of both
recordings is still needed.

Mixing Throughout a Project
The case study on which we will focus is the PhD of Susanne Bleisch (2011) “Evaluating the appropriateness of
visually combining quantitative data representations with 3D desktop virtual environments using mixed methods”. This
research is structured into three research aims which are linked to three stages (I, II and III). Each stage is linked to
different hypotheses or propositions/questions.
In this study, Bleisch aimed to measure the appropriateness of visualisations, which is based on the evaluation of
efficiency and effectiveness. Efficiency is measured using task completions times and efficiency using error rates.
Furthermore, utility is considered to evaluate how well task goals are met and is associated with insights that users
could obtain, which are measured by rating their complexity, plausibility and noting the participant’s confidence.
During the study, the hypotheses will be evaluated, but at the same time a deeper understanding regarding the use of the
3D virtual environments is targeted. Bleisch states that the evaluation of the hypothesis is typically done using empirical
quantitative techniques, while the second goal should be studied through case studies. Therefore, it is proposed to adopt
a mixed approach which creates a bridge between in vitro and in vivo research approaches which results in
”complementary strengths and nonoverlapping weaknesses” (Johnson & Onwuegbuzie 2004, p. 18). In the first stage,
the hypotheses are tested through controlled experiments (in vitro) in a basic setting. The idea is to evaluate whether the
selected visualisation is suitable for basic tasks before introducing complexity in terms of tasks, data and context, which
is introduced in the next stages. In the in vivo approach (stage III), case studies are employed which consider multiple
factors in a realistic context to be able to study their interplay. In between both, stage II is subdivided in two steps to be
able to gradually increase data (stage IIa) and task (stage IIb) complexity.
Table 1. Stages with increasing complexity from controlled experiments to case studies
Stage

Description

I




IIa




IIb

III










Evaluation of 3D virtual environments versus static 2D quantitative graphics
Recordings: Task completion time (efficiency), errors (accuracy/effectiveness), comments from
participants
Evaluation of 2D bar displays with multiple bars, depicted on a landscape, with more context
Recordings: Answers to tasks (open questions), confidence ratings and task completion time
through an online questionnaire
Evaluation of 2D bar displays with multivariate data
Same context information as in stage IIa
Same task complexity as complex tasks in stage IIa
Recordings: Insight reporting, confidence ratings and time to arrive at the insight
Evaluation of 2D bar charts in virtual environments in real world settings
Three case studies which show a variation regarding important influencing factors
Propositions and research questions replace hypotheses
Recordings: answers + time as in stage I, questionnaire on the data set and analysis, report and
observations during a semi-structured interview, questions send by email one week after
experiment, additional data.
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Over these different stages, a sequential mixed method approach is thus adopted to accommodate for the shift from
controlled to realistic experiments. The data obtained in each stage is analysed on its own, but certain aspects are
integrated across the different stages. This supports both forward and backward comparisons, contribution to the
methods’ complementarity, expansion of insights and triangulation. By comparing the results across methods and
stages, (unwanted) influencing factors can be discovered and potentially controlled. Furthermore, a combination of
statistical tests and a holistic view of different settings can be obtained. In the conclusion of the PhD it is stated that “It
is appropriate to use a sequential mixed methods research approach with research stages guided by increasingly
complex data sets and tasks to gain a holistic understanding of a visualisation technique” (Bleisch 2011 p. 144).
A similar sequential approach is found in the PhD of Kristien Ooms (Ooms 2012) “Maps, how to users see them?”. She
conducts a series of experiments in which she investigates how map users read and process visual information on digital
maps. The first experiments in this work take to form of controlled experiments, recording (multiple sources of)
quantitative data (e.g. time measurements, fixation durations, number of fixations per second) on a basic map design:
same simple background, only variations in the labels. The participants were asked to locate a number of target labels in
the map. In this case the focus was on the efficiency of locating the labels. In the second set of experiments, more
realistic maps (based on topographic maps) were used as stimuli. In this case the user was asked to remember (store) the
map’s content as good as possible, in order to draw it again later on from memory. In this latter setting, a combination
of eye tracking, thinking aloud and sketching was used to get insights in the user’s cognitive processes from a more
holistic view point.

Usability Evaluations
This case study from Brodersen et al. (2001) covers an experiment that has been conducted to evaluate whether a newly
proposed symbology for a topographic map series results in an improved usability. The key element of usability in this
case is the map reading tasks, which should be ‘quick’, ‘certain’ and ‘correct’. The first item is measured through the
time needed to solve the task, and corresponds to efficiency. The second is evaluated by registering the participants’ eye
movements (visual behaviour) and observations of the participant. The last corresponds to effectiveness, which is
measured using a scoring system: number of correct answers on the tasks. A video camera was used to record and as
such observe the whole scene (including non-verbal behaviour such as pointing or nodding). Furthermore, the
participants’ voice was recorded on the videos as they were asked to think-aloud during the test. A questionnaire was
used to retrieve personal characteristics of each participant. Finally, the participants were debriefed with an interview in
which they could give a subjective evaluation of the two maps, including difficulties to solve the tasks, ease of use of
the maps, possible improvements and a personal evaluation on their performance. In this mixed methods settings, the
tasks were chosen as such that they covered all standard map reading skills (localization, decoding of single symbols,
combined decoding and interpretative understanding). Based on the correctness of the answers and the applied strategy,
the experimenter attributed a performance score to each task a participant completed. In the analyses correlations
between time and performance (score and strategy) and between eye movements (fixations) and performance (score,
time and strategy) are determined. In their conclusions, the authors stress the importance of a combined use of eye
tracking data and instructor ratings, as they both confirm and supplement each other, which supports “deeper and more
objective insights into map reading”. Furthermore, the mixed method approach is considered an interesting setting for
other studies related to map reading and design.
In her PhD, Annu-Maaria Nivala conducts a usability evaluation of topographic maps on a mobile device to get insights
in the context of use, usability issues of existing applications and design principles (Nivala 2007). The test was executed
in a real life setting, a national park where they had to complete an orienteering task using the mobile topographic maps.
Two usability methods were used in a simultaneous mixed setting (observations and thinking aloud) and a third one was
applied at the end of the experiment (interview). The field test proved to be a strong asset as real life influence on map
use were discovered, which are difficult to foresee in a (controlled) lab experiment. In their conclusion, the author lists
the benefits of using UE methods in the map design process (e.g. saving expenses, meeting user requirements,
understanding context of use, positive impression of the company), but also a number of challenges (e.g. lack of
expertise and resources).

Application of UCD
User Centred Design is an interative process, passing several phases of user evaluations, until reaching a product that is
of an acceptable level of usability for the end user. Each of these phases require a specific methodology to evaluate the
product of prototype at hand, resulting in a (sequential) mixed method approach. This is nicely illustrated in the PhD of
Ioannis Delikostidis (Delikostidis 2011) “Improving the usability of pedestrian navigation systems”. In this PhD, the
different phases of a UCD-approach are visited, including the different evaluation methods. A good overview of the
different methods that can be used in different stages (analyse requirements, produce design solutions, evaluate designs)
is presented on p.78.
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The startpoint of this research is a review of existing mobile pedestrian navigation applications, including user tests that
are conducted using these systems. These tests typically involve solving a certain task on the application. Based on this
review, conclusions regarding best practises on a number of items are made (e.g. presentations of landmarks,
presentation of contextual information, off-line or online use, interactions). Next the users’ requirements are gathered.
In this phase, a profile of the potential end users of the system is constructed and an experiment was conducted in the
field. Participants had to fill out a questionnaire at the start of the test regarding individual characteristics. During the
test they were asked to think out loud with audio and video observations and logging of the screen. Using this setting,
the all participants’ actions are recorded and can be linked to their thoughts. The test was concluded with a semistructured interview which allowed to probe for issues when differences between participants were noticed. Finally, the
participants were asked to sketch their mental map of the route they had followed, which also gives interesting
information regarding the objects that were stored in memory and issues related to that. Because many different data
sources were recorded simultaneously, a system was constructed that dealt with the synchronisation of all sources.
Based on the input from the requirements analyses, which investigated the users’ behaviour in a real life setting, a
(conceptual) prototype was designed and implemented. From the previous experiments, a number of scenarios are laid
out, from which subsequent steps (common in all scenarios) regarding the use of the mobile navigation system are
derived. These steps are then translated into user tasks that should be available on the system. Through the development
of use case diagrams, considerations of the system design requirements, interface functionalities, inclusion of
landmarks, design of icons and the prototype development environment a prototype was designed “LandNavin”.
Next, in the light of the UCD approach, the prototype was integrated in a field-based user study to evaluate the
proposed solutions and to which degree the user requirements were fulfilled. Also for this study, the importance of the
real-life context is stressed, which cannot be obtained in a lab setting. During the test, participants had to navigation
fom a starting point to an unfamiliar destination, using the system. Different scenarios were implemented to reflect
different real use and user context. During the navigation process, the goal was to record the participants’ reactions,
action performance, feelings, mental processes and feedback as this is vital information to improve the system. A
similar setting as in the previous stage was used – using thinking aloud with audio and video recording – but this was
complemented with eye tracking data. Using a mobile eye tracking system, it could be recorded precisely where the
participant was looking at on the mobile navigation device and in the environment. The obtained data sources were
analysed in depth regarding the users’ performance (effectiveness) on different (sub-)tasks. The questionnaire probed
the participants for their opinions on a number of design solutions (landmarks, dual view, pop-up information, etc.).
Based on these outcomes a number of solutions to improve the design are proposed.
In her PhD, Annu-Maaria Nivala evaluates the suitability of the UCD approach regarding the development of a mobile
map service (Nivala 2007), focussing on three different aspects: (1) context of use and identify usability issues (2) user
requirements and (3) application of different evaluation methods during the development process. Initial testing
(development and development of prototype) included heuristic evaluations. The actual use of the map was evaluated
using thinking aloud and screen logging, which resulted in a list of design related positive and negative items.
Furthermore, an intuitivity test (through email correspondence) was conducted with different age groups to evaluate the
symbols: recognition and comments on the symbol’s design. Regarding the cartographic design, expert evaluations
were conducted several times throughout the process. She concluded that the UCD approach was an important element
in the development process and contributed to the level of innovateness of the design.
Finally, Roth et al. (2015) also focus on the application of UCD in the development of cartographic products. They start
with a thorough overview of the UCD approach, including different types of evaluations methods with
recommendations regarding when (or when not) to use them. Next they focus on a case study “the User-Centered
Design of GeoVISTA CrimeViz”. An iterative UCD approach was used, with (1) need assessment interviews, (2) an
expert-based think aloud study on the alpha release, (3) a formative online survey to gather feedback on the beta release,
(4) a summative online survey after the full release. In their conclusions they discuss the benefits of implementing a
UCD approach, such as efficient use of development resources, covering all issues by applying overlapping evaluations,
improvement of adoptation of the interface by the target users, etc .

Studying Cognitive Processes
The first case study focusses on a user study in which different cognitive processes are studied simultaneously through
the application of multiple research methods. The article of Maggi et al. (2016) describes an empirical study which goal
is to explore information extraction from animated maps (air traffic displays in this specific case) considering different
map designs and user characteristics (e.g. spatial abilities, training). In the study, participants had to detect a moving
target object among other (moving) objects. The accuracy and completion time of the participants’ responses were
recorded. Simultaneous psycho-physiological recordings create the possibility to triangulate and cross-validate the data
sets (Maggi & Fabrikant 2014b, 2014a) and as such obtain insights in their cognitive processes while solving the task:
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eye movements; electrodermal activity (EDA) which indicate emotional responses using a skin conductor; brain activity
through electroencephalography (EEG). EEG signals indicate the level of arousal in participants; a high arousal
suggesting both alerted cognitive and motivated emotional states. Furthermore, participants’ self-reports (SSSQ
questionnaire) allows cross-validating the psycho-physiological data (i.e., engagement, distress, and worry). Response
accuracy can as such be linked to emotional states (e.g. level of arousal) or levels of engagement, distress en worry are
compared across to different display times and user groups. These states can also be compared to the recorded eye
movement data to evaluate saccadic eye-movement-related potentials (SERP) and eye-fixation-related potentials
(EFRP). Nevertheless, the authors mention a number of methodological challenges regarding the synchronisation of the
triangulated data: different signal latency durations and different temporal resolutions of the methods.
The second case study in this context implements a sequential mixed method approach to study different cognitive
processes and covers the last experiment that was conducted in the PhD of Kristien Ooms (Ooms 2012). The goal of
this experiment was to get insight into how visual information, on the one hand, is processed and stored in memory and,
on the other hand, is retrieved from memory later on. Therefore, different subsequent cognitive processes are targeted
during the study, using a sequential mixed method approach. The first part of the experiment (described in Ooms et al.
(2013b) focusses on the interpretation process, whereas information retrieval is the key process in the second part
(described in Ooms et al. (2013a)). The whole process is illustrated in Fig. 2. Furthermore, comparisons between the
expert and novice map users’ performances are made and influences related to the stimuli’s content are considered in
this.

Figure 2. Schematic representation of the cognitive processes and structures when storing and retrieving (visual)
information
During the information processing phase, participants are asked to remember the presented map (store in memory) as
good as possible. During this reading and storage process, the eye movements of the participants are registered and
analysed across the stimuli and participant groups (experts and novices). Special attention is devoted to spatio-temporal
analyses of these eye movements linked to the objects depicted on the map. During the information retrieval phase
participants had to sketch the map they studied from memory. Additionally, they were asked to say out loud any thought
that came into mind. A scoring system was applied on the resulting drawings to get insights how many elements were
present and if they were located correctly. The thinking aloud data gives insights in how these objects are structured in
memory: descriptions, links to other objects, links to previous knowledge, etc. This data set is analysed in several ways.
First, the individual words are counted and their use (frequency) is compared between both user groups. In order to
capture the context of these words, sentences are also analysed using a hierarchical coding scheme. Finally, the order
with which the objects were mentioned (and drawn) indicates the strength of the presence of the objects in the cognitive
system (memory). Using this mixed method approach revealed clear differences in how expert and novice users
process, store and retrieve visual information and map objects.

CONCLUSION
This article presents an overview of the mixed method approach in cartographic user research. This approach can be
applied both in controlled laboratory experiments and more realistic (field) experiments. The benefits that can be
obtained in the different settings are illustrated through a number of case studies regarding recent research in the field of
cartography and geographic information systems. The main reasons for combination can be brought down to
complementarity (covering weaknesses), expansion (covering more factors), and triangulation (investigating links
between recordings and thus factors). Furthermore, the validity and reliability of the recordings can benefit significantly
by simultaneous recordings. Especially in the light of modern interactive and dynamic products it is of utmost
importance to record all factors that could influence the usability of the systems towards the user (and his cognitive
processes), including the interplay between factors. Mixing methods is essential to be able to tackle this research
challenge.
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Abstract
In the research reported here, the author analysed and synthesised the possibilities and limitations related to the use of
e-paper visualization devices for displaying static maps and spatio-temporal cartographic animations to users in
different age groups. Based on an analysis of the technical limitations on the employment of visual variables in
designing animations meant to be displayed on e-paper devices, as well as the impact of these limitations on the
potential employment of related cartographic methods of presentation, the author proposes a modification of previously
proposed tables of rules for the use of combinations of static and dynamic visual variables and sound variables and
related cartographic methods of presentation for different age groups, as well as general guidelines for the design of
static and dynamic maps for users from different age groups.
Keywords: e-paper, Animated maps, Static Maps, Age groups, Methodology

INTRODUCTION
It is commonly supposed that the first type of electronic paper – Gyricon – was developed in 1974 by Nicholas K.
Sheridon at Xerox’s Palo Alto Research Center (Crowley et al. 2011). In the 42 years since then, eleven different epaper technologies have been developed, tested and refined, but it is only since 2004 that applications of visual displays
of this kind have become really widespread – following the commercialization of the first e-reader, Librié EBR-100EP
(employing E Ink Corporation e-paper), by Sony in 2004. In the last ten years, different types of electronic paper have
found various applications, such as in e-reader displays, mobile phones, wristwatches, smart watches, smartcards,
keyboards with dynamically changeable keys, information boards, electronic shelf labels, digital signage, military
equipment, as well as status displays on UBS flash drives.
One of the most dynamic and promising sector of this market has been that of e-readers. Between 2004 and 2011 the
number of e-reader models available surged from 1 to 78, and the number of e-reader producers from 1 to 38. However,
it should be stressed that in 2011 nearly 88% of all e-readers were employing the electrophoretic e-paper produced by E
Ink. Its limitations, as well as competition from new LED display technologies (and graphene applications in LED and
OLED technologies since 2016), resulted in a dramatic decrease in the numbers of models and producers, down to 46
and 16, respectively, in 2016. It is possible, that this situation may change with the advent of new market-ready e-paper
technologies, which are now the subject of intensive research and development work. It should be emphasized that even
now, e-paper has many merits. As it reflects light like paper, it is more comfortable for readers than other displays. Epaper contrast ratio is better than in the case of other displays (which allows readers to use it even in direct sunlight).
Other good points are wide viewing angle, easy zoom, reduced weight, flexibility, low energy consumption. Moreover,
in 2016, at least two types of this display available on the market and four prototypes supported the visualization of
animations. The first electrophoretic electronic paper e-reader supporting the visualization of animations was
commercialized in 2011. In February 2012, D. Dukaczewski presented in IGiK a monochrome cartographic animation
of changes in industrial employment in Warsaw over the 1913 – 1995 period prepared in December 2011, employing an
electronic paper e-reader (Dukaczewski 2015) (Figure 1). In October 2012, the company Vivit demonstrated a colour
cartographic animation of changes in Arctic Sea ice thickness employing the prototype of a new e-paper kit.
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Figure 1. Frame of author’s animaton ‘Changes in industrial employment in Warsaw over the 1913 – 1995 period’
displayed on e-paper reader in 2011.
All these strong points and recent advancements in e-paper technologies make them a very interesting and promising
type of display, which could be employed as mobile viewer of static and dynamic scientific and educational
cartographic visualizations. Electronic paper displays can be also very practical as mobile viewers of e-maps and eatlases. E-readers employing such displays are very promising tools that can be used in teaching (especially for biology,
chemistry, history and geography).
However, not all current types of e-paper have all these merits. In 2016 only a few e-paper products employed in the ereaders available on the market were able to display animations, but it was very difficult to find a product was allowing
to do so in colour (Table 1). Thus, one of the ‘proper’ visual variables (Dukaczewski 2003), which plays a very
important role in our perception of dynamics (Hanewinkel and Tzschaschel 2005) is present in displays, but is
achromatic. This may result, according to Kraak and Ormeling (1996), in a loss of the ability to distinguish 7 classes in
the case of point and line entities and 8 classes in the case of area entities. An alternative (modest) solution involves the
use of the visual variable of value, which allows only 3 classes to be distinguished in the case of point entities, 4 in the
case of line entities and 5 in the case of area entities. Research on visual and aural perception of animations by users of
different age groups representative for the population of Warsaw (Dukaczewski 2014) has confirmed that perception of
the visual variable of colour is very sensible, and its appropriate employment is of big significance for the correct
comprehension of presented processes. According to the extracts of medical statistics from Warsaw Medical University
and the tests carried out two times on 287 representatives of the eight age groups from Warsaw11 the significance of
these variable were ranked as 8 (in 1 – 10 scale) in the case of first group, 9 for the second, third and fourth group, 8 in
the case of fifth age group, 6 for the sixth group, 4 and 3 for the seventh and eighth groups respectively. This is the
maximal rank from the first till the sixth age group.

11

1: nursery (4 – 6 years), 2: late childhood (7 – 9), 3: adolescence (10 – 15), 4: advanced adolescence (16 – 19), 5: early
adulthood (20 – 30), 6: middle adulthood (31 – 60), 7: late adulthood (61 – 80), 8: advanced age (over 80). The
particular age ranges of the groups may differ depending on the country
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Properties
Technology

Electrophoretic
Electrowetting
Interferometric
Modulator Display,
MEMs
Electrokinetic
Electrofluidic
Gyricon
Electrochromic

Cholesteric liquid cristal
display - ChLCD
Zenithal bistable display
Photonic Crystal
REED Technology

Firm
E Ink
SiPix
Bridgestone
Amazon
(Liquivista)
Qualcomm
(Mirasol)

Animations /
refresh rate (ms)
AC (50)12
X (500)
AP (0,2)

AC
W
AP

10:1
6:1
8:1

Viewing
angle
90º
180º
180º

AP (12-13)

AP

18:1

180º

P

AC14 (10)
W

AC
W

20:1

70º

X

Colour
13

Contrast

Flexibility
Yes
Yes
Yes

Folium
Optics
Gamma
Dynamics
Visitret
Displays

P

AP

10:1

180°

Yes

AP (30)

AP

10:1

180°

Yes

X

X

8:1

180°

Yes

Aveso,
Ntera, Ricoh

X

AP

20:1

180°

Yes

X
X

AC
AP

10:1
10:1

180°
180°

Yes
Yes

X

AS

25:1

180°

Yes

X
X
AP

X
AC
W

20:1
1000:1
10:1

160º
180°
160º

Yes
Yes
Yes

Fujitsu
Hitachi
Kent
Display
ZBD
Opalux
Zikon

Table 1. Types of e-paper and its properties (autumn 2014).
Key: AC – achieved & market accessible; AS – achieved & specialized market accessible, AP – achieved, still not
market accessible, W – works, P – possible in the future; X – still not possible
The perception of the colour deteriorate especially from 40 till 60 years old 15. An inability to dynamize the variable of
colour in the case of animations dedicated to e-paper devices also results in reduced potential application of certain
methods of cartographic presentation. It should be emphasized that not all recently commercialized e-paper
visualization devices employ alpha blending. As such, some of them do not use the visual variable of aura. Other
limitations include impediments in the placement of buttons for interactive functions of animations in the case of ereaders. The function of zoom is not active during the presentation of the animations.
All these limitations complicate the process of designing animations meant to be displayed on electronic paper devices.
This process demands great caution and special attention paid to the principles of semiotics and cartographic
methodology. In the present author’s opinion, one way to avoid impairment of the process of spatio-temporal
information transfer in the case of persons of different age reading animations displayed on e-paper devices is to take
these limitations and restrictions into account in the tables of rules and general guidelines for designing simple and
complex animated maps addressed to users from different age groups. The colour e-paper devices of moderate refresh
rate can be employed to visualize the static maps, but due to the specificity of e-paper devices it is also necessary to
modify tables of rules and general guidelines for designing the maps for users from different age groups.

12

With accelerator (fast page turn mode)
The refresh rate of the first electrophoretic colour display (introduced into the market 15 January 2012) was 120 ms,
ruling out the use of animations.
14
Commercialized in 2011 – 2012, discontinued due to the high price
15
In the case of this group the risk of confusion of green, blue and purple is growing fast
13
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OBJECTIVES, APPROACH AND METHODS
The first aim of this research was to investigate how the procedural methods for designing simple and complex
animated maps for users from different age groups, elaborated by author need to be modified, to make them applicable
to the design of age-group-tailored animations meant to be displayed on electronic paper devices. The second goal was
to investigate which part of the tables of rules and general guidelines elaborated for this goal is applicable for designing
static maps addressed to users from different age groups. The methodological point of reference here is the set of rules
and guidelines proposed by the author for the entities–cartotrophic method of designing simple animations16 and the
entities–polystaymic method of designing complex animations17, tailored for users belonging to one of eight different
age groups (Dukaczewski 2014). To elaborate this set of rules it was necessary, first of all, to identify the perceptual
determinants influencing the possibilities for (and limitations on) the use of particular variables in the presentation of
spatio-temporal phenomena, verifying which of them can be parameterised. The next stage involved the analysis and
synthesis of available information on factors affecting the visual and aural perception of variables, related to user age,
generation and education level. On the basis of medical literature (ie. Cavanagh, Mather 1989, Conway et al. 2010,
Crognale 2002, Crognale et al.2001, Elliott et al. 2012, Fiorentini et al. 1996, Ishihara et al. 2001, Knoblauch et al.
2001, Pokorny et al. 1987, Schefrin et al. 1993, Shinomori et al. 2001), the opinions of specialists from Warsaw
Medical University, and extracts of medical statistics, it was possible to distinguish eight age groups of differing types
of perceptions. The analysis and synthesis of the available data allowed to propose the ranking of the variables in terms
of utility for each age group. This allowed to propose the guidelines concerning the use of static and dynamic visual and
sound variables, together with related methods of cartographic presentation for each age group. This made it possible
also to propose general recommendations concerning the design of animations, stemming from investigations into their
perception, as well as remarks about the user interface. The utility of these guidelines was then tested on groups of
representatives, employing prepared test animations 18. The results of these tests allowed the ranks of variables and
related methods of cartographic presentation to be further refined. Based on these modified guidelines, tables of rules
were proposed for the use of variables and methods for each age group. The modified animations were tested a second
time, and the results were evaluated using the method of average quality metrics (Kolman, 1983; Dukaczewski, 1978).
The details of this work were described in Dukaczewski (2014). This research has thus far been shown to be
representative and valid for the tested population in Warsaw. However, it should be stressed that the same or a similar
procedure can be carried out for other populations, leading to the development of appropriate tables of rules and general
recommendations concerning users from different age groups. The carried tests and their results were described in detail
in other publication (Dukaczewski 2014).
Till now the number of animated maps dedicated to e-paper visualization devices is small and design of such a maps is
relatively difficult. In author’s opinion one of the solution could be application of the procedural methods for designing
simple and complex animated maps for users from different age groups, employing the modified set of rules and
guidelines. To achieve this goal, it was necessary first to identify the technical limitations on the usage of visual
variables in designing animations meant to be displayed on electronic paper devices, to analyse the influence of these
limitations on the possibilities for employing related cartographic methods of presentation, and to propose substitute
solutions. This made it possible to modify the tables of rules for the usage of combinations of static and dynamic visual
variables and sound variables, as well as tables of rules for the application of related cartographic methods of
presentation for each age group. The next stage involved an analysis and synthesis of the identified limitations
concerning the functionalities of cartographic animations to be displayed on e-paper devices, as well as possibilities and
limitations related to the design of key frames, legends and texts. This made it possible to modify the proposed general
recommendations for designing animations for each age group. The results of these analyses and syntheses led to
modifications of the entities–cartotrophic method of designing simple animations and the entities–polystaymic method
of designing complex animations, tailored for users belonging to eight age groups. The additional stage of investigation
was to verify which part of general guidelines and tables of rules elaborated previously can be applicable in the case of
designing of static maps for users from different age groups.

16

including only one animation
Including a number of sub-animations, allowing to present more information about the correlated dynamic processes
and/or about their causes (Dukaczewski 2007)
18
The first three groups consisted of 32 six-year-old, 86 nine-year-old, and 32 twelve-year-old children from Primary
School No. 212 in Warsaw. The fourth age group was represented by 32 eighteen-year-old pupils from the 44th
Secondary School in Warsaw, and the fifth group by 31 students aged 22-23 studying in different faculties at Warsaw
University. Tests concerning the sixth group (31 people) and seventh group (32 people) were carried out on a
population of members of ActiFrance interdisciplinary club. The tests were also performed on a small population of 11
people aged over 80 years.
17
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RESULTS
For technical, financial and organizational reasons, in autumn 2014 the sole e-paper e-readers and evaluation kits
allowing chromatic animations to be displayed were prototypes, unavailable on the commercial market. This technical
limitation had methodological repercussions. The achromatic visual variable of colour was present, like other ‘proper’
visual variables (size, value and shape) in monochrome animations, but it was not possible to employ it as a dynamized
variable (depicting changes), or even use it to signal the diversity of static information. For technical reasons it was also
not possible to employ the static variable of aura.
The tests carried out have demonstrated the possible usage of all dynamic visual variables, as well as sound variables
(the latter in the case of e-readers). Due to the limitations concerning the usage of colour and aura variables, the
number of correct (and applicable) combinations of static and dynamic visual variables and sound variables, appropriate
for the different age groups, was limited from 127 to 95. This situation resulted, in 17 cases, from the inability to use the
variable of colour, in 14 cases from the inability to employ the variable of aura, and in one case from both of these. The
analysis carried out led to a modification of the table of rules for ‘evaluation of the combination of static and dynamic
visual variables and sound variables for users of different age groups’. The resulting table is available in Appendix 1 at
http://www.igik.edu.pl/upload/File/dr-dd/_95_Appendix1.pdf.
The inability to employ colour and aura likewise resulted in the limitation of the number of cartographic methods of
presentation, related to the combinations of static and dynamic visual variables and aural variables at different levels of
measurement. The number of such combinations was reduced from 127 to 80 (in 24 cases because of the inability to use
colour, in 18 cases because of the same inability in the case of aura, and in 5 cases due to both of these). The most
frequently abandoned methods in the case of combinations employing colour were: quantitative point signatures (Sαc),
ordinary line signatures (Sβb), ordinary line choropleth maps (Kβb), ordinary line cartodiagrams (Kdβb), isoline maps
(Ic), qualitative line signatures (Sβa), quantitative line signatures (Sβc), quantitative line choropleth maps (Kβc),
quantitative line cartodiagrams (Kdβc), chorochromatic method maps (MCa) 19 and range maps (MZa), while in the case
of aura these were mainly: ordinary point signatures (Sαb), ordinary point choropleth maps (Kαb), ordinary point
cartodiagrams (Kdαb), quantitative point choropleth maps (Kαc), quantitative point cartodiagrams (Kdαc), quantitative
point signatures (Sαc), ordinary line signatures (Sβb), and ordinary line choropleth maps (Kβb). This analysis led to a
proposed modification of the table of rules for the ‘evaluation of the combined application of static and dynamic visual
variables, sound variables and related methods of presentation for users of different age groups’. The resulting table of
rules is available in Appendix 2 at http://www.igik.edu.pl/upload/File/dr-dd/_95_Appendix2.pdf.
According to this table, value may be used as a substitute for colour in the case of the methods mentioned above, but
this solution is less convenient due to the reduced number of levels visually distinguishable when employing this
variable. It should be emphasized that the inability to employ colour and aura does not rule out the usage of any
cartographic method of presentation. Due to the resolution offered by recent e-paper devices20, however, it is
recommended to avoid using complex choropleth maps with Osanna triangle or cross legend, employing ‘proper’ visual
variables and direction. Research has shown that the recent technical limitations of e-paper displays do not restrict any
of the proper combinations of cartographic methods of presentation, as shown in appendices 1 – 3 in Dukaczewski
(2009). This evaluation was made using general semiotic criteria formulated by Bertin (1967, 1979), as well as the
works of Kraak & Ormeling (1996), Rød (1997), MacEachren (1995), Köbben & M. Yaman (1996), Korycka-Skorupa
(2002) and Dukaczewski (2003, 2007). Like in the case of animations designed for computer displays, it is necessary to
abide by a few general rules. Care should be taken to avoid combinations of the following in the same complex
animation:


the same or very similar entities;



methods that employ nearly the whole area of the frame;



methods that use similar signatures, but different legends (for example: ordinary point cartodiagrams (Kdαb)
and ordinary point signatures (Sαb));



ordinary and quantitative methods.

It is of course not possible to use combinations of several of the same methods (ordinary point choropleth maps (Kαb),
quantitative point choropleth maps (Kαc), ordinary Bertin’s choropleth maps (KαBb), quantitative Bertin’s choropleth
maps (KαBc), ordinary area choropleth maps (Kγb), ordinary dasimetric choropleth maps (KDγb), and Bürgener
pseudo-choropleth maps (KBγc)).
19
20

Especially in the case of not simplified land use maps.
usually only 200 – 320 dpi
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One of the most important limitations of e-paper displays involves difficulties related to the design of functionalities. In
the case of so called ‘evaluation kits’ the user can try to introduce the functionalities available on external devices. In
the case of e-paper readers, in 2014 it was necessary to use only the functions provided by their designers, with
functions therefore being limited to start/stop, zoom in and zoom out, as well as portret/landscape. It is possible to
zoom by touching a screen, but this solution is not possible during the presentation of the animated map. A large share
of LCD and LED readers were able to read .wmv, .avi, .flv, .mov, .m4v and .mpeg4 files, permitting the use of the
functions of the corresponding formats. The problem is, that in 2014 only four models of e-paper readers were able to
read .mov files, but they were unable to display the animations due to the poor refresh rate. In the case of models, which
were able to display animations the sole accepted files were .pdf, .gif, .jpeg sequences. This resulted in limitation of the
possibilities of design of the user’s interface and reduced level of interactivity. According to the typology of levels of
complexity of interactive functions of cartographic animations (Table 2) the recent e-paper readers allows only to
navigate.
7. Analysis of spatio – temporal process
6. Choice of cartographic method of presentation
5. Choice of method of data processing
4. Building of visualization
3. Programming of visualization
2. Choice of visualization
1. Navigation

Table 2 Typology of levels of complexity of interactive functions of cartographic animations (Dukaczewski 2007).
It is possible, that future e-paper readers will were able to read .wmv, .avi, .flv, .mov, .m4v and .mpeg4 files. This will
allow to prepare animations and applications which can be used in the Android system, which in 2015 was the operating
system of 8.5% of e-paper readers. Due to the recent limitations a significant share of animations displayed on
electronic paper devices have a relatively reduced level of interactivity.
E-paper displays can visualize both static and dynamic legends. Testing has revealed, however, that the employment of
interactive legends was very difficult in 2016. There is no problem with introduction of visual benchmarks and
explicative text; however, due to the relatively small dimensions of the displays these attempts may result in visual
overload of the frames. Most e-paper readers currently available on the market that can display animations have 6”
displays. The larger displays available on the market in 2016 have refresh rates too long to visualize cartographic
animations21. For this reason, animations meant to be displayed on electronic paper and their accompanying legends
should be relatively simple and should employ a reduced number of entities, variables and methods of cartographic
presentation.
The testing carried out led to modifications to the ‘guidelines of usage of static and dynamic visual and sound variables,
related methods of cartographic presentation, and potential functionalities’, tailored for users of different age groups.
The resulting table of rules is available in Appendix 3 at http://www.igik.edu.pl/upload/File/dr-dd/_95_Appendix3.pdf.
According to these guidelines, serious problems with reading cartographic animations displayed on e-paper readers may
be encountered by users of the seventh and eighth age group. A few problems with perceiving more complex processes
may also be experienced by representatives of the fifth and sixth age group. The tests have moreover demonstrated that
complex analytical animations on e-paper readers can be too difficult to read for users of the sixth, seventh and eight
age group.
The modified tables of rules (Appendix 1, 2) and guidelines (Appendix 3) can be employed in author’s entities–
cartotrophic
method
and
entities–polystaymic
method
of
designing
simple
animations
(http://www.igik.edu.pl/upload/File/dr-dd/_95_Appendix4.pdf) and modified entities–polystaymic method of designing
complex animations (http://www.igik.edu.pl/upload/File/dr-dd/_95_Appendix5.pdf), facilitating the age-group-tailored
design of animated maps meant to be displayed on electronic paper.
The next stage was testing which part of general guidelines and tables of rules elaborated previously can be applicable
in the case of designing of static maps for users from different age groups. These investigations were carried out for ereaders employing three types of electronic papers: achromatic (but supporting animations), ‘standard’ chromatic (of
moderate refresh rate) and experimental chromatic supporting alpha blending. The carried analysis and tests allowed to
modify the proposed tables of rules and general guidelines. The resulting tables are available in Appendix 6 ‘Evaluation
of the combination of static visual variables for users of different age groups’ at http://www.igik.edu.pl/upload/File/dr21

Since 2010, at least 4 laboratories have declared that they are working on developing large, fast-refresh e-paper
displays
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dd/_95_Appendix6.pdf, Appendix 7. ‘Evaluation of the combined application of static visual variables and related
methods of presentation for users of different age groups’ at http://www.igik.edu.pl/upload/File/drdd/_95_Appendix7.pdf and Appendix 8. ‘Guidelines of usage of static visual variables, related methods of cartographic
presentation and functionalities’ at http://www.igik.edu.pl/upload/File/dr-dd/_95_Appendix8.pdf, which can be a useful
tool for designing the static maps for users of electronic e-paper readers.

CONCLUSION
The main aim of this research was to contribute to the discussion about the possibilities for (and limitations on) the
design of animated and static maps meant to be displayed on electronic paper devices, tailored to the needs of users
belonging to different age groups. Another objective was to further advance the cartographic animation methodology
itself. The methodological point of reference was an established set of rules and guidelines, resulting from
investigations on age-related differences in perception of cartographic animations (Dukaczewski 2014). The analysis
described herein, of the technical limitations on the usage of visual variables for designing animations and static maps
meant to be displayed on electronic paper devices as well as the impact of these limitations on the possible employment
of related cartographic methods of presentation, led to a proposed modification of the tables of rules for the use of
combinations of static and dynamic visual variables and sound variables, as well as tables of rules for the application of
related cartographic methods of presentation for each age group. The results of this research and results of analysis on
limitations concerning the functionalities, types of animations, design of key frames, legends and texts, were introduced
into the general guidelines concerning the design of animations for each age group. These tables and guidelines can be
used to design animations meant to be displayed on electronic paper devices, tailored to the needs of specific age
groups, employing the entities–cartotrophic and entities–polystaymic methods. Its simplified and modified versions can
be employed to design the static maps meant to be displayed on electronic paper devices, tailored to the needs the same
groups. Like in the case of previous research on age-related differences in perception of cartographic animations, the
results presented herein are (thus far) representative and valid for the tested population in Warsaw. However, it should
be stressed that the same or a similar procedure can be carried out for other populations. The tests carried out have
shown that the proposed solutions are operational and may serve as a useful aid for the design of animated and static
maps.
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Abstract
The fall of the Iron Curtain in Europe at the end of the 20th century caused political and social changes in the countries
of former Eastern Bloc. One reflection of these changes was the restoration of religious freedom associated also with
the recovery of interest in religious issues. After more than 60 years, there was a renewal of the spatial and graphic
expression of religiosity in atlases. The recovery of religiosity initiated also the increased interest in religious tourism,
leading to the creation of maps for pilgrims. The aim of the paper is to analyse and evaluate the use of cartographic
language in the Slovak atlas creation and in religious tourism on the example of selected maps in printed or online
version. The attention is also paid to the identification of drawbacks and proposals for new elements into maps in order
to support interest of population in religion and tourism.
Keywords: cartography, cartographic language, religion, religious tourism

INTRODUCTION
The year 1989 meant for Slovakia significant political, social and economic changes. Along with them, there were also
cultural changes that were reflected in the truly respecting of religious freedom. After a long time, Slovak population
could freely profess to own religion, what enabled to find out the structure of population according to various religions
at the statistical level. Within the state, various church institutions began to freely operate again, while church orders
were re-established and church schools were formed, as well. The above mentioned data offered not only statistical or
text information, but also new opportunities for their cartographic interpretation.
The freely practising of faith initiated also the development of religious tourism, respectively its important part –
pilgrimage tourism. The area of Slovakia started to progressively adopt new trends of religious tourism, which have
been realized in the freely developing Europe since the 80s of the 20th century. They were represented mainly by
cultural routes (religious routes). In Slovakia, such routes have started to function since the second decade of the 21st
century. Their existence inevitably leads to requirements for creation of supporting materials, such as tourist
guidebooks, promotional materials and last but not least maps with the outlined routes and trails.
The aim of the paper is to assess the current situation in terms of quantity as well as quality of materials associated with
pilgrimage routes in Slovakia. Within them, the attention is especially paid to the used cartographic outputs with regard
to cartographic language.

DEFINITIONS OF RELIGIOUS TOURISM
Religious tourism clearly belongs to the oldest forms of tourism, hence it is as old as mankind and religion. It is
confirmed by the oldest constructions (henge in England, menhirs in Brittany and Germany) or early signs of human art
(e.g. the cave of Altamira, Spain). From the viewpoint of spatial distribution, religious tourism is tightly fixed on all
world religions: Buddhism, Hinduism, Islam, Judaism, Christianity (Collin-Kreiner, 2009, 2010). Currently, religious
tourism belongs to the most important forms of tourism not only in terms of its volume but also of its extent (Černá,
2014).
In accordance with Rinschede (1990, 1992), religious tourism includes a dynamic element on the one hand (migration,
spatial movement, route to the final place) as well as static element on the other hand (temporary stay at the final place,
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which is not the place of permanent residence). These aspects are reflected within the definitions of religious tourism
e.g. in studies by Rinschede (1990, 1992), Matlovičová, Klamár and Mika (2015), who consider religious tourism as
every form of tourism, whose participants are; during their journey and especially at the place of temporary residence;
strictly, respectively strongly motivated by religion. This phenomenon is similarly explained also by Pásková and
Zelenka (2002), who already recognize; within this form of tourism; a definition in the narrower sense (associated with
religious motives), i.e. pilgrimage tourism, as stated in the contentually similar definition by Blackwell (2007), who
states that it is spatially fixed only to places of miraculous apparition. On the other hand, it is in the broader sense
perceived as the arrival at places, while it is motivated just by visiting and exploring of religious sights. Rózycki (2011)
claims within his definition of religious tourism, that it concerns the arrival to the place of cult due to the motive of
recognition of country and sometimes with spiritual motive. According to Nolan and Nolan (1989), most researchers
identify religious tourism with the individual’s quest for shrines and locales where, in lieu of piety, they seek to identify
with sites of historical and cultural meaning (Nolan, Nolan, 1989). Other literary sources, such as Kurek et al. (2011),
Veselovský (2014) or Kandráčová and Dubcová (2011) consider the term of religious tourism as synonym for
pilgrimage tourism.
In accordance with definitions by Rinschede (1990, 1992), the most important part of religious tourism is pilgrimage
(pilgrimage tourism). Within the last decades, an extraordinary revival has been registered, especially through
pilgrimage routes to Santiago de Compostela. The route known as the El Camino Francés was declared as the first
European Cultural Route by the Council of Europe in October 1987, and registered as one of UNESCO’s World
Heritage Sites in 1993 (Collins-Kreiner, 2009). The phenomenon of pilgrimage gradually arrived in the Eastern part of
Central Europe just after political and social changes in 1989, when population living in this part of continent could
fully implement previously often proclaimed religious freedom. A leading position within this region has Poland, where
3,245 km of routes belonging to the Way of St. James were constructed (Mróz, Mróz, 2012).
In Slovakia, this trend has arrived even during the second decennium of the 21 st century, when the first Way of St.
James as well as Marian pilgrimage routes were opened and consecrated.

RELIGIOSITY AND ITS REFLECTION IN THE SLOVAK CARTOGRAPHIC CREATION
Maps with the religious themes in atlas creation
In cartographic creation, atlases belong to the works symbolizing collections with comprehensive issues, which are
assembled according to a certain system. They are thematically and regionally oriented, while there are used various
scales and they are usually published in printed version. Owing to character, they belong to the most used and available
cartographic products. The Slovak cartographic creation is represented mainly by the Population atlas of Slovakia,
Landscape Atlas of the Slovak Republic, Atlas of the Catholic Church in Slovakia or Atlas of churches, religious
societies and religiousness in Slovakia. The first two atlases are concentrated on the religious issues just partially within
the cultural structures of population. The second two have monothematic content and they are exclusively focused on
the religious issues in Slovakia.
The Population atlas of Slovakia (2006) is; within religiosity; preferentially focused on the religious structure of the
Slovak population at the level of districts or even municipalities. Through the cartogram method, there are assessed e.g.
proportion of believers in total population, shares of particular religions in total population, shares of atheist inhabitants
as well as inhabitants without given religion in total population. Using the diagrammatic map method, there are
displayed other features, such as religious structure of population in districts of Slovakia in the time series 1930, 1950,
1991 and 2001. Thirdly, through the method of point symbols the map of religious cities in Slovakia was depicted and
the dot method was applied to show distribution of churches and religious societies.
A great cartographic work at the national level is the Landscape Atlas of the Slovak Republic (2002). However, there
is paid just inconsiderable attention to religious issues. There are only two outputs (maps) – religious structure of the
Slovak population at the municipal level and religiosity of population expressing the proportion of believers in total
population in particular districts of Slovakia.
The Atlas of the Catholic Church in Slovakia belongs to the rare cartographic works that was led by editors Poláčik
and Judák (2005). The first part of the atlas has an ecumenical character, where authors show the share of particular
state registered churches at the level of districts using the cartogram method. The substantial part is devoted to the
Catholic Church. There are assessed many features, such as construction of churches in historical phases. The
diagrammatic map method is used again to depict the proportion of churches built during the certain phase. Following
part is dedicated to the Catholic education, where the cartogram method is used again to display the quantity as well as
internal structure of church schools at the level of regions, respectively dioceses. This atlas also provides a detailed
classification of church administration even at the level of parishes. There are combined two cartographic methods – the
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method of qualitative areas with the dot method in order to hierarchically depict the seat of diocese, deanery and parish.
The component of the atlas is also the assessment of orders and congregations using the method of point symbols. A
cartographic output focused on the pilgrimage sites is represented by map called “Pilgrimage sites in Slovakia”. This
map easily shows; through the method of point symbols within the designated dioceses; particular pilgrimage sites,
whilst their internal structures are divided into localities with national or regional importance. All of the map outputs are
complemented by brief text characteristics.
Equally interesting is the Atlas of churches, religious societies and religiousness in Slovakia compiled by composite
authors led by editor Štefan Poláčik (2000). According to the 1991 Population and Housing Census in Slovakia, it
provides a detailed analysis of particular churches, religious societies and religiousness in Slovakia, whilst it brings a
comprehensive insight to the structure, genesis and classification of these churches as well as their spatial distribution.
This atlas is internally divided into the text part (82 pages), the tables; showing overview of administrative functions in
the Slovak Churches; (25 pages) and it also consists of 45 colourful maps. Text and map parts of atlas include
information from following four fields: i) traditional Churches and religious societies, ii) other Churches and religious
societies, iii) spatial differentiation of the Slovak population (Geography of religions), iv) register of municipalities
(parishes, charges) in Churches as well as religious societies according to the current territorial and administrative
arrangement of Slovakia. The published cartographic outputs usually use the cartogram method e.g. in the depiction of
the proportion of particular Churches in total population at the level of regions or districts. There is also applied the
method of cartographic symbols e.g. in the depiction of structure of Church education, or method of point symbols in
locating particular parishes within the dioceses.
In connection with the atlas creation, it is important to mention the school atlas creation. The issues of religiosity appear
only in the Geographical atlas – Slovak republic (2010). There is just the single map depicting religious structure of
the Slovak population in the classification to dominant distribution and important distribution of particular religions,
while there was used the method of area symbols at the municipal level (Kramáreková, Dubcová, Vojtek, 2012).

Cartographic outputs in other publications with religious themes
Among the important works devoted to religious tourism unequivocally belong publications focused on religious
monuments as well as bulletins and guidebooks through pilgrimage routes. These cartographic outputs are used
preferably by authors and required by readers within pilgrimage tourist guidebooks.
Within the cooperation of many partners (the Zlín Region, Cross-Border Cooperation Programme Slovak Republic –
Czech Republic 2007 – 2013, European Regional Development Fund and Euroregion Bíle – Biele Karpaty) the
publication Pilgrimage Route of Saints Cyril and Methodius – Šaštín – Velehrad and Svatý Kopeček – Velehrad
(2014) was published. The assembled guidebook belongs to the rare materials of its kind in Slovakia. It is processed
very neatly and systematically. Within the initial parts it provides the legend along with explanatory notes (Figure 1),
which are subsequently used in the texts and maps. Within the each stage of the route, there is stated indicative distance
to the target place, sequence number of route, basic tourist information on route (level of difficulty, length in km,
superelevation in m and indicative duration for overcoming of route) and the elevation profile of route. The part of texts
are also information focused on the route description, particular stops during pilgrimage routes, information about
important sights and monuments as well as other interesting places on the route. Due to the lucidity, the first map sheet
contains all stages of the route along with the legend that is further applied within more detailed maps of certain stages
at scale of 1:75,000, respectively 1:80,000. Used general geographical maps are well-arranged and provide necessary
information associated with the planimetry and elevation of the territory concerned. Pilgrims acquire suitable
information especially related to the accommodation and catering facilities as well as information focused on the
cultural, historical and natural sites located in the territory (Figure 1). The depiction of map enables a transparent
orientation for the each age category, what makes a prediction for attraction of wide range of pilgrims, respectively
differentiated structure of religiously oriented part of population.
The mentioned Pilgrimage Route of Saints Cyril and Methodius is the matter of study also within the publication Saints
Cyril-Methodius route for pilgrim compiled by Janegová (2013). From the contentual viewpoint, the guidebook
consists of mainly text and image information. Texts also include some quotes coming from the Holy Writ, Cyril’s as
well as Methodius’s quotes, eventually quotes of their followers and speeches of Archbishop Viliam Judák. It also
contains informative interesting facts related to the places, respectively sights by which the route is delineated. The
important part of the publication lies in the cartographic outputs consisting of 5 general geographical maps at various
scales (e.g. 1:600,000; 1:100,000), 3 city plans and 11 tourist maps at scale of 1:50,000. Besides the common content,
those maps provide just the outlined route of the pilgrimage.
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Figure 1. Illustration from the publication “Pilgrimage Route of Saints Cyril and Methodius – Šaštín – Velehrad and
Svatý Kopeček – Velehrad“(2014).
A tourist guidebook Slovak Marian Way from Gaboltov to Šaštín (Krajčík, Pikna, Hrašna, 2016) is thematically
focused on the Marian localities in the form of churches, chapels or shrines associated with the devotion to the Virgin
Mary. On the each route, this guidebook provides detailed description of route direction for pilgrims along with image
depiction of elevation profile. The route is also depicted within the map output at medium-large scales (e.g. 1:250,000).
The pilgrimage route is depicted on the topographic base map, which shows; through method of point symbols; the
localization of cities and municipalities in the wider region. Using the dot method, there are depicted altitudes of hills
that inform pilgrims about relief diversity in the area and its vicinity. Line symbols provide information on the presence
of important transport lines, using which pilgrims can connect to Slovak Marian Way. In maps are also; through the
method of line symbols; depicted base contours that inform about the difficulty of terrain based on their density. On the
one hand, there is a lack of spot heights, which enables pilgrims to precisely know the level of route elevation. But, on
the other hand, this information is replaced by graphs depicting the elevation profile of route. The dominant element in
all maps is the strong line illustrating the routing of pilgrimage. The main disadvantage of this tourist guidebook lies in
the absence of detailed plans of major places by which it is outlined along with the recommended accommodation and
catering facilities for pilgrims. There are also missing detailed depictions of route sections and therefore those enclosed
maps in guidebook can be used just for a brief orientation in the neighbourhood.

Cartographic outputs within pilgrimage routes in online creation
We may get in touch also with the pilgrimage routes that are not available in printed edition, but there is an effort to
promote them through electronic sources, especially websites. Current technologies allow planning pilgrimages using
modern information and communication technologies, which may be effectively used. They often symbolize the only
alternative for pilgrim to get ready for the journey.
Map outputs displaying the Way of Saint James in Slovakia are available at two webpages. The official website
(www.caminodesantiago.sk) called Camino de Santiago in Slovakia (2016) provides the route in the form of various
maps. There are available three routes – in the Eastern, Central and Western Slovakia. Within the frame of used
cartographic symbols, there can be registered many differences in the depiction of particular routes. The route located in
the Eastern Slovakia is the only one, which is divided into partial routes with the approximately same form – they
include a brief description of maps (indicative duration, distance, elevation, difficultness and route characteristic), graph
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symbolizing the elevation of route and the map itself. The Way of Saint James is at the website depicted through the
line, where starting and finishing points are outlined (using cartographic symbols), what gives information about the
direction of pilgrimage route. At the website, this output is kept only in image format. Within the depiction of route, it is
important to provide maps at adequate scale. But the displayed area on these maps is significantly generalized and
therefore user cannot receive sufficient details for carefree orientation on the map. The user gets detailed information
just in the initial text description. The routes of the Way of Saint James through the Central and Western Slovakia are;
compared to the first one; displayed via interactive maps – GoogleMyMaps. The main advantage of this interactive map
in comparison with the traditional map is the possibility to adjust the scale. The user can change the scale according to
own preferences, what makes the orientation on the map easier to a large extent. The pilgrimage route is depicted in the
same way as in the previous case through the line, but the direction of the route is missing. Due to the presence of
interactive symbols the map also enables to display accommodation facilities for pilgrims along with the closer contact
information. There is a lack of text description, which would offer detailed information about the route.
The unofficial website focused on the Way of Saint James is called “Jakubská cesta” (www.jakubskacesta.eu, 2016),
what is a free translation from the original name. This site also includes interactive maps, but the pilgrimage route is not
displayed through the line, but only by point symbols. The map offers users exact geographical coordinates of places by
which pilgrims go through, what can be very helpful especially in terms of their terrain orientation using GPS devices.
The mentioned website has created the application for mobile phones called “Jakubská cesta”. It is presented as a guide
that transmits not only basic information about location of particular stop on the map, but also the closer description of
certain places as well as image and video files that were created by previous pilgrims.
Another pilgrimage route presented in the electronic form is the Slovak Marian Way at the website www.slovenskamarianska-cesta.webnode.sk (2016), what is not the official website, but it is created just through webhosting. In
comparison with the printed edition of tourist guidebook, the website offers other possibilities such as detailed depiction
of the route using Google Maps. One of the website’s strengths lies in the possibility to download routes into GPS
device and thus pilgrims may have an overview about the route all the time. This possibility is particularly appreciated
by young pilgrims, who do not rely on their own abilities within the terrain orientation, but they rather use GPS devices
that works also in offline mode and they simply have the precise route at their disposal, wherever they are.
The basic information about the Way of Mary through Central Europe may pilgrims find at the website called
“Mariánska cesta” (www.marianskacesta.sk/index.php, 2016), what is a free translation of the Way to the Slovak
language. This website provides variety of useful information that should be appreciated mostly by younger
participants, who often use online informational sources. The absence of book version of guide may cause an unsure
impact on members of older generation, who still prefer printed editions. The mentioned fact may also lead to the lower
level of awareness within the older generation of pilgrims. The website offers information about the route just in text
form without any map. Unfortunately, pilgrim does not have any possibility to browse a certain part of the route, what
may reflect in the loss of interest in pilgrimage. Those pilgrims with persistent effort to find out more material about the
route may obtain additional information at the Hungarian website called “Mária út” (www.mariaut.hu, 2016) that
symbolizes the Hungarian translation. This website offers an interactive map on the base of Google Maps with the
outlined route of the Way of Mary. The map covers also the part of route across Slovakia, while there are depicted
particular places of pilgrimage using the cartographic method of point symbols. This interactive map may be used just
at the website, so pilgrims have to be constantly connected to Internet in order to get information. The most significant
drawback lies in the absence of localization of accommodation and catering facilities on the map and therefore pilgrims
have to rely only on their own knowledge about those facilities, eventually they can obtain just a brief overview about
the infrastructure facilities in the territory using Google Maps.
The aforementioned guidebook Pilgrimage Route of Saints Cyril and Methodius – Šaštín – Velehrad and Svatý
Kopeček – Velehrad is also available at the Czech website called “Evropská kultúrni stezka sv. Cyrila a Metoděje”
(www.cyril-methodius.eu/cs/, 2016). There are characterized particular routes along with current information about the
organized pilgrimages. Within information, there is announced only the Route of Saints Cyril and Methodius from
Nitra, Slovakia to Velehrad, Czech Rep. that will be held in 2016. It is going to be 240 km long with medium difficulty
and its duration should take two weeks. However, there are not any associated materials to this event. The only
promotional material is the illustrated route without any legend or further description or explanatory notes, while the
route is outlined into the existing map obtained from the Tourist map (“Turistická mapa”) website
(http://mapy.hiking.sk/?trasa=NMV5M, 2016).

RECOMMENDATIONS FOR THE FUTURE MAP CREATION
Within the Slovak atlas creation, cartographic outputs generally respond to the two aspects associated with religiosity.
The first one is linked to the formation of human settlements according to the religion of population. The second aspect
is related to the study of wider regional religious structure. From the contentual viewpoint, they represent works with
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the significant informative value at the desired cartographic level. In terms of future stages, map outputs in cartographic
creation should be actualized and complemented by results from the last Population and Housing Census in Slovakia in
2011.
Among the important sources for implementation of religious tourism, especially in the form of pilgrimage routes are
ranked the created guidebooks through these routes either in printed or electronic form. Each guidebook contains also
cartographic outputs, but their quality is often unsatisfactory. Several cartographic outputs are presented just by
standard general geographical maps at various scales. Their only added value often lies in the outlined pilgrimage route,
sometimes even without direction. Hence, depicted routes are greatly inaccurate with the significant deflections.
Therefore, the orientation according to them is for pilgrim very difficult. Among the most important substantive defect
belongs the absence of information focused on the accommodation and catering facilities that are inevitable for every
pilgrim. Similarly, it should be necessary to use the logo of particular pilgrimage route, which is also helpful in the
process of pilgrims’ orientation and identification with the route.
Religiosity as a part of everyday life is slowly disappearing especially from the younger social classes, which are
(un)consciously affected by consumer lifestyle and hedonism. Religion constitutes no “profit” and therefore it is getting
sidelined. Within the effort to attract younger believers, it is advisable to include there modern elements belonging to
the today’s digital and information age. Maps devoted to younger pilgrims should contain e.g. QR codes. After their
loading, pilgrims would know new and additional information about the route or places and they could reproduce this
information to older or less technically skilful pilgrims. So, the map works may get closer to current requirements of
rapidly changing times. Moreover, taking into consideration the possibility to participate in improving or upgrading
these outputs (such as by labelling places or completing information about them), the pilgrims would be also involved
in creation as well as content of the map.

CONCLUSION
One of the manifestations of political and social changes initiated in 1989 lied in the restoration of religious freedom. It
was reflected within the first Population and Housing Census in 1991, when the inhabitants of Slovakia could freely
profess to their religion. Renewal of ecclesiastical life has also brought the revitalization of interest in religious tourism
and especially pilgrimage tourism, which is a part of it.
The Slovak cartography responded to these changes and thus transformed statistical data into map outputs, which
gradually began to fill the empty space in terms of transformation of religiosity through cartographic language.
Religiosity has become the contentual part of atlas creation (contentually comprehensive atlases as well as specialized
religious atlases) and school atlases.
The increased interest in religious tourism along with the tendencies of formation of pilgrimage routes according to the
model of the Way of St. James has put cartography into the situation to participate on the map creation of pilgrimage
routes, which are inevitable elements for example of credentials. In this segment, there dominate maps of routes that are
placed in the virtual world of electronic media (in the Slovak conditions in majority on the web), which can reach
potential pilgrims, respectively religious tourists. The disadvantage of maps; available at such media; lies still in their
trivial content. Usually, there are just general geographical maps from tourist websites, where only the tracing is
depicted. Within the maps, there is a lack of symbols of accommodation facilities, arrows that would inform about
direction of the route, logo of pilgrimage route or important churches on the route. The mentioned negatives would be
necessary to eliminate in maximal extent in order to maintain the interest in these routes among believers, respectively
to reach wider public interest.
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Abstract
Neuroscience is very promising for cognitive cartography. How and which parts of our brain works when interacting
with map-related tasks is directly correlated with the neurons responsible for our mental maps. As visualization is a
cognitive process, user centered design (UCD) plays an important role in usability research. How our brain can cope
with huge data and how it picks up certain information is a subject of attention that can be either overt and covert.
Overt attention can externally be observed and measured by a commonly used eye tracking method, whereas covert
attention is not visible from outside and measured by neuroscientific methods. This paper aims to investigate the use of
neuroscientific methods (EEG, fMRI and eye tracking) for usability of cartographic visualizations and their
contribution to usability research. The research also introduces the possibilities of integrating eye tracking with EEG
and fMRI in order to gain a better insight of map-user behaviors.
Keywords: visualization, cognitive cartography, map usability, user issues, neuroscience, fMRI, EEG, eye tracking

INTRODUCTION
The neuroscience of navigation has been the center of attention with the discovery of place cells/grid cells by O’Keefe,
Edvard and May-Britt Moser who won Nobel prize in 2014. The place cells are the neurons which are responsible for
our mental maps and inner navigation [URL 1]. The perception, cognition and neurological process underlying map use
behaviors of individuals have gained importance in terms of user centered design (UCD) approach of maps or so-called
neocartographic products (Cartwright, 2012). UCD is very important for understandability and usability of
neocartographic products, since they are widely available on internet for everyone. However, as Ooms and De Maeyer
(2015) pointed out, these designs do not consider user needs and there is not sufficient user feedback regarding their
usability.
This situation is not much different for design procedures of conventional cartographic representations. In “Semiology
of Graphics”, Bertin (1967) introduced the famous seven visual (or retinal as he called) variables that must be taken into
consideration for cartographic design. These variables are position, size, shape, value, color, orientation, and texture
(Figure 1). Bertin also identified the characteristics of visual variables and ranked them whether they are selective,
associative, quantitative, and based on order and length. Most of map makers accepted Bertin’s design rules for
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communicating prominent information via maps. However, Fabrikant opposes that these principles were mostly not
based on empirical cognitive research. As she stated, there is obviously a need to understand “how design rules actually
play into how users read a map, how users make inferences from the design elements on a map, and how mapmakers
can work to make their maps more perceptually salient?” [URL 2].
This paper aims to investigate the use of neuroscientific methods (EEG, fMRI and eye tracking) for usability of
cartographic visualizations and their contribution to usability research. In addition, the possibilities of integrating eye
tracking with EEG and fMRI will be introduced in order to gain a better insight of map-user behaviors. In this context,
an extensive review of literature on spatial cognition, UCD and usability research and usability methods are presented.

Figure 1. Visual variables (Bertin, 1967)

SPATIAL COGNITION
Cognition is defined as ‘the intelligent process and products of the human mind includes such mental activities as
perception, thought, reasoning, problem solving and mental imagery’. Mental image is an important topic in cognition
studies. ‘The mental image is an internal representation similar to sensory experience but arising from memory’
(Peterson, 1994). On the other hand, spatial cognition can be defined as restructuring the space on a mental level and its
assimilated reflection. Similar to perception, spatial cognition is related to both physical environment and abilities of
individuals regarding socio-cultural, economic and political characteristics of their daily life. As Boulding (1956) and
Lynch (1960) introduced spatial cognition can be explained by two terms spatial image (other terms used instead are
mental map, cognitive map) and cognitive mapping. In this context, spatial image refers to a cognitive representation of
the nature and attributes of the spatial environment, whereas
…cognitive mapping is process composed of a series pf psychological transformations by which an individual
acquires, codes, stores, recalls and decodes information about the relative locations and attributes of
phenomena in his everyday spatial environment.
Thus, human spatial behavior is dependent on the individual’s cognitive map of the spatial environment. Because
cognitive mapping is considered as the basic component of human adaptation and the cognitive map is a must for
everyday environmental behavior. These environmental behaviors occur when seeking answers for ‘where certain
valued things are’ and ‘how to get to where are from where we are’ (Downs & Stea, 1973).
Due to the above definitions, cognitive mapping process is characterized by how individuals make use of the
information existing in different environments and how it affects spatial behavior (coping with complex data,
interpretation, etc.). Hence, the perception of environment plays a significant role for improvement of spatial images. It
is important that individuals perceive and comprehend a foreknown concept with its spatial relationships. That is how
cognitive maps occur (Güç, et al., 2012). In this context, a cognitive map is not necessarily a map, it is actually an
analogy to explain its function is familiar with cartographic map. In fact, a cartographic map itself has a huge impact on
our spatial images and our concept of a cognitive maps (Boulding (1956); Downs & Stea, 1973). Montello (2002) also
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stated that map design is about human cognition design and according to him, this can be termed as “intuitive map
psychology”. In spite of the situation before, the intuition of maps become a formal part of cartographic education in
20th century. By this way, cartographers proposed that intuitions about map cognition can be developed by borrowing
theories and methods of psychology in a more systematic way. This approach created a new research area called
cognitive cartography. Applying cognitive theories and methods to understand maps, and map applications to
understand cognition are subjects of cognitive cartography (Montello, 2002).
According to Montello (2002), cognition includes perception, learning, memory, thinking, reasoning and problemsolving, and communication. Related to that, cognitive cartography consists of three research area; map-design, mappsychology and map-education. Map-design deals with understanding of maps, mapping, and map use in order to
improve them in a more efficient, effective and rewarding way. The goal of map-psychology research, is the
understanding of human perception and cognition while map-education aims to improve education with maps and about
maps (Montello, 2002).
Abstraction of physical reality shows differences in geometry and cognition. In geometry, the spatial world can be
described in terms of points, lines, and areas. On the contrary, in cognition, basic entities usually are not points; they
may be entire physical objects like books or chairs. Figure 2 demonstrates how to conceptualize a physical object in
geometry and in cognition. The cognitive apparatus is flexible as to which level in a huge lattice of part-whole relations
to select as ‘basic level’; it can also focus either on the relation between an object and a configuration of objects, or on
the relation between an object and its parts (Freska, 2013). For this reason, to increase the understandability of a
cartographic visualization, we need to link geometric fundamentals to cognitive processes. Within map design, the
relationships between geometry and cognition should be taken into account as the premise criteria. The
understandability of a cartographic representation is highly correlated with the effectiveness of its design. For instance,
the visual variables that will be used in the design can be decided based on the strategy of Shneiderman’s (1996) visual
information mantra; overview first, zoom&filter, details on demand.

Figure 2. Left: In geometry, aggregation of structures from atomic point entities. Right: In cognition, no matter
geometrical complexity or meaningfulness, basic entities can be decomposed into more elementary entities or
aggregated into more complex configurations; without invoking elementary constituents (Freska, 2013).

USER CENTRED DESIGN (UCD) AND USABILITY RESEARCH RELATIONSHIP
While user centered design (UCD) can be described as an approach to the design and development process focusing on
gaining a deep understanding of who will be used the product [URL 3], usability is a measure of user experience
interacting with the design. According to International Organization for Standardization (ISO) definition, usability is the
extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use. In this context, usability standards (ISO 9241-11) are categorized as primarily
concerned with:


the use of the product (effectiveness, efficiency and satisfaction in a particular context of use)



the user interface and interaction



the process used to develop the product



the capability of an organization to apply user centered design [URL 4]
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As a component of the product use, effectiveness refers whether users complete tasks, achieve goals with the product.
Another issue is efficiency which is mostly measured in time and is about how much effort users require to do a specific
task. Lastly, satisfaction can be described as users’ conception on the products ease of use. There are also some
fundamental factors affecting the use of product such as users, their goals and context of use. Users can be highly
trained, experienced or novice. The use purposes of the product may vary based on where and how the product is being
used [URL 5]. Related to ISO 9241-11, ISO 13407 defines UCD activities for the entire life cycle of interactive
computer-based systems including human factors, ergonomics knowledge and techniques as presented in Table 1 [URL
4]. This standard is the basis for many UCD methodologies.
Table 1. Usability Metrics defined by ISO 13407:1999, ISO 9241-11:1998
Usability measurement type

Definition

Effectiveness

The accuracy and completeness with
which users achieve specified goals

Efficiency

The resources expended in a relation
to the accuracy and completeness
with which users achieve goals

Satisfaction

Freedom from discomfort, and
positive attitude to the use of the
product

Context of use

Characteristics of the users, tasks and
the organizational and physical
environments

Goal

Intended outcome

Task

Activities required to achieve a goal

Above stated standards can also be applied for usability research of cartographic products. In this context, firstly user
tasks should be prepared and classified based on specific criteria. Throughout the task design procedure; user group,
goal, context of use and the tasks expected to achieved by users should be taken into consideration. User group may
diversify in terms of education level, expertise, age, gender, culture, and sensory disabilities, and those factors directly
affect spatial perception as well as the perception of cartographic products (Slocum, et al, 2001).
After determining the user group and user goals, the context of use, which was one of the usability measurement types
defined by ISO, should be considered. The context of use is related to visualization environment, visualization method
(whether it is 2D, 3D, static, dynamic or interactive) and the advantages and/or disadvantages of visualization method.
For instance, MacEachren et al (1999) introduced four criteria (immersion, interactivity, information density,
intelligence of display objects) for usability evaluation of geospatial virtual environments (GeoVEs). Immersion refers
to the sensation of being enveloped by the environment, while interactivity allows manipulating the characteristics of
environment components. Information density handles the level of detail in the geovisualization environment. Last
criteria, which is intelligence of display objects, can be described as assisting components that helps users to interpret
the representation on the screen.
To design user-tasks, it is good to follow a task taxonomy. In literature, there are many task taxonomies developed for
cartographic representations (Amar, et al., 2005; Casner, 1991; Kveladze, 2015; Roth & Mattis, 1990; Roth, 2012;
Wehrend & Lewis, 1990). For instance, Armstrong & Densham (1995) offers a sequence of steps that normally are
followed in formulating and solving the location-selection problem, whereas Knapp (1995) produced a six-step task
analysis model. Knapp’s task analysis model includes task (what is to be accomplished), goal (why it is to be
accomplished), physical actions (how it is to be accomplished), mental actions (thought process while accomplishing
it), data (the data set with which it will be accomplished) and visual operators (primitive operators for visual interaction
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with display) that users associated with. In addition, user tasks may incorporate from simple to complex questions based
on the visualization and its abilities.
The ability of users on performing user tasks is measured by identifying the methods used to test user behaviors. There
are several theoretical and empirical methods to test the usability. Empirical methods allow ideas to be generated and
verified by systematic observation and measurements. Systematic observations are standardized, controlled, recorded,
repeatable, and publicly verifiable. In that manner, systematic empiricism should be held separate from trial-and-error
map design approach developed by cartographers over the years. Similarly, informal experiments held by cartographers
to evaluate the effectiveness of a design should be distinguished. As all empirical research on cartography does not
include cognitive theories or human subjects, it is not possible to claim that only empirical methods leads the truth.
However, it is obvious that combination of empirical research and predictive and explanatory ideas can lead scientific
outcomes (CCS, 1995; Montello, 2002). As Slocum et al. (2001) stated that building an effective visualization method
is a two-step process which involves theory-driven cognitive research and usability engineering to evaluate existing
methods. Theory-driven cognitive research covers studies to understand how users create and make use of mental maps
of real world phenomena when they interact maps. If theories related to these are developed, there will not be much
need for user tests of a specific geovisualization techniques. On the other hand, usability engineering refers
identification of methods to analyze and enhance the usability of software. Usability term here means both ease of use
and effectiveness, efficiency and satisfaction, just as mentioned by ISO. “User testing” and “user studies” applied in
cartography show significant similarities with the empirical research subjected to usability engineering (Slocum, et al.,
2001).
All in all, the key to developing highly usable cartographic products is employing UCD and employing UCD requires
usability research that focuses on user behaviors and needs [URL 3].

USABILITY RESEARCH METHODS
Keeping in mind the empirical and theoretical classification of usability research mentioned in Chapter 3, practical
usability methods can be categorized as qualitative and quantitative. Qualitative research includes user’s experiences,
actions and behaviors including their feelings, opinions and emotions to gain insight into reason or motivation of their
reactions. The methods may vary but qualitative research generally seeks for explanation about influences and
processes of user experience from discussion, interview or so. Qualitative methods can be categorized into seven
groups; focus group, post-experience interview, think aloud, observation, video recording, audio recording, and screen
recording (Van Elzakker, 2004; Kveladze, 2015; Ooms, 2012). These methods are used often for usability of 2D, 3D
static, dynamic and interactive visualizations.
Usability evaluation methods such as interview and think-aloud protocols are widely used due to the fact that they
require no measurement apparatuses and allow usability experts to measure usability of software systems in a relatively
easy way. However, analyzing and evaluating the collected data from these methods are time consuming. Additionally,
the results of the analysis may be hard to replicate because the collected data is based on qualitative evaluations. To
overcome this limitations, quantitative evaluation methods have been developed (Kimura, et. al., 2009). Different than
qualitative methods, quantitative research allows measuring, quantifying and counting issues considered in a usability
study (Kveladze, 2015). Task analysis, questionnaire and eye tracking can be counted as frequently used quantitative
methods. Eye tracking is one of the neurocognitive methods and it allows measuring user actions and behaviors that are
observed from the outside. However, perception is highly depending on the attention which cannot be measured not
only from outside. It also requires monitoring and quantifying psychological state and brain activities by brain imaging
techniques such as fMRI (functional magnetic resonance imaging) and EEG (electroencephalogram).

Eye tracking
Eye tracking is one of the quantitative usability research methods and a frequently used user experience technique for
user interfaces and websites (e.g., Djamasbi, et al., 2010; Fleetwood & Byrne, 2006). It allows tracking the movements
of the participant’s eyes: his point of regard (POR) is registered at a certain sampling rate. From this long list of (x, y)
positions, eye movement metrics such as fixations and saccades can be derived (Ooms, 2012).
A fixation is a stable POR during a certain time span (at least 80 to 100 ms) and indicates the users’ content
interpretation at that location. A saccade is a rapid eye movement between two fixations, typically completed in tens of
milliseconds. A scan path can be described as a succession of fixations and saccades (Ooms, 2012).
The first eye tracking application in user experience domain was conducted by Fits, et al. (1950), who used motion
picture cameras to study the movements of pilots’ eyes (Ooms, 2012). Jenks (1973) initiated eye tracking use for
cartographic purposes by exploring the scan paths of users looking at a dot map. Although a few more studies followed
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this first one, no significant eye tracking study on assessment of the cartographic products have been implemented for
almost 10 years because of the following reasons presented by Jacob and Karn (2003): (i) technical problems related to
capturing the actual eye movements that may cause inaccurate and unreliable results (ii) complicated and timeconsuming data extraction and (iii) difficulty in interpretation of extracted data. However, later advances in eye-trackers
and eye tracking software and their decreasing costs concluded that eye tracking technology is useful for interpretation
of visual information efficiently while performing a complex visual and cognitive task (Duchowski, 2007; Jacob &
Karn, 2003; Ooms, 2012). It is also possible to execute detailed analysis and eye tracking contributed to psychological
research on cognitive processes linked with visual search (Ooms, 2012). For instance, Çöltekin et. al. (2010) studied
users' visual interaction with highly interactive interfaces. The study mainly investigated whether the efficiency of users
can be characterized by specific display interaction event sequences, and whether studying user strategies could be
employed to improve the design of the dynamic displays. Another research intended to combine eye tracking with user
logging (mouse and keyboard actions) with cartographic products and referenced screen coordinates to geographic
coordinates in order to know which geographic object corresponds to the gaze coordinates at all times. This approach is
promising in terms of efficiently studying user behavior with interactive and static stimuli in multiple research fields
(Ooms, et al., 2014).

Monitoring brain activities in the context of spatial cognition
Developments in medical research have led observing neurons in the brain with a high spatial and temporal resolution.
The discovery of place cells (see Chapter 1) also marks an attention to research on spatial cognition. Place cells are
located in entorhinal cortex which is a part of temporal lobe and functionate as the center of memory and navigation.
The entorhinal cortex is the main interface between the hippocampus and neocortex (Figure 3). Understanding activity
of the place cell in the hippocampus equals to understanding how neurons code complex cognition. Hence, ‘… any
discussion of the hippocampal neurophysiology of spatial cognition needs to start from the fact that spatial location is a
primary driver of neural firing patterns in the rodent hippocampus and spatial firing is clearly the best first-order
description of rodent hippocampal representations’ (Redish & Ekstrom, 2013).

Figure 3. Hippocampal system (Kessels & Kopelman, 2012)
There are several researches on spatial representations in the medial temporal lobe. Hippocampal lesions lead various
deficiencies on spatial cognition such as impairments in forming spatial relationships and spatial learning abilities. For
instance, patients with hippocampal lesions succeeded retrieving a single route to a hidden location, unlike retrieving
the location of multiple hidden objects within a spatial environment (Bohbot et al., 1998, 2007). These findings implied
that calculations including multiple routes and environments are mostly related to hippocampus.
Besides hippocampus, the neural basis of human spatial memory depends on parahipocampal cortex and retrosplenical
cortex which include visual-spatial scene processing and survey representation (Redish & Ekstrom, 2013). Patients with
hippocampal deficiencies still keep on activities involving spatial memory such as locating a recently learned object
within a room (Bohbot et al, 1998). In this context, the patient who was widely studied and known by his initials, H.M.,
played an important role in the development of cognitive neuropsychology. H.M. was a memory disorder patient who
had a “bilateral resection of the entire (pyriform–amygdaloid–hippocampal) complex including the hippocampal gyrus
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extending posteriorly for a length of 8–9 cm from the tips of the temporal lobes in an attempt to cure his epilepsy
(Corkin et al, 1997). Some research conducted with H.M. showed that he succeeded in many spatial memory tasks,
including knowledge of the layout of his apartment. The posterior parts of his hippocampus, which might be important
for spatial processing, were not damaged. However, he was unable to learn, store and retrieve new spatial routes,
especially multiple routes. This situation suggested that the parts of his hippocampus which are responsible for spatial
processing were damaged (Redish & Ekstrom, 2013). In addition, posterior parahipocampal cortex that receives signals
from visual areas, allows allocentric processing of visual-spatial information. For instance, some studies involving the
same spatial tasks presented that patients with parahippocampal lesions encountered very serious deficiencies, whereas
patients with more profound hippocampal lesions did not show deficits (Bohbot et al, 1998; Ploner, et al., 2000).
Another example is that compared with sighted ones, parahippocampal cortex of blind participants who imagine
navigating showed less activation (Deutschländer et al., 2009). Due to results of the previous studies, parahippocampal
cortex plays a valuable role in visual-spatial processing (Redish & Ekstrom, 2013).
All above findings were acquired by fMRI which allows measuring neural activity indirectly by using blood oxygen–
level dependent (BOLD) signal. fMRI facilitates imaging brain activity with a high spatial resolution (~1mm),
depending on the oxygen consumption in the activated brain area, and the increment and decrement in metabolism
energy. Shortly, it measures the metabolic activity related whole-brain changes. Despite the fact that fMRI is unable to
measure the activity of single neurons such as place cell activity, it ensures significant information related to the
functions of hippocampus and parahippocampal cortex during navigation, in this case. Since it is not an invasive
method, it can be employed for healthy participants as well (Redish & Ekstrom, 2013) [URL 6].
Although it has been used rarely in cartography, fMRI provided some essential information how user perceive maps and
respond map-related tasks. One of the studies implemented on fMRI technology showed that the ability to find targets
embedded within complex visual environments requires the dynamic programming of visuomotor search behaviors
based on fMRI results. The research revealed many significant results. For instance, visuomotor search resulted a
greater activation in the posterior parietal cortex and the frontal eye fields in the right hemisphere. Furthermore, the
activity in a network of cortical regions have an influence on the search-dependent variance in superior colliculus
activity. Saccadic eye movements, covert shifts of attention, and visuomotor search occurred overlapping but not
identical zones of activation. Lastly, this study focused on functional anatomy of overt spatial exploration rather than
covert shifts of spatial attention (Gitelman et al., 2002) Another research carried out by Lobben et al. (2005) attempted
to measure and analyze users’ navigational abilities by using fMRI. In this context, individual performances of users
and activated brain areas were determined while they perform rotation and sleuthing tasks. The research had some
interesting results such as; during sleuthing, activation in the right and left hemispheres were similar. However, rotation
task activated the right hemisphere more. In addition, while rotation caused more activation in the lateral occipital gyri
which is the center of visual processing, sleuthing activated middle frontal gyrus, postcentral gyrus, and the angular
gyrus more than rotation task.
Similar to fMRI, EEG is the recording of electrical activity along the scalp produced by the firing of neurons within the
brain. In this method, electrodes placed in specific parts of the brain, which vary depending on which sensory system is
being tested-make recordings that are then processed by a computer. Obviously a single neuron is not sufficient to draw
a measurable potential at the scalp. Thus, the aggregate of synchronized neurons is considered during EEG. What
generally recorded in EEG is called ERP (event-related potentials) that allows checking an EEG in certain moments
when subjects received the event. ERP can be considered any measured brain response that is directly the result of a
thought or perception. Since EEG is an electrical measurement, it provides high temporal resolution (milliseconds),
resolves changes depending on different cognitive processes while performing certain tasks. However, because of the
electrical activity is measured by electrodes placed at few specific regions, it is difficult to tell where in the brain the
activity comes from (Lee et. al., 2009) [URL 6].

Possibilities to integrate eye tracking with EEG and fMRI
As stated in Chapter 4.1, eye tracking studies provide valuable information about use/user issues of cartographic
products. On the other hand, some other spatial cognition research employed brain imaging techniques to understand
user behaviors (Chapter 4.2). Linking the psychological/mental processes underlying the sensations we experience in
everyday life to their underlying physiological biochemical processes is a challenging research area. To achieve this
goal, we have to understand perception, in other words, how our brain makes sense out of the signals coming from our
senses. Not only ‘how this perception is processed’, but also ‘attention’ (how our brain can cope with the huge data and
how it selects certain information)’ should be understood (Görgen, 2010). There are two types of attention; overt and
covert. Overt attention is defined as selectively processing one location over others by moving the eyes to point at that
location. Covert attention is defined as paying attention without moving the eyes. While overt attention is externally
observed, covert attention process is not visible from outside. To investigate covert attention, one can use
psychophysical experiments or apply techniques like EEG or fMRI. For overt attention, one can use eye tracking to find
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out what actually guides the process and whether physical features of pictures play a role in guiding our attention. In
this case, although eye tracking provides valuable information about the gaze location, it does not provide any
information about neuronal activity. Likely, EEG or fMRI do not directly provide information about the gaze position
(Görgen, 2010). Hence we need a holistic approach to understanding and interpreting map user behaviors. Considering
the functions of both EEG and fMRI, the combination of two methods is indeed provides better insight. Because these
methods can be thought complementary in terms of EEG’s high temporal resolution and fMRI’s high spatial resolution.
Thus, EEG and fMRI can be executed simultaneously in order to monitor, measure and interpret task-related brain
activities including map use or in other words, usability research of cartographic products.
Combined EEG and eye tracking has been used in many research areas. For instance, one of recent studies introduced a
concept to explore customer experiences in service design by considering an augmented customer journey (Alves, et.
al., 2012). Another research intended to enhance mental performance in sport by measuring neurocognitive activity and
visual focus in real time which can be used to provide immediate feedback to the coach, in ‘real world’ settings, for
optimizing training protocols for the individual athlete. In addition, the research aimed examining the relationship
between eye movement and neuro activity (e.g. saccades and gamma waves) and in athlete coaching interventions such
as sports visual scanning strategies, Eye Movement Desensitization & Reprocessing (EMDR) therapy, focused
relaxation, etc. (Bartfut, et. al., 2012).

DISCUSSION
Visualization is considered as a mental process and perception is strongly connected to memory. The representations in
memory are a form of mental image which are intellectually processed and generalized representations. To imply of the
findings of cognitive neuroscience for cartographic visualization, Peterson (1994) proposed that displays should consist
of different levels of generalization. This may enhance how maps are remembered and mentally processed. On the other
hand, spatial processing (especially motion detection for dynamic displays) is accomplished in the visual cortex, not in
the eye. Thus, training and experience are factors enhancing spatial processing abilities. Again, as Peterson (1994)
suggested, video games may be useful for training the visual cortex to process dynamic displays and this ability may
benefit individuals to be more capable of interpreting dynamic displays.
If cartography is a way of organizing, representing, communicating the scientific data, the visualization is an important
component of cartography. Progress in cognitive neuroscience appears to be closely linked to our ability to visualize
phenomena with the help of computer technology (Revonsuo, 2000). Thus we, cartographers, should collaborate
colleagues that are expert in cognitive neuroscience to carry out such research. As Lobben et al. (2005) indicated, ‘there
may be important implications for some very hard questions that overlap between psychology, physiology, and
cartography/GIS such as which tasks use similar brain regions even though the tasks themselves seem to be very
different or which tasks use different brain regions even though the tasks seem to be very similar.’ This
multidisciplinary research can bring different perspectives to the cognitive map research and certainly has a potential to
improve new methodologies related to usability of cartographic designs.
In conclusion, cognitive neuroscience is very promising in terms of understanding map user behaviors and it is surely
beneficial for designing better maps. The usability of a cartographic representation depends on how effective its design
is. Thus, cartographic design can borrow UCD theories and standards to produce more understandable visualizations.
For further usability research, it is also possible to gain a better insight of user groups within different age, education,
gender or cultural characteristics that can be considered in user centered design.
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Abstract
Given the importance of forests in terms of economic, social and environmental conditions, it is necessary an efficient
management and sustainable use of them. This can be achieved when the forest is initially identified through GPS
techniques in the field, recorded in the data bases and appear on the map through the mapping methodologies. Part of
the proper management of forest areas is the expansion of forest plantations. Territory of Kosovo is covered with over
45% of the forests.
From the total area of forests, it is believed that up to 5% are forest plantation. This figure is based on official data,
but there are really thought that is bigger. Through this study will lead to a more accurate recording surfaces forest
cultures in Kosovo.
In this paper are presented ways of producing different maps as required by Kosovo Forestry Agency using different
techniques of GPS and GIS
Some existing maps with forest plantations are digitized and presented in GIS software. In addition regarding forest
plantations developed over time, comparative analysis will be conducted. These kind of analysis will serve to state
institutions for finding causes of success and failure of previous forest plantations. This will help them for better policy
making in the field of forestry.
All the data are stored in a spatial data base and are dynamically.
Also have been proposed standards of topographic signs in the forestry, for use and presentation in the upcoming maps.
Keywords: Map, GPS, GIS, Forest, Plantation.

INTRODUCTION
According to the inventory results, the forest area and forest cover in Kosovo is fairly with approximately 481,000 ha
(44.7% of total area), from which 38% of the forest area is privately owned, whereas 62% is publicly owned. Coppices
forests dominate with the participation of 84% of total forest area. Broadleaved trees cover almost 83% of forest area.
The standing volume of trees with Breast Height Diameter (BHD) ≥ 7 cm is calculate to be around 40.5 million m³.
Dominant tree species are Beech with 46% of the wood stock and Quercus sp. with 23% of the wood stock. The
average of the wood volume per hectare in Kosovo is 84 m³/ha. Annual increment of trees with a diameter (BHD) ≥ 7
cm is calculated to be proximately 1.55 million m³/year. Forest plantations area estimated to be only 2,800 ha which
data are not in compliance with dates previously used.
Total annual wood harvesting is calculated to be around 1.6 million m³, from which only seven percent (7%) is
registered as a legal harvesting. Based on this data it seems that the annual loss of wood volume and amount of wood
volume which remains in the forest as forest residues is equal with the gross annual increment. In this study the
inventarization of forest plantations was carried out. GPS techniques are used to collect data through mobile devices
(PDA) as well as GIS techniques for data management and mapping. Results obtained by this study have been
compared with other existing results in order to find the couses of success and failure of forest plantation in Kosovo
developed during history. These kind of analysis will serve to Forest Institutions to improve policies in this field.

GOALS AND OBJECTIVES
The main purpose of this article is to define the geographical extent of forest plantations and to verify surface forest
plantations, wood volume and other relevant assessments, in order to make best decisions of long-term development
management policies, strategies and programs of forest plantations management.
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Establishment of forest plantations in Kosovo, through afforestation and reforestation has been applied through a longterm period in different terrains and ecological conditions. Most of afforestation and reforestation have been developed
in the areas of bare lands, degraded forests, forest areas damaged by forest pests and forest diseases, forest damaged
from fires, implementation of reforestations for direct conversion of coppice forests into high forests, reforestation of an
generate forest areas etc.
Results derived from the National Forest Inventory shown that Kosovo has approximately the surface of 2,800 ha of
forests, established through the afforestation of bare land. Data of old management plans, old annual statistical data and
other relevant data and documents shown that the forest areas established through planting of tree seedling is higher
than that presented surface by the National Forest Inventory.
Therefore, the main objectives of this study are:


Determination of areas covered with forest plantations and their geographical extent;



Area mapping, data digitalisation and complementary connection with various systems applied in forestry that
are based on GIS;



Measurement and calculation of various required data for the determination of the tree species, trees volume,
plantation annual growth, age of trees and other relevant data;



Assessment of the tree health status, and identification the presence of forest pests and forest diseases;



Assessment of the environmental conditions impact on the overall growth and health of trees of forest
plantations;



Assessment and analysis the level of successfully project term of references and eventual failure;



A comparative analysis of different existing data with results achieved through the project development.

Through the implementation of the above mentioned objectives, the aim is to develop standards and policies for the
sustainable forest plantations management, using proper techniques and methodologies and advanced practices,
respecting relevant national and international policies, strategies and other relevant documents.

MATERIAL AND METHODS
The inventory of forest plantations was initially made from remote sensing surveys, by analysing and evaluating orthophotos and satellite images, identifying the distribution of forest types and potential areas for afforestation and
reforestation, based on several criteria that has been defined in advance. Thereafter, thematic maps at scale 1:25000
were produced, displaying forest types areas and potential areas for afforestation and reforestation. At the end, an
inventory of forest plantations has been realised in order to provide results with acceptable qualitative and quantitative
parameters.
Analysis and evaluation of previous experience with forest plantations was realized through data collection and data
review from different sources. Activities were continued on the data processing in order to create an accurate historical
register for Forest Management Plans (FMP). This register has enabled us to undertake comparative analysis for forest
plantations developed during the time.

Digitalization and mapping of forest plantations
All surfaces covered with forest culture are digitized with appropriate methods based on GIS, through the interpretation
of the new available ortho-photos (year 2012) (Figure 1), the interpretation of satellite images with large resolutions,
and the scanning and digitalization of thematic maps. All existing forest plantation areas and potential areas for
afforestation and reforestation have been determined.
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Figure 1. Digitized map with extent surface of forest plantations

Inventory of forests plantations
Various techniques can be used in inventarization process of forest plantations. In this study, inventarization is made
through GPS techniques via mobile devices. Initially, a database management system was integrated in these devices.
Mobile technology in general and mobile GIS in particular has proven itself to be an invaluable tool for utilities. From
simple attribute updates to complex geometry editing, users are eliminating many steps that are potential error sources
while simplifying and expediting fieldwork and decreasing its cost.
Geodatabase design includes spatial information organization in a series of data based on layers and other information
related to these spatial data. So, in order to design the geodatabase, initially the features that will be used should be
identified and their content and representation of the features should be specified.
The inventory of forest resources was designed to provide results with acceptable qualitative and quantitative
parameters. Data gathering of forest stands has been done based on a selected methodology for forest inventories. The
methodology used is the same as it was the methodology used for the completing of National Forest Inventory in
Kosovo on 2012 (Figure 3). The difference to the methodology used for National Forest Inventory, and with the
purpose of enhancing the accuracy of the data and the broader inclusion of different categories, was set the grid with a
density of 1x1km (Figure 2), which is based on the NFI base network.
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Figure 2. Overlaid grid with 1x 1 km. density

Figure 3. Sample area with the grid density of 100x100 m
The field inventory was done in 81 sample plots, distributed in 26 forest stands, identified as forest plantations. The
extent of the sample plots covers all forest regions in Kosovo and all categories of forest plantations (Figure 4).

Figure 4. Sample plot surface design
All sample plots have been identified in the field, also with additional points for identification, while in the centre of the
area, an aluminium metal stick with a 50cm length, has been placed. All measured and evaluated data of the sample
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plots have been recorded in PDA. The established sample plots can be used permanently for inventory data gathering,
data analysis research work and other purposes. The grid and the selected sample plots in the field will be part of the
next National Forest Inventory.

Field measurements and field data evaluation
GIS/GPS techniques in combination with traditional forest tools and techniques for field data collection have been
applied. The field teams have visited all selected sample plots in the grid which was designed based on the NFI grid.
The centres of the sample plots have been identified through GPS devices. The sample plots were made with a circle
diameters of 2.5 meter. This circles, were used for the evaluation of the forest regeneration, while the main circle is with
the diameter of 10 meters. All trees above diameters of 7 cm inside the main circle were measured. The measurements
were carried out with devices of the latest technology (Vertex IV and Sunnto) and have been registered in the PDA
digital forms (Figure 5).

Figure 5. Form inserted in PDA device
The field teams measured and evaluated the following data:
Forest stands:


Age of forest stands



Origin of forest stand



Origin of new/regenerated trees



Structure of the forest stand



Tree species composition



Naturality



Juniper ( Juniperus sp.) location

Data for trees:


Tree species



Status of the forest tree



Breast High Diameter (BHD) at 1.3 m.



Tree height



Azimuth from the center of the sample plot to the tree



Distance from the center of the sample plot to the tree
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RESULTS AND DISCUSSIONS
After processing, evaluation, and comparison of the gathered data, taken through the measurements of the sample plots,
relevant results have been discovered. Obtained results relates to the spatial extent of forest plantations, plantations
surfaces, tree volume, tree species composition, and state of forest plantations on the municipal, regional and national
levels.
Obtained results showed that the total areas of forest plantations in Kosovo are around 7,803 hectares (Table 1).
Regions with the higher surfaces of forest plantations in Kosovo are Mitrovica (1,763 ha), Gjilan (1,639 ha), and Peja
(1,294 ha) (Table 1).
Table 1. Forest plantations area by regions
Region

Area
[ha]

Ferizaj

786

Gjilan

1,639

Mitrovica

1,763

Peja

1,294

Prishtina

1,342

Prizren

979

Total

7,803
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Figure 6. Forest plantation areas in Kosovo
Despite the fact that the in Northern and Eastern parts of Kosovo exists more areas of forest plantations (Figure 6),
results have shown that volume by area is higher in the regions of Prishtina and Peja. The following table (Table 2),
shows areas and volume of forest plantations by regions in Kosovo.
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Table 2. Main data of forest plantations by Kosovo regions

Region

Area
(ha)

Volume
(m3)

Annual
Increment
(m3/year)

Ferizaj

786

80,958

5,344.8

Mitrovica

1,763

151,618

8,286.1

Peja

1,294

190,218

8,928.6

Prizren

979

130,207

4,992.9

Prishtina

1,342

198,616

8,186.2

Gjilan

1,639

214,709

10,325.7

Total

7,803

966,326

46,064.3

In order to finish the process of collecting, systemizing, and updating different data, a short analysis of the whole
process of forestation in Kosovo from the beginning until now has been drafted. Based on the data and information
analysis it comes to the conclusions, which will be the supporting tool of forest plantations development policies,
strategies, programs and action plans design (Table 3).
Table 3. Data of forest cultures according inventory and management plans
New Forest
Management Plans
Region
Area (ha)

Volume
(m3)

Old Forest
Management Plans
Area
(ha)

Volume
(m3)

Ferizaj

668.8

78018

784.93

5245.94

Mitrovicë

263.6

14771

714.08

54489.58

Pejë

314.9

57156

292.89

9441.00

Prizren

494.00

71962

1259.71

5125.92

Prishtinë

626.5

99351

318.46

9202.14

Gjilan

970

142401

1087.03

87606

Total

3338.8

463659

4457

171110

Analysing the updated data of the past of forest plantations in Kosovo, including the long-term forest management plans
(FMP), different statistical data from different institutions, different reports of former Forest Enterprises “Ekonomia
Pyjore” of municipal levels which in the past have management forests, and all other relevant information sources,
several conclusions have been made.
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These analysis and conclusions have been drawn using comparative analysis and available statistical methods, while
relying on professional evaluations of a considerable number of factors which have directly and indirectly influenced
the success or failure of forest plantations.

CONSULSIONS
Application of GIS and GPS technology in identifying forest plantation areas through inventarization process and
developing new database management systems proves that can better manage forest data and can help to take better
decisions in making government policies in the field of forestry. Producing updated maps can help field experts on
better forest management.
Results derived from collected, reviewed and analyzed data, shows that the situation of forest plantations in Kosovo is
not satisfactory. According to these analysis including field visits in forest plantations we can conclude that existing
forest plantations are with low quality (low diameter and high growth of trees), low annual increment, low volume
comparing with pedological conditions, geological, climatic and other conditions which are in Kosovo.
Based on data as mentioned above and other statistical findings, we suggest the following activities:


Promotion the silviculture strategy of Kosovo forests. Aim of such strategy should be identifying geographical
areas, according to ecological features as well as edaphical, pedological, geological, orographic and climate
conditions for certain geographical areas.



Produce silvikuture maps.



Analysis of existing forest plantations by identifying the causes of a poor quality and their productivity.
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Abstract
Heuristic usability evaluation is light but efficient method for finding usability problems. In this paper, we report the
process of validation and further development of the previously introduced usability heuristics for mobile map
applications. The validation began by testing the heuristics by 58 evaluators who used them for usability evaluation of
four different map applications. The evaluators also filled a questionnaire about the understandability of the heuristics.
The amount, severity and quality of the problems found with the heuristics were reviewed and the heuristics’
understandability analyzed. As a result, it was shown that the heuristics were efficient for finding usability problems
from mobile map applications. The analysis of the understandability pointed out the need to clarify the heuristics. On
the basis of the findings, the heuristics were further developed. The usability heuristics introduced in this paper are
supposed to be widely usable in the development of mobile map applications.
Keywords: mobile map applications, map application development, usability heuristics, heuristic evaluation, domainspecific heuristics, usability evaluation, cartography, usability

INTRODUCTION
The mobile map applications have become widely used in various situations. As the use cases of them are typically
critical concerning for example safety (e.g. traffic and avoid getting lost) and timetables (being in time), it is also
important that the usability of the mobile map applications is in a decent level. Heuristic evaluation is light but efficient
way for finding usability problems in different applications (Nielsen, 1992). The another advantage of the method is
that it is suitable to be used also by the evaluators that are non-professionals with usability (Nielsen, 1992).
Several usability heuristics for various different domains have been introduced earlier. The domains that are close to
mobile map applications and that are having their own heuristics, include mobile computing (Bertini, Gabrielli, &
Kimani, 2006), information visualization (Forsell & Johansson, 2010; Zuk, Schlesier, Neumann, Hancock, &
Carpendale, 2006), Web-based GIS (Komarkova, Visek, & Novak, 2007) and mobile devices (Machado Neto &
Pimentel, 2013). The most known and the most used heuristics are though the Nielsen heuristics introduced in (1994).
Kuparinen et al. (2013) introduced the first usability heuristics for mobile map applications. Since publishing the
heuristics in the International Cartographic Conference 2013, they have also been presented for cartographers in the
meeting of Finland's cartographic association in 2013. The received feedback in these occasions indicated high interest
towards development of the usability heuristics for map area. The heuristics have also been noticed in various scientific
publications since 2013. The development process has continued and is further discussed as follows.
Hermawati and Lawson (2016) have done a wide comparison of the development processes of usability heuristics for
various domains. They summarized that 34 % of the 70 inspected heuristic development processes did not report any
validation. To prove the effectiveness of heuristics, Hermawati and Lawson also suggest that establishing heuristics
should not stop on the proposal of them. Although the Kuparinen et al. heuristics were tested by four usability
specialists (Kuparinen et al., 2013) by using the heuristics in comparison to Nielsen heuristics, a validation with higher
amount of data was still needed. This validation is presented in this paper.
The validation of the previously introduced heuristics began by testing the heuristics by 58 evaluators. The evaluators
used the heuristics for the usability evaluation of three different mobile map applications and, as a point of reference,
also for one map application used with a computer and a web browser. The test reports were collated and the amount,
severity and quality of the problems found with each of the heuristics were reviewed. After the evaluation, 41
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evaluators filled a questionnaire about the understandability of each of the heuristics. After analyzing these data sets, the
heuristics were further developed on the basis of the findings.
The rest of the paper is organized as follows. First, we discuss the background of the topic, including the previously
indicated usability problems. Second, we describe our research method; the used heuristics and the validation process.
Third, we report the analysis of testing the heuristics and the analysis of the questionnaire answers of the heuristics’
understandability. Finally, we present the overall results and the validated and extended heuristics. The conclusion and
discussion come as last.

RESEARCH METHOD
The research method consisted of three phases. At first, the heuristics were used to evaluate map applications and the
amount and severity of the findings were analyzed. At second, the evaluators filled a questionnaire about the
understandability of each of the heuristics and this data was analyzed. At third, the heuristics were further developed on
the basis of the findings. This process is described in this section in more detail.

Used Heuristics
The following heuristics by Kuparinen et al. (2013) were used in the evaluation. A Finnish translation of the heuristics
was given to the evaluators as they were all Finnish speakers.
1.

Visibility of the contextual map functions and important locations. The map application should always
interact with the user by giving informative feedback within reasonable time. The map functions should be
visible. The map view should constantly stay visible when the map application is in use.

2.

Match between the system and the physical surroundings of the user. The map application should show
clear indication of the user’s location and other important locations (e.g. destinations and POIs) on the map. It
is essential that the map corresponds in an understandable way with the physical surroundings of the user. The
map should be up-to-date.

3.

User control over map functions. Allow the user to take control of the map application when interruptions
(from the mobile device: phone call, message, other applications’ notifications, from the concrete
surroundings: traffic, weather, traffic lights) happen. Allow multitasking.

4.

Consistency and standards. Follow platform conventions in the user interface design. Be consistent within
the use of interaction gestures, controls, functions, elements of user interface and map features. Use clear,
intuitive, commonly known map symbols.

5.

Error prevention. Make the map application free of errors. If errors still happen, be sure to offer the
possibility to recover from them. Prevent the user from getting lost.

6.

Recognition rather than recall. Minimize the user’s memory load. Make sure that the main functions of the
map application (e.g. exploring, route guidance, zooming, panning, POI selection) are easily accessible. Use
short menu paths for the main functions or keep the main functions present all the time.

7.

Flexibility, scalability and efficiency of use. Offer flexible options for the main map functions. Allow the
user to save locations to be used as shortcuts (e.g. home) and support POI information. Give easy access to
additional information (metadata, links, user-generated content). Make sure the user interface is scalable for
different screen sizes of mobile devices.

8.

Balanced and simplistic visual design. Harmonious overall appearance should consist of clear contrast
between visual elements, balanced layout and informative colors. Visual elements should guide users gaze to
important elements. Avoid visual clutter.

9.

Recognizing, diagnosing and recovering from errors. Error messages should be expressed in plain language
(no codes), precisely indicate the problem, and constructively suggest a solution. Indicate clearly the reasons
for why the searched locations are not found. Save the user’s previous searches for fast repetition.

10. Offering help. Even though it is better if the system can be used without documentation, it may be necessary
to provide help and documentation. Provide both: fast guidance focused on the user’s task and more detailed
documentation with search functions. Pay attention to the understandability of the help.
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Validation Process
As part of the university course User-Centered Software Development 66 Finnish students performed a usability
heuristic evaluation for a map application by using the heuristics introduced by Kuparinen et al. (2013). 58 of the
evaluators gave their permission to use their usability analysis report in part of the research when updating the usability
heuristics for mobile map applications.
The task for the evaluators was to conduct a usability analysis for a mobile map application by a smart phone, or in the
case of not having a smart phone, for an internet browser based map application by a laptop or desktop computer.
Depending of the smart phone’s operating system, three options were offered for the analysis of a mobile map
application: MapFactor Navigator Free (MapFactor, 2013) for Android, MapFactor Navigator Free (MapFactor, 2013)
or Nokia Maps (Nokia, 2013) for Windows Phone and NavFree (Navmii, 2013) for iOS. Three different applications
were offered because of the problem of finding one suitable mobile map application for every operation system. As
there were a total of 138 students registered for the course and all of them were possible participants also to conduct the
usability analysis, we were not able to arrange a smart phone with consistent operating system for all of them. Instead,
the students were allowed to use their own smart phone, or one of the loanable smart phones, to complete the analysis.
If a student could not use a smart phone, he was allowed to conduct the analysis by a computer. In that case, the used
map application was Fonecta Maps (Fonecta, 2013).
The number of evaluators using each of the applications was following:


MapFactor Navigator Free (Android): 17 evaluators (29 %)



Nokia Maps (Windows Phone: 12, Symbian: 4, Meego: 1): 17 evaluators (29 %)



NavFree (iOs): 8 evaluators (14 %)



Fonecta Maps (Computer and web browser): 16 evaluators (28 %)

To clear it up, 28 % of the analyses were completed with computer and a browser-based map application and total of 72
% with mobile map applications.
The tasks the evaluators executed were:
1.

Locate yourself on the map so that you can see your current street address.

2.

Find a predefined address by using the search function of the map service.

3.

Scroll the map. Try to perceive the target location in relation to your current address. Do not use navigational
tools, but only scroll the map.

4.

Get navigation guidance: You want to walk to your predefined target location. Get pedestrian guidance. Check
the estimated travel time.

5.

Find a Point-of-Interest. You are planning to have lunch after your meeting in the predefined target location.
Find a restaurant which is located a maximum 500 meters from your target location.

6.

Find another predefined address: Use the search function of the map service.

The task number 6 was a trick question. The predefined address didn’t really exist and the goal of the task was to see
how the map service works in a case when it cannot find the address – and how will the heuristics answer to an error
like that.
The tasks were chosen to fulfill the typical tasks for mobile map applications. For example, Wiener et al.’s (2009)
taxonomy of wayfinding, including i.e. exploration, search, undirected and directed wayfinding, target approximation
and path planning, was used as the basis for formulating the tasks.
The evaluators were also asked about the understandability of each of the heuristics. The questionnaire used in this
asked numerical estimation of the understandability of each of the heuristics in a scale from 1 to 5. There was also a
possibility to give comments of each of the heuristics. Although it was voluntary to fill this questionnaire, still 41
evaluators took part also on this part of the study.
As the author of this paper is one of the developers of the validated heuristics, and by that the research may be seen as
participatory action research (PAR), it was essentially important to describe the research method strictly – so that has
been the goal in this research report.
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ANALYSIS OF TESTING THE HEURISTICS
A total of 903 usability problems were reported in the evaluation reports. The summary of the quantitative analysis of
the evaluation is presented in Table 1.
Table 1. Found problems with the heuristics. The especially low and high values in the category All are bolded.
Heuristic

Amount of problems
found per evaluator

Severity of problems,
mean
(0-4, 4=the worst)

Major or
catastrophic
problems

Understandability,
mean
(1-5, 5=the best)

1. Visibility of the
contextual map functions
and important locations.

All: 2,6

minor (2,3)

42 %

3,9

Mobile: 2,8

minor (2,3)

42 %

3,9

Browser: 1,9

minor (2,3)

43 %

3,9

All: 1,9

major (2,8)

59 %

4,1

Mobile: 1,9

major (2,8)

63 %

4,0

Browser: 1,8

major (2,7)

50 %

4,2

All: 0,7

major (2,6)

49 %

4,0

Mobile: 0,5

major (2,5)

36 %

3,9

Browser: 0,9

major (2,8)

67 %

4,4

All: 1,7

minor (2,4)

50 %

4,0

Mobile: 1,8

minor (2,3)

47 %

3,9

Browser: 1,7

major (2,6)

58 %

4,1

All: 1,0

major (2,6)

54 %

4,0

Mobile: 1,2

major (2,7)

54 %

4,0

Browser: 0,7

minor (2,4)

55 %

4,1

All: 1,6

minor (2,2)

38 %

4,0

Mobile: 1,7

minor (2,1)

36 %

3,9

Browser: 1,3

major (2,6)

45 %

4,4

All: 2,3

minor (2,4)

47 %

3,8

Mobile: 1,8

minor (2,4)

51 %

3,8

Browser: 3,8

minor (2,3)

43 %

4,0

All: 0,8

minor (2,2)

35 %

4,1

Mobile: 0,6

minor (2,3)

38 %

4,1

Browser: 1,3

minor (2,1)

30 %

4,3

2. Match between the
system and the physical
surroundings of the user.

3. User control over map
functions.

4. Consistency and
standards

5. Error prevention.

6. Recognition rather
than recall.

7. Flexibility, scalability
and efficiency of use

8. Balanced and
simplistic visual design
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9. Recognizing,
diagnosing and
recovering from errors

10. Offering help.

Undefined heuristic

All of the heuristics,
mean

All: 1,1

major (2,6)

51 %

3,8

Mobile: 1,2

major (2,7)

56 %

3,8

Browser: 0,7

minor (2,1)

27 %

3,7

All: 1,7

major (2,5)

53 %

4,1

Mobile: 1,8

minor (2,4)

53 %

4,0

Browser: 1,6

major (2,6)

52 %

4,3

All: 0,2

cosmetic (1,2)

27 %

XX

Mobile: 0,2

cosmetic (1,3)

33 %

XX

Browser: 0,2

cosmetic (0,5)

0%

XX

All: 1,6

minor (2,4)

48 %

4,0

Mobile: 1,6

minor (2,4)

48 %

3,9

Browser: 1,6

minor (2,4)

46 %

4,1

The heuristics number 1 (Visibility of the contextual map functions and important locations) and 7 (Flexibility,
scalability and efficiency of use) were most efficient for finding the problems. The heuristics number 3 (User control
over map functions) and 8 (Balanced and simplistic visual design) were in use to find the least amount of problems.
The most critical problems were found with the heuristics 2 (Match between the system and the physical surroundings
of the user), 3 (User control over map functions), 5 (Error prevention) and 9 (Recognizing, diagnosing and recovering
from errors). This finding indicates these heuristics to be essentially important. Although the least severe problems were
found with the heuristics 6 (Recognition rather than recall) and 8 (Balanced and simplistic visual design), these
heuristics cannot be seen as totally useless as the percentage of found major or catastrophic problems was still over 30
%.
Examples of the problems are presented in Figure 1.

Figures 1A (left) and 1B (right). 1A: From the evaluator’s problem report: A usability problem concerning the heuristic
number 3: User control over map functions. The evaluator reported that when he was trying to mark a POI on the map,
all the search results were reset. 1B: An example of catastrophic problem: the map is not corresponding the physical
surroundings; there is too little map data, road names or even the roads are missing.
There were 10 reported problems (1 % of all) that were not categorized under any of the heuristics. As the amount is
very small, that indicates that the heuristics work well in finding the usability problems as well as supporting to revolve
the solutions for the usability problems.
33 of the reported problems (4 % of all) were not connected to any of the assigned tasks. It seems that most of these are
because of neglected completion of the analysis report but at least some of them were problems that were not connected
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to any of the tasks. These problems were mostly related to the outlook, color and aesthetics of the application. This
raises the suggestion that, besides the specific tasks in the heuristic analysis, there should always be included the overall
evaluation of the aesthetics of the user interface.
Although the analysis is done also between the mobile and browser-based map applications, there should not be too
much attention paid on the differences of these. That is because the applications differed between each other and
naturally had differences also by means of usability. It is though interesting that the heuristics were equally effective in
finding usability problems with both, mobile and browser-based applications. Naturally there were heuristics that did
not work that well with browser-based application that is typically used in a stationary manner and not by mobile
device.

Understandability of the Heuristics
Also the overall data of the understandability is presented in Table 1. The data of one of the evaluators had to be
excluded as the evaluator hadn’t understand the questions correctly.
The overall understandability of the heuristics was good: mean 4,0 in the scale from 1 (very difficult to understand) to 5
(very well understood). The understandability of the heuristics was also compared to each other. The heuristics that
were the most difficult to understand were numbers 7 (Flexibility, scalability and efficiency of use) and 9 (Recognizing,
diagnosing and recovering from errors).
Some of the comments that were seen as the most substantive in the development of the heuristics, are presented
following.
Conflicting with the heuristic 1, it was stated that the map view is not natural to stay visible at all times in a mobile
device when the screen is small and the active use of functions covers it. Also the different use cases concerning
transportation methods were noticed.
Concerning the heuristic 4, the evaluators stated that the standards or commonly known symbols are not always clear to
the evaluators. It was also pointed out that the language problems are not identified to any of the heuristics and they
could be put part of the heuristic number 4. Also the need for allowing differing solutions for example because of
company-wide practices was discussed.
Heuristic number 5 was commented with the notice that the prevention of user getting lost could refer also to getting
lost in the application menus. One evaluator identified overlapping of the specification “offer possibility to recover from
errors” and the heuristic number 9.
About heuristic 8 one evaluator pointed out that the capability to obey this heuristic depends on the experience of visual
design and that is why this heuristic may lead to undesirable results. The problem is similar to heuristic number 4 – if
the evaluator isn’t experienced with using map applications, he may not have the needed experience of the standards.
In the comments of heuristic number 9 it was stated that it is good to show also the exact error code e.g. behind a link
for the power users that are willing to find out more about the errors. Two evaluators felt that saving the user’s previous
searches for fast repetition should not be part of this heuristic.
Many problems (total 166, 18 % of the overall amount of problems of 903) were marked to break multiple heuristics.
Especially common were the combinations of the heuristics 1 and 6 (overlapping 23 times) and 6 and 7 (overlapping 17
times). All the common cases of overlapping were:


23 times: heuristic 1+6



17 times: heuristic 6+7



15 times: heuristics 7+10 and 9+10



14 times: heuristics 1+2, and 1+4, and 1+7, and 2+5



13 times: heuristics 1+10, and 4+6, and 5+10



12 times: heuristics 2+6, and 5+9

The findings indicate the need to clarify the difference of these possibly overlapping heuristics. The overlapping of the
heuristics 5 and 9 was also reported in the verbal reports so these heuristics need special attention in the formation of
the updated heuristics.
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RESULTS
At first the overall results of testing the heuristics and analysis of the heuristics’ understandability are presented. After
that the validated and extended heuristics are introduced.

Results of the Validation
In the evaluation reports, there were only small amount of usability problems that were not categorized under any of the
heuristics and any of the assigned tasks. This indicates two conclusions. At first, the heuristics seem to work well in
finding the usability problems. At second, the tasks seem to be adequate to point out the problems. It is still noteworthy
that there were some usability problems that were not categorized under any of the tasks and these problems were
mostly related to the outlook, color and aesthetics of the application. This leads to a conclusion that the evaluation of
the overall aesthetics of the user interface should always be part of the heuristic usability evaluation even though it
wouldn’t be a part of the actual tasks.
Also the low severity value of the problems that were found outside the heuristic set indicates that the original heuristic
set covers the typical and the most influential usability problems well.
As there was equal amount of usability problems found per user with both, mobile and browser-based map application,
it is probable that most of the heuristics work sufficiently also with map applications that are used in stationary manner
with browser-based applications.
It is essential that the evaluators understand the heuristics correctly, so it is needed to improve the understandability of
the heuristics that were unclear to the evaluators. As we conducted the usability analysis for the total of four different
applications, the information about the suitability and understandability of the heuristics became clear in the analysis
phase. As the heuristics are supposed to be used also by non-usability professionals, also a need to simplify the used
terminology is real.
Based on the evaluators comments of understandability, it is preferable to have also “other problems” section in the
heuristic evaluation form.

Validated and Extended Heuristics
To make the heuristics clearer, verbs were included already in the titles of the heuristics. To avoid the overlapping that
realized with the tested heuristics, the heuristic titles were detailed and descriptions updated. Also, two more heuristics
were added in the simplification phase of the contents of the previous heuristics. The heuristics were also reorganized to
have the similar but differing heuristics consecutively to each other in order to make the understanding of the
differences easier. Next, the most remarkable changes are presented.
Heuristic 1: The heuristic was moved to be the first one as this can be seen to be the most important heuristic for map
applications. The importance of preventing the user from getting lost is emphasized. (Old heuristic was number 2.)
Heuristic 2: Detailed guidance of the need for having map view visible is added. A mention about the locating the
advertisement is included. The mention of giving feedback within reasonable time is relocated to heuristic 10 and the
mention of map functions is divided to a new heuristic, number 3. (Old heuristic was number 1.)
Heuristic 3: The main map functions are specified. The need to indicate also the location in the application functions is
added. (Old heuristic were numbers 1 and 6.)
Heuristic 4: As the support for the shortcuts of locations and previous searches is typical and useful function of map
applications, it is separated to be a new heuristic. Also the notice of minimizing user’s memory load is more coherent in
the context of providing shortcuts for locations and additional information than with the visibility of still typically quite
few and simple map functions. The confusing heuristic title “Recognition rather than recall” was also simplified in this
heuristic. “Addresses from contact book” is now mentioned. (This heuristic is mainly new.)
Heuristic 5: As the heuristic “User control over map functions” was the least efficient in the finding of usability
problems and previously it was not presented in a very clear title, it is reformulated. The possible interruptions are
widened. A need for returning to the previous application state after using other applications is added. (Old heuristic
was number 3.)
Heuristic 6: Mentioning the standards was found challenging as the evaluators pointed out that the standards may be
unknown to evaluators. Heuristic is clarified in this manner. It is clarified that the consistency refers to the
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implementation of the map features in different parts of the application. Examples of the preferred map symbols are
given. It is not anymore strict requirement to use commonly used design solutions. (Old heuristic was number 4.)
Heuristic 7: The evaluators pointed out that there was no heuristic for the consistent use of terminology and use of
language so this heuristic is added. (This heuristic is new.)
Heuristic 8: The title is clarified and the mention of preventing user of getting lost is relocated to heuristic 1. (Old
heuristic was number 5.)
Heuristic 9: The error codes are guided to be shown behind links. Saving previous locations is moved under heuristic 4.
(Old heuristic was number 9.)
Heuristic 10: A mention of map functions is moved to heuristic 3. The need to adapt to different use cases is added. The
need of letting the user adjust the power saving options is added. (Old heuristic was number 7.)
Heuristic 11: The description is simplified. Examples of informative colors are added. (Old heuristic was number 8.)
Heuristic 12: “May be necessary” is changed to “is necessary”. (Old heuristic was number 10.)
The validated and extended, new heuristics are:
1.

Match the map and the physical surroundings. To prevent the user from getting lost the map application
should show clear indication of the user’s location and other important locations (e.g. destinations and Pointof-Interests, POIs). It is essential that the map corresponds in an understandable way with the physical
surroundings of the user. The map should be up-to-date.

2.

Keep the map visible when needed. The map view should stay visible as often as possible when the user is
actively using the application and especially when there is a need for critical navigation guidance. If there is
advertisement shown in the application, keep it away from covering any critical parts of the user interface or
map view.

3.

Keep the important functions easily accessible. Make sure that the main map functions (e.g. exploration,
search, wayfinding) are easily accessible. Use short menu paths for the main functions or keep the main
functions present all the time. Make it clear of which part or function of the user interface is currently used.

4.

Offer shortcuts for locations. Minimize user’s memory load by allowing the use of shortcuts for important
locations (e.g. home, previous searches, addresses from contact book). Support the use of POIs. Give easy
access to additional information (metadata, links, user-generated content).

5.

Allow multitasking and interruptions. Allow the user to take control of the map application when
interruptions (from the mobile device: phone call, message, notifications, etc.; or from the concrete
surroundings: traffic, having a break in a cafe, bad weather, etc.) happen. Allow multitasking and keep it easy
to return to the last state of the map application after use of other applications.

6.

Prefer commonly used graphical and functional design solutions. Use well-known design solutions in the
user interface if you do not have a new solution that is strongly proven to be intuitive. Be consistent within the
use of interaction gestures (e.g. zooming and panning), controls, functions, elements of user interface and map
features in different parts of the application. Use clear, intuitive, commonly known map symbols (e.g. arrows
for directions, magnifying class for search, plus and minus for zoom).

7.

Use understandable terminology consistently. Avoid use of special terminology. Make sure to use the same
words with same meanings in different parts of the application. Use the language that is preferred to the user.

8.

Prevent errors and recover from them. Make the map application free of errors. If errors still happen, be
sure to offer the possibility to recover from them easily.

9.

Recognize errors and inform of them clearly. When errors happen, the error messages should be expressed
in plain language (error codes only behind a link), precisely indicate the problem, and constructively suggest a
solution. Indicate clearly also the reasons for why the searched locations are not found.

10. Provide flexibility, adaptability and scalability. The application should interact with the user by giving
informative feedback within reasonable time. The application needs to adapt to different use cases (e.g.
pedestrian navigation in forest, driving). Make sure the user interface is scalable for different screen sizes. Let
the user adjust the power saving options to lengthen the device’s battery life.
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11. Follow balanced and simplistic visual design. Use clear contrast between visual elements, balanced layout
and informative colors (map: forests as green etc., user interface: alarms as red). Visual elements should guide
users gaze to important elements. Avoid visual clutter.
12. Offer help. Even though it is better if the system can be used without documentation, it is necessary to provide
help and documentation. Provide fast guidance focused on user’s task and more detailed documentation with
search functions. Pay attention to the understandability of the help.

CONCLUSIONS
As a result, it is shown that the previously presented heuristics were suitable for the evaluation of mobile map
applications. The analysis of the understandability of the previous heuristics pointed out the need to clarify them. The
new, validated and extended usability heuristics introduced in this paper are supposed to be widely usable in the
development of mobile map applications.
The collected data set is very large and it would give possibilities for more detailed analysis, especially with the
qualitative aspects of usability evaluation reports but also with the quantitative data. For example, the analysis of the
amount of a certain problem found by different evaluators could strengthen or weaken the validity of a certain heuristic.
It was though not possible to analyze the data for this paper in more detail but the data still gives possibilities for further
analyses.
A good next step for the research in the field of the usability heuristics of mobile map applications is to complete
analyses of different mobile map applications with these updated heuristics. Also a comparative study of these domainspecific heuristics and general heuristics would further test the efficiency of these heuristics. Besides the steps related to
usability heuristics, more usability research overall is needed to further develop the user experience of mobile map
applications with the expanding use cases of them.
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Abstract
Pellazg were the most ancient people that populated the Ballkans. Illyrians, as successors of the Pellazg and
predecessors of Albanians, were among the oldest and autochthonous inhabitants of the Western Balkans, from the
river Danube branches, rivers Sava and Drava in the North, to the Ambrakia Bay (Preveze) in the South; and in the
east they also populated Western Macedonia. Historic literature and different maps, especially geographic and
ethnographic maps, published during the centuries, witness best about the position of the territory and Albanian
ethnicity in this part of the Balkans. This paper analyzes, main cartographic material (especially geographic and
ethnographic maps) published in different times, and through them assesses spatial spreading of the Albanian territory
and occupation of a vast part of the territory by neighbor countries. Based on historic facts and mainly in geographic
and cartographic data of Professor Ahmet Gashi, Albanian territory takes up an area of approximately 85000 km2..
Currently, about 45365 km2 of the area of the territory is found under political administration of bordering countries
with Albania and Kosovo.
Keywords: GIS in Education, Cartographic, Etnographic, Albanian land, Geographic

A SHORT HISTORICAL OVERVIEW ON AUTHOCTONOUS ALBANIANS AND THEIR
TERRITORY
Different authors, local and foreigners, have proved that Albanians are autochthonous in their territory. Thus, according
to Edith Durham “Dardanians that constituted the population of Illyrian state and of whom Albanians are direct
descendants, used to live in the region of what is now Kosovo and Metohija and in a part of Macedonia". In his book
“A journey from Belgrade to Thessaloniki” (1866) Georg von Hahn recognizes the Albanian uncontested majority in
the Fushe Kosova plain to the banks of the Vardar River in Skopje. “These Albanians are autochthonous in these
territories”, he says.
Historical facts prove without equivocation, the Albanian affiliation of Epirus. In addition to the historical course, the
Swedish scholar Martin P. N. Nilson says: “Epirus is non-Greek in any point of view”. According to the Byzantine
Emperor of the X century Leo IV the Wise “Residents of Epirus and Albanians”, while according to Lyber “The
island of Cyprus was originally inhabited by Illyrians”.
Ami Boue in her book “The European Turkey” (1889) wrote that the Vilayet (province) of Ioannina, Scoutari, Monastir
and Uskup were ethnically simply Albanian”. According to the Greek consul Mavromatis, who was staying in Shkoder
during 1876-1881 "Geographic Albania is made up of territories stretching from Montenegro to the Gulf of Arta and
from Pindi to Shar". Colonel Lik notes: “Albania is spread throughout the entire east coastline of the Ionian and
Adriatic Sea, including parallels 39° – 43° ”.
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However, many local and international authors have given voice to the area of the Albanian territory. According to
Sami Frashëri “Albania has an area of 70000 km2, while according to the French scholar L. Uelavitch “The area of
Albania is 75000 km2’’. The other Albanian scholar T. Selenica says: “The area of Alnaian is 80000 km2”. While the
real ethnic borders of Albania are described by Professor A. Gashi (Figure 1). According to some historical data, the
information of this map and some other cartographic data studied in this paper, the Albanian territory is approximately
85000 km2.

Figure 1. Albanian territory according to Ahmet Gashi’s map
Presently, only 39635 km2 of the area of Albanian territory is politically administered by Albania (28748 km 2) and
Kosovo (10887 km2), while the other part, circa 45365 km2, are under political administration of Montenegro, Serbia,
Macedonia and Greece.

Old maps – an important source of information on the spatial position of the Albanian territory
Besides given proof from the Albanian historyography and the careful examination and of maps clearly enlightens the
historical truth about spatial position of the Albanian territory. Illyrians, the ancestors of Albanians, were spread in a
vast area of the Ballkan Peninsula, which is seen clearly through the maps of Homer (figure. 2) and Herodotus (figure.
3).
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Figure 2. Map of Homer (year 700 B.C)

Figure 3. Map of Herodotus (year 465 B.C)
As we can see from picture 1, due to the lack of exact and quick information and communication, Homer’s knowledge
in history and geography about the surrounding world in that time was very humble, even, if we have a close look of the
map, the Earth was believed to resemble a disc surrounded by “the World Ocean”. What we are interested in is that, on
the map we can see the designation under “Thesprotia”, with which Homer shows the presence of some Illyrian tribes
whose name is capitalized and so is the position of the designation. Usually, on a map, the length of the designation
border units is shorter compared to the cartographic sign of the border line, thus the Illyrian position was wider.
Anaksimandri’s map (Figure.4) year 565 B.C., is a correction of Homer’s map and several authors consider it as a
Homer-Anaksimandian map. On this map, for the first time the designation “Illyrioi” is placed which means “Illyria” as
well as its province “ Chaonoi” (Kaonia) and “Liburnon” (Liburnia). For the first time, the Apennine Peninsula, Iberian,
Armenia and other islands are shown in the Mediterranean ( A. Shehu, P. Nikolli, 2001).

426

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Figure 4. Anaksimandri’s map (year 565 B.C)
Herodotus map (Figure.3) dates back to 465 B.C., which notes a significant improvement on the geographical position
of the countries that surround the Mediterranean Sea.
Among other things, this map marked two names: Illyrii and Thermopylae. The first denomination, the writing of which
starts from the Bay of Venice, represents the Illyrians (Herodotus calls Venetians - Illyrian), while the second shows the
name of the border between Greece and the Kingdom of Illyria. Herodotus, who is considered the father of history,
wrote the truth about historical events of the people dwelling around the Mediterranean Sea and he visited these
territories several times.
On this map river "Istria" (Danube) is marked, a part of which restricts the Pannonian territory that the Illyrians lived in
these territories. Later, other maps were created, of the known world at that time, as by: Hecateu (century V B.C),
Eratosthenes (century III B.C), Strabo and Poseidon (century I B.C), but important elements were not overlooked.
In F.W. Putzger’s atlas of 1897 , there are two maps, in which the position of Illyria is shown. Thus, each map (Figure.
5) shows the historical situation in the middle of VII century B.C. where Illyrians position was to near Thermopylae ,
on the border with Greece . In this map are shown great kingdoms of Illyrian as Dardanians, Taulants, Desaretes , Peon
etc., as well as the boundaries of ancient Greece and a part of its colonies . But this map, for the geographical area that
includes, does not indicate the entire area of northern Illyrian territories . These territories are complemented by another
map (Figure.6) showing the historical situation in the century I A.D, i.e. at the time of the Roman Empire. In this map,
there is also the geographical scope of Dardania (Kosovo), (A. Shehu, P. Nikolli, 2001).

427

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Figure 5. Map taken from the Atlas of F.W.Putzger, 1897 (century VII B.C)

Figure 6. Map taken from the Atlas of F.W. Putzger, 1897 (Century I A.D.)
Names of the ancient places found in old maps, shed light on the autochthony and Illyrian origin of Albanian people
located on its territory outside the national borders of Albania , despite the efforts of Serbian historians, etc., trying to
erase the traces of ancient native history , replacing them with Slavic names ( Cërabregu, M., 1977). Thus, in the last
century, Serbian historiography school attempted to wipe from circulation the term "Kosovo" and replace the term of
the fabled "Stara Srbija " (Old Serbia). But this invented term, not only is not found anywhere in the historical literature
of the past centuries, but it was not even marked in maps of Eastern Europe ( Cërabregu, M., 1977), such as those of
Russell, Gostald, Mercator, Kantelit, Qelebi, Jansonit, Koronelit etc. of the XV – XVIII centuries.
“Old Serbia”, Mithat Frashëri wrote, as a term appears for the first time in 1845, in " Map of the Principality of Serbia"
Jean Bugovskit , printed in Belgrade , where the Bjellopolje province , in the southwest of Serbia, is shown by the name
of Old Serbia. In Vuk Karadzic’s geography, published in Belgrade in 1827 this term does not appear ( Frashëri, M.,
1998).
Important information for the region of Kosovo, located in fifth and ninth decree Ptolemy (87-150 A.D). There are
marked settlements and localities regarding to the ownership of the province, for instance, in the province of Dalmatia
are located Chinna (Klina), Thermidava (Prizren), Siperantum (Peja) - in the course of Drilon i.e. Drini today
Arrhibantium (today the area around Orahovac ) Ulpiana (near Pristina), Vendenis ( near Podujevo, etc.).
Roman maps, although general appearance, from geographical point of view have the most complete content compared
with maps of Ptolemy, despite their lack of geodetic basis. In figure 7 a Roman map is shown featuring Albanin
territory. In this map, except antique centers that Gervasio ( Gervasio, M., 1940) mentions, there are distinguished
names in the territory of Kosovo as Theranda (to Ptolemy - Termidava, located near Prizren) Ulpiana (near Pristina),
Vendenis (near Podujevo), Gabuleo (Gjakova), Siparantu (Peja) etc.
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Figure 7. Roman Map
In the second half of the XVII century, the well known geographer of the republic of Venice, priest M.V. Koroneli
(Coronelli, P.M., 1697) ( M. V. Coronelli, ) , could provide valuable geographic data associated with the inner part of
Eastern Europe in general and in the presentation of the Kosovo area in particular. Although Koroneli was not himself
in Kosovo, he found a good support at reports of Catholic missionaries of the Franciscan Order, which stretched nearly
across the region of Kosovo. In the north of Podrime where the church was the center of the Franciscan province,
marked name of place Campo Cassovo (Kosovo Plain). Koroneli though sometimes is mistaken, especially when
explaining etymological explanation of some names, nevertheless he gave the first real appearance of cartographic
Kosovo and Albania.
By the end of the XV century, in various maps, Kosovo was given the name as a settlement called Cascoca. In
subsequent mapping editions of the XVII – XVIII centuries, often occurs Cassoius or Merularum Campus term, and by
the end of the XVIII century, present term Kosovo Plain started to be used. In XIX century, regions of Kosovo,
administratively became known as the Vilayet of Kosovo (1877-1913) which was one of four Albanian vilayets of this
period. After the London Conference (1913), this region broke away from the motherland Albania arbitrarily and was
annexed to Serbia.
By carefully analyzing the maps of Ptolemy, of the Roman Empire (362 of 406 CE), “tabula peuntigeriana” (IV century
AD), the Atlas Catalan (1375), the Pannonia and Illyricum (1590) , the Turkish Empire (1639), map of the states of the
Turkish empire in Europe (1692) map of the Kingdom of Dalmatia (1696), the new map of the kingdoms and provinces
of Dalmatia , Croatia and Slovenia (1709), the map of the Turkish empire (1711), etc. , are data on Albanian territories
and geopolitical and it can be seen that, their definition has changed whenever they were conquered. Rich cartographic
material provides information of interest to point to the systematic dismemberment of Albanian territories from
neighboring countries.

Ethnographic maps. of XIX century, important documents which show the position of the Albanian
settlements in the Balkans
As a result of the historical events, during the nineteenth century, in particular, the declaration of independence of
several Balkans states and their desire to tear apart territories from our territory etc., they have had important
publications, particularly cartographic publications and ethnographic maps. The latter, most of which is distinguished
personalities authors of historical sciences in Europe, they have played an important role, as documents that have not
affected the further disintegration of the remaining territories. Ethnographic map published by Albanian authors as N.
Lako, A. Gashi, N. Kosturi etc., which are distinguished for uncontested truth. In his book entitled "Albanians and
Slavs", Mithat Frashëri scholar and politician, put some ethnographic maps, derived mainly from XIX century, and
made a short analysis. Frenchman G. Lejean, published in 1861 (Figure. 8) his ethnographic map, in which clearly the
position of Albanians in the Balkans.
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Figure 8. Lejean Ethnographical Map (1861)
From this map it is noted that:


All " Old Serbia ", up close to the New Bazaar , the Leskovac and Vranje , is Albanian .



area of Ulcinj and Tivar was also Albania.



Albanians lie in the north of Shkodra .



Epirus is Albania .



However we may notice these inaccuracies:



There seems no presence of Albanians in Skopje and Bitola, Resen .



Presence of Serbs between Peja, Gjakova , Prizren and Pristina is exaggerated etc. However, M. Frasheri says
Lejean, his work expressed great sympathy for Albanian race.

The map of F.Mirkoviç (Shehu, A., Nikolli, P., 2001)., published in Moscow in 1867 (figure. 9), indicates the position
ethnographic Albanians in the middle of the south, to the bay of Corinth, but the author makes an error in appearance
respective ethnicities ( especially the Albanians ) in the north of Albania.
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Figure 9. Ethnographic Map of Mirkoviç (1867)
Ethnographic map of Croatian P.Bradaska (Figure 10), published in 1869 is a bit more accurate, compared to map
Mirkovic, because:


In the area between Pristina , Prizren, Djakovica and Kosovo Albanians and Serbs live .



Albanians are expanded to Bar and Moraca River Valley .



Areas of Kumanovo , Skopje , Velezhës , Bitola and Florina are inhabited by Albanian majority , etc .
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Figure 10. Ethnographic Map of Croatian P.Bradaska (1869)
Ethnographic map of H.Kiepert (Shehu, A., Nikolli, P., 2001), German cartographe, published in Berlin in 1876 (Figure
11), who has known closely Albania, testifies for the improvement of some deficiencies that were cited in the above
maps in the north of country. From this map is noted that vilayets of Scutari, Skopje and Bitola, Albanian-populated
territories. But Kiepert is wrong when he does not indicate the presence of Albanians extension at least until Preveza.

Figure 11. Kiepert’s Ethnographic Map (1876)
Ethnographic Map of Carl Sax (Shehu, A., Nikolli, P., 2001), published in Vienna in 1878 ( Figure 12.) can be
considered as the most accurate ethnographic map of European Turkey. Saks, being consul in Albania for 17 years in a
row ( representative of the Austro -Hungarian Empire ), visited many Albanian places , and has been very attentive to
his studies . However, areas of Bar , Podgorica , Plav and Guci , he would have not known , since his map, erroneously
indicated that they are inhabited by Serbs. Saksi is also wrong to not filing Albanians around Skopje, as well as the
presence of Greeks in Himare the area of Saranda . However , it seems clear that the vilayets of Janina , Skopje ,
Shkodra and Monastery , were mainly inhabited by Albanians.

432

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Figure 12. Sax’s Ethnographic Map (1878)
Finally, the Romanian Constantin Noe’s map (Figure. 13), published in Bucharest in 1913, where he exaggerates the
presence of Vallaques vAlbanian territories.

Figure 13. Kostandin Noe’s Map (v. 1913)
Besides the above mentioned maps by foreign authors, there are many other map published in different countries of the
world. Only during the time interval 1847-1913, there were published around 17 ethnographic maps . Analysis of the
change in the Albanian political boundaries. Historical literature published over the centuries and maps contains various
maps, especially geographic and ethnographic maps show the best of territories occupied spaces and Albanian ethnicity.
World remarkable history scientists: Joseph Engel (Germany); William Shepherd (US ;Juan Raig Obiol (Spanish);
Georges Duby (French); R. R. Palmer (US, George Philip (England); B. A. Vermaseren (Germany) ; Hans - Erich Stier
(Germany); Orteli (Dutch); Sophiano (Greek), etc . , have created historical atlases , which include the borderline of our
territories over the centuries . But there are numerous authors who have created special ethnographic maps , with a real
reflection of the situation (Shehu, A., Nikolli, P., 2001).
Any anti-Albanian propaganda in ethnic terms is helpless and invalid. Thus, cartographic representations clearly show
the position of the Illyrians who goes to Bavaria today, Albania (Albania) and Epirus (Bassa Albania) that includes the
Bay of Ambracia, etc.
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But there are few historical atlases and maps, in which the reality of the position of our territories is greatly distorted.
Thus, for example: maps of Ptolemy, Macedonia lies in some areas of the Adriatic Sea. This phenomenon, A. Salmani
in his work "The flourishing of civilization and geography", published in 1994 in Skopje, justifies saying that in that
historical period (II-III century A.D), the relations between Albania and Macedonia were excellent, thanks to the power
of Alexander the Great.
For six centuries, until the Congress of Vienna, 1815, in the Balkans were noticed three developments: 1. The uprisings
of the people of the Balkans, on the status of autonomy or independence from the Ottoman Empire. 2. Powerful
interventions of European Countries such as Austria, Russia, England and France, which have special interests in the
region. 3. Reform efforts within the Ottoman Empire. All three of these movements had a significant impact on
changing the political borders and political boundaries (Figure 14).

Figure 14. The dynamics of Serbian conquer during 1804-1913
With the creation of the Pasalik in Belgrade, in 1804, under the sovereignty of the Ottoman Empire, Serbia's southern
border crossing near Zaeçan, Aleksinaç, Loznica, etc. in 1829, according to the Russian-Turkish treaty of Adrianopoli
(Edirne, Serb political boundary was extended to the south of the Albanian territories to near cities, Nis, Novi Pazar,
Senica etc. In March 1878, under the Treaty of San Stefano, as a result of the conclusion of the Russo-Turkish war
(with the loss of the latter), Serbia benefited even more, by invading the territories of Nis, Leskovac, Pirot, Vranje etc.
In 1913 Serbia occupies the rest of Kosovo Vilayet and Monastery. Serbian attempts to conquer the opposition failed
Durres Italo-Austrian, which was not interested in the existence of a strong Greater Serbia in the Balkans. The extent of
Serbia in the Albanian land was accompanied by inhuman crimes and the disappearance of many settlements from the
map.
Alignment in favor of Serbia's Albanian territory Encyclopedia also speaks Serbian, no. 7, 1956, the item "Srbija",
where on the map attached (Figure 15) shows the displacement of the borders of Serbia since 1804 and in 1913. The
same map (less designations) is published in many encyclopedia other world in our country, as well as special papers.
From this map it is noted that in 1804 in Serbia's borders included only pashalik Belgrade, which apparently is far from
Kosovo. This and other territories were annexed only after 109 years. Causes and consequences of the expansion of the
Serbian state border in the years 1833, 1878 and 1913 were analyzed and commented on many historical publications.
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Figure 15. Map from Serbian Encyclopedia, no. 7, year 1956, voice “SRBI”, where Displacement of Serbian borders is
shown since 1804 until 1913
But Greece gained a lot of territory. In ancient time Greece had little territory on the peninsula , but many colonies ,
spread those from the eastern coast of the Iberian Peninsula to the Black Sea coast (Shehu, A., Nikolli, P., 2001).
Ottoman Empire, to weaken the effect and role of the armed uprising of Albanians for freedom and independence, in
1863 and 1881 (figure 16), gave Greece sizeable Albanian territories. Greek border approached Ioannina. On the other
hand, Greece annexed the Thessaly , Ionian islands and many other islands of the Aegean Sea massacring Albanian
population . At the end of the Balkan War, in 1913 Greece occupies the other Albanian territories and its limit today.

Figure 16. Displacement of Greek border in the Albanian territory (Figure 17).
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Figure 17. Cham and other Albanian territories in Greece, according to the map in the book "Albania and Kosovo”
Blue Guide, James Petifer , Tirana 2003 (Original title :Albania and Kosovo” Blue Guide, London 2001)
Montenegro had its territorial expansion (Figure 18). At the beginning of the XIX century, border of Montenegro passed
around Cetinje, and limit the total surface area relatively small, leaving it in the river east of the Moraca Ceni, Albanian
human settlements, Bar, Dodosh, Shpuze etc. In 1830, after the Treaty of Adrianople double the area of Montenegrian
territory, including territory north of Shpuzë and Podgorica and on both sides of the river Zeta etc. In 1859, taking
advantage of the Russian-Turkish war, the area of Montenegro grows mainly in the north and east of it, including the
settlements: Grahova, Dobrushë, Kolasin, Berane, etc. In 1878 after the Treaty of San Stefano, doubles up the territory
of Montenegro, mainly in the north and south of it, including Niksic of Plevle (north), Shpuza, Podgorica, Zhabiakun,
Tivat and Ulcinj (in the center of the south). Finally, in 1913, under the jurisdiction of Montenegro got significant
territories in the northeast and east of it involved in the process, as Albanian settlements important as Plava of Gucia,
Peja (the latter later crossed Serbia), Arbnesh , Braishe, extensive territories between the rivers Tara and Lim etc. Other
historical events that took place in the Balkans in this period, affected the dynamics of the territories in Montenegro
(Shehu, A., Nikolli, P., 2001).

Figure 18. Territory Expansion of Montenegro
The Congress of Berlin (1878) and the London Conference (1913) , seperated significant territories from the Albania
(about 56 260 km2 ) by giving Serbia , Montenegro and Greece . Today, only an area of about 39 635 km2 of the
Albanian territories (Albania and Kosovo) is administered by Albanians.
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CONCLUSION
Various authors, local and foreign, have argued that the Albanians are indigenous to their territory. Dardanians, of
whom Kosovo Albanians are direct descendants, lived in ancient times, in the regions of Kosovo and part of
Macedonia. Historical facts unequivocally prove Albanian affiliation of Epirus.
Literature and historical maps contain maps of different, especially geographic and ethnographic maps published over
the centuries, clearly showing the extent of territory and ethnic Albanians in the Western Balkans that the branches of
the Danube, the rivers Sava and Drava in the north ,to the Gulf of Ambracia (Preveza) to the south.
By carefully analyzing old maps and other cartographic materials it shows that geopolitical definition of Albanian
territories has changed whenever conquest was made.
According to historical data and cartographic materials studied in this work, especially by geographic and cartographic
materials prof. Ahmet Gashi, Albanian territory area is about 85,000 km2. Today managed politically by Albanians
only 39 635 km2 of the Albanian territories (Albania with 28748 km2 and Kosovo 10887 km2); the rest, about 45365
km2 area of Albanian territories, politically administered by neighboring Albania and Kosovo.
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Abstract
Piri Reis was a famous Turkish cartographer, navigator, shipmaster, and geographer, as well as an observer and
researcher of genius. He spent most of his life at sea, especially in the Mediterranean Sea. Carefully observing the
places he visited and combining his observations with his experience and skills in cartography. Piri Reis produced what
has become known as his First World Map of 1513, depicting certain parts of West Africa and Central and Eastern
America, his Second World Map of 1528, representing the eastern coasts of North America, both of which are the most
accurate maps of his time and masterpieces of cartography and his charts collected in Kitab-ı Bahriye. Kitab-ı Bahriye
is a book of navigation, geography and an atlas of the Mediterranean Sea. Besides the maps of the places he visited,
Piri Reis also provides information about various subjects such as local ports, the depths of coastal waters, possible
anchoring points for vessels, vegetation, drinking water, wells, mineral resources, archaeology, climate, socioeconomic
structure, ethnic composition and religious beliefs. In this study, the geographical and spatial information from Kitab-ı
Bahriye (the source of the rivers, the navigational information about the Mediterranean Sea, the magnetic declination,
etc.) were reviewed by comparing them with the modern data.
Keywords: Piri Reis, Kitabı Bahriye,Geo-information

INTRODUCTION
Piri Reis was a famous Turkish cartographer, navigator, shipmaster, and geographer, as well as an observer and
researcher of genius. In the sixteenth century, when the Ottoman Empire was at the peak of its military and political
power, he started his career as a navigator at an early age with his uncle Kemal Reis, a famous commander of the
Ottoman navy, into whose service Piri Reis himself would also be taken (Afetinan, 1992). He spent most of his life at
sea, especially in the Mediterranean. Carefully observing the places he visited and combining his observations with his
experience and skills in cartography (McIntosh, 2000), Piri Reis produced what has become known as his First World
Map of 1513 (Figure 1), depicting certain parts of West Africa and Central and Eastern America, and his Second World
Map of 1528 (Figure 2), representing the eastern coasts of North America, both of which are the most accurate maps of
his time and masterpieces of cartography. Figure 1 and Figure 2 present the surviving fragments of these maps, which
were originally drawn on gazelle skin.

Figure 1. First World Map of Piri Reis (Topkapi Palace Museum, Istanbul)
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Figure 2. Second World Map of Piri Reis (Topkapi Palace Museum, Istanbul)
Apart from the world maps, another important work by Piri Reis is his Kitab-ı Bahriye, which he created by drawing
upon his career-long observations as well as the reference works he collected (Figure 3). Based on scientific principles
and intended for both military and civil users, Kitab-ı Bahriye is not only an atlas containing information on the
geographical, economic and social aspects of almost all the coasts of the Mediterranean, but also a literary work
incorporating poems that describe the geographical themes as well as textual information pertaining to each particular
region mapped. Completing his work in the year 1526, Piri Reis presented it to Suleiman the Magnificent, Sultan of the
Ottoman Empire, and earned his praise. Unfortunately, due to political rumours against him, after producing all these
splendid works, Piri Reis was executed upon the order of Suleyman the Magnificent, whose favour he had previously
enjoyed (Yilmaz, 2010).

Figure 3. An excerpt from the original manuscript of Kitab-ı Bahriye (of 1526) (Topkapi Palace Museum, Istanbul)

KITAB-I BAHRİYE (BOOK OF NAVIGATION)
The other important work by Piri Reis is Kitab-ı Bahriye which he produced on the basis of his observations during his
seafaring experience and the reference works he collected. Based on scientific principles, and designed for use by both
the military and civilians, Kitab-ı Bahriye is not only an atlas containing information on the geographical, economic and
social aspects of almost all coasts surrounding the Mediterranean, but is also a literary work incorporating poetical
sections describing geographical and physical themes, and providing textual information pertaining to each particular
region mapped (Yilmaz, 2010).
Kitab-ı Bahriye illustrates the islands and coasts of the Mediterranean and Aegean Sea for navigators. It is considered to
be a masterpiece of the geography of the Ottoman Empire, world history and historical cartography in general (Soucek
1992). The portolan charts collected in Kitab-ı Bahriye cover the entire coasts of the Mediterranean in a systematic
manner: Aegean Sea, Greece and Adriatic coasts, the Mediterranean shores of Italy, France and Spain, North Africa and
Egypt, the coast of the Eastern Mediterranean and Cyprus, the Mediterranean and Aegean coast of Anatolia and the
Gulf of Saros. Kitab-ı Bahriye combines numerous charts and maps with geo-information relating to the coasts and
islands of the Mediterranean Sea and also provides (physical and human) geographical information about local ports,
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the depths of coastal waters, possible anchoring points for vessels, vegetation, drinking water, wells, mineral resources,
archaeology, climate, socioeconomic structure, ethnic composition and religious beliefs that were not, or could not be,
included on the maps (Yilmaz, 2015). Therefore, Kitab-ı Bahriye has also aroused the interest of geographers,
historians, archaeologists, and linguists. In 1521, the first edition of Kitab-ı Bahriye containing 132 portolan charts of an
island or coastline was produced for navigational aims. In 1526, the revised edition containing 210 better-crafted charts
(a total of 290 maps) was presented as a gift to the Ottoman Emperor, Suleiman the Magnificent.
There are 29 surviving manuscripts of Kitab-ı Bahriye, most of them preserved in museums and libraries within Turkey,
although others can be found in Italy, Germany, the UK, France and the USA. The four-volume facsimile reproduction
(presenting the charts alongside a Turkish transliteration and an English translation of the original text) published by the
Historical Research Foundation of Turkey, drawing on the original manuscript located in the Ayasofya Library (ms.
Ayasofya 2612) is used in this paper.

GEO-INFROMATION WITHIN KİTAB-I BAHRİYE
Compass Roses
Piri Reis gathered notes for Kitab-ı Bahriye during intermittent voyages along the Mediterranean Sea coasts from 1487
to at least 1510 (Soucek, 1992) and made compass observations to determine the north direction for every island or
coast that he visited. These compass measurements were taken into account as reliable because the majority of Ottoman
ships were made of wood before the middle of the nineteenth century. While producing the portolan charts for Kitab-ı
Bahriye he had drawn a compass rose on each chart for orientation. On the compass roses, at least eight directions were
marked and the direction of magnetic north was given with an arrow.
The compass rose north provides a convenient starting point for using Kitab-ı Bahriye as historical data source. The
difference between compass rose north and true (geographic) north can be estimated on the portolan charts by
orientating the charts to geographic north. The portolan charts of Kitab-ı Bahriye are unscaled and lack a reference
system. The orientation of these charts to geographic north requires georeferencing that is aligning the position of the
chart objects to a meaningful spatial coordinate system. The georeferencing defines accurate positioning of the charts in
terms of scaling, rotating, shifting and skewing.
The historical declination data based on Kitab-ı Bahriye needs to be evaluated to ensure that these data can be used as
source data for improving historical geomagnetic field models of the Earth and for verifying existing models or
archeomagnetic data. For the evaluation process, four islands of the Mediterranean Sea (Mallorca, Corsica, Sicily and
Cyprus), two islands of the Aegean Sea (Milos and Anafi) and one island of the Marmara Sea (Imrali) were selected
within the geographical boundaries: 34.53 0 N ≤ φ ≤ 43.05 0 N; 2.27 0 E ≤ λ ≤ 34.62 0 E. The geographical distribution
of eight islands of the Mediterranean, Aegean and Marmara seas are shown in Figure 4 and Figure 5 on both the map
from Kitab-ı Bahriye and the Google-Earth image.

Figure 4. The geographical distribution of the study islands.
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Figure 5. The georeferenced chart images that are superposed on the Google-Earth images
The historical declination values based on Kitab-ı Bahriye can be compared with the declination values that were
generated by a continuous global geomagnetic field model for 0-3 ka. (CALS3K.3) (Korte et al., 2009) and a regional
archeomagnetic model for Europe for the last 3000 years (SCHA.DIF.3K) (Pavón-Carrasco et al., 2009).
In conclusion, the compass roses that were drawn on the portolan charts of Kitab-ı Bahriye can be used as additional or
external declination data source for improving and verifying the accuracy of the geomagnetic field models of the Earth
at regional and global scales, taking into account the sparseness of historical geomagnetic measurements before 1600
AD. The historical declination data determination from all of portolan charts of Kitab-ı Bahriye would be a valuable
objective for the future research (Yilmaz et al., 2010).

The Source of the Nile
The Nile has been regarded by many civilizations as one of the most important rivers in the world. The Nile has had
significant influences on major religions ranging from the pharaonic religions of ancient Egypt to modern Muslims in
Africa. All religions in the desert were influenced by and venerated the life-giving value of river-water and
mythologized it in rituals because the river flowing through the desert was the main source of life. Although the
majority of people, past and present, considered Lake Victoria to be the true source of the Nile (largely due to
hydrological factors), the largely overlooked historical and geographical information regarding the Nile in Kitab-ı
Bahriye indicated a completely different region for the source of the Nile completely.
The main geographical information pertaining to the Nile in Kitab-ı Bahriye is contained within a poetic section on the
discovery voyages of the Portuguese in the Indian Ocean region. This section reports that after the death of the king of
Portugal, one of his two sons assumed the throne. The other son lived in exile on the northwest coast of Africa for thirty
five years before becoming king after the death of his brother. The same narrative reports that sailors could sail round
the southern point of Africa with new and bigger ships making it possible for them to navigate the Cape of Good Hope.
The physical geographic location was captured by the following expression:
“Those who discovered Kavu Bono İspiransa (Cape of Good Hope) set up there a column and a crucifix. Know then
that this is the farthest extremity of the continents of the world. This place is part of the southern region and it lies
beyond the equator. That cape lies thirty four degrees below the equator.”
Poetical expression continues with the narration of old Ethiopia, which extended over vast domains of Africa. This
section also contains the first important geographical information regarding the source of the Nile and is described as:
“Starting from the source of Nile, the cape lies fully fifteen degrees beyond.”
Afterwards Piri Reis wrote that he received the information regarding the source of the Nile from people living in the
territory ruled by a black ruler named Manu Konkori (Manikongo), the title of the rulers of the Kingdom of Kongo
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during the 14th - 19th centuries. This area consisted of land that currently forms part of present-day Angola and the
Democratic Republic of Congo.
Piri Reis provides further physical geographical information related to the source of the Nile as follows:
“They said there was a great desert there and beyond that a lofty mountain. The Nile River starts out as a trickle from
that mountain, becomes a lake, and then arrives at the desert. Spilling out of the lake it advances and rises as more
water comes. That is, at the same time it flows through the flat places. Advancing further, it sinks into the Earth.”
In the subsequent poetic sections, positional information is provided in addition to the geographical information related
to the source of the Nile:
“The source of the Nile is beyond the equator and it lies in the nineteenth parallel.”
In the final poetic section, the physical location of the source of the Nile and the flood regime were described in the
following way:
“The source of the Nile lies beyond the equator. When it is winter here, it is summer there; and when it is summer here,
it is winter there. For when it is winter here, the sun is closer to those places while it is far from us. For this reason,
when winter comes here, it is summer on the far side of the equator. This is the reason for the flooding of the Nile: that
is, you should not be surprised that it floods in the summer.”
In later sections of Kitab-ı Bahriye, Piri Reis provided a detailed geographical explanation regarding his journey
on the Nile from the delta on the Mediterranean coast at Rashid (Rosetta) Strait. In his detailed charts, Piri Reis
provided physical information required for safe sailing on the Nile, including geographical details, depth
information, locations of the harbors and directions of the winds and the nature of the communities inhabiting
the area. The Nile Delta region upstream to Cairo was displayed in five overlapping charts (Figure 6) providing
continuous coverage. Each chart has a rose compass that provides an orientation to facilitate navigation (Yilmaz
et al. 2010).

Figure 6. Portolan charts of the Nile from the Rashid Strait to Cairo from Kitab-ı Bahriye
The statement in Kitab-ı Bahriye regarding the location of Cape of Good Hope 34 o south of the equator, which has been
located by modern measurements at 34° 21′ 29″, is a good indication of the geodetic accuracy of measurements made at
the time by Piri Reis. This allows the position and physical information within the Kitab-ı Bahriye to be generally
accepted as reliable. The statement regarding the geographical location of the source of the Nile as 19 o latitude south of
the equator and the difference between the source of the Nile and Cape of Good Hope as 15 o are also relatively reliable
(Figure 7). When analysing the region 19o S in Africa (as the potential source of the Nile), a large inland delta in the
central part of the Kalahari Desert, the Okavango Delta was indicated (Figure 7). If the Okavango Delta was considered
as a possible source for the Nile, the question arising from this and requiring further examination is which route did the
water follow from this delta to the Mediterranean Sea? The answer to this question assumes connectivity of water from
the Okavango Delta to the Great Lakes Region of Africa. The hypothesised route of the water from the Okavango Delta
(assumed by Piri Reis as the source of the Nile) to the Mediterranean Sea was via Lake Victoria.
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Figure 7. Africa lakes and rivers with the positional information from Kitab-ı Bahriye
(A) Okavango Delta, (B) Lake Kariba, (C) Lake Malawi, (D) Lake Tanganyika, (E) Lake Victoria, (F) White Nile, (G)
Blue Nile, (H) Nile Delta, (I) Zambezi river, (J) Tana lake, (K) Cape of Good Hope, (L) Mountains of the Moon.
Located in Botswana’s Kalahari Desert, the Okavango Delta is one of the world’s largest inland deltas. It is thought that
long ago the Okavango, Chobe, Kwando, and upper Zambezi waterways flowed as one massive river across the Middle
Kalahari. The present Okavango Delta and Okavango River is still connected to the Chobe-Zambezi River system via
the Selinda Spillway. The Zambezi River is the fourth-longest river in Africa, and the largest flowing into the Indian
Ocean from Africa. The first non-Africans to reach the Zambezi were Arab traders, who utilized the river’s lower
reaches from the 10th century onwards. They were followed in the 16th century by the Portuguese, who hoped to use the
river to develop trade in ivory, gold, and slaves. Until the 19 th century, the river, then called the Zanbere, was believed
to flow south from a vast inland sea that was also thought to be the origin of the Nile River. Before the construction of
the Kariba and Cahora Bassa dams, seasonal flooding of the Zambezi had quite a different impact on the ecosystems of
the delta from today. The lower Zambezi experienced a small flood surge early in the dry season as rain from the
Gwembe catchment and north-eastern Zimbabwe rapidly passed through while rains continued to fall in the Upper
Zambezi and Lake Malawi basins (Beilfuss and Santos, 2001). Lake Malawi is the southernmost lake in the East
African Rift system and the largest river flowing into it is the River Ruhuhu. Water exits Lake Malawi in the south via
an outlet called the Shire River, which forms a tributary flowing into the Zambezi River (Shela, 2000).
Based upon the geographical information provided in Kitab-ı Bahriye by Piri Reis, the source of the Nile was
hypothesised as the Okavango Delta. The course of the Nile from the Lake Victoria to the Mediterranean Sea is a wellknown geographical fact which is not disputed in this paper. Despite the numerous expeditions, journeys of discovery
and research on the Nile and its source, the subject has been dominated by constant speculation. The key problem is that
there is no definitive (single) rule for the determination of the source of a river. The Kitab-ı Bahriye is an important
literary work containing geographical data on physical, economic and social aspects of most of the coasts of the
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Mediterranean Sea with maps and textual information regarding all the regions its maps depict. In this paper, a
hypothetical and historical approach to identifying the source of the Nile has been explored by systematically reviewing
the information within the Kitab-ı Bahriye. The paper gives careful consideration to historical maps and dated sources
of information in attempting to resolve some of the controversies surrounding the source of the Nile River. However,
despite its impressive precision in other matters, the Kitab-ı Bahriye was as speculative as any other early hypotheses
regarding the source of the Nile. A nuanced, analysis of the physical information provided in Kitab-ı Bahriye and
related historical information provides valuable insights that can help in the understanding of the ongoing debated
regarding the geographical source of the Nile (Yilmaz, 2015).

Geo-information Heritage: The Sicily Island
Historical cartography is a fundamental part of Cultural Heritage for its valuable content related to spatial reference as
well as its artistic value. The importance of cartographic heritage mainly seems to base upon the spatial and time related
information within historical maps and other connected materials. The historical cartographic products portrayed a
particular moment in the past, and represent a starting point for detecting physical and cultural changes in the
environment through the time, in the studies, ranging from environmental to cultural, geographic or administrative
tasks. The comparison of historical cartography with modern data gives an opportunity to interpret the spatial and the
time scale of environmental and anthropogenic changes on the content. In this paper, one of the leading works of Piri
Reis, Kitab-ı Bahriye (Book of Navigation) that is a book of geography and an atlas of the Mediterranean Sea is studied.
Kitab-ı Bahriye combines numerous charts and maps with geo-information relating to the coasts and islands of the
Mediterranean Sea. The Sicily Island is selected as the case study from Kitab-ı Bahriye. The second section of Kitab-ı
Bahriye is entirely composed of charts and seafaring guides. Each topic contains the map of an island or coastline and
also includes descriptions and drawings of the significant monuments in every city, as well as geo-information on the
regions mapped. The second section starts with the description of the Dardanelles Strait and continues with the islands
and the entire coastlines of the Mediterranean Sea. This is stated in Kitab-ı Bahriye as follows:
“In composing the book I started from the fortresses of Sultaniye and Kilitbahir around Gallipoli. I have described this
sea stop by stop, distance by distance, and ended by returning to these fortresses.”
In the chapters about the coastlines of the Ionian Sea and Tyrrhenian Sea; the Sicily Island is described in eighteen
pages containing the chart of the island (Figure 8) and the chart of the Aeolian Islands (Figure 9):

Figure 8. The chart of the Sicily Island from Kitab-ı Bahriye

Figure 9. The chart of the Aeolian Islands from Kitab-ı Bahriye
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In Figure 8 and 9, English translations of the toponyms indicated on the charts and mentioned in the textual section are
given by black and red colour, respectively. A cartographic ‘magnifying-glass’ effect was proposed for the Sicily Island
that the area of the glass (the Aeolian Islands) was presented at another detailed chart (Figure 9).
To illustrate the wealth of the geo-information contained within Kitab-ı Bahriye, the geographic and cartographic
information about the Sicily Island from Kitab-ı Bahriye are summarized, in conjunction with the medieval Islamic
literature (where available); Book of Curiosities (Rapoport and Smith, 2014) and Book of Roger (Santagati, 2011).
Besides, the geo-information from Kitab-ı Bahriye are evaluated by comparing them with the modern data.
“Sicily is a mountainous, well-watered, and prosperous island. It has a circumference of seven hundred miles.”
In Book of Curiosities; Sicily is described as the largest of the Islamic islands and the most honourable on account of its
continuous military expeditions against the enemy. The island is stated as seven days’ long, and covered by mountains,
strongholds, and fortresses. The circumference of the Sicily Island is given as 500 miles. Farsakh that usually equalled
three Arabic miles was frequently used as the distance unit in most parts of Book of Curiosities. 1 Arabic mile equals to
1.972 kilometers (km).
In Book of Roger; Sicily is described as the pearl of the century for abundance and beauty; the first country [in the
world], for goodness [of the nature, frequency] homes and antiques [of civilization].
The distance unit used in most of the portolan charts of the Mediterranean was the Italian mile, although its exact metric
value over time or between regions could vary greatly. The Italian mile was traditionally considered a direct
continuation of the Roman mile. Therefore, a mile is standardized as 1.852 km in this paper. From this point of view,
the circumference of the Sicily Island is stated as 1296.4 km in Kitab-ı Bahriye. The total coast length of is estimated at
1484 km.
“Each year, numerous ships take on cargoes of wheat from this island and there are numerous sugar plantations as
well.”
In Book of Curiosities; the markets of grain-merchants, vegetable-sellers, and fruit-vendors are described.
In Book of Roger; the source of Sicily’s wealth is stated as the agriculture, particularly in its production of hard wheat
that is durable enough to be shipped throughout the Mediterranean. Besides, Sicily is described as one of the first
regions of the western Mediterranean to raise sugar cane, likely introduced by immigrants after the Muslim conquest.
During the Muslim agriculture revolution from 8th to 13th century, Arabians brought the agricultural items such as
oranges, lemons, pistachio and sugar cane to Sicily. Today, the main agricultural products of the Sicily Island are wheat,
citrons, oranges, lemons, tomatoes, olives, olive oil, artichokes, almonds, grapes, pistachios, wine, and also sugar cane.
“Now, this island belongs to the prince of Spain.”
In Book of Curiosities; Sicily is described as being under Muslim rule (827-1091).
Book of Roger gives detailed information about the landscape and people of Sicily in the mid-12th century, under the
patronage of Roger II (1095-1154)
Piri Reis gathered notes for Kitab-ı Bahriye during intermittent voyages along the Mediterranean Sea coasts from 1487
to at least 1510. During this time interval, Ferdinand II (1452-1516), was King of Sicily as Spanish ruler of southern
Italy.
“Above Messina inland, on the island of Sicily, far from the sea, there is a lofty mountain they call Cebel (Etna). That
mountain burns constantly day and night. By night its flames can be seen, and by day smoke are rising from it. Hence, it
is a recognizable mountain from a distance.”
In Book of Curiosities; Mount Etna is described as Jabal al-Nār, ‘the Mountain of Fire’.
In Book of Roger; the usual Arabic name ‘Jabal al-Nar’ is used for Mount Etna. Mount Etna is described as a volcano
whose crater continuously throwing stones and fire.
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The navigational information for the Sicily Island in Kitab-ı Bahriye
Typical portolan charts are navigational maps based on rhumb lines that radiate from the centre, in the direction of wind
or compass points (connecting opposite shores). On portolan charts; direction, distance, and coastal features were
provided for sailors to facilitate navigation during a voyage by virtually ignoring inland features.
In Kitab-ı Bahriye, Piri Reis provides substantial information relating to each island or coastline of the Mediterranean
Sea that were not, or could not be, given on the charts. Piri Reis also provided direction-distance information, useful for
navigation in smaller bodies of water, such as between two harbours/cities of the same island. A folio with directiondistance information (Figure 10), Ottoman-Turkish transliteration, and English translation of the particular folio are
given below:

Figure 10. The direction-distance information from Kitab-ı Bahriye.
Ottoman-Turkish transliteration:
“Ve ba’dehû mezkûr Circent (Agrigento) şehrinden kırk mil batı-karayel tarafında bir iskele var. Şaka (Sciacca) dirler.
Mezkûr Şaka bir kal’edür”
English translation:
“Forty miles to the west-northwest of the city of Agrigento is a landing place that they call Sciacca. Aforementioned
Sciacca is a castle.”
In Figure 11, navigational information for the Sicily Island routes given in Kitab-ı Bahriye are summarized and
compared with the modern (calculated) data.

Figure 11. Navigational information for the Sicily Island routes
Historical cartographic products (historical maps, portolan charts, panoramic drawings, relief models, globes and
atlases) have a fundamental importance for their unique cultural, educational, scientific, social and geographical content
and helpful for detecting physical and cultural changes in the environment through the time, as a part of cultural
heritage. The use of historical cartography in comparison with modern data gives an opportunity to understand the
spatial and the time scale of environmental and cultural evolution.
The objective of this study is comparing spatial information about the Sicily Island with the modern data to evaluate the
reliability of the unique geo-information stored in Kitab-ı Bahriye, in conjunction with the medieval Islamic literature
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(Book of Curiosities and Book of Roger). When the results presented in Figure 11 evaluated, the difference values of
direction and distance provide a good indication of the geodetic and geographical accuracy of
measurements/observations made at the time by Piri Reis. This allows geo-information contained within Kitab-ı
Bahriye to be generally accepted as reliable. In conclusion, Kitab-ı Bahriye can be used as a historical data source for
geographical, physical, or cultural studies (Yilmaz, 2016).
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Abstract
The ocean remains one of the most mysterious and diverse places on Earth. Unfortunately, nowadays our oceans are
much polluted: discarded plastic, industrial waste and unwanted fishing nets. This is still a growing problem for the
world’s oceans and constitute a threat to both people and oceanic life.
This paper aims to identify and localize the ocean waste pollutant in the Atlantic Ocean of Morocco. To achieve this
goal, we participated in a scientific trawling survey made by the National Institute of Fisheries Research (INRH) in the
southern Moroccan Atlantic area. Our sampling network consisting of 100 stations distributed in a random method.
Several types of waste found in the sea are mainly made of glass, metal, fishing equipment and octopus pots that are
used in artisanal fishing for octopus hunting, also a large amount of plastic was found such as bottles, plastic bags, etc.
To analyze the collected information, GIS tools and statistical analysis were used. The result shows that 80% of the
southern Moroccan Atlantic ocean wastes are plastic followed by metal, textile, rubber and glass. The concentration of
these wastes is usually correlated to a set of factors such as the proximity to the artisanal fishes sites, and to the current
effect.
Keywords: ocean, Marine wastes, GIS .

INTRODUCTION
The accumulation of solid wastes is one of the fastest growing threats affecting the marine ecosystem health (Galgani et
al.,2010; Depledge et al., 2013;Pham et al., 2014).
the united nations environment programme (UNEP) defined the Marine wastes as any material or object manufactured
and used for the benefit of humanity that is directly or indirectly, intentionally or unintentionally discarded or
abandoned into the marine and coastal environment.
Owing to the wind patterns and the dynamic nature of ocean currents, marine debris are present in all marine
environments, from the beaches , the middle of the ocean of the deepest points in the oceans, even up to 2,5 km deep
(Barnes et al., 2009; Pham et al., 2014; Galgani et al., 2015). Generally, Plastic bags, nets, waste glass, metal, wood,
paper, cardboard, clothing, pottery, fishing gear. and all kinds of unidentified materials are the scenery of the oceans
funds( OSPAR, 2007). Despite of all these types of litter found in the world’s oceans, on a global scale, plastics are the
most numerically abundant types of marine debris (UNEP,2005; OSPAR,2007; Thompson et al. 2009). it’s by far the
most abundant material recorded. Their impact on marine ecosystems is of great concern. 275 million metric tons (MT)
of plastic waste were generated in 192 coastal countries, with 4.8 to 12.7 million MT entering the ocean (Marcus
Eriksen, 2014; al. Jenna R. Jambeck , and al, 2015).
Literature from 1960 to date has highlighted the problems of debris in the marine environment and discussed their
impacts and implications Besides the unquestionable aesthetic issue,debris can be impacting the fauna (Ana Paula
Madeira Di Beneditto et al., 2014) , the marine biodiversity and all the ecosystem health (Vegter et al.,2014; S.C. Gall
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et al.,2015; GESAMP, MaLiTT, May 2002). It is readily apparent from all this published literature that 80% of the
marine litter enters the ocean by land based sources ; 20% is derived from maritime activities (Wilber , 1987; Galgani et
al.,2010).
Morocco has a coastline that stretches more than 3,500 km with double maritime frontages, the Atlantic Ocean and the
Mediterranean Sea. The maritime area is about 1.2 million km2, an estimated fish potential in close 1.5 million tons
"renewable every year “FAO”. unfortunately , to date they are no local authoritative interested to protect the ressource
against the pollution by wastes and no assessment of waste distribution patterns, because of the high cost of sampling
the sea.
The aim of this study was to use scientific prospection Surveys to investigate the occurrence and distribution of ocean
wastes collected in the southern Atlantic Ocean of morocco. And the relationship with the socio-economic activities
and environmental characteristics.

STUDY AREA
The study was conducted in The Southern Atlantic area, located between Cap Boujdor 26°10’N and Cap Blanc
20°50'N , one of the most exploited fishing areas in the world Eastern Central Atlantic.
The coastline stretches over 600km go trough two great ports: Boujdour, and dakhla where the population rate exceeds
100000 inhabitants (the monograph of laayoune Boujdour Sakia El Hamra, 2010 ; the monograph of Dakhla Oued
Eddahab lgouira, 2010) and a many artisanal fishing site with over 1000 small active boats (less than 6 m in length).
The geomorphology of the area shows that the higher part of the continental shelf is less than 100 meters depth, the
depths less than 50 meters are predominant in the central part.
In addition, the southern boundary of this area consists of a mixture of two masses of different origin waters, North
Atlantic central waters (NACW) and South Atlantic central waters (SACW) (Roy 1991). Moving NACW is observed
northward to the critical latitude 23° N (Hagen, 2001), which gives the area between 21°N and 23°N special planctonic
wealth (Binet,1991).
the key feature of the this area is the presence of deep, cold waters "upwelling" leading to a coastal water enrichment in
nutrients and high biological productivity. This zone is considered like the most productive because it is subject to
continuous upwelling (Minas et al., 1982; Binet, 1991; Makaoui et al., 2000) (Figure 1).
The specific hydrological conditions prevailing promote strong organic production. The pelagic fishery and
Cephalopods (octopus, cuttlefish and squid) are the main species exploited in the fishery and the high demand in foreign
markets, while bream and other ground fish are considered as bycatch species (FAO, 2013; INRH, 2002).
The exploitation of these resources has seen a great evolution since the beginning of seventy years , it reached up 60%
of all of the activity of national fishing. This evolution is related in one hand, to the increase of the number of fishing
units and on the other hand, to the diversification of fishing techniques (deep sea fishing, coastal fishing and artisanal
fishing) (stock status, INRH ) .
Two types of structures hosting the landings of fishery products : the fishing Sites (fishing villages and landing sites
equipped) and the Landing ports. The operational fleet registered in these ports is composed of 5545 artisanal fishing
boats, 351coastal vessels and 15 offshore vessels (INRH, 2014).

452

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Figure 1. Locations of the study area between cap Boujdor and cap blanc with the sampling network used by the Charif
Al Idrissi vessel in October 2014

MATERIALS AND MÉTHODS
Survey sampling method
To identify ressources distribution and to study every phenomenons affecting the Moroccan marine ecosystem, the
National Institute of Fisheries Research staff organizes each year scientific surveys and they provide excellent spatial
coverage to all Moroccan waters EEZ.
The used database was collected during the scientific trawling surveys conducted by Charif AL IDRISSI research vessel
on October 2014 along the continental shelf extending between cap Bojdour (26°10’N) and Cap Blanc (20°50'N).
the Schema of prospecting consists of a grid of trawling stations arranged in a random sampling network. The number
of Sampling stations was chosen randomly, according to, the search time available and the distance traveled by the
vessel to explore all of the potential geographical coverage.

Data analysis
Using the same sampling network as the prospection survey, we arrived to cover n=100 stations in the southern Atlantic
ocean of morocco. Multitude of parameters has been identified in each station: the geographical position of the stations,
the time of trawling, the depth, the seabed nature, and the total quantity and nature of each type of waste. Debris was
categorized according to material type defined by (Keller et al. (2010) plastic, glass, metal, anthropogenic wood, textiles
(fabric or fiber), rubber (Figure 2). The most of the plastic and metal materials founds in the sampling area are fishing
gears abandoned, lost or discarded into the ocean.
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Figure 2. Examples of marine wastes items collected on the sampling area: (a) trowl bottom “gost fishing” (b) pots of
octopus octovulgarus (c) aluminum can, of soda (d) trawl protects (e) lost fishing rope, (f) plastic chip bag (g) plastic
shoes (h) glass soda bottle (i) plastic oil bottle.

SPATIAL ANALYSIS
All GIS analysis tools were conducted using Environmental Systems Research Institute, Inc. (ESRI) ArcGIS version
10.2.1. We used the GIS mapping techniques to identify the hotspot points, cartography the distribution of each
category of wastes, and show the occurrence of the total Quantity of debris by the kernel density tool.
After this a detailed study of the data matrix by GEODATA software is carried out to study the different relationships
between all recorded parameters, in order to know if debris items were distributed randomly or clustered within each
site, and to determine the factors that manage this distribution.

RESULTAT
Quantities and the Composition of the solid wastes:
The waste collection in the survey conducted in the Atlantic ocean of morocco shows that a 293 pieces falling into 5
categories were located in our study grid. The total weight of them was 602,676 kg. Plastic materiel formed the majority
of all the wastes occupying 34,41% of the total weight followed by the metal 29,16% , textiles 29,15% , rubbers 0,77%
and glass 0,16%.
In terms of number, the plastics represent 83,61% of the total number, followed by metal(7,50%), textiles (7,16%),
rubbers (12.21%), and glass wastes comprising more than (0,34%) (figure 3).
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Figure 3. Quantities of marine wastes in terms of number and weights (g) on the survey Area.
The plastic wastes are generally formed by many types of fishing gears specially the pots used to capture the octopus
vulgaris with (95,44%), and (4,55%) of bottles and plastic bags . The metal materials found were divided into (99,4%)
of trawl buttons and other metal fishing gears, and (0,5%) were some type of cans. Concerning The textile wastes, they
are formed by the fiber with (99,7%), and the fabric (0,23%) (Figure 4).
Graphically, The occurrence of the all this Quantity of debris concentrated in the northern part, the highest
concentration area was between cap sept (26 N) and cap falcone (22 N) (Figure 5).

Figure 4. Composition of different categorie of marine debris collected from the survey Area.
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Figure 5. Marine debris kernel density map. Kernel density parameters are presented in equal intervals .the selected
cell size was 0.01 (~1 km2) and the search radius was kept at 1 (~100 km) due to the dispersion

The Sapatial autocorrelation analysis:
The analysis of correlation between all parameters collected on the sampling network was a necessary step to study the
different factors with an impact on the spatial distribution of wastes. The sampling stations were chosen in different
distances to the coastal line and using different levels of depth between 50 to 250 m .We analyzed the overall
distribution of wastes relative to the depth levels and the distance to the coastline (Figure 6).
A X² analysis of distribution of wastes shows that all major categories were found in all the distance near or far to the
coastline, except the plastic which was found more frequently near to the coastline. This pattern of distribution of
plastic in the sampling area is closely matched to the pattern of distribution of total quantity of debris because the
plastic represents the biggest percentage of the solid wastes in the area.
On the other hand and knowing that all the sampling station were selected in depths between 10 to 100m except two
stations with 115m and 263m . The analysis of distribution relative to the depths illustrates that , metal, textiles and
rubber were found more frequently in deeper depths (50– 100m), while the opposite was true for Plastic, which was
found more frequently with large quantity (between 10 to 50m). We can conclude that the distance to the coastline were
not a significant factor determining the distribution for all categories of wastes except for the plastics materieals.
however the depth plays a significant role in the distribution of Them .

456

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Figure 6 . χ2 analysis of distribution tests for all categorie of wastes in relation to the depth and the distance to the
coastline.

DISCUSSION
The majority of waste items collected in the survey area were campared to the Hydrography, land based activities an
fishery activities to determine the amount type and origin of debris reaching the ocean waters .
The southern area is characterized by the lack of industrial activities and public landfills near to the coastline, so the
main sources of the marine wastes are relied to the fishery activities operated in this zone because the dominant
material found were plastic fishing gear used to capture the octopus pots by artisanal fishing of cephalopod .
The development plan of the cephalopod fishery delimits the artisanal fishing zone between 3 and 8 miles and give a
limitation of 300 pots allowed per artisanal boat . They are installed in the form of line, each line is composed of 100
pots linked one to another, but Some industrial trawlers often work in coastal areas they damage the lines of pots of
artisanal fishermen. Lost pots (detached from their line) are now very common on the entire continental shelf, even
away from the coastal area where they were originally installed (Jouffre et al, 2000). In some places (very large sandy
areas and sandy mud).
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Gis tools with correlation analysis are allowed to compare the distribution of lost pots with the zone autorized to capture
the cephalopods. As a result the concentration of this fishing gear was in the part limited by the artisanal fishing with a
small amount outside the area and even between Mauritania and Morocco although there is no activity in this zone.
(Figure 7).

Figure 7. The spatial distribution of octopus pots ans plastics in the southern Atlantic of morocco compared with the
area autorised of artisanal fishing.
For the other categories of Abandoned, lost or otherwise discarded fishing gear (ALDFG) found in the study area, The
trawl bottoms manufactured by the textile with metal pannier were graphically distributed throughout the sampling
network and even outside the authorized fishing area by the three segements of fishing over 12 miles (Figure 8).
The factors behind the abandonment, loss or release of these gears are numerous and include: bad weather; various
operational factors concerning fisheries, such as the cost of recovering a vehicle; conflicts of fishing gear; Illegal
fishing, unreported and unregulated fishing; vandalism and theft Then they move in the ocean due to the current and
the wind .
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Figure 8. The spatial distribution of fishing geras without octopus pots in the southern Atlantic of morocco.

CONCLUSION
the distribution of solid waste at the southern Moroccan atlantic area is generally a phenomenon that has never been
studied due to the exploration costs of maritime Area. the use of the same sampling network of trawling prospecting
surveys give us an opportunity to collect more information on the state of the marine environment.
the result shows that the Moroccan Southern Atlantic Ocean like any other part of the ocean was affected by the
pollution caused by solid waste. This phenomenon, is typically related to the fishing activity conducted by three
segments of fisheries that operated in the Area. Most wastes founded were plastics materiels and specially the fishing
gear used to capture the octopus vilgarus , then the wastes were transported to other areas outside the fishing zone due
to the current effects.
A future study will dedicate just study the micro wastes and their impact on the marine environement in general.
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Abstract
Land Use/Land Cover Maps (LULCM), fundamental for many areas of application, are usually generated through the
classification of satellite imagery. However, their creation is time consuming and therefore updated LULCM are
seldom available. The OpenStreetMap (OSM) collaborative project collects a rich set of vector data provided by
volunteers at a global scale. It has already been shown that OSM data may be converted into LULCM, but data quality
issues in OSM raise some challenges for this conversion, such as overlapping features that should be assigned to
different classes. Thus, the creation of LULCM using OSM requires a solution for handling these inconsistencies. In
this article an automated methodology is proposed using rules of decision and spatial analysis in a GIS environment to
convert OSM features into LULCM, which automatically solves the inconsistencies mentioned above. The methodology
is applied to two areas in Europe and the results are compared to available LULCM.
Keywords: OpenStreetMap, Land Use/Cover Map, Conversion, Inconsistencies

INTRODUCTION
Land Use and Land Cover Maps (LULCM) are fundamental inputs to many areas of application, e.g. climate modelling
and natural resource management among many others (Jones, 2008). These maps are usually generated through the
classification of satellite imagery and their creation is time consuming. The update cycles of LULCM are also often
long, e.g. CORINE Land Cover (CLC) is updated irregularly, with three years between the two most current products.
This is insufficient for environments that are subject to rapid environmental change. More recently, researchers have
been investigating the use of OpenStreetMap (OSM) as a source of LULC information, both to create and validate
different products (Estima and Painho, 2015; Jokar Arsanjani et al., 2015a; Martinho and Fonte, 2015) particularly as
the data are updated on a daily basis. OSM is one of the most well studied collaborative mapping projects and
undoubtedly the most well-known Volunteered Geographical Information (VGI) initiative (Jokar Arsanjani et al.,
2015b). The overall aim is to collect vector data provided by volunteers that enables the creation of a map at a global
scale. The flexibility of use, data availability, free access to the latest information on a daily basis, the large number of
contributions and users of the data, and the existence of data not traditionally available in other types of more
authoritative map databases makes OSM a valuable source of information for several applications, e.g. navigation
(Codescu et al., 2011) and disaster response (Zook et al., 2010; Soden and Palen, 2014).
It has already been shown that OSM data may be converted into Land Use/Land Cover classes (LUCC) such as those in
the CLC and the Global Monitoring for Environment and Security Urban Atlas (UA), enabling the conversion of OSM
into a LULCM with these nomenclatures (Jokar Arsanjani et al., 2013; Jokar Arsanjani and Vaz, 2015; Jokar Arsanjani
et al., 2015a; Estima and Painho, 2015; Martinho and Fonte, 2015). For example, Jokar Arsanjani et al. (2013)
converted OSM for Vienna into UA classes and then compared the OSM LULCM map with UA, resulting in 81%
agreement. This work was extended to other cities in Germany (Jokar Arsanjani et al., 2015a) and across Europe (Jokar
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Arsanjani and Vaz, 2015), with the resulting agreement for different cities varying between 53.6% and 86.2%. Good
results were also found in validating the UA (Martinho and Fonte, 2015) and CLC (Estima and Painho, 2015) with
OSM data. However, a common challenge was encountered in all of these studies, which was related to the conversion
of OSM data into a LULCM. For example, there are frequently overlapping features providing information that should
be assigned to different classes so there are issues related to the harmonization of LUCC from LULCM (e.g. CLC and
UA) and the variety of features that are found in OSM. There are other issues related to positional accuracy, which
results in partial overlapping of features that are inconsistent. Thus, the creation of a LULCM using OSM data requires
a solution for dealing with these inconsistencies and class harmonization.
In this paper an automated methodology is presented for converting OSM features into a LULCM that solves some of
the aforementioned types of inconsistencies using a hierarchical approach, a set of decision rules and spatial analysis
operations in a GIS environment. The procedure is implemented in a fully open source environment using GRASS GIS,
GDAL/OGR Python bindings and PostgreSQL/PostGIS database. The methodology is applied to two regions within
parts of Milan and Paris, and the results are compared to available LULCM with different levels of detail.

MATERIALS AND METHODS
OSM data
The whole OSM database is licensed under the Open Database License (ODbL), which allows everyone to share, create
and adapt the database for any purpose provided that attribution is made to OSM contributors. Currently there are many
ways to download OSM data, e.g. using the “Export” button from the main OSM website
(https://www.openstreetmap.org); using the Overpass API (http://wiki.openstreetmap.org/wiki/Overpass_API), for
example through the Overpass Turbo frontend (http://overpass-turbo.eu); downloading the OSM Planet file
(http://planet.openstreetmap.org), which is a complete, regularly-updated copy of the whole OSM database; using the
data extracts for continents and countries provided by GeoFabrik (http://download.geofabrik.de) or for cities provided
by Mapzen (https://mapzen.com/data/metro-extracts).
The OSM database is a collection of vector data objects that consist of point features (known as nodes), line and
polygon features (both known as ways). Each object must have at least one attribute associated with it. OSM attributes
are known as tags, where a tag is the combination of a key and a value: for example, a motorway is tagged in OSM as
“highway=motorway”, where “highway” is the key and “motorway” is its value. Additional (optional) tags can further
characterize the motorway, e.g. detailing its width, number of lanes, maximum speed, etc. The contributers may use the
tags listed in http://wiki.openstreetmap.org/wiki/Map_Features or add new values.

LULC nomenclature
In this study the nomenclature adopted by UA is used. This nomenclature is organized into three levels, shown in
Table 1. Only LULCM corresponding to levels one and two were created, but as level two classes are formed by
aggregating level three classes, these were also used during the process.

Methodology
The methodology used to convert OSM features into a LULCM consists of a sequence of steps that transform OSM
features into the LUCC of levels one and two of the UA nomenclature. The transformation is done by considering any
data in OSM that might be associated with classes in all three levels of the UA nomenclature. In this study only the
linear features corresponding to the keys “highway”, “railway” and “waterway” were used, as well as the polygon
features with keys “building”, “landuse” and “natural”.
The linear features in OSM need to be converted into polygons to be included in the LULCM. This process requires the
identification of their width. In most cases this must be estimated because the width of the features (“width” key) is not
directly available in OSM, as providing a value for this key is optional.
The main steps of the methodology are:
1.

Identification of the value of the keys available in the OSM data to be processed.

2.

Conversion of the linear features into areas using spatial analysis and merging them with areas in the polygon
features that have values of predefined keys that correspond to the themes of the linear features.

3.

Conversion of the polygonal features to the LUCC using the value of the keys.
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4.

Convert the map into the appropriate Minimum Mapping Unit (MMU), merging small features with their
neighboring features.

In the following subsections, additional details are provided about the conversion process.
Table 1. UA nomenclature
Level 1
1.Artificial Surfaces

Level 2
1.1 Urban Fabric

Level 3
1.1.1 Continuous urban fabric
1.1.2 Discontinuous urban fabric
1.1.3 Isolated Structures

1.2 Industrial,
commercial, public,
military, private and
transport units

1.2.1 Industrial, commercial, public, military and private
units
1.2.2 Road and rail network and associated land
1.2.3 Port areas
1.2.4 Airports

1.3 Mine, dump and
construction sites

1.3.1 Mineral extraction and dump sites
1.3.3 Construction sites
1.3.4 Land without current use

1.4 Artificial nonagricultural
vegetated areas

1.4.1 Green urban areas
1.4.2 Sports and leisure facilities

2. Agricultural, seminatural areas, wetlands
3. Forests
5. Water

Roads (included in class 1.2)
Data about roads are available in OSM as linear features, with the key “highway”. As the width of the roads is usually
not provided by the volunteers, estimation may be done using information about their type, indicated as the value of the
“highway” key (which is the only mandatory tag for a road), such as, for example, primary or secondary. However,
even this does not provide a consistent way to estimate road widths for the entire OSM dataset, as this value may vary
greatly for different roads. In urban areas, the roads are, in most cases, bounded by buildings, so the polygons with the
building key will be used to estimate the road width. The processing steps to obtain the areas occupied by roads are:
1.

From the values available for the “highway” key, choose the values to be considered for the conversion into
LUCC (e.g. primary, secondary, residential).

2.

Identify a maximum and a typical width for each road type in the region of interest (typically larger for
primary roads and smaller for other less important roads). Predefined default values may also be considered.

3.

The individual segments forming the linear features are identified. The distance between each segment and the
buildings that are present within the maximum width of the roads defined in 2 is then computed, and the
minimum value is stored.
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4.

An area feature will be generated for each road segment where the distance to buildings is larger than zero,
using the width to generate a buffer. For those segments where the distance to buildings was not obtained, the
typical width chosen in point 1 is applied.

5.

The buffers created in the previous step are merged and dissolved.

6.

If there is any overlap between the buildings and roads resulting from the buffering process (typically at the
ends of the road segments), priority is given to the buildings, and the common regions are extracted from the
road areas.

Railways (included in class 1.2)
The railways and associated land were obtained using the linear elements associated with the values of the “railway”
key (such as “rail”, “disused” or “platform”) and the polygon features with the key “landuse” with values that
correspond to “railway”. The processing steps to obtain these regions are:
1.

The typical width of the railways in the study is chosen.

2.

Buffers around the linear features are created using the value chosen in the previous step.

3.

The regions obtained in 2 are merged with the polygons with the value “railway” of the “landuse” key and
dissolved, elimininating overlapping features that correspond to the same class.

Water (class 5.0)
The water regions are obtained from the linear features with key “waterways” that have values such as “river”, “stream”
or “ditch”, and from the polygonal features with the key “landuse” with values that correspond to water regions, such as
“riverbank” or “water”. The precessing steps are:
1.

The typical width of the waterways in the region of interest is chosen according to the key value (typically
dependent on the type of waterway, such as, for example, “stream” or “river”).

2.

Buffers around the linear features are created using the value chosen in the previous step.

3.

The regions obtained in 2 are merged with the polygons of the “landuse” key that correspond to water regions
and are then dissolved to eliminate overlapping features with the same LUCC.

Industrial, commercial, public, military, private and transport units (class 1.2)
This class (see Table 1) includes the roads and railways, as well as commercial, industrial, public and military areas.
Therefore, it is obtained with the following steps:
1.

Identification of the values of the “landuse” key that correspond to the features in this class, such as, for
example, “industrial”, “commercial”, “retail” or “cemetery”.

2.

Merge the features obtained in the previous step with the roads and railway features created above, and
dissolve the resulting features to eliminate overlapping regions corresponding ot the same LUCC.

Urban Fabric (class 1.1)
This class corresponds to urban areas that are mainly residential structures (see Table 1). Therefore, they are obtained
considering polygons of the “landuse” key that have values corresponding to this type of region, merging them with the
building polygons that do not have key values, assigning them specifically to other classes, such as industrial or
commercial. The obtained regions are dissolved.

Mine, dump and construction sites (class 1.3)
This class is generated by extracting the OSM polygons with a ”landuse” key that have values equal to, for example,
“construction”, “landfill” and “quarry”.

Artificial non-agricultural vegetated areas (class 1.4)
This class is obtained from the data with the “landuse” and “natural” keys. The appropriate values found in the study
areas should be identified. Examples of appropriate values for “landuse” are “flowers”, “recreation ground” or “plants”
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and for “natural” are “park” or “forest”, but these latter ones are typically only for small areas. The selected features are
merged and dissolved.

Agricultural semi-natural areas, wetlands (class 2.0)
This class is generated by extracting the OSM polygons with a “landuse” key and values that can be assigned to
agricultural semi-natural areas or wetlands, such as “farm”, “allotments” or “orchard”.

Forests (class 3.0)
The Forest areas correspond to the OSM polygons with the key “natural” with values equal to “forest”. However, as
there may be regions classified as forest by the volunteers that have very small areas and correspond just to small
groups of trees, only polygons with a minimum area should be considered for addition to the class Forest.

Solving remaining inconsistencies
Even though some types of inconsistencies have already been removed in the process described in the previous
subsections, overlapping features assigned to different classes may still exist. In the present work these inconsistencies
were removed by considering a hierarchy of feature importance, which is shown in Table 2 for level 2 classes; in the
case of overlap, priority is given to the classes occupying the highest level in the list. This list was created by analysing
the types of commonly occurring overlaps and was then ordered by taking the elements of the landscape that are more
important in the organization of space (such as roads and water lines) into account; the most frequent ordering of the
overlapping elements in reality (for example, roads are usually found over water and not the inverse); the typical
relative size of objects in the regions under analysis; the importance of the features; and the most common topological
relations (for example, an agricultural region may contain buildings but buildings do not contain agricultural regions).
For level 1 classes, class 1 (Artificial Surfaces) was considered a priority and the other classes were ordered as for level
2 classes. Once this hierarchy is applied, no overlapping classes exist in the output.
Table 2. Priority associated with classes when overlapping regions with different classes exist

Level of priority

UA Class (level 2)

Class Description

1

1.2

Industrial, commercial, public, military, private and transport units

2

5.0

Water

3

1.4

Artificial non-agricultural vegetated areas

4

1.3

Mine, dump and construction sites

5

1.1

Urban Fabric

6

2.0

Agricultural, semi-natural areas, wetlands

7

3.0

Forests

CASE STUDIES
Datasets
Two study areas were selected, each being a square of 10 km on one side for a total area of 100 km2, in regions with
different characteristics (Figure 1). One of the areas is located in France, approximately 60 km northwest of Paris, in a
region with low density of urban areas and predominance of agriculture and forest regions. The other region is extracted
very close to the center of Milan (Italy), in a highly heterogeneous region, which includes a very dense urban area (with
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a motorway and some large railway stations) together with small agricultural and rural areas, parks and a cemetery. The
corresponding OSM datasets were downloaded from Geofabrik on the 19 th of April 2016 in shapefile format. The OSM
polygon features having the keys “buildings”, “landuse” and “natural areas” were used, as well as the OSM linear
features having keys equal to “railways”, “higways” and “waterways”. Table 3 shows the main values of keys used in
both study areas and the UA level 2 classes to which they were associated. Level 1 classes where obtained by
aggregating level 2 classes (see Table 1).

Figure 1. Left: Study area in the region of Paris (France); Right: Study area in the region of Milan (Italy)
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Table 3. The main value of the keys used in the case studies and the UA class to which they were assigned
Key

highway (line)

Key values
primary, secondary, living_street, primary_link, residential, road, secondary_link, tertiary,
tertiary_link, unclassified, service, pedestrian, motorway, motorway_link, trunk, trunk_link

UA class

1.2

rail
railway (line)

1.2
river, stream

waterway (line)

5.0
residential
1.1
cemetery, commercial, industrial, railway, retail
1.2

landuse (polygon)

natural (polygon)

buildings (polygon)

brownfield, construction, depot, landfill, quarry, scrub

1.3

beer-garden, flowers, grass, greenfield, meadow, plants, recreation_ground,
recreational_area, recreational, village_green

1.4

allotments, farm, farm land, greenhouse-horticulture, meadow, orchard, vineyard

2.0

reservoir, pond

5.0

forest (if area <10 000m2), park

1.4

forest (if area >10 000m2)

3.0

riverbank, water

5.0

apartments, house, garage, garages, residential, yes, “null”

1.1

church, commercial, industrial, public, retail, school

1.2

RESULTS
The results obtained with the conversion are shown in Figures 2 and 3, respectively for the Paris and Milan areas.
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Figure 2. Results for the Paris study area. On the left results obtained from OSM for levels 1 and 2. On the right UA for
levels 1 and 2 classes.
The results show that in both study areas there are regions with no data in OSM, but larger regions with no data were
found in Milan. A more detailed analysis of the shapefiles downloaded from Geofabrik showed that, on one hand, they
do not contain all of the data available in OSM, which are available when using, for example, the data downloaded from
OSM Planet. On the other hand, some features are missing because they are assigned to tags not considered in this case.
One example of this are some hippodromes located in the region of Milan, which are associated to the value “track” of
the “leisure” key. The results obtained for level 1 classes is very good for the Paris region. For Milan, if the regions with
no data are not considered, a good correspondence is also obtained.
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Figure 3. Results for the Milan study area. On the left results obtained from OSM for levels 1 and 2. On the right UA
for levels 1 and 2 classes.

DISCUSSION AND CONCLUSIONS
Overall the results obtained through the automated processing can be considered satisfactory, even though they present
a number of problems: 1) In some locations large regions with no data in OSM can exist, resulting in empty regions in
the LULCM. In the presented case studies, shapefiles downloaded from Geofabrik were used, but as some of the data
available in OSM were found to be missing in the shapefiles, the use of the original OSM files may reduce this problem.
2) As the volunteers can use values for the keys that are not listed in the OSM Map Features, all possible values used
needs to be identified for each study area, as they may vary with location and over time. However, as the majority of
values used by the volunteers belong to the predefined list, this limitation will not be a significant restriction in most
regions. 3) The conversion of the linear features to areas requires the estimation of the width of these features, as this
value is usually not available. The use of the distances to the buildings in the urban areas provided good results, but
predefined values still need to be used for the cases where the roads are not bounded by buildings, and also for the
railways and waterways.
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Substantial work is still needed to further improve the procedure. For instance, additional rules are being created to
decrease the importance of the predefined width values that are necessary for the conversion of the linear to area
features. As the conversion process currently considers only a small subset of both the existing OSM objects (although
the most important in terms of LULC classes are already used) and the existing tags. Only a small number of keys were
taken into account as well as a small number of values for these keys. Future work will attempt to generalize the
applicability of the procedure by including a larger number of tags that may be important for LULC classification. For
example, the “surface” key identifies the physical surface of a road and can be important to ascertain if a road lies in an
urban area (value equal e.g. to “asphalt” or “paved”) or in a rural area (value equal e.g. to “ground” or “unpaved”);
similarly, the tag “layer=-1” can be used to automatically discard a river or road that lies underground. Also tags such as
“amenity”, “emergency” or “leisure” will provide relevant information that may be usefull to, for example, differentiate
commercial or public areas for residencial regions. Different languages also need to be considered in building a future
rulebase so that LULCM can be created globally.
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Abstract
Although many foreigners have visited Japan for a variety of purposes, how they behave in Japan is not fully
understood. Their activity information staying in Japan has been expected to improve service quality for tourism
promotion, public transportation management and so on. Therefore, it is essential to provide the mechanism that
encourages foreigners to log their actions in Japan. However, the continual information about visitors traveling in
Japan is not accumulated well. While IC cards and smart phone apps have facilitated data acquisition during travel, in
order to establish a sustainable ecosystem of data acquisition and application, enjoyable data visualization is necessary
for visitors to remember and to share their activities. To collect visitors’ information, our research proposes an
application “MAPIC” that visitors can create trips’ short movies with their location information and pictures. In this
paper, in order to improve MAPIC service to be more attractive by overviewing actual activities of foreign visitors in
Japan, we analyzed the log data obtained from free-WiFi app for foreign visitors.
Keywords: visualization, location information, application, tourism

1. INTRODUCTION
Since Tokyo was announced as the host of The 2020 Summer Olympic and Paralympic games, private companies and
organizations in Japan started to prepare the acceptance for many foreign visitors from foreign counties. Their activity
information staying in Japan has been expected to improve service quality for many fields such as tourism promotion,
public and transportation management. Therefore, it is essential to provide the mechanism that encourages foreign
visitors to log their activities in Japan. However, the continual information has not been accumulated sufficiently.
One prior research about foreign visitors in Japan by YABE & KURATA (2013) analyzed how they stayed around
Tokyo based on the data of IC transit card “Suica & N’EX”. However, it is difficult to conduct periodic survey because
this kind of surveys are usually expensive and take long time in addition to the privacy issue. Therefore, the continual
information about how the foreign visitors get around Japan is not accumulated well. We need a sustinable system that
could be attractive for them to leave their experience infomarion without disturbing their activities in Japan.
While IC cards and smartphone apps have facilitated data acquisition during travel, in order to establish a sustainable
ecosystem of data acquisition and application, enjoyable data visualization is necessary for the foreign visitors to
remember and to share their activities. To collect their information, our research proposes an application “MAPIC” that
the foreign visitors can create a short movie of their travel with their location information and pictures.
In this paper, we firstly describe research issues by contrast with prior researches about foreign visitors in Japan. Next,
we explain how our application “MAPIC” works to solve the issues, compared to existing services that use location
information and pictures. Finally, in order to improve MAPIC service to be more attractive by overviewing actual
activities of foreign visitors in Japan, we analyze the log data obtained from OMOTENASHI APP, free-WiFi app, for
foreign visitors, and consider how to visualize the experiences of foreign visitors with locations and pictures with
MAPIC.
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2. EXISTING RESEARCH & SERVICE USING MAP AND PICTURE
One prior research about visitors in Japan by YABE & KURATA (2013) analyzed how the foreign visitors stayed
around Tokyo. Their research based on two types of datasets. The 1st data is log data of IC transit card “Suica & N’EX”
serviced by JR-East (Japanese Railway-East). It contained the information about when and where each user got on and
off trains around Tokyo. The 2nd is a questionnaire about personal attributes such as name, sex, age, and nationality,
collected by YABE and KURATA. Their analysis shows 2 behavioral patterns. While people who belong to “1st
pattern” stayed in one place for a long time, those who belong to “2nd pattern” visited many places even in a short
period of time.
However, they could not conduct this survey periodically, because this kind of surveys are usually expensive and take
long time in addition to the privacy issues. Moreover, since the service of IC card “Suica & N’EX” was terminated in
2014, they could not last the same analysis. To follow their trends in Japan, we need a sustinable system that could be
more attractive for foreign visitors to leave their experience infomarion without disturbing their activities in Japan.
Table 1. The difference between YABE & KURATA Research(2013) and our research

In order to develop a mechanism that has an incentive for the foreign visitors to provide their accumulated information,
we examined the existing services that use location information, such as Mapillary, PhotoField, facebook and flickr.
Those services mainly use location information and pictures for visualization. As their usage, Mapillary can create
street views by its application. PhotoField can also make a kind of street views with pictures. Facebook and flickr can
add the place names and share pictures.The existing services compared in this paper employ the visualization that
directly shows off recorded data or part of thumbnails. Accordingly, there is no functionalities to summarize and
overview an entire travel experience in a shot movie like MAPIC.
The above features are summarized in Table 2. As the result of the comparison, we employed summarization of
locations and pictures with a short movie as the feature of MAPIC. There is a great demand for a visualization tool that
can summarize trip memories as a movie, beccause anyone can store their logs more easily than before due to the
technology of smartphones and IC transit card.
The feature “summarization” is different from the existing service. It can be an incentive for the foreign visitors to their
accumulated data in their own devices. In addition, our research service was named MAPIC. The name comes from
“Map + Picture/Pick up information”. MAPIC uses a map and pictures to summarize the foreign visitors’ information.
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Table 2. The difference between existing service and our research “MAPIC”

3. “MAPIC” A VISUALIZATION APPLICATION OF PERSONAL LOCATION INFORMATION
On MAPIC, visitors can make their trips in Japan as one-minute short movies. As shown in the Figure 1, to create a
short move, MAPIC only needs users’ pictures and location information taken by their mobile devices such as smart
phone. Users only need to select the date when pictures were taken, and to choose BGM embedding in a movie. Short
movies created on MAPIC can be shared with friends and families.

Figure 1. MAPIC Overview

Figure 2. A picture shown on Google Map

The attraction of MAPIC depends on the way of visualizing users’ trips. There are two unique features in short movies
created by MAPIC. First, the movies show pictures and their location information in order of time. Not only visitors but
also their friends can easily understand the places where the pictures were taken. This function helps them share
memories of the trips. (FIGURE 2 & 3) Second, the movies use graphics to show the distance and the staying time of
trips in Japan. Visitors can enjoyably understand how long they stay in Japan and travel around Japan. (FIGURE 4) You
can check the movei created by MAPIC by the URL (http://mapic. cw503.net/tw0110ken/sample31).
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Figure 3. Location visualization where pictures were taken

Figure 4. The distance of trips

4. ACTIVITY ANALYSIS OF FOREIGN VISITORS
Since MAPIC is not released yet, there is not activity data collected from actual foreign visitors. Therefore, in order to
sophisticate the MAPIC functionality in summarization and visualization, we analyze the other dataset about trajectories
of foreign visitors getting around Japan, and explore the significant criteria to be more attractive.

4.1. Data Overview
activity data of foreign visitors is collected by OMOTENASHI APP (Gateway App Japan) . OMOTENASHI APP
(https://www.ga-ja.com/english.html) an Android app to provide free-WiFi access to foreign visitors in Japan. With this
application, foreign visitors are accessible free-WiFi for one week after activating it. Currently, the number of available
WiFi access points for this app is 65,000 in Japan. When subscribing OMOTENASHI APP, a user firstly needs to
answer a short questionnaire including purpose of visit, nationality, language, sex, age, entry date and plan of stay
length. In addition, since this app automatically logs subscriber’s location information with timestamp while
OMOTENASHI APP is available, the explicit agreement to data acquisition was obtained in advance. In this paper, by
regarding the app subscribers as the potential users of MAPIC, we analyzed their activities in Japan in terms of
spatiotemporal range of their activity. Here, we employed data collected from 3rd September, 2015 to 31th March,
2016. The basic statistics of OMOTENASHI APP data (160 people) are following.

Figure 5. Basic statistics of OMOTENASHI APP subscribers, (left)Nationality & (right)Native Language
Although only foregin visitors can use OMOTENASHI APP, there were many respondents that answered “Japanese”
because of the free-answer questionnaire. With regard to language, the answer “English” is a majority, then “Chinese”
followed.
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Figure 6. Basic statistics of OMOTENASHI APP subscribers, (left)Age & (right)Sex
There are many respondents that answered “30’s” and “40’s”. But a lot of women answered “20’s”. Regarding to sex,
there are much more male than female. There may be more male foreign visitors than female foreign visitors. Male may
have used OMOTENASHI APP than female.

4.2. Analysis and Consideration
In order to clarify the features of foregin visitor activities staying in Japan, we analyzed the time-series location
information collected by OMOTENASHI APP in every 1 minute. We obtained available data of 50 samples from 3rd
September, 2015 to 31th March, 2016.
Figure 7 shows aggregated results of unique users in municipal units of Japan.

Figure 7. Where foreign visitors stayed (left) visited Area & (right)Trajectories colored by users

Figure 7. (left) shows the major regions where foreign visitors visited, while Figure 7. (right) points out individual
trajectory. According to the results, some foreign visitors get around several major resgions such as Hokkaido, Kanto,
Kansai, Kyusyu and Shizuoka where there is one of the most famous mountains in Japan. Additionally, foregin visitors
who visited Kanto Area are the most compared to the other areas. Figure 8 represents the detail of Tokyo area.
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Figure 8. (left)Aggregated results at municipal level (Kanto Area) & (right) Trajectories colored by users
Activity pattern of foreign visitors getting around Tokyo can be divided into 2 spatial scales such as Small and Large.
Small scale visitors only have location logs within Tokyo area. That indicates their purpose would be a business trip or
a sightseeing focusing on Tokyo area. Large scale visitors usually use Tokyo an entrance point to Japan and soon move
toward other regions after arrival.
Regarding to total travel distance in Japan as shown in Figure 9, there is a tendency of all foreign visitors to be
classified into 2 spatial scales as same as Tokyo area. In case that the average of total travel distance, 79.7 km, can be
threshold value, small scale visitors get around internal area within some cities nearby while large scale visitors move
across some regions far away(Figure 10).
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Figure 9. Total travel distance in Japan
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Figure 10. Trajectories of foregin visitors moving around in large spatial scale
According to the above results, MAPIC should have a functionality to visualize their activities in different spatial
scales. For example, when a foreign visitor moves within small spatial scale, basemap should also represent small area
to show the detailed trajectories. With the function to choose any scale of basemap, User Experience can be better. In
addition to the spatial scale, we need to take account of time scale like time duration staying in a specific area.

4.3 Further Consideration about Summarization of Pictures
Additionaly, we need to consider how MAPIC makes use of the data of visitors’pictures, because pictures are also used
such as location information when MAPIC visualizes the foreign visitors information. So we regard 3 ideas for the
visualization and summarization of MAPIC with pictures. The 1st idea is that MAPIC has a function to complement the
animation (bullet train and airplane) for the situation when the foreign visitors ride in vehicles and trains. The location
information of foreign visitors were not collected, because there is a technical issue of OMOTENASHI APP. That’s
why we came up with this idea. While in vehicles and trains, the foreign visitors may not take pictures compared to
tourst spots. The 2nd idea is that MAPIC should makes use of the number of pictures that the foreign visitors took.
Now MAPIC just has pictures shown in short movies. With the number of those pictures, what the scale of Japanese
basemap changes as a cartogram is one of the ideas to use the information of pictures. The areas where they were taken
and the number of the pictures are important factors to decide the scale of basemap automatically. The 3rd idea is that
MAPIC uses the mechanism of machine learning to choose the foreign visitors’ pictures, because now users need to
choose 10 pictures by themselves in order to make short movies. A new function with machine learning can help users
have more choices to create short movies with MAPIC.

5. CONCLUSION AND FUTURE WORK
Analyzing the data of OMOTENASHI APP, there is a tendency of all foreign visitors in Japan to be classified into 2
spatial scales such as Small and Large. In case that the average of total travel distance, 79.7 km, can be threshold value,
small scale visitors get around internal area within some cities nearby while large scale visitors move across some
regions far away.
For future work, MAPIC should have 2 functionalities to visualize the foreign visitors activities in Japan. The 1st
functionality is to cover Spatial scale (Time scale). The 2nd one is to make use of visitors pictures. ( Ex: the number of
pictures, the place where pictures are taken, the features of pictures classified by machine learning. )
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Abstract
The appearance of OpenStreetMap (OSM) in 2004 sparked a phenomenon known as Volunteered Geographic
Information (VGI). Today, VGI comes in many flavours (e.g. toponyms, GPS tracks, geo-tagged photos, micro-blogging
or complete topographic maps) and from various sources. One subject that has attracted research interest from the
early days of VGI is how good such datasets are and how to combine them with authoritative datasets. To this end, the
paper explores three intertwined subjects from a quality point of view First, we examine the topo-semantic consistency
of OSM data by evaluating a number of rules between polygonal and linear features and then paying special attention
to quality of Points of Interest (POIs). A number of topo-semantic rules will be used to evaluate the valididy of features’
location. The focus then turns to the use of geo-tagged photos to evaluate the location and type of OSM data and to
disambiguate topological issues that arise when different OSM layers overlap.
Keywords: VGI, OpenStreetMap, geo-tagged photos, authoritative data, quality

1. INTRODUCTION
While the crowdsourced and collaborative creation of spatial content is not something new in the Geomatics domain,
the appearance of OpenStreetMap (OSM) in 2004 sparked a phenomenon known as Volunteered Geographic
Information (VGI). The term was introduced by Goodchild (2007) in an effort to describe “the widespread engagement
of large numbers of private citizens, often with little in the way of formal qualifications, in the creation of geographic
information” (Goodchild, 2007: p.217). A set of enabling factors helped the early forms of collaboration in Geomatics
to move to a different level. This collaboration was usually in the form of Public Participation Geographic Information
Systems (PPGIS), which were used by researchers and institutions to work with active citizens and local communities
on controversial issues leveraging both scientific and local knowledge. This form of collaboration generally took place
over a backdrop maps where stakeholders or community members could provide their inputs including data,
requirements and analysis in order to better understand a particular issue and then find the best solution for all parties
involved. Since then, the amount of VGI has increased rapidly, fueled by factors such as the removal of the selective
availability of the Global Positioning System (GPS) in 2000 (Clinton, 2000); the proliferation of accurate and low cost
GPS-enabled devices and the turn towards a bi-directional Web, where the lines between content users and content
producers has increasingly blurred, leading to what is known as “produsers” (Bruns, 2006:2; Coleman et al., 2009).
This study focuses on two seemingly independent sources of VGI and how they can be used together in quality
assessments. First, we examine the topo-semantic consistency of OSM data by first evaluating a number of rules
between polygonal and linear features and then paying special attention to quality of Points of Interest (POIs). Then, we
turn our focus to the availability and usability of geo-tagged photos for verifying OSM entities. Quality evaluation of
VGI datasets is anything but a straightforward process and there are many measures and indicators that could
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potentially be useful in determining quality (Antoniou and Skopeliti, 2015). The most rigorous evalution efforts involve
the use of authoritative data as reference datasets. Instead, here we use another VGI source (i.e geo-tagged photographs)
as the validation mechanism of OSM entities. We demonstrate this approach through two selected case studies. In the
first, geo-tagged photographs are used to evaluate POIs that are difficult to interpret via satellite imagery. In the second,
geo-tagged photos are used to disambiguate inconsistencies between different OSM thematic layers (for more on this
see Fonte et al., 2016).
The remainder of the paper is structured as follows: Section 2 describes the study area and the datasets used for the
study; Section 3 includes the topo-semantic checks of the OSM POIs; Section 4 describes the use of geo-tagged photos
in the evaluation of OSM features. The paper closes with a discussion and conclusion in Section 5.

2. STUDY AREA AND DATASETS USED
The study area is the broader area of Paris (Ile de France), France. The datasets used for this study include (as of
November 2015) the following layers: i) OSM Roads, Railways, Waterways, Natural, Landuse and Points of Interest
(POIs), extracted from Geofabirk; ii) OSM Buildings extracted using OSMOSIS. Additionally, the following layers
were used for the city of Paris: iii) Landuse, Points of Interest (POIs) and Road layers from the Institut Geographique
National (IGN, France); iv) Geo-tagged images uploaded to Flickr between April and November 2015, which were
retrieved using the public API (in total 129,222).

3. QUALITY ISSUES OF OSM POIS
Topo-semantic consistency (Servigne et al., 2000) is a subset of logical consistency as defined by Kainz (1990). Toposemantic consistency concerns the correctness of the topological relationship between two objects according to their
semantics. It can be divided into the consistency of geographic objects with other geographic objects of the same theme
(intra-theme consistency) or geographic objects of other themes (inter-theme consistency). Some typical examples of
topo-semantic constraints are: two parcels must not overlap, a house must be inside a parcel, two roads must not be
equal, a river and a road cannot cross except in the geographic object bridge, land-parcels must not overlap etc. In order
to check the validity of data, constraints can be formulated based on these topo-semantic relations and errors can be
spotted when these constraints are violated. Both the geometry and the semantics of objects are required to check such
constraints. Checking processes meet two difficulties: the problem of exhaustiveness of all kinds of errors likely to be
met, and the problem of proving the completeness of each checking process (Servigne et al., 2000).
A number of measures to evaluate the degree of violation of topo-semantic constraints are proposed in the literature
such as the number of objects in the dataset that exhibit at least one violation of a topological constraint (Martínez et al.,
2006) and Semantic Distance (SD) (Papadias et al., 1998), which quantifies inconsistencies as the normalized semantic
distance in the conceptual graph of topological relations. Rodríguez et al. (2010) have presented a number of measures
that compare topological relations between geometries stored in a database instance with respect to expected topological
relations; from these measures, after cognitive validation (Brisaboa et al., 2011), the overlapping area and the external
distance are considered as the main measures. These measures can be aggregated to globally describe the data quality of
a database instance, to determine if constraints are satisfied and whether conflicting representations are present
(Brisaboa et al., 2014).
VGI quality assessment includes the consistency issue as well. Inconsistency exists in VGI due to the absence of
integrity constraints, and therefore, it depends on the expertise of the data contributor. In addition, the data capturing
process can take place at different levels of detail (i.e. zoom level) resulting in more than one geometric representation
of the same object, which leads to additional potential inconsistency problems. The existence of consistency problems
in OSM data has been verified in a number of studies (e.g. see Girres and Touya, 2010; Jokar Arsanjani et al., 2013; Ali
and Schmid, 2014; Sehra et al., 2014).
In this study, a number of tests are applied in order to find inter-layer and intra-layer inconsistencies in the OSM data.
The tests are based on evaluation of consistency utilizing topological relations that should be satisfied taking also into
account data semantics as described by their attributes. Apart from the geometry capture, the existence of a plethora of
tags provides a semantic rich dataset and thus sophisticated topo-semantic relations can be explored. A case study is
performed with OSM data that covers the broader Paris area, transformed to the spatial reference system used by IGN
France. The OSM data used cover the following thematic layers: buildings, POI, Roads, Railways, Waterways, Natural
and Landuse. While this is not an exclusive list, a number of topo-semantics constraints are proposed in Table 1 for
each type of geometry. Data processing is performed with ArcGIS 10.3.
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Table 4. A list of topo-semantic constraints.
Polygons

Lines

Points

Buildings must not overlap

Roads must not overlap

Specific POIs are situated inside buildings

Landuse polygons must not
overlap

Roads must not self-intersect

Specific POIs are situated outside Buildings

Buildings should not cover roads

Roads must not self-overlap

Specific POIs are situated on Roads intersections

Buildings should not cover rails

Rails must not overlap

Specific POIs are situated on Rail intersections

Buildings should not cover
Waterways

Rails must not self-intersect

Specific POIs are situated on roads and Rail
intersections

Rails must not self-overlap

Specific POIs are situated inside Landuse
polygons

Waterways must not-overlap

Specific POI are situated outside natural
polygons

Waterways must not selfintersect
Waterways must not selfoverlap

Evaluation of the above constraints on the dataset described in section 2 produced the following results described
below.

3.1 Polygonal and Linear Features
According to the OSM wiki, some of the building polygons may overlap and in this case the “layer” tag is used to
express the overlay sequence. Based on “the polygons must not overlap” test, the majority of the polygons (101,852 –
99.6%) do not overlap while only very few do (433 – 0.4%). Of this small number, some of them (85 – 19%) can be
considered as silver polygons based on a thinness indicator. From the remaining polygons, 252 (58%) have different
layer values and thus can be overlaid but 97 (22%) need additional investigation as they are erroneously overlapping.
As 98% of all the buildings are characterized as “building = yes”, which according to OSM wiki is used when “it is not
possible to determine a more specific value”, it is not possible to extract any additional conclusions about the nature of
the buildings and their topo-semantic relations.
The majority of roads do not overlap, i.e. only 0.21 % of the total length of the roads violates this rule. When examining
the topological relation of the road network in relation to other thematic layers, problems are found only in relation to
buildings. A small percentage of roads overlap with buildings (0.82 % of the total length of the roads), which are mostly
tagged as “pedestrian streets”.
Based on the “polygons must not overlap” test, only 1% of the total area of the land use OSM layer exhibits this
problem. Of this 1%, the majority (40%) is tagged as “pitch” in combination with military, grass, residential,
construction, school and “recreation ground”.
Based on the “polygons must not overlap” test, 21% of the total area of the natural OSM layer exhibits this problem.
Overlaps mostly appear between the “forest” and “park” natural areas (86%), which are quite difficult to distinguish in
imagery or even by in-situ contributors.

3.2 Points of Interest (POIs)
The OSM POIs thematic layer has 222,527 points in the entire area of interest (60,136 are inside the buildings’ convex
hull which were used for the test below). Each POI has two main tags (i.e. “Name” and “Type”); the “Type” tag has 764
unique values. The topo-semantic relations of POIs against other thematic layers were examined as described below.
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3.2.1 Points vs. Buildings
A topology check was performed to check the POI position in relation to the building footprints. A number of points
(21,872 – 36%) are situated inside the building polygons, 2,338 (4%) are situated on the building borders and 35,926
(60%) are situated outside. First, we examine whether the POI position outside the buildings is valid based on their
semantics captured with the “Type” attribute (for example, examine if a POI with type “Bank” is outside of a building).
Based on this test, and judging by their type, 30,497 (85% of the subclass) can reside outside of a building but 5,429
(15% of the subclass) should be inside a building polygon.
Then, we examined the reverse rule: for the points (24,210) located inside or on the border of a building, we examined
whether their position was valid. Based on this test, 22,047 (91%) can possibly be situated inside but 2,163 (9%) should
be situated outside the building polygons. In this study, the “correct position” of the points in relation to the buildings
was decided based on common sense.

3.2.2 POIs vs. Roads
From the POI thematic layers, points that are semantically related to roads such as bus_station, bus_stop, crossing,
mini_roundabout, motorway_juction, parking, parking_entrance, parking_exit, parking_space, traffic_calming,
traffic_signals, tram_stop, wayside_cross and wayside_shrine were selected. Regarding the POIs that are tagged as
crossings (12,612 in total), the majority (12552 – 99.5%) is located on road intersections and only 60 of them (0.5%)
have a different position. From the POIs that are tagged as traffic lights (2310 in total), again the majority (2292 99.2%) is located on road intersections and only 18 of them (0.8%) have a different position.

3.2.3 POIS vs. Railways
From the POI thematic layers, points that are semantically related to rails such as railway_crossing, station,
station_disued, subway_entrance, subway_exit, train_station_en, tram_stop and level_crossing are selected. All the
POIs tagged as level crossings (209) and railway_crossing (1) are situated on the rail network intersections. This is also
the case for POIs characterized as “tram_stop” exhibiting a maximum distance of two meters.

3.2.4 POIS vs Crossings (Railway and Roads)
Points semantically related to the intersections of the rail and road network, such as level crossings, were checked based
on their geometry. From the 1,101 points in total, 949 (86%) are located on the intersections while 152 (14%) have a
different position.

3.2.5 POIS vs. Landuse and Natural
A number of points (2,498 - 4%) is located inside the Landuse polygons whereas 1,774 (3%) are located in the Natural
polygons. Although it is possible to examine the topo-semantic validity of these intersections based on the POIs and
polygon types, in reality there are hundreds of possible combinations for each type of polygons. Thus, a more
systematic recording of the constraints and an automated evaluation process would be needed.

3.3 OSM POI distribution
This section focuses on OSM and IGN POI comparisons specific to the study area in Paris. There are 61,220 OSM point
features in the study area, roughly 10 times more than the 6,202 POIs in the IGN dataset for the same area. A
preliminary analysis on the spatial distribution shows that there is a bias, resulting in over-representation of points
related to certain categories of potential interest to the public (e.g. parking spaces). Despite the much richer OSM
dataset, there are issues of consistent recording and description of POIs. A striking example of such an inconsistency is
the recording of 304 POIs described as “parking” in addition to the 2,017 POIs recorded as “parking_space”. This
discrepancy would not present a serious a problem, but there is a spatial bias, as shown in the Figure 1. Given the spread
of “parking” coded POIs throughout Paris (left). it is very unlikely that parking spaces exist exclusively in the western
parts of Paris. Instead we can conclude that it is a matter of interpretation and recording bias.
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Figure 24. OSM 304 “Parking” (left) and 2,017 “Parking_spaces” (right)

4. QUALITY EVALUATION WITH THE USE OF GEO-TAGGED PHOTOGRAPHS
Section 3 provided examples of possible inconsistencies that a VGI dataset can have. Semantic mis-matches,
topological and positional errors and vague and ambiguous cases of overlaps and intersections should be expected when
handling such GI. This set of quality caveats can be added to other disadvantages of VGI such as heterogeneity, lack of
metadata, patchwork, social and participation biases etc.
The disambiguation of all these cases is a challenging task. In most cases, in academic research, such efforts use
authoritative data. The VGI datasets are compared against reference datasets of known quality. Alternatively, such cases
should first be recognized, located, and then corrected or verified by the contributors. Indeed, it has been documented
that the positional quality of features improves as more contributors add data or modify a feature (Haklay et al., 2010).
However, participation biases (Antoniou and Schlieder, 2014) and the digital divide (Graham et al., 2013) can
negatively affect a widespread effort of quality improvement.
Hence, either because of lack of authoritative data or because it is difficult for contributors to locate such
inconsistencies, we need to devise methods that can more easily identify such potential sources of error. Another
obstacle could be that, in many cases, VGI datasets have surpassed the equivalent authoritative data in detail and field
of scope (Vandecasteele and Devillers, 2015). We suggest that the solution to this problem can come from the VGI
world itself. A line of research in this direction uses the intrinsic VGI characteristics as indicators of the overall quality
(see for example Antoniou and Skopeliti (2015) for an overview). Here, we focus on the use of other VGI sources (i.e.
Flickr geo-tagged photographs) to evaluate the validity of OSM POIs. We use two case studies: i) we try to verify the
OSM points that could not have been created through image interpretation as there are objects that obscure the view (i.e.
trees and wooded areas); and ii) we try to disambiguate areas of overlapping OSM land use/land cover types
However, it is first necessary to examine the quality of the geo-tagged photos in the study areas to understand the
uncertainties that can be introduced by their use. While the quality of geo-tagged photographs is a very broad subject
that is closely related to the needs of each application, here we look into one of the most basic, yet highly important
factors: whether the photographs are located inside or outside built up areas. The first step is to separate those
photographs taken outside, and thus can show the existence of a feature, from those taken inside buildings. Table 1
shows the total number of photographs that fall inside a buffer of 20m around buildings as well as the number of those
inside and outside of the OSM building footprints
Table 5. Number of photographs inside and outside of building footprints
Photographs in scope

Photographs inside building
footprints

Photographs outside building
footprints (<20m)

79,722

38,106

41,616

48%

52%

Table 2 shows that for the urban area of Paris, the number of photographs is almost split between those taken outside
and those taken inside a building. This is important as it can quickly orient researchers regarding the number of possible
useful photographs. However, as the results of Table 2 have been computed automatically, we then manually examined
the photographs to determine how many are actually inside or outside buildings. Table 3 shows the confusion matrix for
1,000 randomly selected photographs. The “Inconlusive” category means that we could not verify from where the
photograph was taken (i.e. a close-up of a face or an object).
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Table 6. Confusion matrix comparing photographs inside and outside buildings comparing an automated and manual
approach
Topology Checks
Inside Buildings
Visual
Checks

Inside Buildings
Outside Buildings
Inconclusive

613
308
79

61%
31%
8%

Outside Buildings
347
557
96

35%
56%
10%

Note that these inconsistencies are in addition to the positional error that the geo-tagging process introduces (either via
GPS or by locating the image on a map by hand). In the next section we use the Flickr geo-tagged photos to evaluate
OSM.

4.1 Evaluation of OSM point features
As a case study for this kind of evaluation, the OSM POIs that were located in, what IGN categorizes as, wooded areas
(i.e. under trees) were used. The existence of POIs under trees limits the pool of contributors that can offer their services
in data capturing or data updating as an individual cannot digitize the entity by using satellite imagery but needs to
actually visit the POI and offer local knowledge. Figure 2 shows (left) a satellite image of a selected area and (right) the
polygons of wooded areas provided by IGN for the same area.

Figure 25. Snapshot of Parisian Wooded Areas (source: IGN)
The polygons of Wooded Areas were used to clip the OSM POIs (2,448 in total) and the geo-tagged photographs
(10,333) that were inside a 20m buffer zone from those POIs located outside of buildings. These two datasets resulted in
16,351 possible combinations as a photograph could be in the vicinity of more than one POI. A Postgresql (with
Postgis) database was used to store the location of the geo-tagged photographs, the Wooded Areas layer from IGN and
the POI and Building layers from OSM. An online application was then developed which displayed a geo-tagged
photograph, retrieved using the Flickr API, and asked a user whether a specific POI could be recognized in
approximately ‘X meters’. Thus, for example, the questions had the form “Do you see a(n) monument about 2m away,
in the photo below?”. Figure 3 shows a number of illustrative examples generated by the application. We proceeded
with the visual evaluation of 1,000 pairs (i.e. POI – geo-tagged photograph) and it was possible to positively evaluate
the POI in 78 cases. In these cases, the POIs could be positively identified and thus evaluated for their existence and
validity (e.g. the POI had not changed).
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Figure 26. Illustrative screen-shots of an ad-hoc application that retrievess geo-taggged photos for POI evaluation.

4.2 Evaluation of LULC overlaps
The second case study for using geo-tagged photographs to evaluate a VGI dataset was selected from the Land
Use/Land Cover (LU/LC) domain. In this case, inconsistencies regarding the actual LU/LC resulting from contradictory
feature types that come from different OSM layers (e.g. between the Landuse and Natural OSM layers) were recognized
(for more on this see Fonte et al. 2016). The LU/LC at each given point should be unambiguously retrieved. This
requirement not only contributes to the overall quality of OSM and the correct cartographic output but also enables the
use of OSM data for the creation of LU/LC products. Thus, overlaps between different and contradictory LU/LC feature
types create inconsistencies that could possibly be disambiguated with the use of geo-tagged photographs. For, example
Figure 4a shows the overlap of a closed construction site (purple polygon) and a residential road (green line) (green dots
are the locations of Flickr photos). It is obvious that it is not possible for both layers to correctly denote the actual use
of the area. The use of geo-tagged images could provide the necessary information to clarify the mismatch. In Figure
4b, a Flickr photo clearly shows that the area has been turned into a construction site. A valuable characteristic of the
VGI datasets used is the time information they bear. Using the individual timestamps of features, it is possible to
analyse and understand the currency of each feature, which could be valuable in updating the overlapping features with
outdated information.
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(a)

(b)

Figure 27. Mismatches between the OSM Roads and Landuse layers (a). A Flickr photograph of the area.
Although no systematic approach has yet been followed for this line of research, manual examination of similar cases
allows us to suggest that geo-tagged photographs can be used as an external validation mechanism of other VGI
sources.

5. DISCUSSION AND CONCLUSIONS
In this study we have explored selected quality aspects using topo-semantic rules. At the beginning the focus was on the
inter- and intra-theme validity of the rules using polygonal, linear and point encoded features. We examined selected
rules and the findings show that OSM data, for the study area, adhere to the rules set by the OSM wiki. For example, a
mere 0.18% of the total buildings might be erroneous cases (either sliver polygons or unjustified overlaps). A similar
picture can be seen for the Roads layer itself or when compared with other OSM layers. This process gave us a better
understanding of the quality of the inter- and intra-theme quality of OSM layers and how topo-semantic rules could be
applied.
Then the focus turned specifically to POIs. Until recently, topographic maps provided very few details about important
features of everyday life. Local-level mapping was out of the scope of National Mapping Agencies or private
corporations. Exceptions could be found in products like touristic maps and guides that included touristic attractions or
POIs. Still, even these products did not provide a detailed description of the urban fabric. Today, thanks to VGI sources,
a vast amount of local-level data in form of POIs is available and, in a sense, drive online maps and applications
towards a totally different level. In this context, and recognizing the importance of POIs, we turned our focus to the
examination of inter-theme topo-semantic rules for POIs or intra-theme with layers like Buildings and Roads. The
analysis of the Parisian POIs showed that, in general, POIs adhere to the topo-semantic rules with very few exceptions
(e.g. crossings) or distribution biases (e.g. parking spaces).
However, notwithstanding their merits, POIs have a challenging intrinsic characteristic: volatility. It is obvious that a
local POI can change its name, use or stop existing as a POI far more easily than a road segment or a park. Thus it is
imperative for POIs to be verified regularly by local contributors. Alternatively, a solution might come about through
combining information from various VGI sources. For example, geo-tagged photographs can prove a trustworthy
alternative, in particular for POIs that cannot be verified through interpretation of satellite imagery,. To this end, an adhoc application was developed to prove the validity of the concept. Indeed, it was possible to positively verify POIs that
were under trees. Thus, the study makes a step towards the use of geo-tagged images in quality evaluation and
improvement of OSM.
We recognize that this is a first and admittedly rudimentary approach for using geo-tagged photographs as a reference
dataset for evaluating OSM features. There are many issues that need to be considered and various ways in which this
process could be further improved. For example, each photograph faces a certain direction and there is no information if
another, more relative, POI is missed by the photograph. Digital compasses, added to modern cameras or smartphones,
might provide information about the viewshed of each photograph. Furthermore, here we used only Flickr geo-tagged
photographs. The combination of photographs from all major photo-sharing social applications (e.g. Twitter, Instagram,
Facebook, Google Picasa etc.), which provide global coverage, can give more options in observing and validating OSM
features. Another issue is the need to reduce the noise introduced in the automated process. In our example, we
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evaluated 1000 POI-photo combinations to end up with 78 positive matches. By automatically eliminating all geotagged photographs that are adding noise to the process (such as close-ups, photos with no natural light etc.), we can
make the whole process more efficient.
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Abstract
In the recent years several Nationaal Mapping Agencies have initiated projects to explore citizens’ participation to
improve the quality of the topographic data. One of the conclusions was that the data coming from crowdsourcing
initiatives is not always uniform and countrywide. The question is: how to collect uniform and complete countrywide
data that can be used to enrich the Topographical Key Registers in a sustainable way? In a new project
‘Crowdsourcing at school!’ the dutch Kadaster explores the possibility to collect uniform data with a national coverage
by means of curriculum for children in primary schools. At the same time children practice their geographical
orientation and their role in the society as an active contributor to the governmental data. The results of this project
help finding answer for the optimal usability of the crowdsourced data and its applicability to Topographical Key
Register in different countires.
Keywords: crowdsourcing, children, data, national coverage, Topgrapgical Key Register

TOPOGRAPHICAL KEY REGISTER (BRT) AND CUSTOMER VALUE
The Dutch Cadastre, Land Registry and Mapping Agency (in short Kadaster) is a non-departmental public body,
operating under the political responsibility of the Minister of Infrastructure and Environment. One of its statutory tasks
is to maintain the key registers. One of the Key Registers is the Topographical Key Register (BRT), which consists of
digital topographic data sets at different map scales (1:10k, base data set and derived / generalized data sets at scale
1:50k, 1:100k, 1:250k, 1:500k and 1:1.000k). The data quality of the Topographical Key Register is internally and
externally controlled according to ISO19113 standards. The controlled elements are: logical consistency, positional
accuracy, thematic accuracy, actuality, completeness and the feedback system. In 2012 Topographical Key Register
became an open data under the CC-BY licence. Since then all the products of the BRT family have became freely
available to everyone for use and republishing without restrictions such as copyright and patents (te Winkel, 2015).
Some signifficant effects of making the BRT data open concerning the customers are increasingly visible. One of those
effects is a clear shift in user groups of BRT. The percentage of business and private users has increased significantly
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in the first few years (Fig 1). Another visible effect is a grow of the BRT user community. Since BRT has been made
available as open data the number of BRT LinkedIn user group members has increased substantially. Also the group
activity represented by discussions and comments has increased significantly (Bregt et al.,2015). Next to making BRT
products open, the implementation of LEAN method in BRT production process helps to increase the role and
inmportance of the users. The core element of the LEAN methodology is to maximize customer value while minimizing
waste. Thanks to LEAN method the focus has shifted to the direct creation of value for the BRT customer. In the Dutch
Kadaster next to the exclusion of the waste in the production process also the customer was asked to participate actively
in improving the production process. Every change in the specifications of the BRT product family or in the production
process has been evaluated by the customers from their perspective. From the BRT user group consultation it has been
found out that the actuality of the map is the most important and desired quality element of Topographical Key Register
BRT.
Figure 1

Figure 1. The users of the BRT separated in user groups
(source:“De effecten van een open basisregistratie topografie (BRT)”, Bregt et al.,2015)

CROWDSOURCING AND VOLUNTARY GEOGRAFIC INFORMATION (VGI) IN THE
NETHERLANDS
Since 2012 Kadster has been facing a growing need for the higher actuality of topographic data. Next to the LEAN
method implementation and giving the customer a prominent role, Kadaster has initiated several projects to explore
citizens’ participation (crowdsourcing en voluntary geographic information) to improve the actuality of the
topographical objects. Next to the high quality standards the Dutch topographic datasets has to be uniform, nationwide
and deliverable each year. An important user group of our topographical maps is the emergency service sector.
Unfortunately the current situation does not meet the quality and visualisation requirements of this group. The
emergency services demand the highest actuality and uniform data with a national coverage. The question arised
whether crowdsourcing would be a suitable method to collect those data. Althouh the crowdsourced data have very high
actuality, they are very often not uniform nor countrywide. Moreover there is no guarantee about the sustainability of
such initiatives.

CROWDSOURCING AND VOLUNTARY GEOGRAFIC INFORMATION (VGI) IN FINLAND
Crowdsourcing and VGI concepts are being implemented and tested also by the Finnish Geospatial Research Institute
(FGI), part of National Land Survey (NLS) in Masala. As part of the universal renewal of the National Topographic
Database schema a project has been initiated to investigate to possibilities of crowdsourcing in data collection. The
main objectives of the project are to create a concept for the usage of the volunteered geographic information and to test
the concept with a pilot. The plans are to offer citizens and for other partner bodies as well a special layer on top of the
authoritative data where they can contribute their data on. This layer is called as Citizen Topographic Database. These
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data would be visible for all the users. The main challenge in data quality is to create an interface which guides the
contributor to enter as complete data as possible. The current pilot design will focus on selected data objects to which
complete data models are created and the required attributes are decided. The pilot environment will be offered to the
audience in web browser based and as a mobile version. In addition to the technical challenges in collecting and storing
the data the conceptualizing of promoting, engaging and motivating people is highly important. Whilst campaigns on
special topics work often well the continuation and sustainability of the activity is difficult to gain.
Based on the results from the previous crowdsourcing projects at the Kadaster and NLS but also experiences from other
National Mapping Agencies it can be concluded that maintaining continous participants’ involvement is challenging.
The question which arise was: how to collect actual, uniform and countrywide data, that can be used to enrich the
Topographical Key Register users, in a sustainable way?
The two organizations – the Dutch Kadaster and Finnish FGI – are a collaborating partners in the field of
crowdsourcing and VGI within the Short-term scientific mission (STSM) for European COST Action TD1202 research
network.

CROWDSOURCING AS A PART OF EDUCATIONAL PROGRAM
To find the answer for the question how to collect actual, uniform and countrywide data, that can be used to enrich the
Topographical Key Register users in a sustainable way, the Dutch Kadaster started a new project ‘Crowdsourcing at
school!’. In this project Kadaster has been exploring the possibility to collect data with a national coverage by means of
curriculum for school children. Involving the Dutch educational system seems to be a suitable approach because of the
amount of and location of primary and secondary schools in the Netherlands which are spread evenly throughout the
whole country (Figure 2). At the same time children get a chance to practice their geographical orientation,
acquaintance with topographic maps and their role in the society as an active contributor to governmental data.
Figure 2

Figure 2. The spread of the primary and secondary schools (high schools) in the Netherlands.
In the crowdsourcing curriculum presented by Kadaster to schools in a pilot project, children get to know what is
crowdsourcing and why their contribution can be important for the whole society. The curriculum is based on an
onlineprogram and involves several parts.The first part is about the Kadaster as organization. Through several
assignments, children gain knowledge about the history of land registration, and the role of Kadaster. The second part is
about crowdsourcing. In the theorethical part children learn about the concept of crowdsourcing and get several
examples of crowdsourcing initiatievs such as Wikipedia, OpenStreetMap etc. In the practical part of this curriculum
children learn to collected data for the emergency services (police, ambulance and fire services) through an online
application (Figure 3).
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Figure 3

Figure 3. Online application to collect data for emergency services
In the future, the curriculum can be extended or adjusted to the needs of other target groups. By integrating this
crowdsourcing method into the educational system, data collection is ensured for a longer period. By means of
application, children work on their topographical knowledge by using different kinds of maps (topographical maps and
aerial photos). By collecting data for emergency services they learn how they can contribute in order to help other
people.
Currently, this curriculum is in the pilot phase. We are testing the online program at primary schools (children in the
age of 11-12). In this phase we want to gain as much as possible experiences and feedback from pupils and from the
teachers about the content, format and the user friendliness of the method.
Further we are also curious about the quality of the collected data and the usability of the new objects by the target
group which is the emergency services. However further research will be made in cooperation with Finnish NLS and

the French National Mapping Agency (IGN-FRANCE).
School visits
Until now the curriculum has been tested at four primary schools in the Netherlands. The lesson have been prepared,
coordinated and given by two kadaster collegues. The lesson took one hour and consisted of two assignments. The first
assignment was about the Kadaster organisation and its role in general. The second part was about crowdsourcing and
data collection for the emergency services. In an online application the data were collected such as: obstacles on the
road, bus stations, petrolstations, etc.. Three different methods were tested for datacolletion:


In the first method, the whole class/group children were looking for the new objects. There was only one child
at a time physically interacting with the online application. The other children and the teacher were actively
helping and supervising.



In de second approach, the children were divided in groups of 2-3 children. Each group had the same
application running on the computer. Each new added object by one group was directly visible for the rest of
the groups.



The third approach was very similar to the second one except that each group had its own version of the
application running on the screen. The new added objects were not visible by all groups at the same time.
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Observations and first results
The first results which are based on all three methods seem to be very promising. The children enthousiastically and
with involvement were looking for new objects. We have noticed that the idea of helping others make the pupils very
motivated. Children were asking questions about the possibility to do this exercise also at home.
In this stadium it is too early to say which of those three methods is the most suitable to collect new objects for the
emergency services. Each of the three presented approaches has advantages and disadvantages. For example by means
of the first method, the accuracy and correctness of the new added object was very high however there were (only) five
new objects added (in the class of 32 pupils). We have found out that the supervision of the teacher and the rest of the
group helps in adding correct objects and eliminate potential errors. In this approach the group gets unintentionally also
the role of validator.
The second method resulted in many new objects (more than in method one and less than in method three). Around
60% of them were correct. There were also “joke” – objects added. For example someone has put a school building in
the lake. During the test there were serveral questions from the children about the possibility to erase an incorrect object
added by another group. The second approach did provide this possibility.
The third method resulted in the highest amount of the objects added comparing with the other two methods, however
many of the added objects related to the same location. This is because children did not see the object added by other
groups. On the other hand the high amount of objects pointing to the same location can be treated as a sort of validation.
For example the objects mentioned by at least 8 of 10 groups can be named as very highly reliable, 6 - 8 of 10 high
reliable, 2-6 of 10 medium reliable (where extra control/validation is needed), less than 2 not reliable and the object can
be neglected.
The choice of the method can depend on many factors. It can depend on the target group for which we plan to collect
data and the aim we want to achieve. It can also depend on internal process and possibilities of the organisation. If the
aim is to make the children familiar with the phenomenon of crowdsourcing, the sort of method to collect data is of less
importance. If the goal is to collect high quality data than the method can have a crucial role. In case we need a high
quality data without extra validation procedure than the first method seems to be the most suitable. If the aim is to
collect as many data possible than the method 2 and 3 seems to be a better choice.
The first results are based on data collected from 5 groups (together around 120 pupils). The research focused on
investigating the children’s experience with the subject: crowdsourcing and the diferent method of data collection. In
the second phase we would like to concentrate more on the quality of the data collected and its usability for the
emergency services.

CONCLUSIONS
Crowdsourcing and the ongoing search for new methods for collecting uniform and actual data with a national coverage
is an important issue in several Mapping Agencies in many countries. The crowdsourcing as a part of the educational
program seems to be a very promising development. By means of curriculum, children gain topographical knowledge
and learn how to became an important member of de society. Bringing topographic mapping to the school curriculum
would guarantee a wide spared of the knowledge in the society and build a solid ground for further mapping activities
among the citizens in future.
Based on the first results of the research it seems that school children can play an important role in data collection and
can become active contributors to governmental data. Considering the quality and usability of the data delivered by the
children, there is more research needed.
We would like to implement this approach in other countries as well and further explore the chances and obstacles of
the crowdsourced data collected by pupils.
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Abstract
Over the years maps of various purposes have reached people in different ways. Written and visual media have very
easily reached almost all people all over the world. At times, when written media technology was not so advanced
newspapers and magazines had the main access to the people. So, the newspapers were one of the easiest ways to
convey the maps to people. Therefore, the maps are very powerful visual tool in the newspapers. They make the
contents more comprehensible for the readers.
The aim of this study is collecting, classifying and archiving maps’ contents of 12 newspapers, which were published
since the Alphabet Revolution of Turkish Republic to today. These newspapers were chosen according to their
prevalence in the period. The study is being carried out using newspaper archives. One of the biggest and most
important library which is named ‘Atatürk Kitapligi’ in Istanbul. The newspapers have been examined one by one
according to a program. The maps in the newspapers have been recorded by taking their photos. The maps and like
maps have been examined and classified by the cartographic rules and their theme. The primary purpose of study is to
archive the maps of the newspapers and to analyze their cartographic levels and to determine their roles in the news.
Meteorology, natural disasters, elections, traffic, propaganda, vital statistics, divorce rates, violence to women etc. are
good examples for the subjects of the maps in the newspapers. The basic purpose of the study is to prove the importance
of Cartography to spread knowledge with maps in the news. This is study is unique so this factor make the study has an
important role in the literature.
Keywords: Cartography, History, Documentation, Archiving, Classification

INTRODUCTION
Maps which can be considered as graphical representations of geographic information are one of the best
communication tools used for the transfer of information. Maps act as graphical models of the real world with the
information such as spatial relationships, location, direction, distance, height, neighborhood, continuity, structure,
shape, hierarchy, density and size [1]. The newspapers have an important place in life by the conveniences they provide
for the transport of current information for decades. A newspaper assigned missions to publish accurate, understandable
and effective news, appeal to all segments, be neutral and reach the greatest number of readers from the day of
publication. Accordingly, use of graphic elements is frequent in the newspapers in order to strengthen the expression
and embody. Therefore, maps that have a good way to transfer spatial information and graphics are widely used in the
newspapers to strengthen and improve the efficacy of the news.
Maps have found a place in the newspapers not only as a way to spread the news, but also as advertisement, art, comics
and cartoons in which are complementary elements of newspapers. So, areas of the usage for maps vary according to
the purpose of the newspaper.
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In this study, a specific historical period, map and contents of 10 newspapers selected based on their circulation and
political orientations are investigated from the date of publication till today for those which are still publicated; to the
termination date of publication for that publication is ended. In this study, a specific historical period, map and contents
of 10 newspapers selected based on their circulation and political orientations are investigated from the date of
publication till today for those which are still published; to the termination date of publication for that publication is
ended. The selected newspapers are: Cumhuriyet (1928-), Hakimiyet-i Milliye (1928-1934), Milliyet (1950-), Sabah
(1980-), Star (1999-2012), Tercüman (1955-1994), Ulus (1945-1975), Zafer (1949-1960), Zafer (1952-1960), Zaman
(1994-).
Mentioned historical periods include the time period between the Alphabet Revolution of Turkish Republic and today.
The main objective of the study is cartographic analysis of the maps reaching the readers through newspapers
constitutes in this period. Our primary aim was to investigate the usage of map in the most powerful communication
tool for geographic information transfer, newspaper and to analyze of the design and cartographic elements.
In this context, analysis of what should be or not be the design of newspaper map, whether the spatial information
conveyed depending on the cartographic theories, the existence of usage map tools or the accuracy of the usage of map
tools were performed.
The final date of the study has been fixed in January 1, 2000 is web newspaper had been published. This is because, the
web newspapers had started to published in 2000. This means, the format and style of the press technic had changed in
this time. This improvement also affected the press style of the newspapers. So, this improvement describes a period to
change the technic of the maps.
Especially the designs and types of the most commonly used maps are analyzed. Evaluation and classification of the
archived maps, storage of the classified data in a database are also aimed in the study, which will provide important data
for scientists from the other disciplines and for future studies. This study, which is estimated to be an important
investigation for Turkey and world literature, is also thought to be useful for developing a different perspective on the
present historical period.

EXAMINATION OF THE NEWSPAPERS
The design a database for saving all maps and their related news of the newspaper is the main purpose of the study. Due
to this reason, the examination part is an important part of the study. The examination is mainly being carried out in
some newspaper archives. One of the most comprehensive and important newspaper’s archive is in the Atatürk
Kitapliği in Istanbul.
Also, there are several places in Ankara and Istanbul and in the following day of the study, these archive centers will be
visited to look for the destroyed and lost copies. The 10 newspapers have been examined mainly in Atatürk Kitapligi
because this center is one of the comprehensive archive center in Istanbul. In the library, the newspapers copies are kept
as one or three months volumes and they can only be received from a library staff with petition. The petition is an
ordinary procedure that must be applied for every researcher. These form must be filled to get every volumes. Every
researcher can have 3 volumes at once and the volumes are needed to bring the staff after the examination to have
another one. This rule many times makes researchers slower during the examination because the researcher needs to
wait other volumes after finishing them.
In this library, the 10 newspapers’ pages have been examined one by one according to a schedule of the research. The
program includes 6 months historic interval because in the beginning, the study separated six months periods to present
final reports. So, every newspaper’s 10 or 20 years time period have been examined in these six months periods. In this
direction, the examinations of six months periods of each 10 newspapers have been already finished. Currently, The
archive examination of 4 newspapers which is named Zaman, Tercuman, Sabah, Star newspapers have been finished.
Taking photos saves these maps, which have been detected on newspaper. The photos carefully have been taken
orthogonally to minimize photo distortion. The archiving process is needed to carry out in libraries that are saved
unique and historic valuable pieces. Because of that the researcher cannot find easily the lost and destroyed copies. So,
in this situation, there is another comprehensible alternative archive center in Istanbul called Istanbul UniversityBeyazit Kitapligi instead of Ataturk Kitapligi.
Beside some works in these libraries, some newspapers can be reached by Internet. However, the numbers of
newspapers that can be reached in the libraries are more than online resources. So, there are just 2 Turkish newspapers
called Milliyet and Cumhuriyet that can be reached all copies since their first day until today in this way in other words
as online.
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After all collecting data process, there is another important work stage to organize all map contents that taking their
photos from the newspaper copies. In office stage, these images have been entitled by the format
‘Year_Month_Day_NewspapersName’ and collected for the classification process and planned database in an external
hard disk. This part of research is time-consuming as well because, every image has been searched one by one and
entitled by the format. So, the entitled images are needed to arrange with this format to take place in the user-friendly
database system.

THE CLASSIFICATION OF THE PUBLISHED MAPS
Simultaneously with archival works, cartographic and the other classifications, which are the main purposes of the
study, have been already started. The cartographic classifications have been made with 2 titles: ‘Map Types’ and
‘Cartographic Elements in Published Maps’. The other classification is about that the map is in which part of the
newspaper. For instance, a map could be in a sport page, a comic or a commercial, etc. Consequently, the classifications
in the study have been planned in 3 main titles.
‘Map Types’ are the first main title of the classifications. Purpose of the titles is classifying ‘the maps’ to determine
each published map belong which map types. The first subheadings of the ‘Map Types’ are General Purpose Maps
(Reference Maps) and Image Maps. According to this classification, General Purpose Maps consist of three headings:
Street Maps, Atlas Maps, and Thematic Maps. The Image Maps involve 2 different types: ‘Aerial Photographs’ and
‘Satellite Images’.
The thematic maps heading contain 8 subheadings: ‘Picture Symbol Maps’, ‘Choroplet Maps’, ‘Dot Maps’, ‘Graduated
Symbol Maps’, ‘Route Maps’, ‘Isoline Maps’, ‘Network Maps’, ‘Flow Maps’. In Figure 1, it shown an example for
Choroplet Maps.

Figure 1: (An Example of a Choroplet map from 1956)
During the cartographic evaluations, existence and correct usage of cartographic elements in published maps have been
examined. Title, Scale, Legend, Directional Indicator, Inset Map, Text, Resource Information, Projection and Datum
Information are the subheadings of Cartographic Elements Title. It shown a Lejand Use on the old copy in Figure 2.
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Figure 2: (An Example of Lejand Use on Map from 1940)
Some published maps don’t have the scale information. So, the scale has been needed to be predicted and the scale
factor has been approximately examined with 4 parameters: Global, Continental, Regional and Local. Global scale
involves the entire worlds map such as Atlas Maps and Globes. Continental Scale is for one continent demonstration.
Regional scale is for a region like a country or showing two or more countries together. And local scale is like the street
maps, large scale maps.
Third classification focus on the parts of the newspaper would be used the maps, such as Report, Sport, Strip Cartoon,
Logo, Column, Caricature, Article Series, Commercial, Announcement, Weather Forecast. ‘The map is in which part of
the newspaper’ has been examined. So, ‘which part of the newspaper is mostly using the maps as a graphic
presentation’ have been interrogated. In Figure 3, there is an example for a Cartoon, which include a map.

Figure 3: (An Example of a Cartoon)
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RESULTS
All of these classifications will give some results about cartographic improvement of Turkish newspapers in determined
periods. However, the study has just been started; it is too early to take for good results in all classifications. In the
following process, the cartographic techniques of the published maps can be analyzed and their accuracies or
deficiencies could be observed. The study propounds the situation of the published maps in a period and concurrently it
emphasizes how the importance is the map usage in the printed media to spread the news.
After the collecting all data (maps) in a database, scientists who are working in the different areas, can take advantage
of this collected data. Proceeding from here, the study will be base for the further investigations and the different
studies.
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Abstract
According to the topics taken as a basic feature, maps are subdivided into general geographic and thematic. The
specialized maps occupying a specific place in the subgroup of thematic maps. The latter are a special type of thematic
maps meant to solve a certain range of problems or designed to be used by a definite circle of users. They are the result
of systematic mapping in a given area and are created for specific use in various social and economic sectors. Their
making and publishing follow strict guidelines, instructions, rules and standards in conformity with the current
legislation (laws and regulations).
The subject of this review is specialized mapping in Bulgaria. The analysis includes description, accompanied by
examples, of the development and the active regulations, sign systems, archives and data bases of specialized maps in
these trends. The review reflects the current state of specialized mapping in Bulgaria.
Keywords: maps, specialized, functional use

INTRODUCTION
There are two large groups in the classification of maps by content:


general geographic maps



thematic maps

General geographic maps. These maps depict totality all of the elements of the region and are intended for universal
multipurpose use: to study the territory, for orientation, to solve scientific and practical problems. In the general
geographic maps, all the sites of the area that are visible are displayed with equal importance.
Thematic maps. The contents of maps of this group is determined by one or another subject. The main groups of
thematic maps are two: maps of natural phenomena and maps of public events.
A special place in the thematic maps have the special/specialized maps. The maps from this subset are a special kind of
thematic maps designed for solving a range of problems or designed for use by a certain range of users. These are maps
have with a separate function. They result from systematic mapping in a specific area. These maps are created for use in
specific socio-economic sectors. Their drafting and issuance is approved by guidelines, instructions, rules and standards
in accordance with existing regulations - laws and regulations.
The definition for the specialized maps can be the following:
The specialized maps and plans are elaborated for use within the systems of various socio-economic sectors and for
administrative and customer service in accordance with the adopted legislation.
The specialized maps based on the existing legislation in Bulgaria are:


specialized maps for spatial planning



specialized maps for spatial planning of the Black Sea coast



specialized maps of the overhead and underground lines and facilities



specialized maps of the vineyards



specialized maps of the technical infrastructure
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specialized maps of the protected areas



specialized maps of water, water facilities and installations



specialized maps the maritime, inland waterways and ports



specialized maps of the mineral resources



specialized maps of the cultural heritage



maps of the forests



maps of the agricultural land and the forest land



soil maps



geological maps



ecological maps



navigational charts

As separate, can be added the groups of:


cadastral maps



topographic maps



maps for earth sciences

TOPOGRAPHIC MAPPING
The beginning of Bulgarian topography is considered 1891 when the topographic department of the General Staff of the
Army was founded by King Ferdinand Decree.

Large scale mapping
It is assumed that the large-scale topographic mapping in Bulgaria has begun in 1954 when the Head Management
Office of Geodesy and Cartography (HMOGC) has developed rules for the creation of Large Scale Topographic Map
(LSTM).
The scales of LSTM are as follows: 1:5,000 for field, intensive and mining areas (approximately 92,000 km2) and
1:10,000 for high-mountain, low-productive and forest areas (around 20,000 km2). There are Instructions for preparing
and symbols for LSTM published by HMOGC. The projections are consistently two: the so-called Coordinate System
1950 and Coordinate System 1970 (Fig. 1).

Figure 1. Part of a LSTM in scale 1: 5,000 together with parts of the frame and out-frame content
Topographical plans / maps at scales of 1: 500, 1: 1000 and 1: 2000 have been sporadically elaborated, usually noted as:
geodesic survey, topographic survey, situational plan that serve as a basis for engineering and architectural design.
There has been no existing regulation for their adoption. Other plans and maps depicting relief have been noted as
topographic plan either. [3].
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According to Art. 9 of the Law on Geodesy and Cartography creation and maintenance of topographic maps at a scale
of 1:25,000 and smaller is the responsibility of the Ministry of Defense. Bulgarian topographic maps of this group are in
scales of 1:25,000, 1:50,000, 1:100,000 and 1: 200,000. Military Geographic Service prepares maps at NATO
standards: TLM 50 (Topographic Line Map, scale 1:50,000) and JOG (Join Operation Graphic, scale 1:250,000).
Bulgarian topographic maps are issued in two versions: for civilian purposes and for official use (Fig. 2).

Figure 2. Sheet of a topographic map in scale 1:50,000
The Agency of Geodesy, Cartography and Cadaster keeps originals, offset copies and scanned copies of LSTM sheets.
The Military Geographic Service has begun the creation of an archive of medium-and small-scale topographic maps.

Cadastral mapping
Until the entry into force of the Cadaster and Property Register Act (CPRA, 2001) "cadastral plans" in scale 1: 500 and
1:1,000 for set elements in our country have been elaborated (Fig.3).

Figure 3. Cadastral plans 1:500, 1:1,000
The cadastral map is poor in content, unlike the foregoing “cadastral plan”, but the depicted borders are legally
significant (Fig. 4).
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Figure 4. Cadastral map 1:1,000
The cadaster of overhead and underground plans and equipment (OUPE) is an integral part of the cadaster of the real
estates in the settlements and outside the settlements. In accordance with the CPRA, specialized maps and registers of
OUPE and spatial planning maps of the Black Sea coast are prepared (Fig. 5). The specialized maps are created and
kept in graphic and digital forms in the Geocartfund of AGCC.

Figure 5. Specialized map of a beach M 1:500

Mapping of urban areas
The result of the mapping of the urban areas are the various spatial plans, though some of them defined as a plan or a
map, fall into the category large-scale maps.
According to the Spatial Planning Act (Law on Spatial Planning), development plans are made in graphic and digital
form. According to SPA, the spatial plans are the following:


Master plan (MP) - a tool for strategic planning of the territory that determines the type of land-use of the
structural parts of the territory within the coverage of the plan (Fig. 6). It is the basis for the overall territorial
and strategic planning of the territory of:
‒
‒
‒
‒

A municipality – of all settlements in the municipality and their lands;
A part of a municipality - a group of settlements with their lands;
An individual settlement with its land;
A settlement formation of national importance.
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Detailed Plan (DP) (Fig. 7) - it defines the specific use and spatial structure of the real estates covered by the
plan. The system of the detailed plans include:
‒ Plan for regulation and construction (PRC) - a town planning regulation and mode of construction;
‒ Plan for regulation (PR) – a town planning regulation without mode of construction;
‒ Plan for street regulation (PSR) – a plan for street regulation only and regulation of public properties.

Figure 6. A Master Plan Kostinbrod in 1:5,000. (Source: website Kostinbrod Municipality)

Figure 7. DP-PSR of "St. Nicholas " quarter in Varna. (Source: J. "Construction, the City”)
The Master Plans of some of the larger municipalities are publicly available on the Internet as interactive maps.
The recent amendments in the CPRA include preparing specialized maps for the elements of the technical
infrastructure, water areas and streams, green areas and other sites of public works in the urban territory. Their
elaboration is assigned by AGCC and / or by the municipalities, it can be simultaneously or separately from Cadastral
Map and Cadastral Register (KKKR) created. Adoption of regulation for the content and for the preparation and
maintenance of the specialized maps for spatial planning is under procedure.

Maps of Earth Sciences. Mapping of Forestry. Soil mapping. Agricultural mapping
Geological mapping
Geological mapping in Bulgaria has its traditions. The main specialized geological maps are elaborated in the Enterprise
for Geophysical Surveys and Geological Mapping. The country is covered with a geological map at 1: 100,000 and
partially - with geological maps in 1:25,000 (Fig. 8). After closing the Service, the geological maps are elaborated only
for the concessions for minerals.
The geological maps covering the whole territory of Bulgaria in scale 1:500,000, 1: 100,000 and 1:25,000. The latest
geological map of Bulgaria in scale 1: 100,000 has been prepared by following the Methodological guidelines of the
State Committee on Geology and has been printed in the period 1989-1991. The existing geological maps, materials and
data are kept and provided by the National Geological Fund. Some of the maps are vectorized and supported by the
Mapinfo formats (* .mif, * .tab) and of ESRI formats (* .shp).
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Figure 8. Sheet of the geological map in M 1:25,000. (Source: National Geological Fund)

Other geological maps and maps of Earth Sciences


Map of mineral fields, scale 1: 100,000. Unpublished series of maps with mineral fields marked with smallscale signs



Geomorphological map of Bulgaria M 1: 100,000 (unfinished). Unpublished series of maps. Map sheets
correspond to those of the geological map in M 1:100,000



Map of the contours of deposits of gold at the scale of 1: 1,000 to 1:25,000



Map of deposits of uranium in the scale of M 1: 200,000



Aero-magnetic and spectrometric maps, confidential



Surface magnetic maps, confidential, 1:100,000, 1:500,000 (Fig. 9.)



Gravimetric maps, confidential



Map of the seismic profiles



Map of oil and gas drills (onshore and offshore)



Map of the geological knowledge



Tectonic map in scale 1: 500,000



Metallogenic map



Hydro-geological atlas with 28 maps at scale of M 1:200,000



Maps of groundwater, mineral water, etc.

Figure 9. Sheet of a magnetic field map in scale M 1:100,000 (Source: National Geological Fund)
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Mapping of forestry
Forests in Bulgaria occupy approximately 1/3 of its territory, in the most part being of state and municipal property.
Systematic mapping of forests is mainly carried out by the State Company “Agrolesproject”. Forest maps vary in
content, scale and scope. They are prepared on copies of topographic maps or other forestry and geological/soil maps
and in scale M 1:10,000, 1:25,000, 1:50,000 and less (1:75,000). In accordance with the current regulations 16 different
forest maps are to be prepared (Fig. 10). The information solution for the forest maps is based on the software
ForestTrack - specialized GIS solution for geographic databases, monitoring and maintenance of facilities, land and
resources, which is distributed by the company NAVITEQ and developed by the order of Agrolesproject.

Figure 10. Map of designed events (Source: University of Forestry)

Soil mapping
Depending on the scale, soil mapping studies are divided into: detailed (M 1:200 to 1:500); large-scale (M 1:10,000 to
1:50,000), medium scale (M 1: 100,000 to 1:300,000) and small scale – scale less than M 1:300,000. [2].
The scale of soil mapping studies is determined by the topography of the area and by the objective of the study. Once
the scale of a study is determined, soil mapping is done according to established standards for the number of profiles,
sampling and analysis, for accuracy of the borders and other requirements of the adopted methodology.
Most commonly in country the scales used for in large-scale studies is M 1:25,000 and 1:10,000 used but for special
study purposes a larger scales are used – M 1:5,000; 1:2,000; and M 1: 1,000. Based on the large-scale studies various
large-, medium- and small-scale generalized soil maps are compiled (Fig. 11).

Figure 11. Soil map with a diagram of plantation in the scale of M 1:10,000. (Source: UACEG)
The basis for the large-scale soil mapping are the topographic, agricultural land-use and cadastral maps, also aerial
pictures and orthophotoplans. The essential working part on soil mapping in Bulgaria has been carried out by the
specialists of the Institute of Soil Science, Agro-Technofology and Plant Protection “Nikola Pushkarov”. Currently, soil
maps are elaborated by private companies too, on the request of the farmers.
Contemporary agriculture uses soil surveys and soil maps in the process of the cultivation of land. Currently, research
work is being developed by the help of modern drilling equipment and aerial and satellite images; mapping and map use
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are supported by software and hardware that allow receiving the necessary operational information (humidity, nutrients
in soil, etc.), while GPS navigation helps the processing of soil, for example for fertilization, wherein the different
sections automatically obtain the necessary different amount of fertilizer (Fig. 12).

Figure 12. Soil Map at the scale of M 1:25,000

Agricultural mapping
The specialized mapping of the agricultural land in Bulgaria has two directions. The first one is connected with the
economic and business side of farming. The second one is related to the environment which is evaluated and mapped
also in relation with the agricultural/livestock production. Mapping of agricultural land is closely related to all other
types of specialized mapping: cadastral, spatial, topographic, forestry, soil, and geological mapping (Fig. 13).

Figure 13. Land use type in Bulgaria [4]
The specialized agricultural mapping in the country has begun with the topographic mapping and mapping for the needs
of cadaster and land consolidation. The development of agriculture and agricultural science enlarges the fields of
mapping hence contributes for the development of the mapping methods (Fig. 14).

511

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Figure 14. Suitable locations for crop growing [4]
Many different kinds of maps can be listed in the economic direction of the agricultural mapping: master and private
spatial plans (Fig. 15), estimation maps, maps per branches of production (grain, vegetables, etc.). In the environment
direction agro-meteorological maps, irrigation maps, etc. can be identified. The bonitation map can be viewed both as
an economic map and a map of the natural conditions for agriculture.

Figure 15. Master agricultural land-use Plan [1]

Ecological mapping
Mapping of different types of environmental pollution is resulting from various field studies and laboratory research geodetic, photogrammetric, remote sensing, geochemical, geophysical, seismic, bio-chemical, geo-botanical, weather,
soil, geomorphological, etc. (Fig. 16, Fig. 17). The current administrative structure for governance of the environment
in our country is the Executive Environment Agency (EEA) under the Ministry of Environment and Water (MEW).
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Figure 16. Biological monitoring stations in Bulgaria. (Source: MEW)

Figure 17. Radiation status and observation stations for Kozloduy NPP. (Source: Southwestern University (SWU))
Currently, the main directions of ecological mapping in Bulgaria are the following:


mapping of disaster risk



mapping of the status and components of the environment



mapping of the protected areas

Navigation mapping
One of the tasks of the Hydrographic Office of the Navy is the preparation, maintenance and provision of navigational
maps of the aquatory (Fig. 18).
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Figure 18. Map of Maritime Navigation. (Source: www.sailing.dir.bg )
Another type of specialized maps for navigation are the so-called schemes of the layout of mussel plantations and traps
along the Bulgarian Black Sea coast, published by the Executive Agency "Maritime Administration".
The Executive Agency "Exploration and Maintenance of the Danube River" prepares cadastral, topographic, navigation
and piloting maps of the Danube River or of individual river sections, as well as situational hydrographic plans,
hydrographic surveys, longitudinal and cross sections of the river, needed for design and construction, for the needs of
the inland waterway transport at the request of individuals and legal entities (Fig. 19) and also elaborates and distributes
electronic navigation maps according to international standards for the Bulgarian section of the Danube River.

Figure 19. Navigation map of a part of the Danube River
The aeronautical maps are divided into general maps of the high airspace and maps of the lower airspace (Fig. 20).

Figure 20. Part of an aeronautical map (Source: www.atsa.bg)
For marine and navigational maps on the Danube River the Regulations of the IHO for International (INT) Charts and
Chart specifications of the IHO (Publication S-4) are considered (Fig. 21).
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Figure 21. Front page and a page of the Rules of the International Hydrographic Organization
The legends of aeronautical maps are provided as an annex to the Ordinance on aeronautical maps (Fig. 22)

Figure 22. Part of the legend of the aeronautical maps

CONCLUSION
The Bulgarian specialized mapping has its tradition. Because of economic reasons systematic large-scale topographic
mapping, mapping for Earth sciences and soil mapping in Bulgaria is suspended. The activities in no large-scale
topographic mapping, cadastral, urban areas mapping, forestry, agricultural, ecology and navigation mapping are
preserved and developed.
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Abstract
Although Gjilan is one of the largest economic and developed cities in the Republic of Kosova, for this city has never
issued a publication, or a research summary related to socioeconomic topics, as well their cartographic representation.
Thus, we conclude that through compilation of various socio-economic thematic maps, as well establishing of
geodatabase, will achieve the goal of high-level design of the socio-economic aspects of the Gjilan Municipality.
The current situation in physical and social terms throughout the territory of the Municipality of Gjilan have been
analyzed, as prescreening toward compilation of 29 thematic maps, with information on socio-economic aspects for
development of the municipality. It was main objective of this research, which will be presented in this paper.
The research topic consist a diverse contents and it is very informative for the municipality, current conditions in the
socio-economic aspects, as well for the level of official GIS and mapping in the municipality level. By using of this
contents (maps and geodatabase), the municipality of Gjilan will be able to serve many citizens in general and the
business community in particular. Compiled maps will probably not cover whole needs of municipality and citizens,
however will help them to fulfill their basic needs.
The compiled maps represent a reality of the situation until year 2012, as zero series, aimed to support the dynamic
analyses in future period for spatial planning, management of the environment, and overall sustainable development of
the Gjilan municipality.
Keywords: Gjilan municipality, Socio economic maps, series 2012, geodatabase, thematic maps, dynamics of
development.

INTRODUCTION
The performed research is linked to mapping of the socio-economic phenomena’s in Gjilan municipality, by creating
series of socio-economic maps with data pertaining to year 2012. Through this research, the current state of socioeconomic growth in the region will unveil through thematic maps, aimed to give significant contribution to the
development of social life in the municipality.
The municipality of Gjilan, as well as the entire Republic of Kosova, is very poor with thematic maps in the field of
socio-economic geography. The subject matter will fill a gap created decades on the municipality of Gjilan.
The intention of the paper to this subject will have a direct influence on the standardization of spatial data structure to
socio-economic mapping, as a first step towards the establishment of spatial data infrastructure in the area of socioeconomic geography. Data structuring have been achieved by mathematical formatting of the input data and their
inclusion in an integrated GIS.
Series 2012 represents the null series of socio-economic maps for Gjilan municipality, to be used in a future as basereference point for performing the spatial analysis of the region of Gjilan, respectively for analysis of dynamic changes
in the municipality area. Based on this element, the proposed topics besides scientific features could be used as a
template by other municipalities in Kosova for tracking changes of the socio-economic factors in their municipalities.
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In a technology and methodology aspects, research belongs to the contemporary themes, using GIS technology for
establishing of the geodatabase and compilation the series of thematic maps. The list of potential data sources assure
that during research has completely overviewed the state of socio-economic factors in the municipality of Gjilan in year
2012, by exploring the responsible state and local institutions, as well performed field researches for collecting the
spatial and statistical data, in order to represent the real state of socio-economic factors through the socio-economic
maps.

RESEARCH OBJECTIVES
The main goal of the research is exploring of natural, social and economic elements directly associated to the complex
development of the Gjilan municipality, within the Anamorava region. Physical and social conditions of the region,
provides suitable opportunities for economic development of the municipality, in different economic fields.
Main research objectives are:


Representation of current socioeconomic occurrences



Producing maps for socioeconomic phenomena



Creating the database structure for socioeconomic analysis



Creating the GIS database with socioeconomic data



Use of GIS technology for geospatial analysis of socioeconomic phenomena



The proper use of thematic mapping methods for presenting of socioeconomic phenomena



Creating original series as the basis for dynamic analysis of socioeconomic phenomena in the future



Identifying the existing resources in Kosovo, related to socioeconomic phenomena in the area of Gjilan
municipality.

GJILAN MUNICIPALITY
Anamorava is the geographic region that lies in the southeastern part of the Republic of Kosova, which is identified
with the Morava River (old name of the river Morava is Angros). Gjilan is the central city of the southern part of the
Eastern Region of Kosova. Location of Gjilan is at the junction of the roads since ancient times, in an antique, from the
middle Ages until today. In this region passes the shorter road which comes from Dubrovnik, from within the Balkans
and further goes east to Istanbul through Sofia, and south to Thessaloniki through Skopje.
Through historical past, by political and economic changes, some roads over time have lost their importance, while
many historical-political troubles have sparked other interests, and so today around the Gjilan the associated regional
roads intersect with different parts of Kosovo, which consequently estimated the Gjilan Municipality with appropriate
geostrategic position.
Before the decentralization Gjilan municipality had 515 km² area, with 54 cadastral zones, while with the new territorial
regulation of the Kosova, within the area of Gjilan municipality have been created two new municipalities of Novo
Brdo and Partesh, so many of villages have been joined to them. After decentralization, from the Municipality of Gjilan
are removed 132 km². Now under the new statute, the Municipality of Gjilan is consists of 42 cadastral zones with 49
settlements, with population nearly 90000 people.
The Gjilan municipality has very irregular shape lengthwise NE-SW. It lies between 42º14̕̕40"N, and 42º35̕42”N
latitude, as well between 21º15’56”E and 21º38̕’47"E latitude.
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Fig.1. Position of the Gjilan municipality within the Republic of Kosova

STATUS WITH SOCIO-ECONOMIC MAPS IN GJILAN MUNICIPALITY ON YEAR 2012
Determination of the Municipality of Gjilan as the object of study, as well presentation of the real current situation of
socioeconomic phenomena in its region, does not belong only to this municipality. A similar situation is in all
municipalities of Kosova. Absence of geodatabases in municipality-local level as one of priorities for obtaining
information concerning to socioeconomic elements, is the situation in which we encountered the Gjilan municipality on
year 2012. During the interviews with the municipality officers, non-use of GIS and non-compilation of thematic maps
for the municipality purposes have been recognized!
Lack of thematic maps and databases, were a major disadvantage both locally as well as in the central level. All
previous projects related to spatial planning and spatial management were conducted with non-harmonized, nonstructured and non-integrated data. Quality of some existing maps is in very low level, mainly compiled based on
cadastral and orthophoto maps. Such a situation can be clearly seen even in the web site of the municipality
(http://kk.rks-gov.net/gjilan).

DATA SOURCES
As potential sources for collecting data to be used for establishing of geodatabase and compilation of thematic maps, we
explored archives of eight institutions. Through exploring of official data owning by the municipality, as well other
relevant responsible institutions up to the national level, lack of various statistical data has been recognized, which later
had negative effect on performed spatial analyses and compilation of thematic maps.
Data from the local Archives in Gjilan:
Inter Archive Gjilan has the old photographs of the town of Gjilan from various periods, which show its historical
periods, to be compared with current photographs, in order to understand changes that were made in industry,
handicrafts, infrastructure etc.
Data from the Gjilan municipality:
Data from the Municipality of Gjilan consist the Anamorava works written by Suzanne Mushkolaj, then the list of
historical monuments protected by the Institute for Protection of Monuments in Kosovo (IPM) in the Regional Cultural
Centre in Gjilan, as well the sectors for public services in the communication, water supply, etc.
Data from the Education Department:
From the Department of Education were received data which show the number of teachers, in which settlements or
locations are schools, school name by specifying the objects of kindergartens, primary and secondary schools, number
of students, number of teachers to in secondary schools and ethnicity of students.
Data from the Health Department:
Data from the Health Department include the number of MFHC (Main Family Health Centers), FMC (family medicine
centers or Ambulances) and the AMF (ambulance Mobile Family), also the number of ambulances in the Gjilan
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Municipality, where are they, gender structure of health workers, the number of visiting the health centers and the
services they provide these centers, while from the Directorate of Gjilan Regional Hospital were collected data for
managerial staff of the hospital, the municipal population gravitating in this hospital, medical staff, training, health
departments, units which provide medical services and beds capacity Hospital patients.
Data from the Agriculture Department:
From Agricultural Department were obtained data on the number or list of municipal beekeepers, poultry or farms
chickens for the Municipality of Gjilan, dairies list of the Municipality of Gjilan, register areas with fruit trees, with
over 50 hectares in the territory of the Municipality of Gjilan, as well as other capabilities for agricultural production.
Data from the Department of Public Services:
Traffic sector is used as official register of roads and their names in the Municipality of Gjilan, i.e. highways, regional
and local roads. Exploiting also been given by the Department of Urban and Environmental Protection eg: Municipal
Development Plan. The Centre for Social Welfare provided data related to total number of jobseekers by qualification
structure, the total number of unemployed by age group, the total number of unemployed females by qualification, the
number of job seekers national affiliation by qualification and the number of job vacancies in 2012. From Municipal
Business Center, has been obtained data on the number of businesses and their types, etc.
Statistical data from the Statistical Agency of Kosovo:
From Statistical Agency of Kosovo have been received data on the total number of population in Kosovo
municipalities, including the Municipality of Gjilan. The data includes the population number of the settlements within
the Municipality of Gjilan, shy of the population including national structure within the population, age structure, sex,
religious structure, mortality rate, the population by marital status, the resident population born in the municipality of
age, population by country of birth, gender ratio, age ratio, addiction and the percentage of the population aged 75 years
and over in the general population, as well the main source of livelihood in the Municipality of Gjilan and employees
under the main activities in the Municipality of Gjilan.
Orthophotos of the Gjilan Municipality from Kosovo Cadastral Agency:
From the Kosova Cadastral Agency the orthophotos of year 2012, as well the administrative border of the Municipality
of Gjilan has been used.

DEFINING OF THE MATHEMATICAL ELEMENTS AND DATABASE STRUCTURE
Due to data source obtained from the Kosova Cadastral Agency, geodatabase and maps were compiled in Kosova state
coordinate system “KosovaRef01” (table 1), so the map scale of printed maps is calculated separately for each map
based on bellow parameters:


Correlation between the paper format, map frame and the municipality dimensions;



Graphical percent cover with map symbols; and



Minimal dimensions (distance and/or area).
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Table 1. Parameters of state coordinate systems of the Republic of Kosova
Name:
Year of defining:
Datum:
Ellipsoid:
Map projection
Projecting zone:
Width of the zone:
Prime meridian:
Central meridian:
Origin of latitude:
False easting:
False northing:
Scale factor:
Length units:
Origin of elevations:

KOSOVAREF01
2001
ETRS89
GRS 80
Gauss–Krüger
7th
30
Greenwich
210
Equator
7500000m
0m
0.9999
Meter
Mareograph “Molo Sartorio”
– Trieste, Italy

Due to various sources of input data, collected data were in different types and formats. Thus, before their usage, data
harmonization and map generalizing processes have been conducted as a necessary precondition toward establishing of
geodatabase and map compilation. Geodatabase consist eight feature datasets, as are shown in figure 2, with wide range
of feature classes and relationship classes.

GEODATABASE
S.TH.M-M.GJ

BASEMAP
Elevation,
hydrography, etc.

DEMOGRAPHY
Census, density,
structure, etc.

ORTHOPHOTO
Year 2012

TRANSPORTATIONS
Roads, railways, etc.

EDUCATION

BOUNDARIES

High, secondary,
elementary, etc.

State, administrative,
settlements, etc.

ECONOMY

HEALTH

Agriculture, industry,
tourism, etc.

Hospital, ambulances,
staff, etc.

Fig.2. Structure of Geodatabase “S.TH.M-M.GJ” with eight Feature Datasets

PROCESS OF COMPILATION THEMATIC MAPS AND PERFORMING SPATIAL ANALYSES
Research of the socio-economic phenomena, obtained from different sources and then harmonized, passed many phases
as basic research methodology:




Method of analysis and synthesis
o Analysis of important natural factors for spatial decision making processes
o Analyses of spatial laws
o Descriptive spatial analysis
o Qualitative and statistical data analyses
Method of quantitative and statistical data
o Collecting, processing and selection of data
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o Data classification by fields
o Functional classification of statistical data
o Analysis of statistical series
Method of field observations
o Data collection
o Field identification of the spatial problems
o Supplementary field identification of spatial processes and phenomena
Chronological sorting method of natural and economic phenomena factors
Through this method, natural factors were mentioned briefly as basic prerequisites for socioeconomic
development, while separate detailed analysis were performed for socioeconomic factors.
Mapping method
Through mapping method, 29 thematic maps have been compiled, by using methods for thematic mapping in
GIS software, such as cartograms, diagrams, vectors, isolines, etc.
Method of tabular and graphical interpretation
o Table of calculation and presentation of socioeconomic phenomena
o Calculated introductions of outputs in tables and graphics

Developing of geodatabase, has been performed by using ArcGIS software tools, which was given to the officials as
operating GI system, while 29 maps were compiled as cartographic output of research. Below is the list of maps:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Administrative map of the Gjilan municipality
Settlements map of the Gjilan municipality
Relieve map of the Gjilan municipality
Hydrographic network of the Gjilan municipality
Number of jobseekers by qualification in the Gjilan municipality
Number of jobseekers by age group in the Gjilan municipality
Number of female jobseekers by qualification in the Gjilan municipality
Number of jobseekers by ethnicity in the Gjilan municipality
Job vacancies by qualification in the Gjilan municipality
The main livelihood source in the Gjilan municipality
Employees by sectors in the Gjilan municipality
Number of population in the Gjilan municipality
The population density in the Gjilan municipality
The gender structure of population in the Gjilan municipality
The ethnical structure of population of the Gjilan municipality
The population age structure in the Gjilan municipality
Religious structure in the Gjilan municipality
Marital status in the Gjilan municipality
The road map of the Gjilan municipaliy
Education objects in the Gjilan municipality
The number of pupils in primary schools of the Gjilan municipality
Health facilities in the Gjilan municipality
The number of health workers in primary health care of the Gjilan municipality
The number of patients in primary health care in the Gjilan municipality
Pharmacies in Gjilan
The agricultural production capacities in the Gjilan municipality
Livestock capacities in the Gjilan municipality
Industrial capacities in the Gjilan municipality
Tourist map of the Gjilan municipality
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Fig.3. Four excamples of compiled maps
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Due to lack of official source data from the local and central government institutions, almost 10 of 29 maps (about
32%), were designed intentionally with very poor information, in order to stress the current situation with the official
data, as well to increase the awareness of the local institutions for collecting, establishing, and updating of databases.

CONCLUSIONS
By using of the combined methodology and performed study-research, the real situation on year 2012 within the
municipality of Gjilan based on existing official databases of institutions at central and local level has been represented.
Within the study, large number of socioeconomic aspects of the Gjilan municipality that belong to 2012 have been
analyzed, such as demographic aspects, network communications, education, health, economic etc.
Main questions and challenges through whole research were:


Lack of such socioeconomic maps and databases on local and central level



The problem with the data harmonization came from different sources



Creating the database for socioeconomic phenomena and performing spatial-statistical analysis



Using GIS technology and software for geospatial analysis of socioeconomic phenomena



Using the right methods of thematic cartography



Right introducing of socioeconomic factual elements



Creating original series as the basis for dynamic analysis of socioeconomic phenomena in the future for the
Gjilan Municipality

The intention of the realized research was having a direct influence and impact on the standardization of spatial data
structure to socio-economic data-maps, as a first step towards the establishment of spatial data infrastructure in the area
of socio-economic geography in Kosovo. Series 2012 represents the null series of socio-economic maps for Gjilan
municipality, to be used in a future as reference point for performing the spatial analysis of the dynamic changes within
the region of Gjilan municipality. Besides scientific background, the proposed topics could be used as a template by
other municipalities in Kosova for observing of spatial changes of the socio-economic factors in their municipalities.
From the technological and methodological point of view, research belongs to the contemporary GI themes, by using
the GIS technology for establishing of the geodatabase and compilation the series of thematic (socio-economic) maps.
The list of used data sources assure that during research has completely overviewed the state of socio-economic factors
in the area of the municipality of Gjilan in year 2012, by exploring the responsible state and local institutions, as well
performed field researches for collecting the spatial and statistical data, in order to represent the real state of socioeconomic factors through the 29 compiled socio-economic maps and established geodatabase with eight feature
datasets.
Developing a database followed by 29 compiled maps, could serve as the prognosis for future years for the spatial
analysis, evaluation and dynamics, as well time change of socioeconomic elements within the municipality. This
research, by correlative analyses of the spatial phenomena of the municipality, in combination with the natural and
social characteristics of the population needs such as education, health, agriculture, industry, tourism, etc., will affect
and support the sustainable welfare and socio-economic development of the population life and business!
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THE CULTURAL TOPOGRAPHICAL MAPPING OF BATTIR,
VILLAGE OF PALESTINE, A UNESCO WORLD HERITAGE
SITE, SINCE JUNE 2014
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Cartographer, PhD « CARTOGRAPHY & EDUCATION »
University Denis Diderot Paris 7 - UMR Géographie-Cités 8504, University of Artois
National School of Geographic Sciences /ENSG - les Cafés-Cartographiques22
Atelier AKIMBO – Éditions Gilbert Salachas - 22, avenue de la Potre Brunet – 75019
PARIS/FRANCE
+ 33 6 87 42 84 32 – Jasmine.d.salachas@wanadoo.fr
Abstract
Presentation of the unprecedented topographical adventure of Battir (village of Palestine, five kilometers to westBethlehem) recovering a socio-anthropological study, supported by Unesco, including a survey and measures of every
objects of the landscape on 12Km2 of this occupied territory, to produce series of topographical maps to analyze, to
understand and to share the riches of an heritage of several millennia, to call to its recognition. A set of remarkable
works, led on the ground from 2007 till November 2011, within the framework of the Battir Landscape Ecomuseum
(BLE), created for that purpose: ‘THE PLAN OF THE LANDSCAPES OF BATTIR’, the first plan of this kind in Middle
East. The survey has been implemented by a local team of professionals, out off our world of geographical or
cartographical information, working on an aerial hight resolution photography, with the tools of architecture. Data
they collected opened up a complete mapping communication program.
Keywords: Battir Cultural Mapping, Topo-socio-anthropological study

INTRODUCTION
It is at first the whole cultural program of ‘THE PROTECTION PLAN, MANAGEMENT AND VALORISATION OF
BATTIR LANDSCAPE’, which was operated at the Battir Landscape Ecomuseum, the local institution created after the
Second Intifada to be the executive frame of a socio-anthropological study.
The study aiming to understand and to make understand the stakes of an heritage of several thousand-year-old, to
implement its restoration and to call up to its international protection, facing the imminent threat of its eradication, as
everywhere else in Palestine Occupied Territories. Years of professional efforts, thought collectively in the interest of
the 6000 villagers, inhabitants of Battir, opened up, since May 2012, an unprecedented international collective works in
cartography.
From 2007 till 2011, a survey was carried out on the 12Km2 of this terroir, in order to produce topographical maps (the
very first topographical maps in the region), in order to broadcast at the same time the understanding of antic building
techniques and hydraulic engineering, in passing it on to future generations, but also to envisage all the tourist,
landscaped, educational possible development projects, putting in share the culture of the peace.
By a combination of circumstances, I manage the topographical data of Battir and these maps, from Paris, since 4 years.
These cartographic files were entrusted to me, in May, 2012, by their unique author Battiri, Mr Hassan Muamer, civilengineer at the time still committed to the Ecomuseum, in the purpose that, together, we did live these maps in the
interest of his village of course, but more beyond, to offer the opportunity to other villages extending the survey to their
own lands, and to document worldwide information with accuracy.
22

‘Les Cafés-cartographiques’, association under the Law of 1901 created in Paris en Mars 2013. Founded in Octobre
1999 by Jasmine D. Salachas, ‘les Cafés-cartographiques’ offer to meet around the riches of cartography (our Web Site
is in construction) Facebook pages of our activities are at disposal, free of personal account.
https://www.facebook.com/CafesCartographiques/info/?tab=page_info
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Actually, alternately, in the course of these 4 years, on the riches and the impact of these works introduced to Battir, my
colleagues mobilized also graciously, to demonstrate by our sides the professional value of these data and always
enriched them.
Today, these maps live in the eyes of the world of multiple manners.
On the 12 km2 of topographic data sets of Battir, this local experiment enabled to develop an unprecedented program of
professional training in civilian topographical cartography.
The Battiris are the owners of their own topographical data, making this topographical adventure a unique case in
history of cartography.

Battir, State of Palestine, Unesco World Heritage Site since June 2014
(Photo Hervé Quinquenel & JdS, April 2014)

THE THREE AGES OF THE APPOINTED ‘#MappingBattir’
1- Initial mapping (2003-2007) : from the reflexion to the implementation of ‘THE BATTIR LANDSCAPE
CONSERVATION AND MANAGEMENT PLAN’
Battir Village Council & Unesco Municipality of Battir, and
UNESCO Ramallah Office (Funding from Norwegian Government).
(2007- until November 2011) : survey carried on 12Km2, study and production of topographical maps implemented at
Battir Landscape Ecomuseum (cartography drawn on the aerial photography of the site)
2- Professional collaborative mapping : since May 2012: Creation of the Battir®Illustrator file in order to work on
graphic semiology, designing art maps. By side, at the National School of Geographic Sciences : Integration of the
orthophotography of the site, geometrical rectifications of heterogeneous data in order to produce geolocated
information.
Amendments and updating, keeping all files retrieved for each local network a cartographic platform to the other.
3- Extended participative mapping : since January 2015 Battir geolocated data has been registred under
‘OpenStreetMap’.
(Amendments and updatings are in process).
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Battir Cutural Forum, Battir Landscape Ecomuseum (Photo JdS, April 2012)
« The Battir Landscape Plan as a means of defence of territory and human rights. The initiative for the safeguarding of
the lanscape of Battir relies on the inventory of Palestinian cultural heritage sites initiated in 2004 by the Ministry of
Antiquities and Tourism in cooperation with UNESCO. »
Giovanni Fontana Antonelli23,
‘A Laboratory of Ideas for the safeguarding of the landscape of Battir, District of Bethlehem, Palestine’, Mars 2014.

The first age : the initial mapping of Battir (2003-2007) / (2007- until November 2011)
Implemented with a pioneering spirit, this study has been managed by a team of professionals, without any support
from the institutions related to geographic information. Palestinian urban architects, Italian anthropologists and other
trades have been able to reproduce exactly what specifically characterises “Civilian mapping”. By completing the socalled “base map” – namely the map of the territory from the measurement of the field and the analysis of its objects at
the 1:1 scale. They offered access to the same quality of information to each citizen, whoever he was, wherever he was
located in the works perimeter. Large-scale maps, generated from those measurements by generalization, enable an indepth reading of this territory and its intermingling issues. This is, to this day, unique in the Middle East.

Survey and topographical maps, Battir Landscape Ecomuseum/2007-2011.
Mr Hassan Muamer24, civil engineer, sole Battiri author of those visionary works, forwarded us the keys and
23

Giovanni Fontana Antonelli, urban architect –Expert in cultural development program (Unesco 1998-june 2013)
https://www.facebook.com/CafesCartographiques/photos/a.753533418003166.1073741887.431879503501894/7535339
64669778/?type=3&theater
The survey, its ins and outs, as well as its authors and their respective functions, are presented within the synthesis
written by Giovanni Fontana Antonelli, (major actor of the BATTIR LANDSCAPE PLAN, first of its kind in the
Middle East, who fuelled it from the Unesco cultural office he led at the time in Ramallah): « Battir, a Laboratory of
Ideas for the safeguarding of the landscape of Battir, District of Bethlehem, Palestine »
24

Eng. Hassan Muamer is the Battiri participating to this survey, last member of the team still working at BLE in
2012.
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original digital files, so we could together make them live within the “Cafés-cartographiques” activities. The latter
having the primary objective of enabling free access for all publics to all sorts of links regarding cartography, which as
scientific discipline is at a crossroads with all the others, which opens up exchanges, fosters communication and
knowledge sharing, our answer to Mr Muamer needs – in its path – has been immediate.
Dedicated at that time to the Eco Museum of his village, Mr Muamer directed in the course of 2012, the restoration of
the valleys and historic centre of Battir.
As of May 2012, when we came back to Paris after the first stay in Battir, we created, as agreed with Mr Hassan
Muamer, the first Facebook pages about our activities to promote and share the deployments of this topographic brief,
an unprecedented work in the history of cartography 25.
« Battir is a Palestinian village situated on the line that, from 1948 on, divides the West Bank fromIsrael. The
integrity of its historical and archaeological landscape characterized by cultivated terraces and ancient irrigation
systems, still in use, is being threatened. A Landscape Plan becomes the strategic tool to preserve both the places and
the human rights.
The initiative for the safeguarding of the lanscape of Battir relies on the inventory of Palestinian cultural heritage sites
initiated in 2004 by the Ministry of Antiquities and Tourism in cooperation with UNESCO. »
Giovanni Fontana Antonelli,
A Laboratory of Ideas for the safeguarding of the landscape of Battir, District of Bethlehem, Palestine (Mars 2014)

Mapping-workshops – Battir colleges and school: Drawn dialogue: “Linving in one’s village” (April 2014)

BATTIR, CLARITY OF SENSATION – a film by Nabeel Abu Laban (2013), where three authors of this study
explain the context of the works (Hassan Muamer –civil engineer, Samir Harb and Giovanni Fontana Antonelli –
both Urban Architects). https://youtu.be/oKn1TaMA5ag
25

The 7 Facebook pages associated with the “Cafés-cartographiques” activities are accessible to all, without any
obligation of registration on this social network, where our information is classified by album
https://www.facebook.com/CafesCartographiques
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Battir initial mapping: A collection of maps under AutoCAD® - Software application for 2D and 3D Computer.
Battir Landscape Ecomuseum, 2007-2011.
There are eight groundwater sources in Battir ‘Ein Al-Balad‘, ‘Ein
Emdan’, ‘Ein Bardamo’, ‘Ein Al-Qseir’, ‘Ein Abu-Al-Hareth’,
‘Ein Jame’a’, ‘Ein El-Bascine’, ‘Ein El-Haweyyeh’. Over the
whole water system, at the entrance of the village historical centre,
the main source « Ein Al-Balad », called « Al-Jinan » a name
praising the « gardens of Paradise», feeds a roman pond (‘Roman
Pool’, holding a water volume of approximately 350m3),
surrounded by lush gardens and cultivated terraces: Eight feeding
points serve that model of irrigated system in use since antiquity,
designed for the equity of resources sharing and the preservation
of biodiversity.
The traditional social organization, called « Maa’dud », establishes
this distribution. The quantity of water accumulated every night is
measured in the small hours by two representatives of the Village
Council, to be shared equally every day of the week between each
of the eight large families of Battir.
In Battir, where nothing is really as it is elsewhere, there are
therefore eight days a week to establish equity.
Water, the long history of its shaping of landscapes marked by the
riches of past civilizations, this Battir environment, inherited,
preserved and restored in 2012, the tenacity of some to the service
of all, all this allowed the village to join the Unesco World
Heritage as an endangered site (Doha, June 20, 204)

Source ‘Ein Al-Balad’, Battir historic center (Photo: Ari
Rossner, October 2013)
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BATTIR. Villagers in their Gardens of Paradise (Photo: Ari Rossner, October 2013)
The Battir Landscape Plan allowed defining each element of the landscape, deciphering its history, its systems
function, in order to restore and preserve the sites. Heritage of the antique hydraulic engineering, those 550 kilometres
have been measured and studied: the stretch of dry stone walling and water lines around flowered gardens, orchards,
fruit groves, every sort of cultures and terraced olive groves... the sources were studied and their devices cleaned and
restored (BLE, 2012).
Water, source of life, remains, in those valleys of Palestine, the source of all human balances, whether economic, social,
cultural or political. In Battir, this water irrigates far beyond soil and crops; it defines social ties. It unites, it offers
perfect spots to sit and enjoy the resonances of a thousand-year history, artfully preserved over generations up to the
present day.

Restoration works led by Eng. Hassan Muamer in the valleys and historical centre of Battir (BLE, 2012)
Ein-Emdan source, Makhrour valley (Photo: Hassan Muamer, summer 2012)
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Preliminary tourist hicking trails, mapped by Eng. Hassan Muamer (BLE 2012)
The topographic maps offer the correct reading distance of a space on the border line of times: 5000 years of
world history to share, on 12Km2 of data collected, measured, interpreted, organized to be studied, prioritized by
theme, correlated with one another, represented to speak to us. Such a precision of information is not available
elsewhere in Palestine.
Representing to transmit: collecting data, measuring, interpreting, hierarchizing, organizing, and mapping to
publish and share. From the design methods to the generation processes, to cartography at such scales does not
allow any improvisation and requires precise competences. This discipline demands, from the organization of the
field surveys to the map editing, an infinite series of time-consuming operations for the gathering of information, the
verifications, corrections… Back in June 2012, in response to the citizen mobilization of Battir and the quality of this
topographic project, a chain of good wills and spirit of collaboration was formed, all of us mutually sharing our
expertise, in order to maintain those maps and their data ; in order to secure lasting value of this topographical
patrimony and promote its proper use.
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Since then, a cartographic adventure began, opened to all, following the rhythm of rectifications and updates of
data and topographic maps, accompanied by continued publications.

BATTIR, Aerial photography of landscape.
Transmission of the study and its digital cartographic data, Eng. Hassan Muamer, BLE Mai 2012. (Photo: JdS)

The second age: a professional collaborative mapping since May 2012, the reconstructed mapping of
Battir.
It has been a first issue to rectify these collections of data, to map them on the orthophotography of Palestine
territory, then to produce the rectified topographical maps of Battir, with a view to extending, why not, their
production beyond Battir, towards the surrounding villages.

Location of Battir on the Orthophotography of Palestine Occupied Territories, West Bank.
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Topographical data of Battir geometrically rectified from the aerial photography to the orthophotography
of Palestine Occupied Territories, West Bank., ENSG/2012-2013.
The process of mapping at such scales, not intuitive, requires a lengthy and complicated implementation with specific
tools and competences, along with multiple exchanges and validations to manage it. 4 years of exchanges and sharing
allowed to open new programs of studies and research from these amounts of data collected in Battir, that we finished to
overview. Eventually, we obtained a collection of new tools to offer always more pedagogy to teach the process to
produce topographical maps.
Summer 2013, it has been a first stay on site with Sylvain Gonnet 26, still student at that time, for measurements to
complete the modelisation of the antic irrigation system of Battir and organising cartographic workshops.
It has been also the production of 3D Videos merging the landscape and the cartographic data, created by Ali
Muammar27, Civil-Engineer living in Battir, who spent several weeks working and helping us to amend our files.
Spring 2014, Hervé Quinquenel 28 designed orienteering maps adjusted and updated by a rapid fieldwork survey, to
share all together courses on Battir, that were designed to explore the village and the surrounding valleys with their
cultural, historical and remarkable natural heritage. By side, I amened and updated the art mapping files under
®Illustrator, meeting the Village Council members and several teachers to render the work as much as possible.
« Battir topographic data and files have been used to design innovative and motivating pedagogical projects at the
National School of Geographic Sciences in Paris. One of the main outcomes has been to diffuse this information on web
collaborative open-platforms, thereby giving back to Battir citizens the use of this precious works »
Hervé QUINQUENEL

26

Sylvain Gonnet, Surveyor (ENSG/IGN), produced a series of modelization of the antic aquaduct of Battir, from
dense point clouds (Mic-Mac Process By Marc Pierrot Deseilligny http://logiciels.ign.fr/IMG/pdf/Bulletin-InfoIGPN-2007.pdf http://cipa.icomos.org/fileadmin/template/doc/PRAGUE/036.pdf
27

Eng. Ali Mummar, Civil-Engineeer https://vimeo.com/125845087

28

Hervé Quinquenel, Cartographer. Geographic and Cartographic State Engineer /ENSG-IGN.’Orienteering Map
Collaborative Project In The Village Of Battir’, Palestine. By Hervé Quinquenel http://www.coasign.fr/?p=1465
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During these four years, taken over session after session, data have been corrected and adapted on various softwares
under licence or free, merging from ®AutoCAD (software of architectural drawing) to different Geographical
Information Systems.

Mapping Battir: from the survey to the map, from the Geographic Information Systems to the art mapping.
Works tutured by Hervé Quinquenl & Jasmine D. Salachas, cartographers (#MappingBattir 2012/2016)
Applications and activities, Battir 2012 and 2014 https://vimeo.com/155715250 https://vimeo.com/155733254
Collections of data have been fisrt gathered inside the ®Illustrator file, aiming to produce the art pedagogical an
communication mapping. Then, our rectifications allowed to complete the data on each cartographical system.
First ArcGIS of Esri, then Geoconcept, QGIS (free and open source Geographic Information System), OCAD+ (the
Software used to produce the orienteering maps) - up to the Art Maps redrawn on ®Illustrator since April 2012,
systematically rectified too, integrating Graphic Semiology.
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BATTIR,

Topographical map, updated under OCAD System and re-oriented for training activities
by Hervé Quinquenel and Jasmine D. Salachas, cartographers (Battir from April, 19 until May, 24, 2014)
The third age : extended participative mapping, OSM Battir geolocated data (since January 2015)
Then, to keep opened the initial project as it has been forwarded at BLE, in May 2012, the rectified data has been
registred under OpenStreetMap, the participative international project aiming to create a free editable map of the
world, allowing any representation and 3D model of this village. Under each system, these maps, which were
transformed by integrating, have acquired the available geolocated updates.

#MappingBattir under open source OpenStreetMap worldwide participative project. Today Battir is modelised in 3D.
http://www.openstreetmap.org/search?query=Battir#map=18/31.72899/35.13977
http://demo.f4map.com/#lat=31.7139010&lon=35.1394439&zoom=16
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CONCLUSION
Such executive frame must be clearly understood, in order to extend what was made for Battir in the general interest, to
share openly, and freely, this culture of the peace that we claim, and that topographical maps help us to build.
Cartography recovers several universes, but first of all, to produce any “honest” works, all must start by a survey,
namely the map of the territory from the measurement of the field and the analysis of its objects at the 1:1 scale, which
specifically characterises “Civilian mapping”, as citizens produced it at Battir.
A map is a communication tool. Maps are tools to document our curiosities, to express our creativity, to share
our sensibilities, to complete our education: to federate our citizenships. This is also the deep meaning of the works
implemented at Battir, for onto 12Km2, today a complete model to teach our procedures and methods to create a
topographical map, and why for, to who we do map.
« In order to make known throughout the world the value of these collective works, in order to promote them, to
sustain their practices, their impact in the longer run and to preserve their memory, the association « les Caféscartographiques » submitted to the vote of the Norwegian Nobel Committee their nomination to the Nobel Peace
Prize. »
This collective application recognizes the work of the Battir Landscape Plan Team, its visionary initiative for peace
(within the UNESCO project framework, supported by Norwegian Funds, World Heritage Fund, UNESCO Regular
Programme’s funds, and the Italia Cooperation funds through the Palestinian Municipalities Support Programme, 20072011) ; the support of Mr. Akram Bader, as the Head of Battir Village Council and representative of the people of Battir
; and the engagement of each one of the working team, here represented by Mr. Hassan Muamer, the Battiri team
member, author, main actor of the field survey, restorations management, and initiator of the sharing of the outputs of
the work in 2012.
Author: Jasmine Desclaux-Salachas Jasmine.d.salachas@wanadoo.fr (May 13, 2016)
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Abstract
The Portuguese Official Aeronautical Visual Flight Rules (VFR) Chart contains information for air navigation and air
operations under VFR conditions of Portugal mainland at 1:500 000 scale. This Chart is published and promulgated by
NAV Portugal.
This paper presents a complete workflow to convert the information, previously created in CAD, to an ESRI
geodatabase considering all geographic and aeronautical information. In addition, functionalities to incorporate new
information, with the inherent editing processes, to create different symbologies, to generalize some themes, to validate
and to print final maps are also part of the workflow. Basically, a new cartographic process is established, taking
advantage of the tools available in a GIS environment, to generate the final mapping products.
As future work, the GIS database generated will be complemented with other aeronautical information that can help air
navigation, control and decision-making process not only in a daily basis but also in a crisis response environment.
Keywords: Cartography, Geographical Information Systems, Air Navigation, Workflow, Aeronautical Information

INTRODUCTION
Since the first flights that many instruments were developed to guide the pilots in the air. Some of those instruments
were invented in Portugal. Gago Coutinho was a Portuguese aviation pioneer who, together with Sacadura Cabral, was
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the first to cross the South Atlantic Ocean by air, from March to June 1922, from Lisbon to Rio de Janeiro. Gago
Coutinho invented a type of sextant incorporating two spirit levels to provide an artificial horizon. This adaptation of
the traditional marine sextant allowed navigation without visual reference to the real horizon. He also invented an
optical flight instrument, to be mounted on the plane's cockpit floor, which measures leeway in flight whenever ground
remains visible. At that time all flights were performed by visual guidance, nowadays called visual flight rules (VFR).
Visual flight rules are a set of regulations under which a pilot operates an aircraft in weather conditions, generally clear,
enough to allow him to see where the aircraft is flying. The pilot must be able to operate the aircraft with visual
reference to the ground, and by visually avoiding obstructions and other aircraft.
The International Civil Aviation Organization (ICAO) is a United Nations (UN) specialized agency, established by
States in 1944 to manage the administration and governance of the Convention on International Civil Aviation (Chicago
Convention). ICAO works with the Convention’s 191 Member States and industry groups to reach consensus on
international civil aviation Standards and Recommended Practices (SARPs) and policies in support of a safe, efficient,
secure, economically sustainable and environmentally responsible civil aviation sector. These guidance also exists in
the establishment of VFR rules and in the production of aeronautical charts.
In Portugal, the first known aeronautical chart for VFR conditions is from 1947, and it is mainly a representation of the
terrain with the main towns surrounding the chart as it can be seen in Figure 1..

Figure 1. Aeronautical Chart from 1947
Meanwhile, other editions were published. Since this chart is produced by the Army Geospatial Information Center
(CIGeoE) this is the 3rd edition produced to the Air Navigation Authority, NAV Portugal since this Authority do not has
the skills and the cartographic knowledge to produce these maps. On the other hand, CIGeoE has the experience, the
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background, the human and technical resources to develop new methodologies to produce this cartographic product in
order to fulfill the highly demanding requirements.
The previous editions were produced in a Computer Aided Design (CAD) environment. Although this is a friendly way
to produce this kind of maps, continue with this methodology was never an option. The migration to a Geographic
Information System (GIS) was obvious and presents new challenges which are discussed in the study here presented.

GOALS
The main objective of this study is to develop a methodology to establish a spatial data infrastructure to enable the
integration of information from different sources and formats for the production of the aeronautical chart, taking into
account the international standards. Moreover, this methodology should ensure the interoperability of this information
with different systems that are used in aeronautical world and be effective in upgrading the data infrastructure, allowing
faster and easier updates cycles and the development of future projects based on GIS. The generated products of the
proposed methodology should consist on a paper map, a GeoTIFF and a GeoPDF.

METHODOLOGY
Workflow
To establish the proposed methodology, it was necessary to implement a sequential set of cartographic procedures to
convert all the information exisiting in CAD format to an ESRI geodatabase (ESRI, May 2015). The data in question
consists of both topographic base information and aeronautical information. The conversion to a geodatabase comprises
also the integration of new information, with the inherent editing processes, different symbologies, generalization of
some themes and respective validation before printing the final maps.

Figure 2. Workflow representing the proposed production process
Figure 2. shows the proposed and established workflow where it can be seen that the database modeling is a result from
the analysis that was done, both from the documents and from the existing data in order to satisfy data requirements and
the client needs. After modeling the database the system was ready to proceed to the migration of geospatial
information. To complete this task it was used an ETL (Extract, Transform, Load) process, both for aeronautical and
topographic base information, although the process was different for these two kinds of information.
Once the ETL process was concluded some validation tasks were executed, in order to validate geometry and topology
of the information. Because geographic information for air navigation depends highly on simbology, the next step was
the production of symbology in concordance with the internal standards implemented in CIGeoE but also with the
technical specifications and representation rules defined by ICAO.
Then, the quality control phase was performed, internally and externally to CIGeoE, to ensure that all the standards
were met.
Finally the layouts design took into account the different products generated, as refered before. The design that was
achieved was a commitment to facilitate not only the production but also the interpretation of the cartographic products.
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Software
For this project several software packages were used due to the extent of the conversion processes that had to be done.
These procedures included, among others, format and plataform changes and also the production of new geospatial
information from tabular data. ArcMap 10.3.1 (ESRI, May 2015) was used as base software which contains
functionalities applied to complete several operations, like for instance, the generation of isogonic lines from the World
Magnetic Model to the period 2015-2020, using ESRI Production mapping extension with Magnetic Isolines Tools.
Additionally it were also used, as support for certain processing steps, the following softwares packages: QGIS 2.6.1,
MicroStation, PostgreSQL with PostGIS extension and Adobe Photoshop 7.0 for the production of the final layout of
the legend, in the paper product.
In order to better interact with those software packages different types of programming language (e. g. SQL, Visual
Basic, Python, HTML, and the MicroStation Development Language (MDL)) were also used.
For some other processings were used the OGR (OpenGIS Simple Features Reference Implementation) and GDAL
(Geospatial Data Abstraction Library) libraries, enabling processing of large amount of information in a short time as
was the case of the altimetric information and the calculation of the Maximum Elevation Figure (MEF) value.

Data Format
The data formats used in this project included dgn, shape file, geodatabase and GeoPDF. Raster data in TIFF and
GeoTIFF format and external data in xlsx, txt and other common formats.
In order for GIS work properly, a strong and robust integration of geospatial data is essential. To achieve this goal,
global initiatives have been taken in an attempt to establish standards, such as the creation of the Open Geospatial
Consortium (OGC) and initiatives which objective is the implementation of Spatial Data Infrastructures (SDI), such as
the NSDI (National Spatial Data Infrastructure) of the United States and the INSPIRE (Infrastructure for Spatial
Information in the European Community) in Europe. In addition to these initiatives, the internet is also a powerfull tool
to disseminate geospatial data. The standards defined by the World Wide Web Consortium (W3C) also have their
importance. Thus it is decisive that the format of the resulting products could be accepted by the community that uses it.
The GeoPDF and GeoTIFF formats were obvious choices, in addition to the paper map, because of its international
recognition and degree of acceptance.

DESIGN AND MODELING OF GEOSPATIAL DATABASE
Beyond the production of the 3rd edition of the Aeronautical Chart of Portugal at 1:500 000, this project also aims the
migration of the cartographic production process, previously based on CAD system (Microstation), to a GIS (ArcGIS)
environment, being mandatory the implementation of a spatial data infrastructure, developed on ESRI technology, to
host and interact with information. To achieve this objective, the modeling of a relational spatial database was carried
out to ensure the migration of the information between those two environments and subsequently create cartographic
representations, housing topologies, classes relationship, representation rules and symbologies.

Consultation and Analysis of technical documentation
Due to the extremly technical aspects of the work, it was also necessary to perform some research inside the existing
and extensive technical documentation. Besides the CIGeoE internal rules for the working scale, the most important
documents that were analized were the following:


Aeronautical Charts, Internacional Standards and Recommended Practices, Annex 4 to the Convention on
Internacional Civil Aviation;



Manuel des cartes aeronautiques, DEUXIEME EDITION – 1987, ICAO;



Guidance Material for Aeronautical Chart – ICAO 1 : 500 000, Version 1.6 , 2011;



FAA Aeronautical Chart User’s Guide 12th EDITION OCTOBER 2013.

Database Modeling
As refered before, there were mainly two different types of information, each one with its own characteristics and with
different layers inside. Figure 3. shows all the information that was used to construct the base infrastructure from which
were produced all the cartographic pieces.
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Figure 3. Information to upload the geodatabase
To load all the information in the geodatabase, it was decided to group that information in two feature datasets, one for
each type of information. This classification is due to some reasons: because the differentiation between base
topographic information and aeronautical information was always an assumption in this project and also because the
ETL process was also different.

DESIGN AND DEVELOPMENT OF ETL PROCESS
Conceptually, the ETL process allows the extraction of data from external sources, the transformation of that data in
order to the realization of products that satisfy our clientes needs and the upload of a data base. Figure 4. shows the way
that ETL process runs on a production environment.

Figure 4. ETL Process on a production environment
Due to the nature of CIGeoE, the ETL process is well developed and consolidated and was implemented in the
production of other cartographic products.

ETL process on Topographic Base Information
Being a geospatial information producer, CIGeoE has topographic base information but the way that is structured is not
suitable, without any processing, to be used in this product. The object catalog is different, the object density is adjusted
to the production of 1:25 000 scale maps and so some production processes were necessary so this information could be
used in a suitable manner. Some of these processes were already made because CIGeoE also produces 1:250 000 scale
maps both ground and aeronautical not only for military use. Because the scale change from 1:25 000 to 1:500 000 is
huge, it was decide to use, as base information, the one that is used for the production of the 1:250 000 road maps. The
change in scale is not so significant and all process is much more friendly and easy to implement.
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Thus the themes that were availed, because of their affinity with VFR rules, are the following: Altimetry, bathymetry,
hydrography, urban areas, main railways, main roads, territorial sea and high voltage powerlines.
CIGeoE also produces a map of Portugal mainland at scale 1:500 000 wich last edition in from 2014. This is a road map
in which the available themes had already been exported from dgn format to shapefile. Thus the topographic base
information of certain classes of information was obtained from that product, as was the case of bathymetry,
hydrography, highways and railways. The missing themes were the altimetry, urban areas, the territorial sea and the
high voltage powerlines. The procedures taken with this information wil be described below.
The ETL process applied to topographic base information is based mainly on the importation of diverse geographic
information from some CAD files from MicroStation. The data model of the information in these files is based on the
differentiation of data through the different graphics features available in this format, in particular the type of geometric
entity (point, line and polygon), as well as their characteristics (level, color, weight and style). Based on the
differentiation of the data referred above, it was possible to extract the desired information by applying ArcCatalog.
From this software it was guaranteed the access to the geodatabase and import the required information for each feature
class of the feature dataset of topographic base information. Since the source and the destination cartographic reference
systems were different, it was necessary re-project all geographic information to the projection normally used in
aeronautical mapping which is the Lambert Conical projection. To do so was used the ArcGIS tollbox.

Territorial sea
The territorial sea information was supplied by the Hidrographic Institute of the Portuguese Navy, in shapefile format. It
was the first time that this theme was considered in aeronautical maps. These files were re-projected and integrated in
the geodatabase, to which a geometric and topological validation process was applied in order to ensure that this
information was coherent.

Altimetry
In previous editions, the altimetric information used for the production consists only on contour lines with an interval of
1000 feet and the most important geodetic tri-dimensional control points.
However, due to the enormous importance of the terrain information to air navigation under visual rules, it was also
decided to include a significative sample of terrain elevation points and reduce the contour lines interval so that the final
maps have a higher density of altimetry information. Thus, the main contour lines have an equidistance of 660 feet,
completed with intermediate contour lines of 330 feet and 990 feet.
From the base information, it was used a selection by attribute using SQL language to select the elements which will be
represented in the final product. Later in the process, the generalization of the selected information was done using the
Bezier Algorithm (Li, 2007), the Remiss Selection (Li, 2007) and the Elimination Algorithm (Li, 2007). To the
particular case of hilltops it was used the scale algorithm so they can be visible at 1:500 000 scale. The same procedures
were done with terrain elevation points.
Concerning the bathymetric information it was used the information that is produced in the line of production of the
geographic information, taking in account for example that the coastal line is the contour line with 0 meters height,
which acquisition is done with photogrammetric methods. This information was then subject to generalization processes
identical to the altimetry information.
It was also necessary to generate two raster products, in GeoTIFF format, one with the different hipsometric classes and
other to create a shadow model. Both of this files has the Aster GDEM V2 terrain model as base information. The
objective was to have another terrain representation. To process the base information were used several batch files, via
DOS command line, that were programmed internally, according to our needs, associated with the GDAL library,
mainly the gdaldem color-relief and hillshade. To generate the shadow model was used, as light source, the azimuth
315°, a vertical angle of 45° and an exaggeration of the vertical scale of 3x. Instead of using Adobe Photoshop to blend
and merge those files, it was used Globalmapper.
All this products and the way they were processed, highlight the importance of the terrain representation in the final
product.
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Urban areas
In respect to this theme, the client intention was to represent more elements than in the previous editions, because they
are good references to air navigation. In the previous editions only the most important cities were represented. In this
edition the client intention is to represent all the cities. It were used information from Portuguese Statistics Institute, that
allows us to extract from other map series produced in CIGeoE only the information with interest, using SQL queries,
operating over the attribute selection. After validation of these geographic entities, some generalization processes were
applied such as aggregation, simplification and smooth.

High Voltage Power Lines
The information to this theme comes from two different sources: the CIGeoE database for the production of 1:25 000
scale maps and the official information supplied by the National Electric System Company in dwg format. Both were
processed, integrated in the geodatabase and then subjected to a generalization process using the available tools in
ArcMap like smooth that uses the Bezier interpolation method, Collapse Dual Lines To Centerline, Merge Divided
Roads and Collapse Road Detail. All these operations were applied in order to became the information more readable
and more understandable according to the scale.

ETL process of Aeronautical Information
There are plenty of coordination measures and rules in aeronautical operations. The ICAO try to establish consensus on
international civil aviation Standards and Recommended Practices. In Portugal, Portuguese Civil Aviation Authority
(ANAC) is the autority for civil aviation but is NAV Portugal that provide air navigation services. Together, they try to
combine national laws with ICAO rules to ensure a safe and efficient air navigation.
So the aeronautical information was a responsibility from NAV Portugal which provided all available information in
tables in excel and PDF format. NAV Portugal contacted all entities that could have interess and experience to help
building this project, like the Portuguese Air Force. Simbology was made according ICAO Rules or according NAV
designations.
The themes represented in aeronautic information were:
6.

Air Traffic Services Systems:
a. FIR (Flight Information Region) - greater division of airspace where flight information services are
guaranteed;
b. CTR (Control Zone) - controlled airspace extending from the earth's surface to a defined upper limit;
c. TMA (terminal Control Area) - terminal control area usually at the confluence of ATS routes along one or
more aerodromes;
d. ATZ ( Aerodrome traffic zone).

7.

Radio Aids to Navigation and Communications:
a. Distance measuring equipment (DME);

b. Non-directional radio beacon (NDB);
c. UHF tactical air navigation aid (TACAN);
d. VHF omnidirectional radio range (VOR).
8.

Air Notices to Skippers:
a. Danger Areas;
b. Prohibited Areas;
c. Restricted Areas;
d. Temporary Reserved Airspace.

9.

Aerodromes, heliports and Landing Sites.

10. Obstacles - natural or artificial elements that juts a surface that exceeds the vertical separation of 100 meters
from ground level.
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Contrary at topographic base information, that was almost a generalization from other maps and scales or information
that already exists, the aeronautic layer was generated from the beginning. Since the last edition produced in 2012, there
were many changes in aeronautic layer and some symbols were not according ICAO rules, so it was decided to generate
a new layer with symbols according ICAO rules instead of import any existing information.
The main difference in the preparation of the aeronautical layer was the ETL process that was carried out. The
information was spread by several documents and so the way the information was extracted, transformed and loaded on
the geodatabase was quite different from the other information. This need was identified as soon as the analysis of
existing documentation started because of particularities of this kind of information.

Geometric entities Processing
All point information that was available was placed in a xls file and then imported to the geodatabase using Display XY
Data tool. The information was organized in the geodatabase by subtypes and domains in order to facilitate the
symbolization of this information. The same procedure was taken for line entities being that, after the importation, the
points were connected by lines. The areas were built in the same manner but in the validation phase some errors were
detected. Those errors were due to some inconsistency of the supplied coordinates.

TOPOLOGICAL AND GEOMETRIC VALIDATION OF GEOSPATIAL INFORMATION
A major concern was the validation of the information that became available after all the processes described above.
Only this way was possible to ensure that the information meets the highly demanding requirements and was suitable to
the needs of the client. Three different kinds of validation was made: strucuture, geometric and space integrity, both
realized in a 2D and 3D environment. It was used some ArcMap 10.3.1 validation tools, including the Data Reviewer
and Topology extensions available in the geodatabase ESRI format.
The validation process, in a ArcGIS software environment, is a sequential application of tools available in that platform,
fully parameterized according to the permissible tolerances values that are established. Conceptually this process
includes the validation of structure and geometric errors and spatial integrity. Methodologically the validation takes
place sequentially, as shown in Figure 5..

Figure 5. Validation Process
In the data structure validation phase, adaptation procedures were performed in order to prepare the data so they can be
validated in geometric terms. Existing data to validate were copied, moved and organized in order to be able to follow
the validation process. The structure was checked through the Feature Classe (FC) attribute table which is modified
according to the needs of the tools that are used for the geometric validation.
In the geometric validation it was intended to detect and correct geometric errors. There were implemented different
processes to altimetry and to the other themes that belong to planimetry. Specific models were developed (toolboxes)
for each type to simplify its application.
With the implementation of the models that compose the toolboxes, allong with the procedures, the geometric
corrections of the data were performed. Among them are highlighted:


Repair of the geometry of each feature class of the geodatabase;



Elimination of duplicated geographical entities;



Elimination of entities which dimensions are below the threshold set for each entity;



Union of the geographical entities that share the same final vertex of the same FC (Unsplit tool);



Correction of overshoots and undershoots;
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Detection of topological errors.

During the validation of geometry, topological errors were also detected and corrected. This operation was also
obtained in the form of a model where appropriate topological rules for each geographical entity were created. Some
common rules for this process for line type entities were as follows:


Must Not Overlap - a linestring must not overlap another linestring;



Must Not Intersect - a linestring must not intersect another linestring;



Must Not Have Dangles - a linestring must not have loose ends;



Must Not Self-Overlap - a linestring must not overlap itself;



Must Not Self-Intersect - a linestring must not intersect itself.

The topological errors detected by the operator were individually analyzed and then corrected. Were used also the Error
Inspector and the Data Reviewer tools. Data Reviewer allows the detection of anomalies with the FC, attributes and
relations in geodatabase. This tool was also used to perform the spatial integrity validation because of the capacity of
detecting anomalies in spatial relationships between geographic entities.
The implementation of spatial integrity validation was materialized through verifications to the data using the Data
Reviewer ArcGIS tool. Were created rules that, integrated into batch jobs files, allow to detect anomalies in spatial
relationships between geographic entities. The verifications that were carried out in this space integrity validation phase
were intersections and overlaps between different geographical entities whose spatial layout should be logical and
coherent with the real world. Spatial integrity was analyzed between the altimetry, hydrography and planimetry as well
as between geographical entities belonging to the same theme.

EDITION OF VECTOR INFORMATION AND ATTRIBUTES LOADING
At this stage, due not only to the paper map scale, but also because of the symbology that had to be used, some
generalization algorithm were used in order to make the represented information more readable. Those algorithms were
applied to some themes including point type entities (obstacles), line type entity (powerlines), polygon type entity
(urban areas). It was also performed the upload of some attributes in order to facilitate the production of certain notes,
using for this the Conversion of Labels to Annotation tool, as will be specified later.
Mentioning (Jones, 2003), cited by (Lopes, 2005), the two main types of generalization are:


Semantic Generalization - based on the initial choice of the relevant information to be displayed on the map;



Geometric Generalization - based on manipulation of the characteristics of the various geographical entities
represented on the map.

It should also be highlighted contextual generalization, more difficult, that usually is performed manually.
In this project, various types of generalization processes, some refered above, were applied. In addition to the
generalization operations on some altimetry themes and base topographic information mentioned earlier, it were also
applied generalization algorithms to the aeronautical information. Among other entities to generalize, the obstacles that
are essential to be represented in a VFR aeronautical map, not only because some are good reference points, but mainly
for security reasons. According to the rules established in Portugal, all obstacles with more than 100 m height should be
represented. However, this is not possible in a map with this scale, mainly because the number of entities to be
represented, including distance and size of the used symbols. So it was necessary to generalize this theme. The aim was
to maintain the relative density of obstacles, considering also the highest altitude obstacles. Thus, the algorithm used
was manually applied, taking into account the risk and importance associated with the obstacles. Initially it was applied
the Aggregation operator to aggregate points less than 100 m from each other. In each area resulting from aggregation
were selected those with the highest obstacle height. The objective was to reduce the number of points to represent
maintaining its dispersion and ensuring safety. Other operations that were carried out in edition phase were the result of
amendments arising from the quality control process that was carried out both internally and externally.
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GRAPHICS AND CARTOGRAPHIC SYMBOLS CREATION, LABELS AND NOTES
Symbology creation Graphic and Cartographic
In ArcMap environment, using Style References, was created a new style, which was used to store the symbology
generated to the paper map. The symbology created was subdivided into three groups: polygons, lines and points. To
create the symbol library was taken into account the one that already exists to maps at 1:500 000 scale and updated with
new symbols that were created meanwhile. For the symbols that already exists, a format conversion was performed.
Some of them were updated and the draw was refined in the contours. Some other symbols were created using the
Marker Editor tool, which has advanced editing tools that facilitate this task. Point symbols were stored in the EMF
format, becoming part of the library. For the line type of symbology it was edited in the Symbol Property Editor tool
using in the line type the Cartographic Line Symbol in order to achieve the desired graphic aspect. For this was set up
on Line Caps the Round option and in the Line Joins the option Bevel. For the polygon geometric entities some of them
were represented as Simple Fill Symbol and others were represented as Picture Fill Symbol. This image was created
with the Marker Editor tool in ArcMap environment and subsequently exported to the EMF format.

Labels and Annotation Creation
The alphanumeric values loaded in the geodatabase as attributes were used later on the process to enrich the information
represented on the map. To do so, the Labels option was activated and these labels were then converted to Annotations.
It was used this process basically by two reasons: first, because annotations are easier to manipulate than the labels,
second because they allow better graphic performances. Before this conversion was done, it was necessary to choose the
scale of the map to be produced. The option Set Reference Scale in the Data View/Data Frame menu must be set to that
value. Throughout this process the annotations were stored in the geodatabase. These annotations were linked to the
feature. If some edition process change the attributes of geometric entity, that change would be reflected in our
annotations and the opposite also happens, because they are related. After having our annotations placed, was necessary
to verify if the look of the map was similar to the one that is in effect. To do so was used the raster of the second edition
of this map, in TIFF format, that was used as reference. The necessary graphics arrangements were done until we reach
the point where the information we had was identical to the one obtained in the past, by other processes. For this it was
used the existing Edit Annotation tool on the Editor toolbar.

QUALITY CONTROL
The CIGeoE has organically the Quality Control Section where all products are verified to check if they were produced
under the rules that are established, for all the inaccuracies and improvement possibilities. Because the client was an
external cliente there were two different quality controls: one, indoor, that was carried out mainly over the topographic
base information and other, that was done externally, by NAV Portugal to verify only the aeronautical information.
Therefore, all the themes were verified for errors, omissions or commissions. In the end it was produced an amendments
list whose objective is, after being corrected, to improve the quality of the information, their readability and esthetics,
never forgetting the objective of have a product ICAO and international rules compliant and that could help in the safety
of air navigation.

LAYOUT AND FINAL PRODUCT
Design of a Layout
Finally it was configured the layout of the map. This layout has a black grid representing geographic coordinates in
WGS84 Datum, in the margin of the map, with tick marks both in the meridians and in the parallels each 30 minutes
and numbered one in one degree. It has also, in each sector, information of the MEF, calculated considering the terrain
and all represented obstacles. In the MEF calculation it was considered the point (ground or obstacle) with higher
height. At this height was added the value of 100 feet for possible vertical errors and 330 feet as security for
unrepresented obstacles. The upper left corner shows the institutional logo and the equivalence from meters to feet,
followed by the legend of the map. In the upper right side is represented the legend of hypsometry. Are represented also
the isogonic lines in accordance with the model from 2015 to 2020 marked each 30 minutes. The extension of our
layout was 75 cm wide and 150 cm high to the map of Portugal mainland and 75 cm wide by 90 cm high, in the vicinity
of Porto and Lisboa. Note that it was also necessary to set up the back of our map, in order to integrate all technical
information relating to aeronautical information. In the map of Portugal, on the reverse side was represented only the
aeronautical layer and civil and military VFR routes in Porto, Lisboa and Faro. In the sheets of Porto and Lisboa,
instead of an aeronautical layer, it was decided to introduce two other products with all existing information in the areas
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where the air traffic is greater, Porto and Lisboa, at scale 1: 100 000, and integrating also civil and military routes for
helicopters.

Presentation of Final Products
In the end of the process were obtained four products, three in paper format, related among them but diferente in shape:


Aeronautical Map, ICAO 1:500 000 of Portugal mainland;



Aeronautical Map, ICAO 1:500 000 of Portugal mainland – nothern part;



Aeronautical Map, ICAO 1:500 000 of Portugal mainland – southern part.

A fourth product, in digital format, includes the three ones refered above and Lisboa and Porto areas at 1:100 000, in
GeoTIFF and GeoPDF format.

Figure 6. Final products from left to right: paper map front, paper map back, GeoTIFF in a mobile device

CONCLUSIONS AND FUTURE WORK
In this project, in addition to the production of the 3rd edition of the Aeronautical Chart of Portugal at 1:500 000, the
migration to a new technological platform was achieved. The implementation of a spatial data infrastructure, developed
on ESRI technology to host and interact with information, allowed the development of a new cartographic production
process which was also a major objective that was fullfill. Were created cartographic representations, housed
topologies, relationships, representation rules and symbology. Was possible to integrate, in only one technological
platform, all the information needed for the production of a paper map, as well as all derivated products. As important
as the production of the paper map, in analog format, is the production of new products, in digital formats, whether they
are vector or raster products to be used in different mobile devices and in different aeronautical systems. This platform
allows also a deeper interaction with the alphanumeric information of the geospatial information, available on their
attributes table. The users community have now access to a huge wealth of information with high quality, accurate and
precise, thus contributing to the safety of aviation operations and a more effective and efficient management of airspace.
The world of GIS and relational spatial databases have a wide range of analysis solutions and information processing
technologies. On the other hand it is possible to store large volumes of information, representing thus, in the area of
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geospatial information management, an advantage to CIGeoE by the capacity and know-how developed working with
these solutions.
Future work will include the production of the aeronautical maps of the Azores and Madeira islands using all these
technologies and integration in this infrastructure of other aeronautical information (e. g. obstacles or weather
conditions) that can help air navigation, control and decision-making process in a crisis response environment.
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Abstract
The development of spatial data and the technology for their creation, storage and exchange necessitate their
management by building a national infrastructure for spatial information. The transposition of the European INSPIRE
Directive through the Law on Access to the Spatial Data (LASD) defines the conditions for setting up such an
infrastructure and its most important element - National Spatial Data Portal (National INSPIRE portal). Ministry of
Defense has established a system for providing a public access to the spatial data, which is also an element of National
Infrastructure for Spatial Information. It has been created in accordance with the responsibilities in LASD enforcement.
The publication presents the research done following the implementation of the INSPIRE Directive in Bulgaria. The
measures undertaken to make progress on the various activities according to the Roadmap of the Directive are
described. The new roadmap validated up to 2016 determining timing for implementing the various stages was defined.
Allocation of responsibilities to the spatial data creators was done according to the topics of Annex 1, 2 and 3. To
accelerate the process of publishing the data in the national INSPIRE portal a training was conducted. The
perspectives have been considered for development of the infrastructure, including synchronization of existing data and
metadata with the requirements of the Directive.
Keywords: spatial data, INSPIRE, National INSPIRE Portal.

GENERAL INFORMTION
European Directive 2007/2/ЕО INSPIRE
Directive 2007/2/EC of the European Parliament and of the Council of 14 March 2007 establishing an Infrastructure for
Spatial Information in the European Community (INSPIRE) [1] came into force on 15 May 2007 and governed by
common rules establishing of an Infrastructure for Spatial Information in Europe (INSPIRE) for the purposes of
Community policies on the environment and policies or activities that may affect the environment.
By using the INSPIRE infrastructure should provide comprehensive, standardized and quality geographic information
for the identification, implementation, monitoring and evaluation of these policies and activities.
INSPIRE is based on the infrastructures for spatial information created and managed by the Member States of the
European Union, covering spatial data sets needed for effective implementation of the activities for environment
protection, according to the themes listed in the Annexes to the Directive. These Annexes are 3 and include a total of 34
spatial data themes contained key components described by the technical rules for implementation.
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To ensure that the spatial data infrastructures of the Member States are compatible and can be used within the
Community and transboundary context, the Directive requires that common Implementing Rules (IR) are adopted for
the components of these infrastructures related to:


Metadata creation with specific content for spatial data sets and services within the scope of the Directive;



Interoperability and harmonization provision of spatial data sets and related service;



Building and maintaining the network services by every Member Country, related to the data sets for which the
metadata are created.

The Directive defines the actions to be taken by Member States to ensure unimpeded and unrestricted exchange of
spatial data and services to such data between public authorities for the purposes of public tasks that may have an
impact on the environment.
The Directive is synchronized with the Bulgarian legislation by the Law on Access to Spatial Data.

Law on Access to Spatial Data
The Law on Access to Spatial Data (LASD) [2], which was adopted in 2010 (promulgated in the State Gazette No.19
from 19 of March, 2010) transposed the provisions of Directive 2007/2/ EC INSPIRE in the national legislation. This is
a strategic document for the Republic of Bulgaria on the establishment of a national infrastructure for spatial
information.
This law regulates the establishment, maintenance and operation of the infrastructure for spatial information, providing
access to the spatial data and service in the field of environment and activities that may have an impact on the
environment by ensuring compatibility and security in the data sharing.
Infrastructure for spatial information includes metadata for spatial data sets and network services for them, spatial data
sets, network services and technologies; agreements on sharing access and use; coordination mechanisms and
monitoring; processes and procedures in place, managed or operated under this Law by public authorities which (based
on normative act) collect, create, maintain and distribute updated database of spatial data related to the execution of
their powers and provide public services related to them and third parties who can provide created and maintained their
spatial data sets and services within infrastructure for spatial information.

MEASURES FOR DEVELOPMENT OF INFRASTRUCTURE FOR SPATIAL INFORMATION IN
BULGARIA
In 2015 - accelerated measures are taken for the implementation of the policy to build a national infrastructure for
spatial information and services for spatial data in connection with the implementation of Directive 2007/2 / EC of the
European Parliament and of the Council of 14 March 2007 for establishment of an infrastructure for spatial information
in Europe (INSPIRE).

Law Amending the Law on Access to the Spatial Data
The first positive result of these measures is the removal of shortcomings in the transposition of the INSPIRE Directive
into the national law by adopting the Law on Amendments to the Law on access to spatial data [3].

Interagency Council on Spatial Data
The Interagency Council on Spatial Data (ICSD) as a part-time advisory body assisting the Minister of Transport for the
implementation of his powers under the Law on Access to Spatial Data strengthens his role. The approach for
determining of the Council staff was changed. The composition of the ICSD was updated twice. Its members are
Deputy-Ministers and representatives of the managements of the Bulgarian Academy of Sciences (BAS), the National
Statistical Institute (NSI), the Executive Agency "Electronic Communication Networks and Information Systems" (EA
ECNIS) other Agencies and institutions. So it included representatives of all departments and major state institutions
applying LASD which significantly increase the efficiency of its operations. The working Expert group was set up for
the implementation of current and emerging operational tasks as well as for the preparation of various documents and
materials for review and approval by the Council. The group is composed by experts, representatives of those Agencies
and organizations that are represented in the Council but the composition of the Council is more extended as in its work
some external experts can be involved if necessary.
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Action Plan to speed up the implementation of Directive 2007/2 / EC INSPIRE
The Council adopted an action plan to speed up the implementation of Directive 2007/2 / EC INSPIRE, in response to
an inquiry EU Pilot № 7517/15 / ENVI by the Director of "Application management and European semester" to
Directorate General "Environment" on The European Commission (EC) for the implementation of the Directive. It
contains clear commitments and specific measures and a timetable for their implementation as follow:


To accelerate the work on the implementation of the INSPIRE Directive and to overcome the delay on building
the infrastructure for spatial information, providing access to spatial data and spatial data services in the field
of environment;



To improve the coherence of national efforts of all involved institutions and owners of spatial data.

Actions over the plan are divided into 4 stages:


Immediate actions - up to 31.08.2015;



Short-term actions - until the middle of 2016;



Medium-term action - by the end of 2017;



Long-term action - by the end of 2020;

The plan was submitted and accepted positively and unconditionally by the Commission as an expression of the desire
of Bulgaria to meet its obligations as accelerated activities on building a national infrastructure for spatial information.
The Immediate actions over the plan have already been implemented. The short-term actions are started on time.
During the preliminary organizational and preparatory activities for the implementation of specific national measures on
all outstanding commitments of the INSPIRE Directive the actions were carried out as follows:


Definition of the roles of the responsible organizations as primary administrators of spatial data;



Launching a procedure for realizing the initial functionality of a National Spatial Data Portal, albeit temporary;



Preparation of the projects for the necessary organizational planning and national regulatory documents;



Training under the Law for access to spatial data and requirements of the Directive INSPIRE;



Updating the site of EA ECNIS with the information about the performed activities.

ACHIEVED RESULTS
1.

The current national and departmental contact points were determined. The national representatives are
presented in the events organized on a pan-European format.

2.

A project Decree for the Council of Ministers of the Republic of Bulgaria was developed covering the
responsibilities of the institutions applying the LASD. This document describe in details the stakeholders, the
departments responsible for reference data and the roles of the organizations as a primary administrators of
spatial data, as stakeholders of data and reference data according to the 34 themes of the LASD. The document
includes regulations and policy agreements between the institutions, ensuring that the requirements of the EC
in line with those of the Directive INSPIRE. The project together with supporting documents is in the process
of reconciliation and acceptance by the relevant national rules. Preliminary information on stakeholders of data
and reference data on the 34 themes of the LASD can be seen in Table 1.
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Table 1. Holders of reference data and data according to the 34 spatial data themes of the LASD (version 24 Feb
2016.)
STAKEHOLDERS

Ministry of Environment
and Water of Bulgaria

Ministry of Interior

National Statistical
Institute
Ministry of Defense

Ministry of Regional
Development and Public
Works

THEMES WITH
STAKEHOLDERS OF
REFERENCE DATA
1.7; 1.9; 3.6; 3.11; 3.17

1.8; 2.1; 2.2; 2.4; 3.6; 3.7;
3.8; 3.11; 3.12; 3.13; 3.15;
3.16; 3.17; 3.18; 3.19; 3.20

Executive Environmental Agency

2.2; 3.7; 3.18; 3.19

1.9

Basin Directorate for Water
Management
Ministry of Interior

1.8; 3.8; 3.11; 3.12
2.1

1.1; 1.2; 1.3; 1.5; 1.9; 2.1;
2.2; 2.3; 3.2; 3.6; 3.11

Chief Directorate Border Police

1.4; 1.7; 1.8; 2.1; 2.2

1.7; 1.8

Ministry of Environment and
Water of Bulgaria

Chief Directorate Fire Safety and
Civil Protection

3.12

Directorate Communication and
Information Systems

3.12

National Statistical Institute

3.1; 3.10

1.3; 1.4; 1.5; 3.1; 3.5;3.10

Military Geographic Service

1.1; 1.2; 1.3; 1.7; 1.8; 2.1;
2.3

1.1; 1.2; 1.3; 1.4; 1.7; 1.8;
2.1; 2.2; 2.3; 3.6

Chief Directorate Civil Registration
and Administrative Services

1.5

Ministry of Regional Development
and Public Works

3.12

1.4; 1.5; 1.6; 1.7; 1.8; 1.9;
2.1; 2.2; 2.3; 3.2; 3.4; 3.6;
3.11

Road Infrastructure Agency

1.7

1.7

Geodesy, Cartography and Cadastre
Agency

1.1; 1.2; 1.3; 1.4; 1.5; 1.6;
3.2;

1.1; 1.2; 1.3; 1.4; 1.6; 2.1;
3.2

(MTITC)

Ministry of Transport,
Information Technology
and Communications
(MTITC)

Ministry of Agriculture
and Food

THEMES WITH
STAKEHOLDERSOF
DATA

3.11; 3.15; 3.16

Directorate General Civil Aviation
Administration

1.7

Executive Agency Railway
Administration

1.7

2.3

Executive Agency Exploration and
Maintenance of the Danube River

1.7; 1.8; 3.13; 3.14

1.1; 1.7; 1.8;2.1;3.1; 3.11;
3.13; 3.14

Bulgarian Ports
Infrastructure company

1.7; 1.8

1.1; 1.2; 1.3; 1.4; 1.5; 1.6;
3.2

Ministry of Agriculture and Food

2.3; 3.3; 3.4; 3.5; 3.9

1.3; 1.6; 2.1; 2.2; 2.3; 3.2;
3.3; 3.4; 3.5; 3.9; 3.11;
3.18; 3.19

Institute of Soil Science
Agroecology and Plant Protection

3.3;

Executive Forest Agency

2.2

Ministry of Energy

Ministry of Energy

2.4; 3.20; 3.21

2.4; 3.6; 3.20; 3.21

Ministry of Health

Ministry of Health

3.5; 3.6

3.5; 3.6

Ministry of Culture

National Institute of Immovable
Cultural Heritage

1.9

1.9

BAS

3.17

3.15

National Institute of Meteorology
and Hydrology

3.13; 3.14

1.8; 3.13; 3.14

National Institute of Geophysics,
Geodesy and Geography

3.12

2.2; 3.12

Bulgarian Academy of
Sciences
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Institute of Oceanology

2.1; 3.15; 3.16

Ministry of Education and
Science

Ministry of Education and Science

3.6

Ministry of Energy

Ministry of Energy

3.8; 3.11

Offices Shall Keep
Statistical Units

Office Shall Keep Statistical Unit

3.1

Municipal
Administrations

Municipal Administration

1.5

1.5; 1.6; 3.2

3.

As a result of the status analysis and personally developed work schedules, the coordination and the approval
as well as the financial estimates of the Interagency Council, a new Road Map was prepared for actions of the
"bodies". It is in line with the Law on Access to Spatial Data and update the general Road Map [4] according
to the state and pace to 2015. It should be prepared to the fullest extent necessary data, metadata and services
to them under the requirements of the LASD and the Directive INSPIRE. It is intended the Road Map to be
submitted under the three-year Report.

4.

The processes for manufacturing, testing and validation of metadata from all public authorities applying
LASD/ the Directive are considered to be regular and continuous. Specific deadlines for each office can be
found in the above-mentioned Road Map.

5.

Some trainings and seminars were organized and conducted for the specialists in the Agencies regarding the
INSPIRE Directive. The meetings of the Expert Working Group were used for these purposes too. In a
workshop with demonstration the capabilities of developed and implemented MOD (MGS) geo-portal were
shown, as well as the possibility to play the role of a National Spatial Data Portal.

From all short-term activities in the Action plan only the Decree of the Council of Ministers for the responsibilities of
the institutions applying the LASD and the Rule for the work of the Interagency Council on spatial data have not
accomplished yet. The procedures take time, as it depends on the decisions of the Council of Ministers and is outside
the competence of Ministry of Transport Information Technology and Communications (MTITC). As a National body
responsible for implementation of LASD/ Directive INSPIRE, MTITC works under the logic enshrined in the new
legislation however that have not yet formally accepted (at this stage are accepted by Interagency Council).
6.

The most significant of all performances under the plan so far is the realized liaising with the European
INSPIRE Geoportal. The country is no longer a white spot on the map of the countries of the European
infrastructure for spatial information [5]. Figure 1.

This became possible after the conclusion of a Framework Agreement between the MOD and MTITC. Based on this
agreement between the Executive Agency "Electronic Communication Networks and Information Systems" (EA
ECNIS) MTITC and Military Geographic Service, Ministry of Defense (МОD) it was decided to use the information
system for public access to spatial data and services of the Ministry of Defense as a temporary National Spatial Data
Portal and provide connectivity with INSPIRE geo-portal of the EU.
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Figure 1. EU INSPIRE geoportal and Bulgaria representation
After performing additional relevant hardware and software developments, as well as the necessary organizational and
coordination activities, including with institutions and experts from the EU from March 26th, 2016 this temporary
National Portal is already registered in the European INSPIRE Geoportal. Figure 1. Performed preliminary tests showed
validity and accessibility/visibility published in the departmental portals metadata, data and services close to 100%.
Until now the connection with the European geo-portal is stable and secure.
By Discovery service from the Nacional INSPIRE portal can be accessed published and validated Bulgarian INSPIRE
metadata for 7 themes. For them can be used service for discovery, viewing and downloading. Visualization of the
portal Figure 2.
The registration of the Nacional portal has been done after performing the tests successfully together with the experts
from the European INSPIRE Geoportal. They were a direct result of good cooperation of EA ECNIS (Directorate
Spatial Data) and MGS of MOD. A private domain was selected and registered. The official WEB-based application
was created for the home page of the National Portal (www.inspirebg.eu) Figure 2. From this page the access to the
geoportal of MOD (www.gis.armf.bg) will be provided for external users and the existence of a National Spatial Data
Portal (NSDP) will be legitimized in the public space.
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Figure 2. National Spatial Data Portal

Geoportal of Ministry of Defense
Ministry of Defense has successfully completed the project "Development of an information system, providing public
access to the MOD spatial data and services." The project was funded under the Operational Programme
"Administrative Capacity" (OPAC), co-financed by the EU through the European Social Fund. Visualization of the
Portal in Figure 3.
One of the three specific aims of the project was fulfilment of the requirements of Directive 2007/2/EC INSPIRE of
European Parliament and of the Council of Europe for establishing an Infrastructure for Spatial Information in the
European Community (INSPIRE). Through the published network services for spatial data MOD join the network for
exchange of information between national spatial data infrastructures in 34 thematic areas. This was realized according
to the defined by the European Commission (EC) standards and interoperability requirements. Unfortunately, Bulgaria
was one of the few countries that did not have this tool and was not giving such data [6]. With the implementation of
the system into operation MOD fulfills its obligations to provide information and services on which is a holder in the
specified format. However, this was not enough for the implementation of commitments made by Bulgaria under the
Directive. Practically these data had to be compiled by the National Spatial Data Portal, which will provide services and
metadata for spatial data of all organizations, producers and stake holders of spatial data and connection with the
European geo-portal. It turned out that the construction of the National Spatial Data Portal is lagging behind and timing
of commitments under INSPIRE are about to be overdue.
After a meeting of the Interagency Council on spatial data, it was decided the information system of the Ministry of
Defense to perform temporarily the role of national geo-portal through which to liaise with the infrastructure for spatial
data of the EC.
The Information system of the Ministry of Defense is located at the Military Geographic Center (MGC) – Troyan city
as a territorial production unit of the Military Geographic Service (MGS). Followed by some organizational measures
and technical solutions by experts from MGC of MOD and EA ECNIS the information system of the Ministry of
Defense was adapted to circumstances which have arisen. In addition were prepared and validated 7 class data and
metadata for them. They become accessible via the described in the Directive 3 types of services Discovery service,
View service and Download service.
The electronic address of the Geoportal of the Ministry of Defense is www.gis.armf.bg
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Figure 3. Geoportal of the Ministry of Defense
The metadata for spatial data in the 7 themes for the 3 network services are created through the use of metadata editor
published in the European INSPIRE portal [4], (http://inspire-geoportal.ec.europa.eu/editor/) Figure 4.

Figure 4. European INSPIRE portal - Metadata editor
After correctly filling in the necessary data and performed validation of the metadata accordance with the requirements
of the Directive the XML files are generated, published in the Geoportal of the Ministry of Defense [7].
Created network services have been verified for compatibility with the Directive by validator service of the European
INSPIRE portal (http://inspire-geoportal.ec.europa.eu/validator2/) and the results are as follow:


Discovery service - – 100% conformity;

http://gis.armf.bg:8080/geonetwork/srv/eng/csw?SERVICE=CSW&VERSION=2.0.2&REQUEST=GetCapabilities


View service – 95 % conformity Figure 5;

https://gis.armf.bg/proxy.ashx?url=http://gis.armf.bg:8080/geoserver/ows?service=wms&request=GetCapabilities
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Figure 5. View service conformity


Download service – 100 % conformity.

https://gis.armf.bg/proxy.ashx?url=http://gis.armf.bg:8080/geoserver/ows?service=wfs&version=2.0.0&request=GetCa
pabilities
The project for "Development of an information system, providing public access to the MOD spatial data and services"
results in making closer interaction with the institutions, users of geospatial data, which creates pre-requisites for
reducing duplication of data for cost savings and thereby enhance the efficiency. It was achieved better visibility for the
users of available spatial data funds. The conditions were created for the multiplication of the ideas and the project
results among the other interested Ministries and Departments.

National Portal for Spatial Data
The established national portal achieved interoperability with European geoportal at full harmonization of spatial data.
The created functionality build on and improve the existing standard information and communications environment to
meet the requirements of Directive 2007/2 / EC INSPIRE of the European Parliament of the Council of Europe. In this
way the criminal procedure was avoided for failure to fulfill obligations from the Bulgarian side of the fulfilment of the
regulations of the European Commission on the implementation of the Directive.
As required under the INSPIRE Directive and Law on Access to Spatial Data (LASD) , public administration, the
creator and administrator of spatial data, provides interoperable spatial data with ability to be combined and to interact
in the process of services providing, without the use of repeated manual intervention. This ensures clear results of the
services and higher added value of the service and the data sets. The executive authorities, local government and
organizations that administer spatial data related to their areas of responsibility, will publish their descriptions
(metadata) to ensure the rapid assessment of the properties of the information resource. These requirements apply only
to spatial data that are created by law or other legal document.
The technical implementation of the requirements of Directive 2007/2 / EC and the Law on Access to Spatial Data, are
consistent with those published by the authorities of the Community regulations, guidelines and specifications to ensure
the achievement of interoperable spatial data and services on a national and European level.

PERSPECTIVES AND DEVELOPMENT OF THE INFRASTRUCTURE
The measures to implement the INSPIRE directive described in the publication including the establishment of a national
portal are timely and adequate. To a large extent the problems of the responsibilities of the institutions – stake holders
of data, are eliminated. The actions at a national level to promote the exchange of datasets and services will continue
under the updated Road Map.
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So far in the national portal are registered 177 visits from 16 countries. Figure 6.

Figure 6. Visits to the National INSPIRE portal
At the same time new challenges arise of reconciling data, metadata and services derived from previous projects related
to global environmental monitoring. An example is the initiative GMES, currently Copernicus Land Monitoring
Services and completed projects over this CORINE Land Cover (CLC). The data obtained are directly related to the
themes of Annex II of INSPIRE - land cover. For the moment they are available free via the Internet-based portal [8].
However, to use the CLC database and metadata at the National Portal it must be harmonized with the requirements for
land cover under the Directive. The first step of this harmonization is to describe data. After that the aim is to automate
the application of transformation rules and to validate the results. Fortunately, the problem in large-scale projects such
as Copernicus has already occurred and preliminary studies have been made [9]. The next step is to work on their
implementation. Such developments have been made for data and metadata from the Agency for Geodesy and
Cartography Cadaster [10]. To deal however with the requirements laid down in the Directive, the holders of data need
to continue coordination and training of their employees while respecting the deadlines for activities in the updated
Road Map.
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Abstract
Urban green spaces (UGS) such as parks, forests, green roofs, streams, and community gardens provide a broad range
of ecosystem services (urban heat mitigation, stormwater infiltration, food security, physical recreation, and
psychological well-being of residents). Proper evaluation and inter-city comparison of UGS, therefore, requires not
only information on its relative quantity, but also a closer examination of UGS in terms of quality and related
ecosystem services, which can be derived from its land cover composition and spatial structure. Here we present an
approach to UGS extraction from newly available Sentinel-2A satellite imagery, provided in the frame of European
Copernicus program. The multispectral imagery includes 13 spectral bands (from visible, through near-infrared to
short wave infrared bands) with high spatial resolution (from 10 m to 60 m) and frequent revisit time (currently around
ten days). Supervised maximum likelihood classification was used to identify UGS polygons. For the purpose of their
classification the nomenclature was defined, and each UGS polygon was assigned to one of the 15 classes. To assess
which ecosystem services may be linked to the identified UGS patches, each class is further described by the proportion
of tree canopy. Aerial orthophotos are used along the classified Sentinel images to support this goal.
Keywords: Urban green spaces, Sentinel-2A, classification, land cover, remote sensing

INTRODUCTION
The diversity and quality of urban green spaces (UGS) such as parks, forests, green roofs, streams, and community
gardens are tightly linked to human well-being as UGS provide a number of benefits (ecosystem services) for people.
The crucial ecosystem service of urban vegetation is its regulatory effect on the urban micro-climate (Lehman et al.
2014), other relevant benefits are stormwater infiltration, food security, physical recreation, and psychological wellbeing of residents (Wolch et al. 2014, Tzoulas et al., 2007, Niemelä 2014).
By definition, ecosystem services have societal relevance: they provide benefits that humans want or need. These
desired outcomes (improving air quality, decrease the volume of stormwater runoff, air temperature regulation, etc.)
must be identified and compared to the current potential of the UGS. Knowing the current potential (quantity, quality,
and spatial distribution of UGS) is therefore a vital a first step in planning and realization of improved urban greenery
designs.
Urban vegetation is significantly different from (semi-)natural vegetation because of intense human impact. For
instance, compared with forests, urban vegetation cover is much more divided and fragmented by impervious land
cover, exposed to polluted air, and specific microclimate (the urban heat island phenomenon – UHI). Vegetation within
densely built-up areas is vulnerable and often relies on human maintenance, irrigation, and fertilization. The
impervious-vegetated mix is heterogeneous at much finer spatial scale in urban landscape than elsewhere. This poses a
challenge also for classification of urban land cover using medium resolution satellite imagery, such as the widely used
Landsat TM/ETM and SPOT imagery (Nichol and Lee 2005). The heterogeneity demonstrates itself in a higher
proportion of so-called mixed pixels (compared to rural landscape) when sensed at 20 m – 30 m spatial resolution.
As a result, for a long time, conventional methods of mapping urban vegetation have relied on a visual interpretation of
analog aerial images and fieldwork. Later on, digital RGB or CIR (color infrared) aerial imagery with high spatial
resolution has been employed. The drawback of such data sources is that they have inferior spectral bandwidth and
resolution compared to multispectral satellite data, which limits the feasibility of automatic classification methods.
Also, the temporal frequency of aerial remote sensing is in practice lower due to high cost.
More recently developed very high resolution (VHR) satellite remote sensing systems (IKONOS, QuickBird, GeoEye,
RapidEye, WorldView, Pleiades) are capable of providing imagery with similar detail to aerial photography and they
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offer opportunities to overcome the lack of reliable and reproducible information on urban vegetation across large areas.
Chengqi et al. (2003) have studied the application of IKONOS images in Xiamen City on urban vegetation cover and
discussed the difference between VHR images and traditional classification of coarser spatial resolution images. Nichol
and Lee (2005) have used multispectral IKONOS images to quantify urban vegetation using two parameters: vegetation
cover and vegetation density. Tigges et al. (2013) have investigated different spectral and temporal band combinations
of five RapidEye images acquired during the phenological season and proposed tree genera classification in an urban
environment. The drawback of VHR satellites is their narrow swath and therefore limited coverage of the Earth’s
surface. The VHR satellites are commercially oriented services, i.e. the acquisitions are based on demand, and the cost
is relatively high. The latest technology available for UGS mapping is unmanned aerial vehicles (UAVs) capable of
mapping at ultra-high spatial resolution due to the low altitude acquisition (Feng et al. 2015) as well as constellations of
small satellites (CubeSats) such as the one owned by Planet Lab company.

Monitoring of UGS by European Copernicus services
Pan-European harmonized land cover/land use databases derived from satellite images also provides information about
UGS spatial structure. Alavipanah et al. (2015) analyzed the role of vegetation in mitigating urban land surface
temperatures based on data derived from CORINE Land Cover database. Another data source for urban greenery
assessment provides Urban Atlas – a database based on satellite images with a 2.5 m spatial resolution. Comparable
land use data are available for all of the European core cities and respective larger urban zones with more than 100,000
inhabitants. For example, Cvejic et al. (2015) have calculated the total amount of the land use classes per city and the
per capita values of green spaces provision on city level using Urban Atlas data and population data. However, Niemela
(2014) underlined the importance of developing new tools to detect and measure green infrastructure.
To study the impact of green infrastructure on biodiversity and UHI mitigation, current information about the quantities,
qualities, and configuration of UGS are needed. The most recent data on land cover, including urban green spaces, are
available from Sentinel-2A (S2A), a high-resolution optical Earth observation mission developed within the Copernicus
program (previously called GMES). The program is a joint initiative of European Commission and European Space
Agency to establish a European capacity for the provisioning and use of information for environmental monitoring and
security applications. Fletcher (2012) provides an overview of this mission, including the technical concept, image
quality, and operational applications. S2A multispectral imager is covering 13 spectral bands with a swath width of 290
km and spatial resolutions of 10 m (three visible and a near-infrared band), 20 m (6 red-edge/shortwave infrared bands)
and 60 m (3 atmospheric correction bands). The mission is intended to monitor variability in land surface conditions,
and its wide swath width and high revisit time (10 days with one satellite and five days with two satellites after
Sentinel-2B is launched in 2016) will support monitoring of changes to vegetation within the growing season. It also
provides data and applications for operational land monitoring, emergency response, and security services. The
coverage limits are from between latitudes 56° south and 84° north. According to Drush et al. (2012), the mission
objective is to provide systematic multispectral imaging for:





land cover, land use, and land-use change detection maps
maps of biogeophysical variables such as leaf chlorophyll content, leaf water content, leaf area index (LAI)
risk mapping
acquisition and rapid delivery of images to support disaster relief efforts.

The objective of this contribution is to explore the potential of S2A satellite imagery for UGS mapping at the city level
and to illustrate a procedure of UGS extraction and classification. UGS mapping can be defined as the identification of
land cover types over urban vegetated areas. Each type of land use is linked to specific patterns of built-up and greenery
or other natural surfaces (e.g.,. water) which can be defined by their size, location, and structure. Lehman et al. (2014)
recognized 13 main categories of urban vegetation structure types (UVST) that were divided into 57 subcategories by
considering the structural parameters of building and greenery. Ahern et al. (2014) presented a set of indicators and
metrics that have been used to assess ecosystem services in urban settings. The UGS classification presented in this
contribution is based on land use context since linking urban greenery physical structure and its function is crucial for
further identification of the urban ecosystem services.

DATA AND METHODS
Input data
S2A data are available from mid-2015 from the Copernicus Sentinels Scientific Data Hub (scihub.copernicus.eu/dhus).
The highest processing level available for download is 1C – radiometrically corrected and orthorectified images. For
further processing, all 13 contained spectral bands should be resampled to the highest of the resolutions (10 m), which is
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native only for blue, green, red, and one of near-infrared bands). A true color (red-green-blue) composite from S2A data
is displayed in Figure 2a.
Since the proposed classification scheme of UGS is largely land use oriented (see the next section), it is not viable to
obtain the information by automatic methods. Therefore, aerial or very high resolution (VHR) satellite images are
needed to perform on-screen interpretation and classification of individual UGS polygons extracted from the S2A data.
Finer than 10 m spatial resolution imagery is useful (although not necessary) in the process of selecting the training
samples for supervised automatic classification of the S2A imagery (see the following sections).

Methods
Automatic land cover classification
Given the spectral resolution and bandwidth of S2A data, we assume that it has the potential to discriminate between a
small number of spectrally different LC types using automatic classification methods with reasonable accuracy. We
suggest a simple impervious-water-vegetation classification scheme; the vegetation is further divided into tree cover
and non-woody classes. A supervised approach is preferred for higher accuracy – a set of manually pre-classified
training is used to train the automatic classifier. A sufficient number of sample plots located evenly in the study area
should be created for each of the land cover classes. Finally, the commonly used maximum likelihood classifier is
employed to perform the per-pixel classification (see the visual scheme of employed data sources and methods in
Figure 1). The S2A data processing and classification were performed using ESA SNAP 3.0 and ESRI ArcGIS Desktop
10 software. For the results of the initial classification, see Figure 2b.

UGS polygons extraction from the classified data
To extract the final UGS polygons from the classified images, these were reclassified into a binary form vegetation/nonvegetation. Contiguous pixels classified as vegetation were grouped (based on queen neighborhood – each pixel can
have maximum eight neighbors) and converted to vector polygons (Figure 2c). All polygon parts and holes smaller than
500 m2 were removed. The remaining polygons were smoothed and generalized in order to remove pixelated borders,
reduce size, and improve the visual appearance (see Figure 2d).

Manual classification of UGS polygons
From the perspective of ecosystem services and urban planning it is important to consider how the identified UGS are
utilized by city residents and, degree of human cultivation/intervention, and location relative to the prevalent use of
urban land (residential, public, industrial). Considering these requirements, we have recognized the following 15
classes; the class definitions are presented in the list below. UGS polygons extracted in the previous step were overlaid
on top of recent aerial orthophotos and visually classified at the scale range 1:10,000 – 1:5,000. Most of the polygons
were classified as such by filling the attribute values. In some cases (especially in places with abundant vegetation), the
extracted polygons were spanning over larger areas and included multiple UGS classes. In such cases, the polygons
were cut so that each polygon contains a single UGS class (see Figure 2e).

The definitions of UGS classes
1. Urban forest/Uncultivated park – Ares characterized by more than 50% woody vegetation with no signs of
cultivation and without paved roads/paths.
2. Cultivated park – Areas characterized by more than 50% woody vegetation with paved paths and scattered
lawns.
3. Cemetery – Areas of cemeteries with dominant vegetation.
4. Urban public garden – Areas characterized by the regular shape of lawns, flowerbeds, shrubs, paths and
scattered trees.
5. Stream bank/lake shore vegetation – Green areas adjacent to ponds, lakes, rivers, or canals.
6. Urban greenery in apartment housing areas – Public greenery in residential zones between multi-flat houses
and/or small commercial buildings.
7. Urban greenery in family housing areas – Greenery in residential zones between family houses, mostly
comprising private horticultural gardens.
8. Urban greenery in public facilities – Greenery in compact areas with particular public services, like
hospitals, universities, school campus, ZOO etc. Sports facilities are not included in this class.
9. Greenery in sports facilities – Green areas used for sports and leisure mainly covered by grass, such as
football field, golf course, playground, and horse race circuit.
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10. Complex cultivation pattern – Area with small parcels of annual crops, pastures, fallow land and/or
permanent crops, with scattered garden cottages.
11. Cropland/pastures – Agricultural areas with signs of cultivation (e.g., tracks from plowing or tractor use).
This class contains both cropped areas and areas with grass in rotation, as well as orchards and vineyards.
12. Railway and roadside greenery – verge with grass or other vegetation accompanying a railway, road, or
motorway.
13. Green areas in industrial units – areas covered by vegetation in factories with industrial production, storage
facilities, logistic centers, etc.
14. Airport greenery – Grass areas of airports associated to runways.
15. Ruderal vegetation – Areas with grass, herbaceous, shrub and/or scattered woody vegetation with no signs of
recent cultivation. Usually heterogeneous in texture and color. Fallow land and brownfields can also be part of
this class.

Tree cover fraction extraction
Additional information useful for decision making is the type of vegetation. We suggest that tree vegetation provides a
wider range of ecosystem services compared to the herbaceous one. We have therefore estimated the share of tree cover
for each polygon (Figure 2f) and UGS class (based on the initial automatic LC classification).

Figure 1. Scheme of the proposed methodology

RESULTS
From visual inspection of the results and comparison with VHR imagery, the overall quality of UGS extraction seems to
be satisfactory. Nevertheless, in comparison studies also quantitative accuracy assessment (validation) should be
performed to ensure that the results are fully comparable. In particular, the distinction between tree and non-woody
vegetation may be subject to commission and omission errors. The distinction is rather of continuous than binary nature
since there are many tree, shrub, and other plant species of various ages and phenological phases. The amount of trees
can also be biased by the number, location, and selection of training samples. Also, the morpohology of the urban fabric
may affect the results. In data derived from remote sensing, the classes that are dominant in a particular area tend to be
overestimated and vice versa (Hurbanek et al. 2010). This effect is caused by cross-pixel spectral contamination
(backscattered radiation from adjacent pixels influences the spectral response of a given pixel). Thus, cities with more
fragmented UGS can be underestimated. With increasing fragmentation and heterogeneity of urban landscape, the
amount of mixed pixels increases (when 10 or 20 m pixels are considered), and the accuracy of classification decreases.
Five-meter resolution satellite data would be perhaps more suitable for UGS mapping. However, the wide swath,
frequent revisit, spectral richness, and free availability of S2A data makes it very worthwhile to investigate its potential
for UGS mapping further.

565

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

a)

b)

c)

d)

Tree cover share
0 - 20
21 - 40
41 - 60
61 - 80
81 - 100

UGS Class

e)

Tree cover share

1

0 - 20

2

21 - 40

3

41 - 60

4

61 - 80

5
6

f)

81 - 100

UGS Class

7

1

8

2

9

3

10

4

11

5

12

6

13

7

14

8

15

9
10
11

Figure 2. Six processing steps of the UGS extraction and classification
(an example from Bratislava, Slovakia).
12
2a) A true color composite produced from S2A data; 2b) result of
the
maximum
likelihood supervised automatic
13
classification; 2c) binary map of vegetation/non-vegetation land cover;
2d) vectorized and visually enhanced polygons
14
15 visual interpretation and polygon editing; 2f) tree
with the minimum mapping unit of 500 m2 applied; 2e) result of UGS
cover share estimated using 2b and 2e on a per-polygon basis
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CONCLUSION
The key ecological characteristics of cities are the proportion of impervious surfaces and the quality of green spaces, the
overall site structure and the specifics of land use. Effective urban planning and policy making can be achieved only
when reliable data and meaningful indicators become available. S2A data provide free of charge and up-to-date spatial
data that can be used to derive useful information about UGS (as well as other components of the urban landscape) for
decision-makers and urban planners. However, it demands new techniques and approaches of image processing.
Presented approach enabled us to obtain detailed, objective, timely, and comparable information about quantity and
quality of UGS and is reproducible for most cities in Europe and elsewhere. The proposed approach combines semiautomatic UGS extraction from S2A data and classification of the extracted polygons based on visual interpretation
based on aerial orthophotos. In this way, the amount of manual digitizing is minimized while keeping the accuracy at a
high level thanks to the visual assessment. Also, the information exceeds the readily available data from the Urban
Atlas project in terms of spatial detail, thematic detail, and has the potential for much more frequent updates.
Future research should try to quantify the accuracy of the employed semi-automatic method and eventually improve its
accuracy, e.g. by using multitemporal, multisensoral approach, or other classification methods. Also, it should be tested
if the proposed nomenclature fits the diverse urban landscapes of European and other cities. We see another challenging
research prospect in the detection of UGS changes over time. Further information on UGS useful for closer examination
of the related ecosystem services might be obtained, e.g. from Landsat 8 thermal bands (to estimate the surface
temperature of various UGS classes under varying seasonal/weather conditions), from a digital terrain model, or other
ancillary data.
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Abstract
Urban Green Spaces (UGS) contribute to the sustainable development of the urban ecosystem. Recently, UGS have
been considered to be of substantial importance for the quality of life, since they have a significant impact on ecosystem
functions, local microclimate, air quality, recreation and aesthetic perceptions. Remote sensing and geographic
information system (GIS) provide powerful tools for mapping and analysis of UGS at various spatial and temporal
scales. With the availability of high resolution remote sensing images and multi-source geospatial data, there is a great
need to transform Earth observation data into useful information necessary for urban planning and decision making.
Therefore, the current research is focused on mapping of UGS, based on remote sensing data. The present study aims to
investigate and map the spatial distribution of urban green spaces in Sofia, Bulgaria and Bratislava, Slovakia using
remote sensing data by implementing various spatial analysis techniques. The spatial detail of the mapping exceeds
previously available land cover datasets such as CORINE Land Cover and Urban Atlas. Based on their function or
morphology, fifteen different classes of UGS were mapped and quantified.
Keywords: Urban Green Spaces, Sentinel-2A, Remote Sensing, land cover, vegetation

INTRODUCTION
Urban Green Spaces (UGS) contribute to the sustainable development of the urban ecosystem and provide a range of
ecological and social benefits. Recently, UGS have been considered to be of substantial importance for the quality of
life, since they have a significant impact on ecosystem functions, local microclimate, air quality, noise absorption and
water resources protection. At the same time, UGS are essential for maintaining and improving human well-being by
contributing to recreation and aesthetic perceptions. In addition, UGS effectively support the biodiversity protection and
the preservation of historic landscape features.
Vegetation of UGS plays a major role in urban environment from many aspects, e.g. mitigation of the urban heat island
effect (UHI), maintaining ecological balance, protecting biodiversity, and promoting quality of life. The role of urban
vegetation is becoming more important for mitigation of climate change effects on population even in the temperate
climate zone. It is important to produce detailed vegetation maps to assist planners in designing strategies for the
optimization of urban ecosystem services and climate change adaptation (Lovell and Taylor, 2013; Ahern et al., 2014;
Lehmann et al., 2014; Niemelä, 2014; Butlin et al., 2015), and to ensure equal access to UGS for all urban residents.
With the capacity to differentiate land cover (LC) types at a large scale, remote sensing has been widely used for
vegetation mapping in various environments. Satellite imagery has been adopted for the monitoring of vegetation both
in urban and rural areas (Nichol and Lee, 2005; Lang, 2008; Lang et al., 2008; Hofmann et al., 2011; Tigges et al. 2013;
Liu et al., 2015).
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Remote sensing data has also been the source of previously available ready-made European LC datasets such as
CORINE Land Cover (CLC) and Urban Atlas (UA). The spatial detail of these datasets is, however, not sufficient for
thorough evaluation of UGS. CLC has the minimum mapping unit of 25 ha, which can capture only the largest of urban
parks and other UGS. However, many smaller patches ‘hidden’ in the urban fabric polygons are relevant too. UA data
present a significant improvement, mapping patches of at least 0.25 ha. Nevertheless, in spatially fragmented urban
landscape, smaller but frequently occurring patches of vegetation should be considered. The limitation of UA data is
that they are updated only on six-year basis and released with delay after the reference year (UA 2012 was made public
in 2015). The aim of this study is to present the spatial distribution and (mostly) functional classification of UGS in
Sofia and Bratislava, based on recently available Sentinel-2A (S2A) multispectral satellite imagery, provided free of
charge in the frame of European Copernicus Earth observation program. The target minimum mapping unit presents
five-fold improvement compared to UA, i.e. 500 m2. Morover, gven the short revisit time of Sentinel 2 (5 days in midlatitudes once the second satellite of the mission, Sentinel-2B, is launched in 2016), the proposed method can deliver
more frequent and tiemly information on UGS compared to UA.

STUDY AREA AND DATA
Definition of study area boundaries
As the first step of any urban comparison study, a common definition of “urban” should be specified. Such definition
should be fit for the studied problem and based on the same and (more or less) objective criteria. Although the
administrative definition of cities has the benefit of wide data availability, it is not suitable for most geographic studies.
The principle behind the design of administrative boundaries differs from country to country and such boundaries often
may (or may not) include large portions of exurban land, mostly with agricultural and (semi-) natural land cover, which
makes international comparison difficult. In many socio-economic studies, spatially broader definition that includes the
commuting hinterland of a city is preferred. The advantage of functional regions is that they are defined based on
objective criteria, but they are not especially useful for evaluation of UGS that directly influences the well-being of city
residents and intra-urban microclimatic conditions (e.g. the urban heat island phenomenon).
Therefore, we suggest that for UGS comparison a city should be defined rather by its continuously built-up area, where
the concentration of people is the highest both during the daytime and nighttime, and the density of buildings and other
impervious surfaces is so high, that it can alter the microclimate significantly. In the European context, the contiguously
built-up area can be delineated quite easily based on open data from the Urban Atlas database, that has harmonized
definition, suitable spatial detail and is updated and validated regularly. Particularly, we extracted all the artificial
surfaces from Urban Atlas 2012 (code 1xxxx), excluding road and rail network (which is represented by a single
extensvie and complex polygon that spans the whole urban region including the commuting hinterland). Consequently,
the polygons were buffered by 50 m and merged (to connect built-up blocks and join gaps in urban fabric up to 100 m
wide). Holes in the resulting polygon were filled, and the result was buffered back by 50 m. This method produced quite
accurate picture of the city (see Figure 1), where only minor manual editing was needed. Additionally, this definition
can be applied to any EU city and can be updated on a six-year basis to account for city expansion.
The study area of Sofia city, the capital of Bulgaria, has an area of 188 km2 and is located in the central part of western
Bulgaria at 42°36′06″-42°45′52″N, 23°14′51″-23°26′44″E. The spatial structure of the urban territory is radialconcentric and its dynamics is mainly related to the transport infrastructure and environmental quality. The urban
expansion is spatially limited by the Vitosha mountain located south-west of the city center of Sofia. The population of
Sofia by the end of 2015 was 1,260,120 inhabitants. Sofia is the most urbanized area and the region with the most
developed economy, concentrating more than 17% of the population and 18% of the industrial production in Bulgaria.
The Bratislava study area has an area of 109 km2 and is situated in the south-west part of Slovakia bordering Austria in
the west and Hungary in the south. Due to this fact and a good quality transport infrastructure, it is a territory with high
potential for territorial development. The limiting factor for further expansion of the city is the Male Karpaty mountain
range located North of the city center. Bratislava lies on the both banks of the Danube River, which crosses the city
from the west to the south-east. The population of Bratislava by the end of 2015 was 422,453 inhabitants (7.78% of the
population in Slovakia).

Input data
Apart from UA 2012 vector data we used for the delimitation of study areas, two 100% cloud-free S2A scenes acquired
in 2015 (28th August for Sofia and 7th August for Bratislava) were downloaded from Copernicus Sentinels Scientific
Data Hub (https://scihub.copernicus.eu/dhus/). We used orthorectified and radiometrically corrected images (processing
level 1C). Since the study areas represent only a small fraction of the respective scene’s footprint, we have assumed
constant atmospheric conditions and no atmospheric corrections were applied. Each scene contains 13 spectral bands
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with native spatial resolutions of 10 m (blue, green, red, and near infrared bands), 20 m (red edge bands), or 60 m (short
wave infrared bands); all bands were resampled to 10 m resolution for further processing. A true colour (red-greenblue) (RGB) composite of both images is displayed in Figure 1.
Since the proposed classification scheme of UGS is largely land use oriented (see the next section), it is not viable to
obtain the information by automatic methods. Therefore, aerial or very high resolution satellite images were needed to
perform on-screen interpretation and classification of individual UGS polygons extracted from the Sentinel data. Finer
than 10 m spatial resolution imagery is useful (although not necessary) in the process of selecting the training samples
for supervised automatic classification of the S2A imagery.

Figure 1. True colour composites (bands 4, 3, and 2 of cloud-free S2A images acquired in August 2015) of Bratislava
and Sofia study areas.

METHODS
Automatic land cover classification and extraction of UGS polygons
The spectral resolution and bandwidth of S2A data (13 bands ranging from 430 to 2,300 nm; Drusch et al. 2012) are
superior compared to RGB or color infrared (CIR) aerial imagery and also to most of the previously available high
resolution satellite data (such as SPOT). Thus we assume that S2A data has the potential to discriminate between
several spectrally different LC types using automatic classification methods with reasonable accuracy. We use simple
impervious-water-vegetation classification scheme; the vegetation is further divided into tree cover and non-woody
classes. A supervised approach was preferred for higher accuracy – a set of manually pre-classified training was used to
train the automatic classifier (around 100 samples for each study area were included). Finally, the commonly used
maximum likelihood classifier was employed to perform the per-pixel classification (for results see Figure 2). The S2A
data processing and classification were performed using ESA SNAP 3.0 and ESRI ArcGIS Desktop 10 software. To
extract the final UGS polygons from the classified images, these were reclassified into a binary form vegetation/nonvegetation. Contiguous patches of vegetation were vectorised and further visually enhanced to remove pixelated
borders. All polygons parts and holes smaller than 500 m2 were removed. The geoprocessing steps are described in
more detail by Rosina and Kopecka (2016).
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Figure 2. Initial land cover classification of S2A imagery using supervised maximum likelihood method

Manual classification of UGS polygons
From the perspective of ecosystem services and urban planning it is important to consider how the identified UGS are
utilized by city residents and, degree of human cultivation/intervention, and location relative to the prevalent use of
urban land (residential, public, industrial). Considering these requirements, we have recognized the following 15
classes; the class definitions are presented in the study Rosina and Kopecka (2016).
1.

Urban forest/Uncultivated park

2.

Cultivated park

3.

Cemetery

4.

Urban public garden

5.

Stream bank/lake shore vegetation

6.

Urban greenery in apartment housing areas

7.

Urban greenery in family housing areas

8.

Urban greenery in public facilities

9.

Greenery in sports facilities

10. Complex cultivation pattern
11. Cropland/pastures
12. Railway and roadside greenery
13. Green areas in industrial units
14. Airport greenery
15. Ruderal vegetation
UGS polygons extracted in the previous step were overlaid on top of recent aerial orthophotos and visually classified at
in the scale range 1:10,000 – 1:5,000. Most of the polygons were classified as such by filling the attribute values. In
some cases (especially in places with abundant vegetation), the extracted polygons were spanning over larger areas and
included multiple UGS classes. In such cases, the polygons were cut so that each polygon contains a single UGS class.
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For instance in Bratislava study area, we initially extracted 2,200 polygons which we further split into about 2,900 more
homogeneous UGS polygons. As an additional information, useful for decision making is the type of vegetation. We
suggest that tree vegetation provides a wider range of ecosystem services compared to the herbaceous one. We have
therefore estimated the share of tree cover for each polygon and UGS class (based on the initial automatic LC
classification) as shown in Tables 1 and 2.

RESULTS AND DISCUSSION
The analysis of UGS distribution pattern allows comparing urban greenery in Bratislava and Sofia at several criteria.
Quantitative and qualitative estimation of UGS is based on the total area and the proportion of different UGS classes.
Taking into account the ecological benefits of different vegetation types, special attention was drawn to the area and
percentage of tree vegetation as it has the most important functions to improve the urban environment, including
microclimate, air quality, noise reduction, biodiversity and recreation.

Bratislava study area
According to the results of initial land cover classification, impervious surfaces covered 51.6% of the territory, urban
vegetation covered 46.5% (out of which trees covered around 54%), and water covered 1.9%.
Map of urban greenery presented in Figure 3 provides information about the spatial distribution of the UGS classes
within the city. The largest part was covered by class Urban greenery in family housing areas (7) with an area over
1,000 ha, in total more than 20% of the urban greenery. UGS defined as Urban greenery in apartment housing areas
(class 6) covered the second largest area almost 680 ha, i.e.13.2% of UGS. However, this class was represented by the
highest number of patches (823 out of total number 2,909 UGS polygons). On the other hand, the class Urban public
garden (4) covered the smallest part of green areas within the city.
Table 1 presents the statistical characteristics of UGS classes and provides insight into the tree cover percentage for
each class. The highest proportions of woody vegetation was detected in class Urban forest/Uncultivated park (1) and
Cemeteries (3). The lowest share of woody vegetation was found in the class 14 – Airport greenery (0.5%)
Table 1. Results of UGS classification including tree cover percentage estimate for Bratislava
UGS Class Polygon count
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
UGS total

36
39
10
7
64
823
589
292
67
53
58
305
442
27
97
2909

Class area
(ha)
469.55
74.63
58.57
12.43
149.54
679.34
1035.07
358.40
136.92
434.44
446.98
285.94
454.23
287.82
243.48
5127.35

Tree cover area
(ha)
436.33
63.34
51.78
8.88
122.23
456.39
595.17
205.93
45.77
223.26
57.94
188.79
166.74
1.40
104.58
2728.52

Tree cover percentage Class abundance
(%)
(%)
92.9
9.2
84.9
1.5
88.4
1.1
71.5
0.2
81.7
2.9
67.2
13.2
57.5
20.2
57.5
7.0
33.4
2.7
51.4
8.5
13.0
8.7
66.0
5.6
36.7
8.9
0.5
5.6
43.0
4.7
53.2
100.0
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Figure 3. Result of UGS mapping for Bratislava study area (map legend presents UGS class in Table 1)

Sofia study area
According to the results of initial land cover classification, impervious surfaces covered 51.4% of the territory, urban
vegetation covered 48.6% (out of which trees covered around 26%), and water covered only 0.1%.
Map of urban greenery presented in Figure 4 provides information about the spatial distribution of the UGS classes
within the city. The largest part was covered by class Urban greenery in family housing areas (7) with an area over
2,400 ha, in total almost than 27% of the urban greenery. UGS defined as Urban greenery in apartment housing areas
(class 6) covered the second largest area almost 680 ha, i.e. 19.1% of UGS but, similarly to Bratislava, it was
represented by the highest number of patches (2,114 out of total number 5,715 UGS polygons). In contrast, the least
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abundant classes were Cropland/Pastures (11) and Stream bank/lake shore vegetation (5) which accounted for 0.4%
and 1.4% of the UGS, respectively.

Figure 4. Result of UGS mapping for Sofia study area (map legend presents UGS class in Table 2)
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Table 2 presents the statistical characteristics of UGS classes and provides insight into the tree cover percentage for
each class. The highest proportions of woody vegetation was detected in class Urban forest/Uncultivated park (1) and
the lowest share of woody vegetation was found in the class 14 – Airport greenery (0.5%).
Table 2. Results of UGS classification including tree cover percentage estimate for Sofia
UGS Class Polygon count
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
UGS Total

64
77
17
72
49
2114
1705
137
12
33
44
146
1060
53
132
5715

Class area
(ha)
706.33
316.55
155.87
166.45
125.56
1716.08
2424.41
292.07
23.66
156.44
34.72
137.40
1188.56
306.74
1249.28
9000.13

Tree cover area
(ha)
614.15
152.53
79.76
35.39
73.20
388.56
651.35
101.34
3.38
45.06
6.88
15.06
168.82
1.43
53.27
2390.19

Tree cover percentage Class abundance
(%)
(%)
86.9
7.8
48.2
3.5
51.2
1.7
21.3
1.8
58.3
1.4
22.6
19.1
26.9
26.9
34.7
3.2
14.3
0.3
28.8
1.7
19.8
0.4
11.0
1.5
14.2
13.2
0.5
3.4
4.3
13.9
26.6
100.0

Comparison of Bratislava and Sofia
Interestingly, both study areas have almost the same proportion of impervious surface (over 51%). Sofia has slightly
larger share of UGS than Bratislava (49% and 47% respectively), but the latter city has much larger share of water
bodies. The most striking difference between the cities at the level of the initial LC classification is the overall
proportion of tree cover, which in Bratislava is double compared to Sofia.
At the level of the UGS classification, the major difference is the scarcity of the class Cropland/Pastures (11) in Sofia.
On the other hand, it has much larger proportion of the class Ruderal vegetation (15) than Bratislava. Sofia has also
significantly higher share of UGS in residential areas (both family and apartment housing areas – classes 6 and 7), but
lower share of other classes, e.g. Greenery in sports facilities (9), Urban greenery in public facilities (8), and Complex
cultivation pattern (10).

CONCLUSION
Using the available high resolution remote sensing images researchers can transform Earth observation data into useful
information necessary for urban planning and decision making. The mapping method applied in this study is well
suited to provide reliable geoinformation based on satellite images and to produce high resolution maps of UGS in
urban territories. Quantifying the UGS using remote sensing data proves to be key in the transfer of scientific
knowledge to the urban environmental monitoring and management.
The presented case study showed the possibilities of semi-automatic extraction of UGS classes from Sentinel-2A data
and proposed a 15-class classification scheme which was sufficient to characterize all UGS in both studied cities. Our
method enables a comprehensive comparison of UGS in Bratislava and Sofia. The thematic accuracy of supervised
automaticl LC classification seemed good from visual assesment, although a systematic validation should be performed
as a part of future research. Other methods not studied here might prove more accurate, such as sub-pixel classification,
neural networks, multitemporal (using data acquired during multiple phenological phases), or multisensoral approach
(e.g. a combination with Sentinel-1 synthetic apperture radar data). Also, using data from Landsat 8 thermal bands to
estimate the surface temperature of various UGS classes under varying seasonal/weather conditions would be an
exciting direction for future research in the context of ecosystem services of UGS.
There is considerable scope for further development of the presented comparative study of UGS in Bratislava and Sofia,
such as improving the proposed nomenclature for UGS types and extending mapping applications for assessment of
interconnection of green spaces, temporal changes of UGS spatial arrangement, distribution of different vegetation
types, etc. in order to improve the practical applicability of output data and maps.
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Abstract
This study aims to produce a detailed landscape map and classification that provide an important tool for integrated
environmental analysis and monitoring. The chosen study area South Pirin and Slavyanka mountain represents a
conditionally natural area in Bulgaria. Being such kind of area the creation of large-scale landscape map involves few
steps: to define and to classify different landscape types, to evaluate their conservation significance and to analyze their
integrity. The data used includes: geological map, soil map, topographic maps, climate data, land cover and land use
data. Satellite and orthophoto images were also used for more accurate mapping of landscape types. Mapping
landscape types, based upon consistent scientific approach is essential for integrated environmental assessment,
protection, monitoring and management. Landscapes are ecological meaningful units where both the natural (abiotic
and biotic) and the anthropogenic (land use) components and processes interact.
Keywords: South Pirin, Slavyanka mountain, Landscape map, Remote sensig

INTRODUCTION
The actuality of research of the contemporary condition of the landscapes is connected with sustainable development
problems and anthropogenic influence on the environment. This is even more important for mountain areas in Bulgaria,
because in these regions there are various protected areas. In conjuction with the development of modern
geoinformation technologies very important is obtaining digital quantitative and qualitative data for the condition and
changes in the landscapes. Therefore, more and more widely used are geographic information systems (GIS) and remote
sensing.
In mountainous areas on the border between Bulgaria and Greece landscapes are poorly studied, because there is no
fully and thorough landscape studies. Single studies have been made by several authors for separate parts of the region.
In his book “Pirin” Popov (1966) gives information on geology, geomorphology, water, soils, vegetation and wildlife in
Pirin mountain. In the past few years there are several authors that have worked for this area. Some geographical data
for South Pirin and Slavyanka are presented by Nikolov et al. (2013), including detailed geography characteristics,
maps, charts and tourist routs. Landscape and geographical researches in the northern slope of Slavyanka mountain are
made by Kitev (2013), Dimitrov (2014), Kitev et al. (2014), Kitev (2014) and Penin, Kitev (2016). A study on the land
use/cover is performed by Kitev, Vatseva (2014), and studies for hemeroby of Slavyanka are made by Dimitrov,
Sarafov (2015).
This study aims to classification, identification and mapping contemporary landscapes in South Pirin and Slavyanka
mountain regions in Bulgaria. For achieving these aims the following task are set: to establish the current condition of
the landscapes by identifying and characterizing the landscape forming factors and classifying them, as well as creation
of landscape map.

DATA AND METHODS
Study area covers the mountainous territory of South Pirin and Slavyanka (41° 22` – 41° 34` N and 23° 24` – 23° 47` E)
with an area of 404,18 km2 (40 418 ha). This area is located in southwestern Bulgaria. The area is diverse in nature. The
lowest point is 114 m above sea level at the exit of Pirinska Bistritsa river of the territory of Bulgaria, and the highest
point is 2212 m – Gotsev vrah, the highest peak of Slavyanka mountain. The study area is included in the Rilo-Rhodope
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block step and in particular to Pirin elevated block morphostructure. South Pirin and Slavyanka falls within the
Continental-Mediterranean climate area, characterized with a warm summer and mild winter in most of the region the
mountain climate occurs. The area falls within the Aegean drainage area. The territory is influenced by the
Mediterranean climate influence on the flow field and moderate continental climatic influence on runoff. The study area
falls into two floristic regions – Slavyanka and Pirin. The area is covered by immoral type vegetation (deciduous
broadleaf): mesophytic and xeromesophytic, and xerothermal. Also a formation of Bosnian pine (Pineta Heldreichii) is
observed in the study area, and a biosphere reserve “Alibotush” in Slavyanka mountain protects these forests of Bosnian
pine (Pinus heldreichii) – one of the largest fields in the world.
The subject of this study is the landscapes in South Pirin and Slavyanka. The object of the study is the classification of
landscape units at the level of subtypes.
For creating a map of the contemporary landscapes of the study area in GIS environment were used georeferenced
digital maps including geological map – scale 1:100 000, soil maps – scale 1:400 000 and 1:200 000, landscape map of
Bulgaria – scale 1:500 000, data for land cover and land use in Bulgaria for 2012 in scale 1:100 000 (corrected by the
author based on satellite images and orthophoto images), topographic maps in scale 1:50 000, georeferenced colour
orthophoto images taken in 2006 (http://gis.mrrb.government.bg) and Landsat satellite images (www.landsat.org).
The classification of landscapes in the research area was made based on the classification system of Velchev, Todorov
and Berouchashvili (1989), which is perceived gradation of taxonomic units: class, type, subtype, genus and kind of
landscapes. On this study is added the taxonomic unit subclass. This taxon was introduced in class plains and foothills
to clarify that this part of the study area falls in a mountain-hilly areas. The subgenus is separated on the basis of
geological foundation. For the lowest taxonomic rank is accepted subkind based on the developed nomenclature
through the project CORINE Land Cover at 3rd level (CEC, 1995, Bossard et al., 2000; EEA, 2007). Using a consistent
scientific approach, comparison and juxtaposition of such sources is composed landscape map. The determination of
landscapes from different taxonomic rank and establishing their borders is made by way of comprehensive and multifactor analysis of expression of factors for landscape differentiation. In the beginning were studied existing cartographic
and literature sources and then a field research is done. There also are used satellite images form Landsat and
orthophoto images, on which base a correction of the existing database of CLC 2012 was made for the study area –
including major methodological approaches for mapping land cover and land use in GIS environment applied in
researches Kopecka et al., (2014); Vatseva, (2015a); Vatseva, R. (2015b); Vatseva et al., (2016).
Creating a digital landscape map using GIS (ArcGIS 10.3) facilitates the analysis of the spatial distribution and provides
calculation of number of indicators, characterizing the different landscape units.

RESULTS AND DISCUSSION
The digital map of contemporary landscapes in South Pirin and Slavyanka is in geographical coordinates, reference
ellipsoid WGS1984, cartographic projection UTM (Universal Transverse Mercator) Zone 35 N. The map was
developed in scale 1:100 000 and represents the location of the landscapes from the lowest taxonomic rank in the study
area (fig. 1). On the territory of South Pirin and Slavyanka are found 179 subkinds landscapes represented by different
types of agricultural lands and forests and semi-natural areas. The areas of the subkind level can be considered polygons
with very precise accuracy due to additional corrections of CLC 2012 based on satellite images and georeferenced color
orthophoto images.
The minimum size of each subkind landscape is 20 ha, some subkinds have a smaller area than the accepted for
landscape map – due to need to be represented in this study. Some of them are border polygon subkinds for the study
area (№ 2 and 4) while others are included in the map by the decision of the author, for more correct landscape diversity
(№ 13, 14, 15, 16, 17, 19, 31, 110, 111 and 175).
The main task in each landscape study is the mapping of the landscapes. The creation of landscape map is an objective
basis for analysis and assessment of the different landscape units. The selected classification must be selected properly
with the aims and task of the study.
Any landscape study regardless of its task and scope of the study area is accompanied with landscape map. The
landscape map is the end product and result of the pattern of landscape forming factors (Velchev et al., 1992).In the
study of objects, phenomena and processes in every scientific field the consistent scientific approach provides first of all
that they should be classified based on a logical sequence. The arrangement of landscapes in a certain system of
taxonomic unit represents their classification (Petrov, 1990).
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In this study, to show the location of the researched area in the landscape regionalization of Bulgaria was used the
classification system developed by Berouchashvili for the territory of the Caucasus and Transcaucasia. It is partly
modified by A. Velchev, N. Todorov, A, Assenov and N. L. Berouchashvili concerning specific conditions of the
Balkan Peninsula. In the formation of large taxonomic units it is applied traditional approach to identification to
classifications – “top-down”. For this approach is characteristic that first the major taxonomic units are disclosed, and
then they are divided into smaller units.
With the clarity of differentiation of the landscapes in the territory object of this study to the hierarchy of the adopted
landscape classification system – class, type, subtype, genus and kind are added and subclass, subgenus and subkind.
The largest taxonomic unit is class landscapes. The criteria for its determination were developed by Gvozdetskii (1972).
For leading factor is taken the relief and its geological content. On the territory of Bulgaria are separated two classes –
mountain and plains and foothills. Study area falls in both classes.
The next taxonomic unit is subclass landscapes. This taxon was introduced in class plains and foothills, aims to clarify
that this part of the study area falls in mountain-hilly areas.
Another taxonomic unit is type landscapes. According to several authors in this taxation unite territories with hydroclimatic conditions (the ration between heat and humidity) with similarities to the structure and same migration regime.
According to these criteria in the researched area are separated six types: hydromorphic and subhydromorphic;
mountain, warm-temporate submediterraniean; mountain, warm-temporate semihumid; mountain, warm-temporate
humid; mountain, cold-temporate, humid and high-mountain meadow.
The next taxonomic unit that sometimes is separated within type is subtype landscapes. Its separation comes from
secondary belt, zonal or bioclimatic signs (general nature of the vegetation). In the area are separated seven subtypes:
humid mediterranean with plane tree forests; low-mountain submediterranean forest and shiblyak; transitional to
submediterranean, hollow, forest and shiblyak; medium-height mountain forest; medium-height mountain, coniferous;
high-mountain, mainly pine and high-mountain, subalpine dwarf pine and meadow.
Another classification unit is genus landscapes. It is taken into account the morphological features of the relief of lower
rank as the predominant type of relief (contemporary processes forming relief, shape and elements). In this taxonomic
unit are separated three genus landscapes: flood-plain and fluvial terrace above flood-plain; denudation surfaces and
slope.
In landscape differentiation of the study area was added the taxonomic unit subgenus landscapes. It is separated on the
basis of geological basis with its specific petrographic characteristics. There are four subgenus landscapes: on marbles;
on metamorphic and igneous rocks; on sedimentary rocks and on alluvial-deluvium deposits.
The next taxonomic unit is kind landscapes. For the kind landscape are typical geological and geomorphological sign of
lower rank (one kind of relief and a single petrochemical base), one soil type (subtype), single vegetation and
microclimate features. In this study leading factor in the separation of kinds of landscapes is used only the soil,
combined with the landscape units of superior rank. At this sign were separated 6 kinds of landscapes: Dystric/Eutric
Fluvisols; eroded Chromic Luvisols; Chromic Luvisols; Cambisols; Rendzic Leptosols and Umbrosols.
The lowest taxonomic rank is subkind landscapes. In it there are 12 classes of land cover and land use nomenclature
from the project CORINE Land Cover. They are represented by second and third class from the 3rd level of CORINE
Land Cover nomenclature (211, 221, 231, 242, 243, 311, 312, 313, 321, 324, 332 and 333). 179 subkinds landscapes
were separated at this level.
The classification of landscape of South Pirin and Slavyanka is presented in Table 1 and the final result is the landscape
map of the study area shown on Figure 1.
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Figure 1. Contemporary landscapes of South Pirin and Slavyanka mountain regions

Table 1. Landscape classification (№ represent the numbers on the map legend in Figure 1)
Landscape
Plains and foothills
Mountain-hilly areas
Hydromorphic and subhydromorphic
Humid mediterranean with plane tree forests

Flood-plain and fluvial terrace above floodplain
Alluvial-deluvium deposits
Dystric/Eutric Fluvisols
Non-irrigated arable land
Land principally occupied by agriculture,
with significant areas of natural vegetation
eroded Chromic Luvisols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Chromic Luvisols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Slope
Sedimentary rocks
eroded Chromic Luvisols
Land principally occupied by agriculture,

№

1
2

3

Landscape
Metamorphic and igneous rocks
Chromic Luvisols
Pastures
Land principally occupied by
agriculture, with significant areas of
natural vegetation
Broad-leaved forest
Mixed forest
Transitional woodland/shrub
Cambisols
Pastures

Transitional woodland/shrub
Sedimentary rocks

5

eroded Chromic Luvisols
Non-irrigated arable land
Pastures
Land principally occupied

89
90

91
92
93
94

Broad-leaved forest
Coniferous forest

4

№

95
96
97

by

98
99
100
582

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

with significant areas of natural vegetation
Broad-leaved forest
Transitional woodland/shrub
Chromic Luvisols
Non-irrigated arable land
Land principally occupied by agriculture,
with significant areas of natural vegetation
Alluvial-deluvium deposits

Dystric/Eutric Fluvisols
Vineyards
Land principally occupied by agriculture,
with significant areas of natural vegetation
eroded Chromic Luvisols
Broad-leaved forest
Mountain

8
9

agriculture, with significant areas of
natural vegetation
Broad-leaved forest
Transitional woodland/shrub
Chromic Luvisols
Non-irrigated arable land
Complex cultivation patterns

10
11

Land principally occupied by
agriculture, with significant areas of
natural vegetation
Broad-leaved forest
Mixed forest
Transitional woodland/shrub

6
7

12

Mountain,
warm-temporate
submediterraniean
Low-mountain submediterranean forest and
shiblyak
Flood-plain and fluvial terrace above floodplain
Marbles
Rendzic Leptosols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Natural grassland
Metamorphic and igneous rocks
Rendzic Leptosols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Sedimentary rocks
Chromic Luvisols
Pastures
Land principally occupied by agriculture,
with significant areas of natural vegetation
Alluvial-deluvium deposits
eroded Chromic Luvisols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Denudation surfaces
Metamorphic and igneous rocks
Rendzic Leptosols

Transitional woodland/shrub
Sedimentary rocks
eroded Chromic Luvisols
Non-irrigated arable land
Alluvial-deluvium deposits
Dystric/Eutric Fluvisols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Slope

101
102
103
104
105

106
107
108

Mountain, warm-temporate humid
Medium-height mountain forest
Flood-plain and fluvial terrace above
flood-plain
Marbles
Dystric/Eutric Fluvisols

13
14

Land principally occupied by
agriculture, with significant areas of
natural vegetation
Chromic Luvisols
Natural grassland
Metamorphic and igneous rocks

15

Chromic Luvisols
Natural grassland
Alluvial-deluvium deposits
Dystric/Eutric Fluvisols

16
17

Non-irrigated arable land
Slope
Marbles
Chromic Luvisols

18

19

20

21

110

111

112

Broad-leaved forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Cambisols
Land principally occupied
agriculture, with significant areas
natural vegetation
Broad-leaved forest
Coniferous forest
Mixed forest
Transitional woodland/shrub
Rendzic Leptosols
Non-irrigated arable land
Land principally occupied
agriculture, with significant areas
natural vegetation
Coniferous forest

109

113
114
115
116
by
of

117

118
119
120
121

by
of

122
123

124
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Marbles
eroded Chromic Luvisols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Mixed forest
Chromic Luvisols
Natural grassland
Transitional woodland/shrub
Cambisols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Broad-leaved forest
Mixed forest

Natural grassland
Transitional woodland/shrub
Sparsely vegetated areas
Rendzic Leptosols
Pastures
Land principally occupied by agriculture,
with significant areas of natural vegetation
Broad-leaved forest
Coniferous forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Bare rock
Metamorphic and igneous rocks
eroded Chromic Luvisols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Mixed forest
Chromic Luvisols
Transitional woodland/shrub
Cambisols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Broad-leaved forest
Coniferous forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Rendzic Leptosols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Broad-leaved forest
Coniferous forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Sedimentary rocks
eroded Chromic Luvisols
Non-irrigated arable land
Vineyards
Complex cultivation patterns
Land principally occupied by agriculture,
with significant areas of natural vegetation

22
23
24
25
26
27
28

29
30
31
32
33
34
35
36
37
38
39

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55
56
57
58

Mixed forest
Natural grassland
Transitional woodland/shrub
Metamorphic and igneous rocks
Chromic Luvisols
Broad-leaved forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Cambisols
Land principally occupied by
agriculture, with significant areas of
natural vegetation
Broad-leaved forest
Coniferous forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Rendzic Leptosols

125
126
127

128
129
130
131

132

133
134
135
136
137

Broad-leaved forest
Coniferous forest
Mixed forest
Natural grassland
Sedimentary rocks
eroded Chromic Luvisols
Non-irrigated arable land
Transitional woodland/shrub
Chromic Luvisols

138
139
140
141

Pastures
Alluvial-deluvium deposits
Cambisol
Natural grassland
Rendzic Leptosols

144

Natural grassland
Mountain, cold-temporate, humid
Medium-height mountain, coniferous
Slope
Marbles
Cambisols
Broad-leaved forest
Coniferous forest
Natural grassland
Metamorphic and igneous rocks
Cambisols
Coniferous forest
Mixed forest
Rendzic Leptosols
Broad-leaved forest
Coniferous forest
Mixed forest
Natural grassland

142
143

145

146

147
148
149

150
151
152
153
154
155
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Broad-leaved forest
Coniferous forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Bare rock
Chromic Luvisols
Non-irrigated arable land
Vineyards
Pastures
Complex cultivation patterns
Land principally occupied by agriculture,
with significant areas of natural vegetation
Broad-leaved forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Cambisols
Complex cultivation patterns
Land principally occupied by agriculture,
with significant areas of natural vegetation
Rendzic Leptosols
Natural grassland
Alluvial-deluvium deposits
Dystric/Eutric Fluvisols
Natural grassland
eroded Chromic Luvisols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Chromic Luvisols
Vineyards
Complex cultivation patterns
Land principally occupied by agriculture,
with significant areas of natural vegetation
Transitional woodland/shrub
Rendzic Leptosols
Land principally occupied by agriculture,
with significant areas of natural vegetation
Mountain, warm-temporate semihumid
Transitional to submediterranean, hollow,
forest and shiblyak
Denudation surfaces
Sedimentary rocks
Chromic Luvisols
Non-irrigated arable land
Slope
Marbles
eroded Chromic Luvisols
Broad-leaved forest
Chromic Luvisols
Broad-leaved forest
Mixed forest
Transitional woodland/shrub

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

76

77
78

79
80
81
82
83

High-mountain, mainly pine
Slope
Marbles
Cambisols
Broad-leaved forest
Coniferous forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Rendzic Leptosols
Coniferous forest
Mixed forest
Umbrosols
Broad-leaved forest
Coniferous forest
Mixed forest
Natural grassland
Transitional woodland/shrub
Metamorphic and igneous rocks
Cambisols
Pastures
Broad-leaved forest
Mixed forest
Transitional woodland/shrub
Umbrosols
Land principally occupied by
agriculture, with significant areas of
natural vegetation
Alluvial-deluvium deposits
Cambisols
Pastures
Umbrosols
Transitional woodland/shrub
High-mountain meadow
Subalpine dwarf pine and meadow

156
157
158
159
160
161
162

163
164
165
166
167

168
169
170
171
172

173

174

Denudation surfaces
Marbles

84

85

Umbrosols
Transitional woodland/shrub
Slope
Marbles
Umbrosols
Coniferous forest
Mixed forest
Natural grassland
Transitional woodland/shrub

175

176
177
178
179

86
87
88
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CONCLUSIONS
The results of this study show significant landscape diversity in South Pirin and Slavyanka mountainous region in
Bulgaria. It should be noted that the majority of the study area is relatively well preserved in natural terms territory,
which for the most part is covered by natural landscapes. Also the territory can be considered as relatively less affected
area of contemporary manifestations of anthropogenic interference. In the classification that was used for creating this
map, the author includes detailed data on land cover and land use, which is performed for the first time in the country
for investigating conditional natural territory. Thereby, data for landscapes differentiation with high thematic and spatial
accuracy is obtained.
Created landscape map can be used for further studies and to help the decision making process in the region of South
Pirin and Slavyanka. Mapping landscape types based on remote sensing and GIS data can support integrated
environmental assessment and biodiversity protection, monitoring and management.
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ASSESSMENT OF THE SPATIO-TEMPORAL EVOLUTION OF
AGUELMAM SIDI ALI LAKE USING MULTITEMPORAL
LANDSAT IMAGERY (MIDDLE ATLAS - MOROCCO)
Faiza Menjour, Fouad Amraoui, Toufik Remmal
Laboratoire de Géosciences Appliquées à l'Ingénierie de l'Aménagement, Faculté des Sciences,
Université Hassan II-Casablanca. f.menjour@yahoo.com
Abstract
Aguelmam Sidi Ali Lake is an endorheic depression located in the volcano-karst environment of the Moroccan Middle
Atlas. this permanent depression of about 44m depth is mostly fed by karst springs and meteoric runoff waters. The
regular observations from the lake’s banks has found that a very sensitive withdrawal of their level of submersion
during the dry years. The purpose of this project is to present the spatiotemporal changes model of Aguelmam Sidi Ali
Lake during the period 1985-2015 through the application of the Modified Normalized Difference Water Index
(MNDWI) and Water Ratio Index (WRI) using the Landsat 5-TM and 8-OLI images. The Overall Accuracy and Kappa
Coefficient were calculated to assess the accuracy of the results. The results indicate an intense decreasing trend in the
Lake in the dry period 1985-2007. During the wet period 2007-2015, the results show a progressive increasing trend of
the level of reference covering about one third of its surface.
Keywords: Aguelmam Sidi Ali Lake, Middle Atlas, landsat Imagery, water Index, surface water, spatiotemporal
changes.

INTRODUCTION
The Middle Atlas is not only the "Morocco's water tower" (Hardy and Celerier, 1927), the plateau which extends from
Azrou to Tamayoust form even the hydrographic node of the entire country (Blache, 1919); the mountain supplies the
most important rivers (Oum-er-Rbia and Sebou) or provides them the tributaries the most numerous interspersed by
lakes and lakebed whose grandeur varies by location. The most extended, the best known and the most visited of the
same district is undoubtedly the Aguelman Sidi Ali Lake.
Located in the eastern of the central Middle Atlas, the lake Sidi Ali, whose first bibliographic citation returns to J.
Blache (1919), is one of the most important natural lakes of Morocco, and represents a rare ecosystem in North Africa
(Chillasse and al., 2001).
In June 1975, after the measures carried out by the Public Laboratory of tests and studies (LPEE-Casablanca), the lake
was full and ranged in depth to more than 44 m, the water area represented 337 ha for the volume stored 35 million m3
(ABHS, Unpublished document). Into account the rainfall deficits observed in Morocco between 1980 and 2008 (EL
jihad, 2003; Sayad, 2005; El Bouqdaoui and al., 2006; Stour and Agoumi, 2008), the lake Sidi Ali, as other lakes (EL
Jamal, 2006; Ladouki et al., 2008), experienced a strong lowering water levels (Amhaouch, 1995; ABHS, 2007, 2009).
The daily measures effectuated by an observer of the Hydraulic Basin of Sebou Agency (ABHS) offer a chronic data
relatively long. But following a hardware problem (absence of measurement slide), the observations have been
interrupted in December 2009 and only resumed in 2011. To make up for this gap of field data, hydrological modeling
of the lake has been used.
The tracked changes using remote sensing is widely used in different applications, such as the hydrogeology (Dronova
and al., 2011; Zhu and al., 2011), the changes of occupation of the soil (Salmon and al., 2013; Demir and al., 2013) and
of the forest (Kaliraj and al., 2012; Markogianni, 2013), the monitoring of natural disasters (Volpi and al., 2013; Brisco
and al., 2013) The urban growth (Bagan and al., 2012; Raja and al., 2013) etc. It provides reliable information about the
spatial distribution of open surface water in different scientific disciplines, in wetland monitoring (Desmet and al.,
1996; Davranche and al., 2010; Behera and al., 2012; Sun and Al., 2012), flood monitoring and disaster assessment
(Schumann and al., 2011; Zhang et al., 2002; Qi and Altinakar, 2011; Kuenzer and al., 2013) surface water area
estimation (Du and al., 2012; Muster and al., 2013) and water resources management (Ding and Li, 2011; Van Dijk and
Renzullo, 2011). Remote sensing provide an enormous amount of data that have become primary sources, widely used
for detecting and extracting surface water and its changes in recent decades from satellite data (Nath and Deb, 2010 ;
McFeeters, 2013).
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Following the increase and the availability of satellite images, the development of tools for geographic data analysis
(Geographical Information Systems “GIS”) and image processing techniques, numerous scientific studies have
attempted to extract and delineate the masses of water from these images (Smith, 1997). The detection of water is not
difficult; the challenge is to delimit exactly the shoreline water (true land–water interface) which is unclear in most
cases.
This study aimed to model the spatiotemporal changes of Lake Sidi Ali in the period 1985-2015 using the multitemporal data of Landsat TM-5 (Thematic Mapper) and OLI-8 (Operational Land Imager) by putting them with the
changing climate conditions. In each temporal image of the Landsat TM 1985, TM 1995, TM 2007 and OLI 2015, the
surface area of the lake has been extracted individually, two spectral water index methods, such as the modification of
Normalized Difference Water Index; NDWI of Xu or MNDWI (Xu, 2006) and Water Ratio Index (WRI) (Shen and Li,
2010) have been examined for extracting and mapping the open water.

MATERIALS AND METHODS
The general methodology followed for this research is presented in the flow chart in figure 1, it shows the main tasks:
description of the study area, downloading data, pretreatment of images, application of the different spectral indices,
extraction of the open water in each image, modeling and calculates of efficacy.

Figure 1. Flow chart of suggested methodology in the present study

Study area
The Aguelmane Sidi Ali (ASA) depression, located 55 kilometers south of Azrou, belongs to the folded Middle Atlas
(33° 03' N, 5° 00' W) for 2070 to 2080 meters of altitude. It presents an elongated form of direction NE-SW with
dimensions can exceed 3 km in length and 1 km in width when the water level is high (Sayad and al., 2011). In a
mountainous environment, the lake is surrounded to the east by the Jbel Sidi Ali (2338 m), to the west and the southwest by the basaltic flow which separates it from the plain of Taanzoulte and to the north by the volcano of Sidi Ali
(figure 2).
The apparent watershed is approximately 15.6 km2 and it’s composed of lower Liasic dolomite and limestone, upper
Bajocian limestone and Plio-Quaternary basalts (Martin, 1981; Baali, 1998). The lake is bordered by two major NE-SW
trending faults (including South Middle Atlas Fault) associated with a broad network of submeridian trending fractures
(Baali, 1998; Hinaje, 2004).
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Figure 2. Structural map of the Middle Atlas
(Zizi, 2002; Lakroud, 2015), and the location of
the Aglmam Sidi Ali lake.

SMAF: South Middle Atlas Fault;
AOF: Ait Oufella Fault; NMAF:
North Middle Atlas Fault; TTF: Tizi
n’Tretten Fault. Jurassic, cretaceous
and paleogene synclines:
1:Bekrite; 2:Timahdite; 3:BouAnguer; 4:Aïn-Nokra; 5:Oudiskou ;
6:Tirhboula; 7:Ait Oufella;
8:El-Mers; 9:Guigou.

This permanent lake is mostly fed by karst springs and meteoric runoff waters received directly in the depression. Some
intermittent streams are located in the west and resurgences found in the east of area (Aghbalou Oumançour and
Aghbalou Taddat). A supply by springs located at the bottom of the lake itself was highlighted in a physico-chemical
study of its deep waters (Amhaouch, 1995).
Lake ASA has a multi-lobed outline, and the lake floor, up to 44m deep, has semi-circular depressions that are probably
karstic dolines (figure 3), so this Lake ASA could be called an uvala (coalesced collection of karstic collapses). Such
funnel-like coalesced dolines are abundant in the Middle Atlas append in all Liasic formation areas including the lower
Liasic dolomites (Martin 1981).
The region is dominated by a humid climate with an average temperature of 10.4°C, the Rainfall patterns is
Mediterranean; the wet period lasts from October to May, while the dry period and temperate goes from June to
September.

590

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Figure 3. Bathymetric map of Lake Aguelmane Sidi Ali.
Public Laboratory of tests and studies (LPEE-Casablanca) surveys, 1975; modified)

Satellite data
Three scenes of Landsat-5 TM (Thematic Mapper) acquired in May 1985, April 1995 and April 2007 and one scene of
Landsat-8 OLI (Operational Land Imager) acquired in May 2015 were obtained from (U.S. Geological Survey website)
in GeoTiff format. The idea behind the selection of the months April and May was based on a minimum of cloud cover
(preset to less than 10%) and the availability of images. The main characteristics of these satellites imagery are
illustrated in Table 1.
Table 1. Specifications of Landsat TM and OLI data.
Satellite

Sensor

Date
May 1995

Landsat-5

TM

April 1995
April 2007

Landsat-8

OLI

May 2015

Bande Name
Band 1 Blue
Band 2 Green
Band 3 Red
Band 4 NIR
Band 5 SWIR 1 / MIR
Band 7 SWIR 2
Band 1 Coastal
Band 2 Blue
Band 3 Green
Band 4 Red
Band 5 NIR
Band 6 SWIR 1
Band 7 SWIR 2
Band 9 Cirrus

Bandwidth (µm)
0.45 – 0.52
0.52 – 0.60
0.63 – 0.69
0.75 – 0.90
1.55 – 1.75
2.08 – 2.35
0.43 – 0.45
0.45 – 0.51
0.53 – 0.59
0.63 – 0.67
0.85 – 0.87
1.56 – 1.65
2.10 – 2.29
1.36 – 1.38

Data Pre-Processing
The primary data of the sensors do not represent with precision the soil targets which have been photographed, because
these data are sometimes distorted during the scan process and digital data conversion. A series of atmospheric and
radiometric corrections were applied to all images in order to correct this distortion related to the sensor, satellite and
Earth. Subsequently, they were georeferenced using the Lambert Conformal Conic (LCC) projection zone1 and finally,
the extraction of the study area is helpful to reduce the size of image file to include only the area of interest (AOI). This
not only eliminates the extraneous data in the file, but it speeds up processing due to the smaller amount of data
process. The software ENVI 5 and ArcGIS 10 were used to treat and view satellite data in the present study.
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Spectral Water Index Methods
In order to detect the spatiotemporal changes of Lake ASA in the period 1985-2015, the water surface of the lake in
each temporal image of the Landsat TM 1985, TM 1995, TM 2007 and OLI 2015 was extracted individually.
By doing so, the performance of two indices satellite-derived including Modified Normalized Difference Water Index
(MNDWI) (Xu, 2006) and Water Ratio Index (WRI) (Shen and Li, 2010) were examined for the extraction surface
water (Table 2).
Table 2. Satellite-derived indexes used for water features extraction
Index

Equation

Reference

Normalized Difference Water Index

NDWI = (Green – NIR) / ( Green + NIR)

McFeeters, 1996

Modified Normalized Difference Water Index

MNDWI = (Green – MIR) / ( Green + MIR)

Xu, 2006

Water Ratio Index

WRI = (Green – Red) / ( NIR + MIR)

Shen et Li, 2010

The Normalized Difference Water Index (NDWI) ''NDWI'' was introduced by McFeeters (1996), to delimit the water
surface in function the relation between the reflectance of the green and the near infrared (NIR). Xu (2006) was
replaced the reflectance of the near infrared by the reflectance of the middle infrared (MIR) and suggested a change
NDWI called Modified Normalized Difference Water Index (MNDWI) and he observed that the MNDWI is
more precise in the delineation of wetlands than the NDWI, it could eliminate the pixels not characteristics of the water
such as vegetation, soil, urban…
Generally, the near infrared (NIR) and the middle infrared (MIR) bands are of high potential for detecting wetlands
(Lillesand and Kiefer, 1994). Therefore, the near infrared band (NIR: 4th band in Landsat 5 and 5th band for Landsat 8)
is generally preferable, because the NIR is strongly absorbed by water, but, in the same extent reflected by terrestrial
vegetation and/or dried soil (Sun, 2012). In this regard, these indices were calculated, analyzed and classified
independently from the Landsat images to evaluate their performances for extraction of surface water.
A threshold land-water suitable for each index was applied using the Otsu method to classify images in two classes;
suppose the pixels of an image range from [a, ⋅⋅⋅, b], where - 1 ≤ a < b ≤ 1. Using this method, the pixels can be divided
into two classes: a non-class water ranging from [a, ⋅⋅⋅, t] and a water class ranging from [t ⋅⋅⋅, b] where t is the
threshold value, this method allows you to separate the water bodies from the background feature and on different
luminous tones adjusted by using a simple editing tool (Wenbo and al., 2013).
The threshold values were set to zero (Mcfeeters, 1996; Xu, 2006), but threshold adjustment in individual situations can
achieve a more accurate delineation of water bodies (Ji and al., 2009).

RESULTS
Once the required satellite data were obtained and the image pre-treatment techniques were realized, the indices
MNDWI and WRI were applied and examined for the extraction of surface water from the Landsat TM and OLI data.
The numbers of pixels above the threshold value were together counted to represent the lake outline recoded in white
color (figure 4).
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Figure 4. Illustrates the resulting MNDWI and WRI images after application of various thresholds for Lake
ASA between 1985 and 2015. White color refers to water and black color refers to no water.
The Overall Accuracy and Kappa Coefficient were calculated to support the accuracy of the results and to evaluate the
efficiency of the methods proposed for detecting changes of the lake. The water areas in 1985 and 2015 estimated and
the assessment analyses are presented in table 3.
Table 3. Performance evaluation of the satellite-derived indexes and accuracy assessment analyses.
Sensor

Acquisition
Date

TM

May 1985

TM

April 1995

TM

April 2007

OLI

May 2015

index
MNDWI
WRI
MNDWI
WRI
MNDWI
WRI
MNDWI
WRI

Land-Water
Threshold

Lake Area (ha)

Overall
Accuracy (%)

Kappa
Coefficient

-0,13
0,78
-0,19
0,81
-0,054
0,8
0,43
-0,045

224
223
170
166
155
156
231
225

95,81
93,64
93,52
90,98
98,67
94,13
92,89
86,25

0,91
0,87
0,88
0,85
0,97
0,94
0,85
0,72

The results show that the MNDWI provides a highest result than the WRI for the extraction of water surface; it seems
the errors in the results are due mainly to the omission (deficit error) and/or the commission (surplus error) effects of
water pixels around the edges of the lake. In this study, the MNDWI was used to model the spatiotemporal changes of
Lake Aguelmane Sidi Ali in the period 1985-2015. For this purpose, the lake surface area in each year was extracted
through the classification of the MNDWI images using image-specific thresholds referred in the table. Finally, the
multi-temporal lake surface area maps were overlaid to produce the lake surface area changes map in the period 19852015 (figure 5).
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Figure 5. Lake ASA surface area changes map in the period 1985 – 2015.

DISCUSSION AND CONCLUSION
This present work aims to model the spatiotemporal changes of Lake ASA during the period 1985-2015 from the
Landsat images 5-TM and Landsat 8-Oli. Through a comparative analysis, the index MNDWI was selected and
employed in this study to extract the extended water surface of the lake.
The bathymetric map of Sidi Ali (hydrometric surveys - LPEE, 1975), has allowed to have a reference situation of the
lake, which extended over 307 ha and accumulated a water volume of 35 mm3 (Figure 3).
Based on the areas deducted from the treatment of the Landsat images to the four dates, the water volumes of the Lake
correspondents were estimated by comparison to the reference situation of 1975, assuming that the surface area is
proportional to the volume. Table 4 summarizes these data:
Table 4. Statistics of the lake surface area and volume changes (1975 – 2015)
Year

Lake Surface Area (ha)

Lake volume (Mm3)

1975
1985
1995
2007
2015

307
224
170
155
231

35
25.5
19.4
17.7
26.3

Lake volume change (Mm3)
- 9.5
- 6.1
- 1.7
+ 8.6

- 8.7/40 years

This information reflects the different situations of the lake on forty years. The water area is reduced in the dry period to
155 ha in 2007; with a stored volume less than 18 Mm3. In wet period, this area had reached more than 300 ha in 1975
with volume of water stored of 35 Mm3.


Between 1975 and 1985, the surface area of the lake is reduced by 27% with a destocking of approximately 9.5
Mm3. This is linked to the recurrent drought that began in 1980.



Between 1985 and 1995, the downward trend is continued; the lake has lost again one quarter of its area with
another destocking of approximately 6 Mm3.



Between 1995 and 2007, the decline continued but with a cadence more low. In effect, the lake is reduced by
approximately 9 % with a loss of 1.7 Mm3.



Between 2007 and 2015, the trend is reversed through a series of rainy years. The surface area of the lake has
extended to more than 50%, with an additional volume stored of some 8.6 Mm3.
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It is therefore fair to say that the extended of the lake and, in consequence, the volume stored can fluctuate in time
according to the meteoric contributions.
To better understand these multiannual fluctuations of the lake, these results are coupled with the rainfall data of the
meteorological station of Sidi El Makhfi, followed by the ABHS, and located at 10 km SW of Azrou. Figure 6
represents deviations in percentage from average of the annual rainfall (531 mm). This graph shows the irregularity of
the precipitations during 35 years, with a lot of dry years, except for the year 1996 and the cycle 2009-2011 which were
exceptionally watered.
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Figure 6. Deviations in percentage from average of the annual rainfall (Sidi El Makhfi, ABHS, 1980 – 2015)
Between 1985 and 1995, there is a cumulative deficit of rain of 86%, which has led to a reduction of the lake reserve of
6.1 Mm3. This allows estimating by deduction, the contribution equivalent to an annual average of the rain to 7 Mm3.
The same reasoning applied to the period 1995-2007 gives the following results: shrinking of Lake of 1.7 Mm3, while
the accumulation of deviations from average recorded a surplus of 16%. In minimizing arbitrarily of half the effect of
the wet year 1996, this accumulation becomes deficit of 30%. The average annual rainfall of 5.7 Mm3 is deduced
from this. The period 2007-2015 is characterized by the significant rainfalls with an accumulation of deviations from
average largely in surplus of 178%, which has led to an increase in the lake reserves of 8.6 Mm3. Reduced to the year,
the average annual rainfall would be 4.8 Mm3.
The results of these calculations prove that the average annual precipitation at Lake ranges from 4.8 to 7 Mm3,
representing an average of 5.8 Mm3. The gap between the extreme values can be explained by a number of factors: the
importance of the snowfall and hence of the runoff deferred, the initial situation of the system, the piezometric level of
the aquifer, the variations in temperature, etc...
This study may be useful in order to prevent the water state of the lake in the future. Indeed, it could be projecting on
favorable or unfavorable scenarios and quantify the consequences in terms of areas and volumes of the lake. Thus, at
maturity of 2035 (20 years), and in context of aridification with a rainfall annual deficit of 10%, the equivalent of two
rainy years will be lost, i.e. a volume of 11.6 Mm3, corresponding to a withdrawal of water approximately 102 ha.
Compared to 2015, the surface area of the lake would increase from 231 to 129 ha. In the favorable case (10% in
addition annually) and for the same term 2035, the lake would gain a volume of 11.6 Mm3 and would be spread out on
102 ha. Compared to 2015, the lake area would increase from 231 to 333 ha.
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Abstract
A digital terrain model (DTM) is defined as the digital cartographic representation of the elevation of the earth's
surface created from discrete elevation points. DTMs have been applied to a diverse field of tasks, such as forest
management, urban planning, ice sheet mapping, flood control, road design, hydraulic simulation, visibility analysis of
the terrain, and topographic change quantification. In parallel with the developments in data processing technologies;
satellite remote sensing, airborne laser scanning, and radar interferometry become efficient sources for constructing
high quality DTMs in a cost-effective manner. The accuracy of DTM is influenced by several factors such as, the
accuracy, the density, and the spatial distribution of elevation points, the terrain surface characteristics, and the
interpolation methods. In this study, direct comparisons are made between curvature and grid data reduction
algorithms for airborne Light Detection and Ranging (LiDAR) derived DTMs. DTMs with %25, 50 and 75 sampling
densities interpolated by the triangulation with the linear interpolation method are compared with the DTM constituted
with %100 airborne LiDAR point cloud over the Mount St. Helens in southwest Washington State as the test area. The
results show that LiDAR datasets can be reduced to 50% density level by a grid data reduction algorithm while still
maintaining the quality of the derived DTM.
Keywords: DTM, LiDAR, Curvature, Grid, Triangulation with linear interpolation.

INTRODUCTION
A digital terrain model (DTM) provides a three-dimensional (3D) representation of the bare earth/underlying terrain of
the earth's surface that contains elevations of topography (ridgelines, stream courses, breaklines, etc.) where vegetation,
buildings, and other non-ground objects have been removed. DTMs have found wide application in all geoinformatics
tasks such as: civil planning, mine engineering, military purposes, landscape design, urban planning, environmental
protection, forest characterization, hydraulic simulation, visibility analysis of the terrain, surface modelling, topographic
change quantification, volume computation, geomorphological extraction, satellite imagery interpretation, cartographic
presentation, and geographical analysis (Li et al., 2005). DTMs can be derived by field surveying, photogrammetry or
cartographic digitization of existing topographic maps. Compared to the traditional methods for creating DTMs, new
technologies such as satellite remote sensing, radar interferometry and airborne laser scanning revolutionize the
construction of high quality DTMs in a cost-effective manner. The airborne Light Detection and Ranging (LiDAR) is
becoming the privileged data acquisition technique for high-resolution and high-accuracy DTMs over large areas owing
to providing 3D non-uniformly spaced dense point information very effectively (Ma and Meyer, 2005; Liu, 2008;
Vianello et al., 2009; Razak et al., 2011; Yan et al., 2015). In order to construct DTMs while preserving high
frequencies of the relief, the airborne LiDAR has become a well-established resource used to enhance spatial
knowledge of the topography.
The airborne LiDAR is an active remote sensing technique providing its own illumination and measures the ranges
(variable distances) to the distant objects. The airborne LiDAR sensor sends out light in the form of a pulsed laser and
records the energy scattered back from the terrain surface and the objects on the terrain surface. The range is determined
by measuring the round trip time between the light emission and the detection of the reflection (Wehr and Lohr, 1999).
Each laser pulse may have multiple returns from features hit at different different ranges from the sensor, creating a
cloud of geo-referenced points, including buildings and tree canopy, as well as elevations of bare-earth surface points.
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The spatial distribution of usable data points is expected to be uniform for DTM construction in a broad application
spectrum. Although, the airborne LiDAR have not produced regularly gridded points. The output of the airborne
LiDAR survey is a point cloud of hundreds of millions - billions of sample points representing the feature height. Each
laser point is randomly located. In many cases, not all points may be required for defining the terrain surface. Therefore,
the raw point clouds need to be processed (filtering and interpolation) in order to provide an approximation to a realworld continuous surface (Garnero and Godone, 2013).
The accuracy of the features derived from DTMs depends on several factors originating from: (i) the accuracy, the
density, and the spatial distribution of elevation points, (ii) the interpolation methods, (iii) the terrain surface
characteristics (Gong et al., 2000; Chen and Yue, 2010; Sailer et al., 2014). There has been extensive literature about
these factors: the accuracy of data acquisition (Rayburg et al., 2009; Dorn et al., 2014); the data density (Aguilar et al.,
2005; Chaplot et al., 2006); the spatial distribution of source data (Erdogan, 2009; Fassnacht et al., 2014); the
interpolation process (Chen and Li, 2012; Arun, 2013); the terrain features (Aguilar et al., 2007; Chu et al., 2014).
The contemporary airborne LiDAR systems can operate between 150.000 to 400.000 laser pulses per second, where
achieved density (measurement resolution) exceeds 10 points per square meter (Renslow, 2012). The use of airborne
LiDAR has rapidly become a standard source of elevation data for building high quality DTMs. The DTM resolution
has increased dramatically in the recent years as a consequence of higher LiDAR point densities. Modern airborne
LiDAR sensors allow simultaneously capturing topographic and bathymetric details from large geographical areas at
the price of a highly increased data volume. When DTM of different resolution is required the common technique is
removing data to produce a coarser resolution data set. Besides, the production of different horizontal resolution DTM
from the same data source is important for predicting scale dependent environmental variables. The use of airborne
LiDAR offers the flexibility needed to produce multiple horizontal resolutions of DTM from the same data source.
However, the high-density LiDAR data lead to a significant increase in the data volume, imposing challenges with
respect to data storage, processing, and manipulation for producing DTM. Because of the copious number of LiDAR
spot elevations returned on an areal basis, the effects of data density reduction on DTM of various horizontal resolutions
is worthy of study, particularly for landscape scale studies. With a data reduction, a more manageable and operationally
sized elevation data set is possible (Anderson et al., 2006). Therefore, terrain data reduction (achieving an adjustment
between density of data and volume of data) without losing relevant geometric details has become a research topic
while constructing DTMs. However, there are particularly limited studies about data reduction for DTMs (e.g.,
Anderson et al., 2005; Anderson et al., 2006; Liu and Zhang, 2008; Immelman and Scheepers, 2011). The major
objectives of this paper are:


Evaluating the effect of the data reduction algorithms on the accuracy of LiDAR-derived DTM construction.



Examining to what extent a set of LiDAR data can be reduced while maintaining efficient accuracy for DTM
construction.

The results, based on different data densities are compared in terms of the mean error (ME), the mean absolute error
(MAE), and the root mean square error (RMSE) with specific reference to a study area.

THEORETICAL BACKGROUND
Data Reduction Algorithms
LiDAR based cloud consist of hundreds of millions - billions of sample points, sometimes, but requires reduction
without losing spatial accuracy while constructing DTMs. Through data reduction, manageable dataset, improved
efficiency in storage requirements and processing time can be ensured to achieve an operational and efficient DTM.
Many algorithms have been proposed to reduce the 3D point cloud data in recent years. A good survey on approaches
for data reduction is given in Lee and Jong (2008). It is beyond the scope of this study to discuss even the most common
data reduction algorithms in full detail, though the methods and modifications used within this study is provided.
Curvature data reduction (Hamann and Chen, 1994) removes the points based on their curvature. The points are selected
with respect to local absolute curvature estimates for piecewise linear curve approximation. The points that lie in high
curvature regions are preserved in order to maintain the accuracy of the surface curves. Due to the less detail
requirement, the points in flat regions are more likely to be deleted. Grid data reduction (Martin et al., 1996) reduces the
number of points in the point cloud by creating evenly spaced set of points, regardless of original density and curvature.
A grid structure is built, and the input data points are assigned to the individual grids. From all of the points assigned to
a given grid, a median point is selected to represent data points belonging to that cell.
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Interpolation Methods
The indispensable data of DTMs are the finite number of sample points, which have horizontal coordinates with
uniformly-spaced elevation values. Usually, the spatial distribution of these sample points depends on the source of the
data. The digital representation of the terrain surfaces via regular or irregular spaced points is possible by an
interpolation method. Several comparative studies have tried to answer the question of an optimal DTM interpolation
method, but there is still a lack of consensus about which interpolation method is most appropriate for the terrain data.
In this paper, a commonly used interpolation method, Triangulation with Linear Interpolation (TLI) method is chosen.
TLI method creates triangular facets by connecting data points based on an optimal Delauney triangulation. Each
triangle defines a plane over the grid nodes lying within the triangle, with the tilt and elevation of the triangle
determined by the three original data points defining the triangle. All grid nodes within a given triangle are defined by
the triangular surface. Because the original data are used to define the triangles. The result is a patchwork of triangular
faces over the extent of the grid. TLI is an exact interpolator that works best when the data are evenly distributed over
the grid area (Lee and Schachter, 1980; Webster and Oliver, 2001).

STUDY AREA, DATA ACQUISITION, COMPARISON METHODOLOGY
Mount St. Helens (46.1912 N, 122.1944 W) is selected as the study area for the DTM constructions. Mount St. Helens
is an active volcano located in Skamania County, Washington, in the Pacific Northwest region of the United States. It is
154 km south of Seattle, Washington, and 80 km northeast of Portland, Oregon. The study area defines approximately
area of 116.6 km2. Its span is  11.9 km in the north-south direction and
 9.8 km in the east-west direction.
The comparison process of the DTMs refers to an original LiDAR dataset that consisting of 23071760 points
( 5.1 m2/point). The elevation ranges between 743.91 m and 2539.38 m. This variably-spaced bare-earth elevation data
set is a portion of a project composed of an area delimited by the 500 year flood plain of the Toutle River, WA river
basin (Fig. 1). According to the areas of interest, LiDAR data acquisition specifications are listed below in Table 1.

Figure 1. The study area and the coverage of the source LiDAR data
Raw LiDAR elevation points are estimated to be horizontally accurate to 0.30 cm and the vertical accuracies of LiDAR
points are within 15 cm. The source LiDAR data set was evaluated against GNSS collected control points which
resulted in a vertical RMSE of 0.053 m. LiDAR data were filtered by algorithms within the EarthData's proprietary
software and commercial software written by TerraSolid (Mount St. Helens LiDAR Data, 2006).
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Table 1. LiDAR data acquisition specifications

Flying altitude (m) (above mean terrain)
Flight speed (knots)
Laser pulse rate (kHz)
Scan angle (degrees) (from nadir)
Scan rate (Hz)
Swath width (m)

Lower Elevation

Higher Elevation

2133
140
29

2438
140
29

 35
29
1345

 35
18
1537

In order to evaluate the effect of the data reduction algorithms on DTM accuracy and to explore the data reduction
extent for adequate DTM accuracy; the data density is sequentially reduced through a selection of a predetermined
percentage of the original LiDAR data set. Geomagic Studio  12 software is used for the data reduction procedure. The
original LiDAR data set (100%) is reduced to a series of subsets by using curvature and grid algorithms, representing
the 75%, 50%, and 25% of the original LiDAR data set. This reduction protocol is similar to the previous studies of
Anderson et al. (2005, 2006). Subsequent to the data reduction, the original LiDAR data set and the reduced data sets
are used to produce a series of DTMs. At each data density level, DTMS are constructed via TLI method.
The evaluation of DTM accuracy is focused on the correspondent elevation differences between the reference DTM
(based on the original dataset) and the test DTMs (based on the reduced datasets) using the equation below:

Z  Z (100%)  Z (i %) (1)
where ∆Z is the elevation difference, Z is the elevation value estimated from (reference and test) DTMs, and i represents
the data density (i = 75, 50, and 25).
For the statistical analysis of elevation differences, minimum and maximum values of ∆Z are determined and the
overall performance of DTMs is assessed through ME, MAE, and RMSE accuracy measures defined by:
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where n is the number of the points used for the accuracy verification and k refers to the residual sequence. ME is a
measure of underestimation or overestimation the true value of the interpolation method. MAE provides the average
deviation that DTM surface deviates from the true value to measure the effect of the data reduction on DTM accuracy.
RMSE is calculated to measure the overall accuracy of DTM surface.

COMPARATIVE STUDY
For the comparison process, the reference DTM of the study plotted in Fig. 2, is constructed from the original (100%)
LiDAR dataset using TLI method, implemented within the Surfer  12 software. All the interpolation methods’
parameters (for the reference DTMs) are optimized through cross-validation technique.
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The reduced data sets, based on curvature and grid algorithms, are used to construct the test DTMs of the study area
using TLI method, at each data density level (75%, 50%, and 25%). The test DTMs (DTM i%; i = 75, 50, and 25) are
subtracted from the corresponding reference DTMs (DTM 100%) for quantifying elevation differences.

Figure 2. Reference DTM of the study area
The graphical representations have been adopted for the comparative evaluation of the test DTMs by producing a
residual map for each test DTM (Fig. 3) that indicates the occurrence and magnitude of elevation differences, in relation
to terrain characteristics (by overlaying the contour map of Mount St. Helens on the residual maps).

Figure 3. Residual maps of test DTMs for the study area
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RESULTS AND CONCLUSIONS
The visual analysis of the elevation residual maps (Fig. 3) indicates that the deviation of the test DTMs from the
reference DTM is getting greater depending on the decreasement of data density, for curvature and grid data reduction
algorithms. The thorough visual interpretation of the elevation residual maps reveals better results of grid algorithm
than curvature algorithm.
The statistics of elevation residuals based on curvature and grid algorithms at selected data density levels are presented
in Table 2, and the relevant MEs, MAEs, and RMSEs are graphically represented in Fig. 4. When the statistics
summarized in Table 2 are evaluated, it can be seen from Fig. 4 that grid algorithm provides more accurate results than
curvature algorithms at every data densities.
Table 2. The statistics of the elevation residuals (units in m.)

Min
Max
ME
MAE
RMSE

75%

CURVATURE
50%

25%

-1.052
1.847
0.001
0.037
0.091

-1.337
2.510
-0.004
0.093
0.170

-3.882
4.394
-0.014
0.176
0.307

75%

GRID
50%

25%

-0.984
3.301
0.000
0.024
0.082

-2.303
2.730
-0.003
0.059
0.126

-5.867
1.933
-0.005
0.119
0.212

ME

Curvature

25%

50%

75%

25%

50%

75%

0.35
0.25
0.15
0.05
-0.05

Grid

Figure 4. The accuracy measures of the elevation differences (units in m.)
MEs are recorded at the centimetre level at 25% data density for curvature and grid data reduction algorithms
(-0.005 m. and -0.014 m.). TLI underestimated the terrain surface because of the predominantly concentric topography
of the study area. MEs are sub-centimeter at 50% and 75% data densities for curvature and grid data reduction
algorithms, indicating that interpolation biases were negligible.
Throughout the decreasing data densities, the test DTMs have increasing MAEs ranging from 0.024 m to 0.176 m.
Terrain representations derived from the test DTMs based on grid algorithm are better than the test DTMs based on
curvature algorithms, at all data densities.
RMSEs ranged from 0.082 m. to 0.307 m. show significant increases for curvature and grid data reduction algorithms as
data densities decreased from 75% to 25%. As expected, the lowest RMSEs are obtained at 75% data density level.
RMSEs of the test DTMs for data reduction algorithms have a decreasing sequence as grid  curvature, at all data
densities.
In terms of overall accuracy, there is no significant decrease for the test DTMs constructed from high data densities
(75% and 50%) (Fig. 4). Hence, it becomes apparent that the test DTMs based on 75% and 50% point densities are
sufficient for terrain representations.
Based on the analysis results of comparison of data reduction algorithms in constructing DTMs, the following
conclusions can be drawn based on this paper: (i) Grid data reduction algorithm can be considered as a feasible
technique due to better terrain representation for constructing LiDAR-derived DTMs. (ii) TLI biases are negligible with
lower RMSEs in terms of grid data reduction approach at higher data densities (75% and 50%). (iii) LiDAR datasets
can be reduced to 50% density level while still maintaining the DTM accuracy.
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The airborne LiDAR is one of the most capable, effective, and reliable tool for gathering high-accuracy and highdensity 3D terrain data leading to mapping products. The limitations of the use of LiDAR data in constructing DTMs
are the magnitude of data and the intense post-processing. However, high-density data associated with LiDAR lead to
imposing challenges with respect to data storage, processing and manipulation. Large data volumes obtained from
LiDAR often require data reduction without losing relevant geometric details while constructing DTMs because the
quality of LiDAR-derived DTMs equates to how well it represents the terrain undulation and continuity. The results of
this paper show that grid algorithm is useful for data reduction due to its lower RMSEs. The data should be reduced by
keeping critical data (considering terrain features). Due to the required DTM accuracy, extensive attention should be
paid to reducing LiDAR data without extraction critical terrain elements. In order to represent the terrain morphology
with the reduced data, future researches using diverse data reduction algorithms are necessary to determine the effective
data reduction algorithm and the threshold data density for constructing DTMs.
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Abstract
Nowadays, Several seismic safety regulations across the globe, such as IBC, NEHRP, EC-8 etc. has adopted seismic
hazard as basic parameter for engineering design of buildings and other structures. Hence, a reliable seismic hazard
assessment is imperative towards an effective anti-seismic policy. In this study a probabilistic approach is followed,
that intends to estimate seismic hazard in a GIS environment for the area of interest that is Crete Island. The key in this
effort is to attain the experienced PGA, over a control period, for the entire region in question, utilizing seismic data
that derive from a respective homogenous earthquake catalogue. In this effort, various geospatial analysis tools are put
to use, in order to project the aforementioned calculations and to apply the necessary statistical analysis. The outcome
is then presented in thematic maps and further more is set against the Greek seismic Code provisions.
Keywords: Seismic Hazard, PGA, Geo-spatial Analysis, GIS, Data Mining

INTRODUCTION
Southern Greece is located on the convergent boundaries of the Eurasian and African tectonic plates, which form a
subduction zone of grave seismic activity, where many destructive earthquakes have taken place over the centuries
(Becker & Meier 2010). The island of Crete constitutes the central section of the subduction margin, where converge
rate reaches up to ca. 40 mm/yr (Reilinger et al. 2010). Seismicity in Crete is closely connected to the subduction
geodynamics and characterized by earthquake events of shallow and intermediate depths (Hollenstein et al. 2008)
showing historically maximum magnitudes up to 7.0 (Papazachos & Papazachou 1997; Papanastassiou et al. 2001;
Kiratzi & Louvari 2003; Meier et al. 2004).
As such, the region of Crete is widely considered as an area that poses great seismic threat to the built environment.
This threat is commonly described in terms of seismic hazard and/or seismic risk, although their exact definition
includes some controversial understanding issues within the scientific community (Wang 2006). Seismic hazard has
been adopted by many seismic safety regulations across the globe, such as IBC, NEHRP, EC-8 for engineering
purposes of buildings and structures and the method that has been widely used to assess seismic hazard is Probabilistic
Seismic Hazard Analysis (PSHA) that was firstly introduced by Cornell (1968). In general, it is considered that seismic
hazard describes the potential of ground motion occurring, due to earthquake activity in a certain area, over a given
time-period. The intensity of this ground motion is most commonly presented by Peak Ground Acceleration (PGA) that
can be derived from various empirical attenuation relationships. For the region of Greece alone, several attenuation
relationships have been proposed, the most recent of which include Margaris et al. (2002), Skarlatoudis et al. (2003) and
Danciu & Tselentis (2007).
In this framework, the above approach of seismic hazard is followed, as it is consistent with the Greek Seismic Code
(GSC) that constitutes the current seismic safety regulation for buildings in Greece. According to GSC provisions there
are three seismic hazard zones in Greece, each representing the potential seismic related ground motion expected, in
terms of PGA (I:0.16g, II:0.24g and III:0.36g). The entire region of Crete falls into zone II of “0.24g”, which reflects to
10% probability that PGA will exceed at least once the value of 0.24g (g=gravitational acceleration) over the next 50
years. This practically means that a seismic event of at least 0,24g in PGA has an average return period of 500 years in
the area. A seismic hazard is thus imposed to the entire area of interest (AOI) that lacks geographical orientation and so
it is implied that the whole region of Crete is expected to present the same seismic behavior regarding the ground
vibration and its potential consequences.
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However, it has been concluded by Dimitrakis & Tsouchlaraki (2014) that for the western part of Crete in the last
century seismic activity is much differentiated among the individual parts of the area. In specific, areas located south
and west are of very high seismic activity, where as those located north and centrally are of quite low seismic activity.
This fact could suggest that there is an expected deviation in the potential consequences of seismic activity along the
areas, that is to be estimated by assessing the associated seismic hazard.
Following this assumption it is intended to estimate the actual seismic hazard expected in the region of Crete by
utilizing a vast number of occurred earthquake events followed by a probabilistic analysis. This is achieved in a GIS
environment, which offers tremendous advantages, not only in mapping simple geographic distribution of information,
but mainly in processing and comparative combination of a multitude of thematic data. The followed methodology and
the respective results are presented in the sections below. Thematic maps are provided accordingly using ESRI’s GIS
software ArcGis 10.1 and at the end conclusions are reached. It is advised that the reader bear a basic GIS knowledge,
in order to fully understand the process of spatial analysis presented in this paper.
As regards effective anti-seismic protection, it is essential that seismic hazard assessment be reliable and up to the
contemporary needs of society, in order to mitigate any potential consequences of an earthquake of great magnitude
occurring in the area. It is important that the established seismic safety regulations incorporate the current scientific
knowledge and approach to the matter in conjunction with the available technological advancements and tools of
analysis. It is worth mentioning that this venture is a part of a larger project that is aiming to shed further light in the
seismic activity of the above region and its associated aspects in the natural and built environment.

METHODOLOGY
GIS Data
The AOI as mentioned above is the region of Crete and it is presented in figure 1. In addition, an extended version of
this area (approximately 100 km around Crete’ shoreline) has been formed in order to encompass earthquakes of great
magnitude that occurred in a long distance away of Crete. The extended AOI is set to provide a preliminary four level
decrease in the macroseismic intensity scale, in accordance with the attenuation effect equation (1) provided by
Papazachos (2005) for the Greek region:

𝐼0 − 𝐼𝑖 = −5.36 + 4.5 ∗ log(𝑅𝑖 + 17) (1)
Where, 𝐼0 is the epicentral intensity and 𝐼𝑖 and 𝑅𝑖 the intensity and epicentral distance in point “i” respectively.

Figure 1. Area of Interest (AOI) and extended AOI
Regarding the earthquake events, the main concern was the homogeneity of the data and the time span coverage in
order for the subsequent statistical analysis to be reliable and valid. Taking that into account, it was deemed that the
selected earthquake data can yield sufficient results on the characteristics under investigation. Thus, the earthquake data
used in this study consists of the following individual catalogues:
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The SHARE European Earthquake Catalogue (SHEEC) 1000-1899 (Stucchi et al. 2012) that has been
compiled in the frame of the EC project SHARE (Seismic Hazard Harmonization in Europe).



The catalogue of Makropoulos et al. (2012) that covers the time period from 1900 to 2009 and is provided by
the Institute of Geodynamics (IG) of the National Observatory of Athens (NOA) in collaboration with the
national and Kapodistrian University of Athens (UOA).



The seismic events from 2010 to 2014 that were derived from the IG - NOA moment tensors database
available online (Institute of Geodynamics /Seismicity: Moment Tensors, Catalogues and Database).

The aforementioned catalogues record among other things date, coordinates, moment magnitude (Mw) and depth in km,
while the combined time period of the whole dataset is referred to roughly one millennium. The catalogues were
converted initially to “.dbf files” and then to shapefiles by the “display xy” data tool. Afterwards, they were merged and
cut to fit the aforementioned extended AOI. The final dataset comprises of more than 1500 recordings that include
major earthquakes of moment magnitude Mw > 4.
Apart from the earthquake events, another essential data towards PGA estimation is the site classification or soil
conditions. Site classification measures the seismic site response and this is achieved by estimating the average shear
velocity down to 30m or 𝑉𝑠30. Allen and Wald (2007; 2009) suggest using 𝑉𝑠30 measurements, which is conducted via
Shuttle Radar Topography Mission (SRTM) 30 arcsec DEM, as an alternative in case of absence of data for the exact
geological and geotechnical composition of the soil. 𝑉𝑠30 is provided by the U.S. Geological Survey (USGS) web page
in ASCII, JPG, GMT format and for any given location. For the purposes of this study, an ASCII (American Standard
Code for Information Interchange) file was obtained for the AOI that was converted to Raster with resolution 50x50 m2
and therefore utilized in the analysis. It is worth noting that 𝑉𝑠30 for the AOI varies from 760 m/s to 180m/s meaning
that AOI consists of sites with very dense soil - soft rock (type C) and stiff soil profile (type D), according to the
National Earthquake Hazards Reduction Program (NEHRP) classification provisions.
Needless to mention that all the above data and associated features were projected to Greek Geodetic Reference System
1987 (GGRS87 – Greek Grid), as it offers better accuracy for the Greek region and it is used by all GIS users in Greece.

Attenuation Relation
In order to take into account the attenuation effect for every seismic event that occurred within the extended AOI, a
suitable empirical peak ground motion predictive relation should be used. As mentioned above, many such relations are
documented for the Greek region that can provide PGA estimates in space. In this study the empirical attenuation
relation of Skarlatoudis et al. (2003) was selected, which for shallow earthquakes is formed as follows:
log 𝑃𝐺𝐴 = 1.07 + 0.45𝑀𝑤 − 1.35 log(𝑅 + 6) + 0.09𝐹 + 0.06𝑆

(2)

Where, PGA is in cm/𝑠 2 , Mw is the Moment magnitude, R is the epicentral distance in km, F is referring to the effect of
the faulting mechanism and S is the variable accounting for the local site conditions (site classification).
In the above equation the effective depth (6 km) assumption is adopted as in the case of Margaris et al. (2002). For
intermediate to deep earthquakes, an alternative version of the above equation is used that incorporates also the
parameter of the focal depth of the seismic event.
The S variable in the above equation follows the NEHRP site classification and so for category C and D it takes the
value of 1 and 2 respectively. As regards the faulting mechanism variable, it is well documented (Caputo et al. 2010;
Mountrakis et al. 2013) that normal faulting is dominating in the AOI and adjacent areas. That can also be supported by
the European Database for Seismogenic Faults or EDSF (Basili et al. 2013), which is provided by the Instituto Nazioale
di Geofisicae Vulcanologia (INGV), where all the major active faults within or in the vicinity of the extended AOI are
of normal faulting nature. Therefore, according to Skarlatoudis et al. (2003) the variable F was set to 0.

Geospatial Analysis
The geospatial analysis performed in this study consists of following certain steps to acquire the objective calculations
and in the same time maintain flexibility for any further desirable research. For this reason the AOI is standardised to a
specific set of cells using as baseline the site classification data. All the subsequent rasters that are produced throughout
the analysis are snapped to this baseline. By this procedure the outcome of the analysis is geographically standardised,
cell based and subject to further enrichment of additional relevant data.
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With all the seismic data, as well as the site classification, available, the attenuation relation is put to use and PGA is
calculated for every single earthquake event in the catalogue and for every single cell that belongs to the AOI. To
achieve this, appropriate “selection” combined with “Euclidean distance” tool and “raster calculator” is applied
accordingly. Over 5000 rasters are produced that practically constitute the basis of the subsequent statistical process.
Following the probabilistic approach of the Poison distribution, as described in Wang (2006; 2008; 2010) and Love
(2012), the probability (probability of exceedance – PE), that a specific phenomena with an average recurrence interval
T (in years) will exceed a certain value / magnitude at least on time in the next t years (exposure time), is given by the
following equation:
𝑡

𝑃𝐸 = 1 − 𝑒 −𝑇

(3)

Under the Poisson approach, it is assumed that all the events are independent, which is also adopted in the present
study. The PE of the above equation represents practically, by definition, the seismic hazard of a given area due to
seismic activity in the broader region.
Taking all the above into consideration, it is examined in a cell by cell basis whether the experienced PGA has exceeded
a certain threshold value and if so how many times in the time period of the analysis. In doing so, the “greater than
frequency” tool and “cell statistics” are used appropriately. After the frequency for the set threshold (e.g. PGA: 0.24g)
is acquired over the time period in question, the next step is to estimate the average recurrence interval T that will then
lead to the calculation of the PE for every single cell of the AOI, applying equation (3) in raster calculator, for the
desired threshold and exposure time. The data is processed mainly in raster format, where in some cases and due to
presentation requirements the rasters are converted to feature class files accordingly.
The threshold values for PGA are set initially to meet the corresponding provisions of the GSC seismic hazard zones
(0.16g, 0.24g, 0.36g). In addition, three more values were added 0.025g, 0.045g and 0.093g that correspond to lower
ground vibration in the Modified Mercalli Intensity (MMI) scale (IV, V, VI respectively) in accordance with the work
of Tselentis (2008). These threshold values serve as checkpoints indicative of the severity of the potential ground
vibration expected in the area.
Furthermore and in order to examine the potential hazard of more recent seismicity, an alternative method to the above
is applied. The maximum experienced PGA is estimated in every part of the AOI for every year since 1950. Then,
following the same steps, as described above, the frequency of PGA exceeding the threshold values is calculated in
every cell for the time period in question. Under the Binomial approach and having in mind that the row of events is
fixed in time assuming total independency, it is inferred that the probability (PE) that the maximum PGA will exceed a
specific threshold value in the next year is given by the MLE (Maximum Likelihood Estimation) of the Binomial model
that is:
𝑃𝐸𝑀𝐿𝐸 =

𝑦
𝑁

(4)

Where, y equals the frequency of occurrence and N is the time period in question in years. The calculations are
performed in “raster calculator” accordingly. It is believed that this method can be utilized supplementary to the one
described above (Poisson) for completeness reasons regarding the more recent and lower in scale events.
All the aforementioned steps in every procedure are conducted within the GIS environment making it simple and easy
to project the results, to compare the individual outcomes and to proceed if need be with further study over the whole
AOI.
The above procedure describes the basic steps in order to complete the necessary analysis of the available data. It is
acknowledged though that the present outcome should be assumed as dynamic, since future earthquake events will most
likely produce large scale ground movements that will affect the estimated seismic hazard of the individual areas. This
future seismic activity can easily be incorporated in the present results by following the same steps as above in order to
apply the respective PGA in the AOI, then populate the existing frequency files and then recalculate the Poisson
probabilities.

RESULTS
Upon the selection of threshold value and exposure time, it is evident that the above methodology can lead to various
maps depending on the desired goal of the study. Due to obvious limitations, the thematic maps presented in this paper
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intend to summarize the outcome and support the goals and of the current venture highlighting the capabilities of the
used methodology.
According to the seismic hazard zones included in the GSC provisions, it is assumed that the PE for PGA 0.24g is 10%
in the entire AOI in the next 50 years. Following the Poisson approach in the manner presented above, the PE is
calculated for PGA threshold equal to 0,24g in the next 50 years (exposure time) over the entire AOI and for the
recurrence interval estimated in the time period of the available data (1000 - 2014 AD). The results are presented in
figure 2, where it is shown that the above PE varies from 0% to 18% as opposed to the fixed 10% provision of the GSC.
In addition, the area covered by the individual PE intervals, in relation to the total area of the AOI, is estimated and
shown in the relevant chart.

Figure 2. Probability of Exceedance (PE) for PGA value 0.24g in the next 50 years
According to the map above, the majority (about 74%) of the AOI exhibits zero PE for PGA 0,24g, consequence to the
fact that these areas have never experienced ground motion due to earthquake activity of up to 0,24g in PGA in last
millennium. It is evident that the estimated PE is depending on how many times the PGA value has exceeded the
selected threshold for the time period in question. According to the above results, for PE between 1% and 10% the area
covered in relation to the whole AOI reaches to percentage of 23,3%, while the respective percentage of areas with PE
more than 10% is about 2,4%.
Given this fact, it can be inferred that seismic hazard, as described in the GSC provisions, is overestimated mainly for
the majority of the AOI, where on the other hand there are areas where the same provision is underestimated despite the
fact that these areas compose a small but important fraction of the whole AOI. Among other things, the estimated area
distribution of the PE indicates the profound questions about the validity and reliability of GSC provisions. It is
believed though that it can be utilized accordingly in order to adequately render AOI in seismic hazard zones.
Furthermore following the same approach, PE is examined for all the threshold values of PGA mentioned above
(seismic hazard zones provisions and lower ground motion) over the same exposure time in relation to the available
data for the AOI. The summary of the results regarding the area covered as percentage of the AOI for the individual PE
intervals as well as the minimum and maximum PE estimated, with regard to the PGA thresholds, are presented in table
1.
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Table 1. PGA thresholds and the respective min, max PE and PE interval’s area coverage
PE intervals

Min
PE
(%)

Max
PE
(%)

0%

0,36g

0

13,75

91,01

6,84

1,51

0,61

-

-

-

0,24g

0

17,9

74,23

17,42

5,87

2,33

0,097

-

-

0,16g

0

29,18

41,68

20,71

19,14

10,35

5,6

2,43

0,05

0.093g

0

44,66

1,48

19,01

13,44

13,71

14,69

22,33

15,34

0,045g

17,9

73,58

-

-

-

-

0,01

0,16

99,83

0,025g

52,27

95,06

-

-

-

-

-

-

100

PGA

1-5%

6-10%

11-14%

15-18%

19-22%

>22%

Area coverage as percentage of the AOI (%)

Since GSC is focusing on the 10% PE for the PGA values used in the corresponding seismic hazard zoning, it is
considered that 10% in PE denotes the critical point in characterizing the seismic hazard of the area. According to this
and in order to give a further spatial aspect to the above results, figure 3 is presented, where for every part of the AOI
the maximum PGA threshold value is attributed that is estimated to exceed 10% in PE. This map also depicts the vast
difference in the potential ground motion expected along the AOI and it is thought that it is able to form a basis in
achieving reliable seismic hazard zoning in the AOI.

Figure 3. The maximum PGA value estimated to exceed 10% in PE
Apart from the long term analysis presented above, it is also intended to examine the seismic hazard level of the area
due to relatively recent seismic activity. Alternate to the Poisson model the Binomial distribution is used estimating the
MLE as described above. Due to the framework of the problem and the data applied, it is deemed that this method can
equally provide reliable results. In this geospatial process the yearly maximum experienced PGA is estimated due to
earthquake occurrence since 1950. From this dataset the respective frequencies are calculated in relation to the times the
selected PGA value is exceeded. The MLE is then estimated as described above. The results for the lower scale PGA
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thresholds are presented in figure 4. The PE estimated is referring to the probability that the selected PGA will be at
least once exceeded in the next year.

Figure 4. Probability of Exceedance (PE) for PGA using binomial approach in the next year
It is apparent, that the probability of significant ground motion occurring in the west, south and southeast areas of the
AOI is much more intense than the one in the northern areas of the island. The outcome is also indicative of the
difference of lower seismic hazard level expected in the AOI. These findings can be attributed to the current
geophysical dynamics of the fault and crustal system as well to the on-going subduction process in the area.
Nevertheless, it is considered that the above results can aid in the effort to extract short term estimates about the
potential effects of seismic activity in the region, as well as provide useful data to relevant scopes of research and shed
further light to the seismic phenomena at all.

CONCLUSIONS
To this day the engineering design of buildings and structures in Greece, concerning the anti-seismic aspect, relies
strongly on the provisions of the GCG and the respective seismic hazard zones, in which Crete is considered a uniform
zone of certain seismic hazard level. By this study it is intended not only to show the difference in the seismic hazard
expected in the region, but also to realistically estimate the relevant probabilities of seismic hazard in every part of the
AOI by using a powerful tool like GIS in analysing the respective seismic data available. In this effort a methodology is
provided that can lead to effective results pertaining flexibility in the desired outcome and the capability to adapt to
further purposes of the analysis.
The present venture has shown that the seismic behaviour, in terms of PGA, expected in the region is far from identical
for the individual areas comprising the AOI. The seismic hazard estimated, in relation to the respective one suggested in
the GSC, varies geographically indicating that GSC provision is rather strict in the main part of the region (central and
northern areas), whereas in some areas (west and southeast) appears to be relatively conservative.
Furthermore, the area distribution for the individual PE intervals of the selected PGA threshold, can present a competent
parameter in order to assert reliable conclusions about the general seismic hazard expected in the area. The current
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outcome is of course subject to change, as more seismic events and consequently ground vibrations are yet to come in
the AOI.
In light of the above, having in mind the need for a reliable anti-seismic policy as well as the economic implications that
a strict seismic code can impose to the manufacturing services, it is deemed that the GSC be revised accordingly to
cover all the possible aspects of seismic hazard in the AOI. It is within the states responsibilities to assess the relevant
data and to take any necessary proactive measures towards an effective anti-seismic framework and appropriate public
awareness.
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Abstract
The modern atlas mapping is actively using a new form of information transmission – GIS atlases. GIS atlases also uses
in the geophysical mapping, which represented information about Earth’s geophysical fields at the global and local
levels of mapping. The development of multiscale electronic geophysical mapping will provide an opportunity to getting
actual information about those processes, which are directly influence on the geological structure of the Earth and the
overall health of humanity.
Some GIS atlases creating by state organizations (geological surveys, scientific institutes, etc) was analyzed by author.
The estimate of geophysical maps representation was complete in this study with some criteria including content
completeness, type of presented data, convenience of GIS atlas interface, the possibility of interactive creating own
maps, coherence of geographic and thematic contents, et al. It was concluded about the current state of atlas mapping
in geophysics and highlighted possible ways to improve a geophysical GIS atlases.
Keywords: geophysical mapping, GIS atlases, geophysical maps, cartographic databases.

INTRODUCTION
Geophysical mapping is one of the fastest growing directions of thematic mapping. It’s of great importance for
scientific and practical studies of the Earth geological structure and near-Earth space, and the impact of geophysical
field on human activity. Geophysical mapping has more than three centuries history from the date of creating first maps
of magnetic declination, which are used for navigation purposes in the Age of Discovery. Today these maps are
particularly important for search and exploration of mineral resources (especially hydrocarbons), however, the subject
of mapping (geophysical fields) allows solve another tasks, including a development of atlas mapping. The appearance
of geophysical maps in complex atlases is associated with the accumulation of information and the improvement of
atlas sections structure. Any full atlas can’t be imagined without the geophysical section, although its location hasn’t yet
been decided. For example, geophysical maps of the National Atlas of Russia (4 Chapters) are situated in «Geological
structure and subsoil resources» section, while these maps are presented in «Natural landscape, Energy» in the National
Atlas of Czech Republic; in Geoscience Atlas of Svalbard geophysical maps are making own section «Geophysics».
This fact indicates a lack of explanation of the atlas geophysical mapping problem and acquires a special character with
the spread of geoinformation technologies.
Today atlas mapping is rapidly moving towards GIS technologies, and therefore actively used a new form of
information transmission – GIS atlases. The author has set the task to consider the specific features of using GIS atlases
in the geophysical mapping. Several GIS atlases of various organizations (Geological Surveys, research institutes, et al)
was analyzed by author. The estimate of geophysical maps representation was complete in this study with some criteria
including content completeness, type of presented data, convenience of GIS atlas interface, the possibility of interactive
creating own maps, coherence of geographic and thematic contents, et al. The analysis will assess the current state of
atlas mapping in geophysics and define future directions to improve using GIS atlases in geophysical cartography.

GIS ATLASES IN GEOPHYSICS: OVERVIEW
The appearance of GIS technologies in atlas mapping at the end of the 20th century was opened a new capabilities for
representing and using maps, including multiscale mapping. GIS atlases structure and form are given opportunity to
store and organize any large amounts of data that is so necessary to geophysics. Today GIS form is an integral part of
work in many organizations, including Geological Surveys, which are responsible for information both on the
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geological structure of specific areas, as well as on the distribution of geophysical fields on area mapping. GIS atlases
uses for next general purposes:


Cartographic visualization of geophysical data;



Storing and accessing metadata;



Operative creation of maps with geophysical information.

More then a dozen GIS atlases of Geological Surveys of different Europe countries were analyzed by author. Each atlas
was created and designed depending on the general level of geophysical mapping development in country, interest in
geophysical data (for example, due to a high share in the mining economy) and geophysical mapping traditions. Further,
the results are considered for each chosen criterion.

THE STUDYING OF GEOPHYSICAL GIS ATLASES SPECIFIC FEATURES
The overall theme of the atlas
The overall theme of the atlas is directly influence on the composition of maps in it. Taking into account the historical
features of the geophysical mapping, which is developed in many countries like a branch of geological mapping, there
are two variants are possible: geophysical atlas or atlas combining geological and geophysical maps. In first variant
geophysical maps are dominate, and in second variant the geophysical information is accompanying geological maps.
The analysis found that about 60% of GIS atlases are combining geological structure data with information about
geophysical surveys infrastructure. The main content of geophysical part of these atlases is the data of shooting profiles
location of different types survey (advantageously, gravity and magnetic techniques), and also the general maps of
gravity and magnetic fields.

The content completeness
Under the content completeness author understands to how much detail provides information about basic geophysical
fields in this atlas. It is known in practice of exploration geophysics has study six types of fields: gravity, magnetic,
electric, seismic, thermal and radiometric. According to how many fields are presented in mapping form, it is possible
to judge the quality of GIS atlas and its information content as a whole.
However, an existing need to use geophysical maps and an expansion of the mapping object structure were led the
tendency to make maps of specific geophysical fields, which aren’t including into existing classifications. The field of
study (knowledge) is such as abstract field, because «it isn’t direct reflection of natural phenomena, which is most often
encountered in the preparation of geophysical maps, but rather a more abstracted notion and expresses a generalization
of the available data» [1]. The emphasizing of «study field» maps into a separate group of geophysical maps due to their
wide use in the GIS atlases. In 10 of 12 examined atlases these maps are presents for different types of exploration
geophysics (Figure 1). The data about existence of other field maps are presented in Table 1.

Figure 1. Maps of GIS atlases: vertical electrical sounding (VES) measurements map of Slovakia by SGIDŠ (left), Map
of Bouger isoanomaly by ISPRA (right)
Also Table 1 shows that the data of gravity and magnetic fields are most widespread in GIS atlases (Figure 1). Taking
into account the overall theme of atlas, for example, may specify the GIS atlas of the State Geological Institute of
Dionyz Stur (SGIDŠ, Slovakia), containing data about all of known geophysical fields (thermal field maps are separated
in special atlas) [3,11]. Opposite the GIS viewer of Central Geological Database by Polish Geological Institute (PGI)
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[4] more aimed at the transfer of information about the geological structure, so only maps of study are represented in it.
At the other GIS atlases the set of geophysical maps slightly different, but they represent at least maps of three fields.
Table 1. The overall theme and content completeness of geophysical section in analyzed GIS atlases

Geophysics

Geophysical
section of
complex
atlas

Geology
and
Geophysics

Atlas of Geothermal
Energy
of Slovakia (SGIDŠ)

Slovakia

Geophysics Database
DRAGON (NGU)

Norway

+

+

National Atlas of Spain,
2nd edition (IGN)

Spain

+

+

GIS atlas «Subsoil of
Russia» (VSEGEI)

Russia

+

+

Central Geological
Database (PGI)

Poland

GeoLOG (PGI)

Poland

+

+

GEOINDEX
OFFSHORE (BGS)

United
Kingdom

+

GEOINDEX
ONSHORE (BGS)

United
Kingdom

Map viewer, Map
generator (SGU)

+

+

+

+

+

Field of study

Slovakia

Radiometric

Map Portal (SGIDŠ)

Thermal

Country

Seismic

Atlases (lead
organization)

Electric

Magnetic

Overall
theme

Gravity

Geophysical fields

+

+

+

+

+

+

+
+
+

+

+

+

+

+

+

+

+

Sweden

+

+

GeoMapViewer (ISPRA)

Italy

+

Mineral Deposits and
Exploration (GTK)

Finland

+

+
+

+
+

+

+

+
+

+

GIS atlases interface
The interface of GIS atlases is also a part of quality estimate, namely its convenience, opportunity of interactive
creating own maps, type of data representing, et al. The geoportal is most optimal form for data storage and getting
access to information. It is differs in a number of features, including services for web mapping. For example, ArcGIS
online (ESRI), Mapserver, Geoserver and also Leaflet, OpenLayers are most popular cartographic services for
representing geophysical data in GIS atlas form.
One of the main criterion to estimate interface of atlas is the character of data representation, namely the format of data.
The most convenient for the user data format is vector. Download data clipped to an area of interest can be from
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geoportals «Geoindex Offshore» and «Geoindex Onshore» by the British Geological Survey (BGS) [5,6], geoportal
«Mineral Deposits and Exploration» by the Geological Survey of Finland (GTK) [13], et al. The data will be extracted
in a zip file as shp-file and geodatabases (Figure 2).
Most often, the data presented in raster form, therefore they are difficult to reuse, but user can handle smaller amounts
of data in interactive maps analysis. The WMS allow user to connect to the database by means of any GIS product,
simply indicating a link. Ability to connect WMS is available in the State Geological Map Database of Russia
(VSEGEI), the British atlases, GeoLOG from PGI [7] and others. Download the data in most cases can be done in PDF
or in raster maps form.
Separately should mention about the possibility of appeal through the Geoportal to archived data. This task for
geophysical and geological mapping is particularly acute in mind the accumulation of large data volumes by Geological
Surveys and interest of specialists to these reports. The storing data on the geoportal accelerates the process of obtaining
the necessary information, as well as visually allows to estimate their location on the ground, comparing the information
with each other. From the considered GIS atlases most successfully cope with the task of Slovak Map Portal (SGIDŠ).
The portal allows user to receive both general information about previously conducted by surveys, and more detailed
information until the reporting documentation. This option makes the GIS atlas an indispensable assistant geophysics in
the planning of new surveys and for other tasks.
All atlases it is possible to create interactive maps, but in different ways. The print of current window with the entire
interface of the portal is the fastest way, because it requires some efforts to develop. However, almost all the above GIS
atlases have special ability to organize the layout of printed map sheet, for example, the addition of a compass needle,
numerical and graphical scale, print date, etc. The default format of a future map is PDF. For example, in the Finnish
GIS atlas user can select a file format, as well as its resolution in the case of the publication of the raster document. For
publishing maps from GIS atlas of Geological Survey of Sweden by SGU [12] a separate module Map Generator allows
to control the layout of the sheet process up to a choice of multiple scale and size of the printed sheet (Figure 2).

Figure 2. Dialog window «Extract Data» and «Print» in GIS atlas by GTK (left), Dialog window of interactive map
creation by SGU (right)
The interactive capabilities of GIS atlases, namely, the map zooms, switching layers to visualize, to obtain information
about the objects, coordinates, measure distances and areas, are improved the use of the portal, as these operations are
carried out on an intuitive level. The implementation of these actions in the analyzed atlases has some differences. So
not all the portals can obtain information about the coordinates of the current position of the mouse – the
implementation is available in half of the analyzed atlases. It is noteworthy that the coordinates are often presented in a
projected coordinate system. So British Geoindex Onshore, Swedish, Finnish portals and Norwegian Geophysics
Database (DRAGON) by NGU [9] are uses for data in national projected coordinate systems. Only the portal of the
State Geological Map Database of Russia, Geoindex Offshore by BGS and the Italian GeoMapViewer by ISPRA [8]
uses geographic coordinates of latitude / longitude.
Almost all atlases implemented tools to measure distances and areas (exception – Russian and Swedish GIS atlases, as
well as National Atlas of Spain, 2nd edition by IGN [14], which, in fact, not a portal, but is implemented as an electronic
version of paper version) and doesn’t give to user the function of unit selection (kilometers are default). However, in the
atlases of Italy, Poland, Sweden and the UK, it is possible to select units from a limited list.
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Another important element of the atlas interface is to provide background information about the object. This feature is
important for any GIS atlas, but in a special way, it is necessary for the geophysical atlases, because the information
user need to get on each object, whether it is profile, well or field value at a particular point. The implementation of
information is carried out in several ways: the selected object or group of objects on the frame (in most atlases),
specifying a buffer zone along the facility to obtain the information objects that lie inside (Polish atlas), a reference to
the maps metadata (atlas of Finland, Spain, etc.).

Cartographic representation of geophysical maps in GIS atlases
Topographic (general geographic) elements
The content of geophysical map as well as any thematic map is consisting of topographic (general geographic) and
thematic elements, and also elements of mathematical basis (projection, scale, etc). The visualizing information in
geoportals often doesn’t provide a thorough compilation of all elements, which ultimately affects the quality of the map.
It is important to understand that electronic maps should be created by the same rules and requirements as traditional
paper maps. The compliance of the generalization principles to a GIS atlases are even more acute than ever, because
now geoportals are implementing multiscale thematic mapping, and therefore general geographic basis elements (rivers,
lakes, roads, settlements, etc) suitable for small-scale display cannot be used for larger scale maps. This principle is
taken into account in the basic multilevel rasters (basemaps), which are actively used as a geographic basis element in
the GIS atlases, including geophysical GIS atlases. The most popular source of topographic elements – ArcGIS online –
is used in the atlas of Italy and the UK.
Despite the availability of such a geographical basis, the other geophysical atlases for GIS elements general geographic
content using their own state topographic base map. The use of these databases ensures compliance with the principles
of generalization and preservation of optimal graphic density of objects and graphic load on different scales. An
example is the base of Lantmäteriet (Swedish atlas), a digital topographic map of Russia (GIS atlas «Subsoil of Russia»
by VSEGEI [10]), and cartographic databases with a set of elements layers in .MXD format (Slovak atlases).
Cartographic bases for each scale are also used in atlases of Poland, Finland and Norway (Figure 3), but the source of
the information is not explicitly specified.
However, the use of topographic base maps should also take into account the subject of geophysical maps to ensure the
harmonization of topographic and thematic content. The fact that the geophysical maps imposes rather strict selection of
elements, to qualitatively show the distribution of geophysical fields in the contour lines form, while preserving
elements of the general topographic elements. The specificity of display of geophysical field by contours and color
levels with possible shading of pseudo relief forces to withdraw from the map terrain and vegetation, to thin road
network and settlements images, to selected hydrographic objects, etc. In the case of study maps on the contrary it is
important to show the nearest settlements, transport accessibility to the shooting profile or well, administrative value,
etc. I.e, the approach to the formation of general topographic (general geographic) elements should be selective and take
into account the purpose of map.
This principle partially implemented in only a few atlases. For example, in the atlas of Slovakia in the large-scale map
of study by electrical instead previously connected database of geographical objects used raster topographic maps
1:10 000. The atlas of Poland and Norway can interactively change the composition of the site-general geographic
elements, which certainly allows adjusting map content to fit map purpose.
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Figure 3. Topographic (basic geographic) elements at the different scale of visualization in GIS atlas of NGU
(Norway): 1:2 000 000 (left), 1:500 000 (center), 1:50 000 (right)

Thematic elements
The content completeness is directly influenced on thematic elements composition of geophysical maps presented in the
GIS atlases. Depending on the data template (raster or vector) different ways to cartographic display are applied. The
most common and reasonable method is the isolines (contours). It is supplemented often by background color steps
between the contours, which provide unique color scales [2]. The shading of pseudo relief is adding element of map
design. If the geophysical field displayed in a matrix form (grid) is used background color for the cell grid.
Accordingly, in such cases, the issue of harmonization of general geographic and thematic elements becomes even more
urgent. In particularly, there are no clear instructions for selection of contour interval to geophysical maps, depending
on the field nature, value distributions and morphological features of the fields, so now used irregular contour interval.
However, for example, in Italian GIS atlas contours of the gravitational field is provided with different leveling on
different scales – 10, 6 and 2 mGal at three range of map scale.
The informativeness of thematic basis and variability of its content is an important question. The magnetic field maps
and maps of study were the most diverse in their subject. For example, the maps of Z and T vector are in the Slovak
atlas, including grid representation; maps of another four elements of the total intensity magnetic vector are presented in
the atlas of Spain; maps of magnetic field derivative, magnetic anomalies are included in other atlases (e.g. Russian).
The study maps of almost of all geophysical exploration types are presented in atlases of Poland and Finland.

Mathematical basis elements
The mathematical basis element – map scale, map projection, layout of content – defines shape, arrangement and
measuring capacity of topographic and thematic elements. There are different guidelines for its formation in the
analyzed GIS atlases.
The map scale range of visualization levels for each atlas is unique since different geographical coverage mapping
territory. In practice, consistent order and arbitrary scale change are implemented. The consistent consolidation (step by
step) implemented the principles of generalization as mentioned earlier. The most comprehensive range of map scale
reflected in atlases of Sweden, Finland and Norway (11 different scales). The use of multiple scales provides continuity
of content and allows user to create high-quality reporting maps directly from the GIS atlas.
The visualization of all data in the GIS atlases carried in map projections optimally suitable for mapping the territory of
a particular state. As a rule, using of conformal projections is transmitted without distortion angles and directions. For
example, in the atlas of Slovakia implemented Krovak universal conformal conical projection on ellipsoid Bessel 1841,
in Swedish atlas – SWEREF99 TM / RT90, etc. The Russian atlases in mind a large extent the territory used by several
projections, particularly for small entities apply the projection Gauss-Kruger or the UTM, and for the length of the
territory are taken Equidistant Conic.
Another element of the mathematical basis – layout of content – directly affects the map data visualization. According
to the results of GIS atlases analysis it is determined that an image is used floating arrangement of the main area (atlases
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of Poland, Russia, Slovakia), linking with neighboring countries, thus preserving the continuity of space (Finland,
Norway, Spain, Sweden), or the world layout in general (Italy, UK).

Figure 4. Layout of content: left – whole country (Polish Central Geological Database), center – with neighboring
countries (Interactive National Atlas of Spain), right – whole world (Geoindex Offshore by BGS)

The ways to solution of geophysical GIS atlases
The analysis of the content and design of the existing GIS atlases allowed making certain conclusions on the current
state of atlas mapping in geophysics and identifying possible improvements on the basis of it.
11. The extension of maps themes and sections structuring – incomplete coverage of the whole variety of
geophysical fields was revealed on the results of the analysis. Gravity and magnetic field maps are most
common, while maps of remaining fields are not present in all atlases. The inclusion of other fields’ maps will
enhance the informativeness of atlas content, its functionality and application in integrated studies of
geophysical phenomena within a particular territory. Sections of GIS atlases should be clearly structured in
accordance with the classification of geophysical maps [1], and also should comply with the current level of
development of geophysical mapping.
12. The data presentation in WMS, WMF and WCS – today the data are presented in raster form in most atlases,
including a WMS, which limits the data analysis only visual method. The best option is expected formation of
cartographic databases for re-use of data and the WMF operating with vector data. Other data formats for
geophysical mapping can serve as a matrix form of grids in WCS format. Such a representation would enhance
the role of the GIS atlases as a reliable source of cartographic information with a view to medium- and smallscale geophysical mapping.
13. The development of GIS atlases as a storage tool – prospects of GIS atlases like atlas systems and databases
lies in addressing the problems of collecting, storing and processing large amount of data, which include
geological and geophysical data. Active implementation of cloud technologies to form a geoportals will enable
not only to store archived data, but also to the remote interactive access to speed up the process of obtaining
information and its use in research.
14. The extension of interactive map creating possibilities – the formation of report maps on the basis of data from
the atlas is another promising way for improving the functionality of the GIS atlases. The analysis showed that
today already have a realization of automated map layout creating. This process can add new features, such as
allowing user to change the position of the maps elements at its discretion.
15. Interface GIS atlases development – interface directly affects the interactive possibilities of GIS atlas. The
obtaining of metric, geographic and other background information, which is now realized in not all of atlases.
The interface improving in this field will allow the user to better navigate in the electronic space, it needs to
obtain background information to conduct spatial analysis of data, etc.
16. Creation and using of specialized topographic base elements – it is proposed to form the basic cartographic
database, which can be used to create topographic elements on different display scale levels, taking into
account the image graphics load the and the specifics of display topographic elements on the geophysical
maps. The national topographic base maps with minor adjustments in content depending on the type of maps
can be used as such databases. It will implement the principles of the traditional atlas mapping with
preservation of consistency and unity as the general geographic and thematic content.
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17. Optimization of selecting contour intervals and map design – the thematic content should be carried out in
accordance with the experience of the global geophysical mapping, such as selecting contour intervals and
color scales for isolines geophysical maps. The consideration of these factors will significantly improve the
visibility of the transmitted information.

CONCLUSIONS
Technologies of geoinformation atlas mapping are used extensively in the field of geophysical mapping, whose interests
include the display of data on the Earth's geophysical fields at both the global and local levels. Given the specificity of
presenting data in the information space, GIS atlases may include more information and provide the user with an
interactive control content of atlas. The analysis of existing GIS atlases geophysical subjects revealed a good level of
use of new technologies for mapping geophysical data visualization, storage and accessing the metadata, as well as for
operational creating of geophysical maps. Most of atlases include a narrow range of themes for maps, the most common
of which is the distribution of gravitational and magnetic fields on the mapping area. Many atlases provide information
in raster form, which allows for data analysis only visual means.
GIS atlases interface provides multilevel representation by changing the display scale, the choice of site-specific data
from the tool highlighting areas of interest, and also provides access to the metadata. Other tools allow user to prepare a
map displayed on the screen to print a paper version.
The development of multiscale electronic atlas geophysical mapping is one of the priority tasks of this branch of
thematic cartography, as new technologies make it possible to obtain relevant information about the geophysical
processes that directly affect both the geological structure of the Earth, and the human activity. In this direction, the GIS
technology allows geophysical mapping to reach new heights.
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Abstract
Toponymic researches of the map contents are the most important at national and regional level. The names of the
geographical objects have not accidentally emerged. Rather, they reflect the culture and history of the people.
In this paper the key concepts that connect cartography and toponymy are discussed. A critical analysis of the register
of geographical names in Bulgaria that includes toponyms mechanically carried over from the maps of the restored
ownership of agricultural land in the country is made. As a result, our cadastral and topographic maps abound with
names of geographical sites of Turkish origin. Examples are given of such geographical names and proposal for their
change.
With this brief overview of toponyms we do not attempt to interpret the problems of their origin, which is a task of the
linguists in Bulgaria, but rather to show our national self-confidence to the future generations with the cartogaphic
heritage that has been left.
Keywords: toponyms, register, map, cartography.

INTRODUCTION
The reading of the geographic and especially the topographic maps is the most significant feature that distinguishes
them from other images of the Earth's surface such as photogrammetric and space photos. These images do not include
names that identify and explain the objects depicted on them. Unlike them the graphic and background elements of the
map are indicated with their names. They facilitate the reading and help to identify the objects on the maps. The
geographic nomenclature includes names of localities, administrative units and settlements, as well as those of natural
objects such as oceans, seas, rivers, lakes, mountains, deserts, woodlands and more. All these names are summarized
under the general term toponyms.
The toponymy is a branch of the onomastics dealing with the study of the names of the geographical sites. The
Bulgarian onomastics has established itself as an independent linguistic discipline [4]. It is a valuable source of
information about the origin and meaning of the proper names in Bulgaria and is associated with other scientific
disciplines - cartography, geography, history, archeology, ethnography, folklore, cultural studies, sociology, aesthetics
and more.
The toponymy as a scientific direction has formed and established itself for unusually long time, but a quick boost in its
development is marked from the middle of the twentieth century onwards. The term “toponymy” derives from two
Greek words topos - place and onyma - name. The toponymy deals with the geographical names in both the theoretical
and the applied aspect. The geographical names tell a lot about the history and the culture of the area and even about the
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people associated with it. The territories are named not only after their topographical features, but also after local
historical events, important personalities, ethnic, religious or literary reasons and other events. The most important
practical use of a name is its inclusion and placement in the map.
Important scientific task is the analysis of the relationship between the toponymy and the cartography. The cartography
is the science of mapping and spatial research, mutual relations of the phenomena in nature and society, as well as their
changes with time. Therefore, the toponyms also have spatial distribution.
During all stages of the cartographic work, including the use of the map, the consideration of the geographical names is
required. The selection of the toponyms usually is performed by a specialist in the field of the geographical names.
Therefore, he or she must be familiar not only with the graphical aspects of the names in a map, but also with their
linguistics. When we design maps for the territory of Bulgaria (a country with one official language) specialized
linguistic skills are not required from the cartographer.
When designing modern maps (especially tourist maps) for convenience often two languages are used – of the country
producer of the map and a foreign language (mostly English). This requirement is also imposed on the presentation of
cartographic materials in different European institutions.

THEORETICAL NOTIONS
Etymology of the toponyms
The etymological analysis of the geographical names aims to clarify their origin. In the history of the Bulgarian
onomastics the origin of a large number early Slavic, Bulgarian and Turkic toponyms is explained [4]. With the
etymology of names in Bulgarian lands deal both Bulgarian and foreign scientists (M. Drinov, K. Irechek, H. Shkorpil
A. Salishtev, S. Mladenov, etc.).
With the etymological analysis and to the extend it is possible are established the historical prerequisites for the
occurrence of the name.. In Bulgaria the ethnic and linguistic boundaries do not always coincide with the political
borders. [4] The reason for this is the multiple change of the Bulgarian borders as a result of wars and the migration of
the Bulgarians. For the same reason the toponyms in the Bulgarian border areas show the inextricable link of the
population on both sides of the state border. For example, in some villages around the Danube River live small sized
Vlach population and in the southern regions are found vague traces of Greek influence because in the past these
territories were inhabited by Greek population. The southwest areas in Pirin region prove the opposite example. The
toponyms here fully possess the traits of Bulgarian speech. A serious scientific analysis (Die Slaven in Griechenland of
Vasmer 1941) proves the former presence of a compact Slavic population in Greece and the Aegean Islands. A
significant place of the toponyms that are distributed over the entire Bulgarian territory have Early Slavic origin. These
geographical names have not changed over the centuries, regardless of the change of ethnic groups and peoples.
The contemporary etymological studies are analyzing not only the initial form of the forename (adjective, verb) but also
the word formation aiffixes (prefixes and suffixes). The phonetic, morphological and the dialect form of the Bulgarian
language or foreign languages are also taken into account.
A geographical name can be a simple name (Sofia) or composite name (Stara Planina). In the composite name one part
is called a common element of the toponym and describes the geographical character of the place or its location. It can
be seen as "family name": harbor, mountain, river or cliff.
The other part is a specific element and forms the "personal" or the given name of the place. In many toponyms both
elements, the specific and the common parts are combined into one word, such as Blagoevgrad. Often the common
element of the composite toponym does not specify the nature of the place and is called false element. For example, Rio
de Janeiro (means January river), but is actually a deep bay.

Standardization of the geographical names
Definitions and general rules for standardization
The cartographic symbols in the topographic maps partly look like the geographic objects and can be understood also
by the map user even if he or she does not know the language in which the map is published. On the other hand one
name is a "foreign" element in mapping because from graphical point of view the names are not symbols - analogues
and are not universal, and originate from different languages and writing systems. The differences in the languages
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make the communication difficult. This is also applicable for the geographical names. Therefore, to improve
communication between cultures, people and countries appeared the need for some standardization.
The first international conference on geographical names, organized by the United Nations (UN) was held in Geneva in
1967 and a resolution that sets the need, goals and objectives of the standardization was adopted. The Conference also
recommends that each country has to set up a national institution responsible for the geographical names. The principal
task of this institution is the approval and ratification of one name for a certain location. Such name is called
standardized name. Thus is avoided the naming of the geographical locations with the same name. With no doubt maps
are the best means of disseminating standardized geographical names.
To be effective the standardization takes place in two stages. The first is the national standardization, and the second is
the international standardization.
The national standardization is a necessary step towards the international standardization. The main goal of national
standardization is to build a system of precisely defined, normatively established national names. National
standardization must resolve two problems. The first is the choice of a name; especially if there is more than one for a
particular geographic site. The second problem concerns the written form of the name. The spelling of the name
includes all special extra characters like hyphen or apostrophe.
The international standardization is applied by the international institutions. These are the conferences of the UN for
standardization of the geographical names where groups of experts gather to discuss key issues, which subsequently are
offered for discussion and approval by the UN. Discussed topics of recent years cover the development of the national
institutions responsible for the creating of databases of geographical names.
Like the national and the international standardization deals with the problems of the selection of standardized names
and their written form. It is known that many geographical names cross political boundaries. A good example is the
Danube River which has different names in the countries through which it passes. There are names of seas and oceans
and coastal sites which are located outside the territorial waters of a country. For such objects it is appropriate to apply
one and the same name. Now the efforts to standardize those names are weak, mainly due to political reasons of
national pride, feelings and emotions. The example of Denmark, Norway and Sweden agreeing with the only
standardized name Skagerrak for the strait between them shows that it is possible.
So far in the practice every important topographic site located entirely in one country is printed in most world atlases
and maps with only a basic name (endonym) and its translation in brackets or written in smaller font. The endonym is
the local (formal) form of a toponym. The term “endonym” has Greek origin. It consists of two words ἔνδον (éndon)
with the meaning "within" and ὄνομα (ónoma) - "name".
If the object passes political boundaries and especially if it has different names in different countries or if it lies outside
the territorial waters of any country, the standardization “exonymisation” or translation of language - purpose of the
atlas or map are applied. The exonym is an informal name for a topographic object that is given from a linguistic
society or group situated outside the state in which falls the site. The term "exonym" derives from the Greek suffix ὄνομα (ónoma) with the meaning "name" and the prefix ἔξω or (exo) "out."
The reasons for the existence of unofficial names (exonyms) are mainly historical. In many cases, the travelers or
conquerors gave names of geographical objects in their own language that already have local names. These names have
remained in use in their own countries. One of the most famous names is the Earth´s hightst mountain Everest, named
after the British topographer and the Surveyor, known also as Zhomo Langma in Tibet and as Sagarma in Nepal.
Sometimes, as in this example, the foreign name may become the traditional name.
Another reason for the use of unofficial names is associated with difficulties with the pronunciation of foreign names.
There may be alternative names (allonyms) for a topographic object. Then you need to decide which of them will be
accepted as official.
The second aspect of international standardization affects the written form of a name. It should be noted that the names
in the different cultures are written in different writing systems. A large number of the printed world maps and atlases
are published using the Latin alphabet (also called Roman alphabet). Every country whose language has other writing
system than Latin one, adopts a separate method to transform its own alphabet into Latin. In mapping of foreign
territories are used the basic principles of transcription, in rare cases transliteration and translation for the transmission
of foreign geographical names by the means of their own writing system.
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By definition transcription is simply a phonetic transformation of a name from one language to another or the accurate
and complete transmission by letters and characters of the spoken sound form of the foreign names. Additional graphic
signs called diactric marks or special letter combinations are not used.
While the transcription converts one name phonetically from one language to another, the principle of transliteration
seeks to exactly deliver the foreign written form, not the spoken one of the names by letters from the native alphabet. In
contrast of the transcription, the transliteration is a reversible process. This gives the advantage to stick to the original
sounds with diactric (secondary) marks. This requires a list of rules for transliteration to serve as a guide to
pronunciation.
The romanisation represents a special case of conversion of names from local to Latin alphabet and has the advantage of
being universal. For example, a tourist country with a Slavic alphabet as is Bulgaria is good to print maps for tourists in
Latin.
Another method of transformation of the geographical names is the translation of the names. First, it applies to the
general element of the name. It is used partly for topographic objects that transcend national borders and large area
objects. One example is the Pacific Ocean, where Pacific means quiet (pacifico in Portuguese). In other cases the whole
name is translated. For example, Mer Noire is the French name for Black Sea in Bulgaria.

Classification of the toponyms
Unified classification of the geographical names is still no established. Names can be classified by different attributes,
but most often by: the type of the geographical object (river, settlement, etc.); language; history; structure (simple,
derivatives, complex and composite) and coverage of the territory.
On the problems of the toponym classification in Bulgaria have worked local as well as foreign researchers, for example
Gudev, Ishirkov, Zahariev, Mikov, the brothers Shkorpil and others. Their classifications are later part of the studies of
the Bulgarian onomasts that expand and diversify the types of toponyms. Their works are of great importance, both
from historical and ethnographic perspective, as well as for the establishing of the origin and meaning of a large number
of Bulgarian toponyms. The most modern analysis in the field of the etymology, onomastics and sociolinguistics of
Slavic and Balkan linguistics belongs to the famous Bulgarian scientist and researcher Liliana Dimitrova - Todorova. In
her work [4] are shown the main branches of onomastics. Essential for the cartography is the toponymy. Therefore, here
we will point out the different types of toponyms depending on the type of objects examined: Hydronymy - names of
bodies of water; Oikonymy - names of settlements; Oronomy - names of mountain sites; Agronymy - names of various
plots of land; Dromonymy - Names of forest areas; Urbonymy - names of all types of objects in the human settlements
(streets, neighborhoods, etc.).
Very often are found locality (terrain) names used to name the uninhabited stretches of land. The experts in onomastics
divide these names into two types: agronymy and dromonymy. The terrain names very often are placed in the group of
oronymy and hidronymy [4]. Perhaps for this reason terrain names are not segregated in a separate group.

ORIGIN OF THE BULGARIAN TOPONYMS
Toponymy is a heritage that must be studied. A large number of tribes and nations have passed through the Bulgarian
lands from ancient times to the present day. Settlers in the Bulgarian lands (Thracians, Greeks, Romans, Slavs, Bulgars
and others.) have left behind some toponyms that have shown exceptional resistance over time. Simultaneously, each
new group of settlers changed or modified the local names. Therefore, the specific names of the geographical objects
have different origins. From a historical point of view it is good to know about their origin because they hide deep
emotion while studying the native land and the history of civilizations that inhabited our land.
Ottoman domination from the 14th to the 19th century has strong influence on the toponymy in Bulgaria. The presence
of toponyms with Turkish origin on Bulgarian territory, even in areas where currently there is no Turkish speaking
population can be explained as follows. After the liberation purchased properties from emigrants in Turkey are recorded
in the new document of ownership with the old names taken directly from the old documents. Thus, today in villages
with enritely Bulgarian population remain local names of Turkish origin.
Showing the historical facts about the diverse origin of the toponyms does not mean that the names of the geographical
objects which are connected with Bulgaria must remain with foreign names and are not subject to updating.
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LEGISLATION RELATED TO THE GEOGRAPHICAL NAMES IN BULGARIA
The status of geographical names is quite different from a legal or normative point of view. Even in countries where
there is a national authority on geographical names the legal status of geographical names is not always given. In few
countries the geographical names are protected by law. This means that in these countries one name cannot be changed
in an official document such as topographic maps or lists of national geographical names and reference books without
the intervention of a legal authority. In other countries, one name has legal status if ratified by the State Commission on
names and only legitimate court may change that.
Since the beginning of the 20th century in Bulgaria have been published a large number of laws, decrees and ordinances
with the naming and renaming of geographical objects such as settlements, streets and sites of national importance and
more. Subject of the Bulgarian standardization now is to establish standards for the transmission of the foreign names in
Bulgarian language and the Bulgarian names in Latin, as well as their spelling. These rules apply for their given names
as a whole, where most of them are geographic names in the maps.
The ordinances for the conversion of foreign geographical names are based on the principles of transcription [7] and in
rare cases on transliteration [6] and translation.
Ordinance № 6 of 06.12.1995 [7] sets the mandatory rules for the transcription and spelling of foreign names in
Bulgarian language. The rules define how to phonetically convert foreign unusual for Bulgarian literary language
sounds and letter combinations in accordance with its rules.
Since 1999 in Bulgaria is widely applied new system of Romanization. It was adopted by Ordinance for transliteration
of the Bulgarian geographical names on October 26, 2006 [6] and later extended by the Law on transliteration in 2009
[1]. The law establishes a system of rules to transmit letters of the Bulgarian alphabet by Latin letters. The system of
transliteration and the rules adopted in the law aim to facilitate the international electronic exchange of information. The
cartographic activities must also comply with the requirements of this law.
The new Romanization system of Bulgaria is presented and adopted as an international system for Romanization of
Bulgarian geographical names on the Tenth Conference on the Standardization of Geographical Names of UN, held
between July 31 to August 9, 2012 in New York, USA.
The names of well-known geographical objects entered gradually into the Bulgarian language from the founding of the
Bulgarian State to the present day, are transmitted in the traditionally inherited form. For example, Rim (Roma), Praga
(Praha), Parij (Paris).

REGISTER OF THE GEOGRAPHICAL NAMES IN BULGARIA
One of the tasks of the Council on spelling and transcription of the geographical names is to prepare a final list of
geographical names in Bulgaria. These names are already entered into database of the toponyms (register). As a basis
for its creation are used different sources. The best sources for geographical names are the existing maps. Other sources
are different lists of names. Such lists are owned by the administrative authorities, tax authorities, religious councils and
others. Particularly good sources of geographical names are the cadastral registers. In the process of repossession of
agricultural land in the country a valuable source for the location of the field property proved to be the names of the
localities from inventory - declarations of nationalized property in the mid 50s of the 20th century.
As a first attempt to establish a register of geographical names in Bulgaria is considered the scientific development
"System to search for geographical names," of the former "Cartography Ltd" back in 2000. In this system the names are
arranged in groups. The main groups are: 1) name of the object; 2) type of object (city, village, country, mountain, river,
lake, etc; 3) location – in the district, municipality, land of settlements and geographical coordinates. The idea of this
work was finally realized when in 2012 with EU funding a register was established. In it the geographical names in the
Republic of Bulgaria can be stored and updated. (http://geonames.cadastre.bg).
With the help of specialized software accurate and rapid information on geographical names can be extracted, collated
and edited from the database. Important is the option for updating and supplemting the information in the database.
To establish a register the following sources are used: digital model of the map of restituted property; topographic maps
at a scale of 1: 5000, 1: 10 000, 1: 25 000; data for the geographical names; catalogs, registers and more. At the time of
its creation in the register are entered a total of 258 429 geographical names (http://technologica.com/docs/world-gisday-presentations/регистър-на-географските-наименования---агенция-по-геодезия-картография-и-кадастър.pdf).
Of these the largest number are the localities - 220 632, followed by peaks - 11826, villages – 4955, rivers – 4832,
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neighborhoods - 4316, fountains – 2572, mounds - 2365, springs – 1290, wells -902, a residential districts - 488, hills –
337, protected areas - 330, natural attractions - 264, religious buildings - 254 and others.
The user interface (http://geonames.cadastre.bg) offers simple and advanced search of geographical names - simple
search by written geographical name and expanded by various parameters: name (official, alternative or old name);
code / type of the geographical object; code / name of the populated place; code / name of the orographic object; code /
name of the hydrographic object; code / name of the source.
As a search result for the geographical name is displayed the geographical object on the map. As a search result for the
name the following information is displayed: name of the geographical name (official, alternative or old names);
transliterated name; type of the geographical name; name of the populated place (code); municipality; nomenclature of
the map sheet in scale 1: 5000 in a “Coordinate system 1970”; nomenclature of the map sheet in scale 1: 5000 in a
“Coordinate system 2005”; source of data; belonging of the object to а geographical area.
The system allows searching by cadastral identifier. Geographical coordinates are displayed for a point in the object.
The types of the geographical names in the register are identified by the code and are classified in groups:


Administrative division (code NA) - includes geographical names such as: state, district, municipality and
others;



Populated places (code NB) - includes names of capital, regional and municipal center, town hall, village,
residential districts and neighborhood;



Orographic objects (code NC) - includes names of mountains, plains, a mountain peak etc.



Hydrographic objects (code ND) - includes names of river, lake, fountain and more.



Administrative, economic, cultural, sports and tourist sites (code NE) - includes names of administrative
building, an industrial area, road, airport, tunnel, street, resort and others.



Protected areas (code NF) - includes names such as national park, reserve and others.

The developed system for the search of the geographical names is a positive step to create a database of toponyms. Of
course, this register will be updated and enriched with new names. The main problem is connected with the changing of
the official names of the objects from the register because they are carried over to the maps.

TOPONYMS IN THE MODERN MAPS AND THE INFORMATION SYSTEMS
In the last decade of the 20th century in Bulgaria were carried out reforms in various areas related to the regulation of
public relations. One of the first normative acts adopted by the National Assembly is the Law of the ownership and the
use of the agricultural land which addresses and clarifies the land relations in Bulgaria. This was followed by a number
of other related laws. In 2000 is adopted the Law on Cadastre and Property Register. As a result of the multiple changes
of the Normative Acts and their application a huge volume of digital data has been generated - the basis of various
information systems, including the cadastral. The following were created:


digital model of the territory of agricultural land;



digital model of the territory of the land and forests from Forest Fund;



digital model of the territory of the land according §4 of Law of the ownership and use of agricultural land;



digital model of urban areas.

In early 2003 started the implementation of the project "Cadastre and property registration", financed by the World
Bank. The main task in creating of the cadastral map and the cadastral register is to unite the created digital models of
the territory of the land and to subordinate them to the requirements of the Law on Cadastre and Property Register.
In the process of creating maps of the restored ownership of agricultural lands a difference in the names of localities in a
given area was confirmed. Following the methodological guidelines the designers chose the most common name for a
locality in the relevant territory. In very rare cases as basis were used cartographic materials. (usually a map of water
syndicates). So the main source of the names of the localities was the inventory - declarations of the imported lands in
co-operative farms and tax returns. In many cases a lot old notarial acts written in Turkish were used. For this reason in
the maps of the restituted property a lot of names with Turkish origin especially terrains remained. They are entered in
the register with the status of official (traditional) names.
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The problem with the locality names is discussed in detail by the Acceptance Commissions but unfortunately it did not
find support and resolution by the responsible institutions. The main objective of the report is to provide some
recommendations for amendments of the mechanical transmission of archaic names, incomprehensible from the
contemporaries.
It is recommended the Agency of Geodesy, Cartography and Cadastre to review all names of localities, mountain peaks,
mounds, hills, rivers, etc. and where possible to make translation or propose another name from the modern Bulgarian
language. Furhter it is recommendable these names to become official, and other names that are known for that object
(in documents and old maps) to enter the group of names. Most of the names have wonderful Bulgarian translations, as
we will mention later.
We are aware that not all geographical names can be changed. Many famous geographical objects are recognizable
from the past with their present name,- suitable example is Musala. Here it comes about changing the names of many
unknown and smaller tributaries of the rivers, small mounds and especially localities. We do not believe that such
changes will create problems with the notarial acts of the returned lands and forests. Most of the owners have Writs for
entry into possession and these documents have the force of notarial acts. If such changes are necessary, then the
Offices of Geodesy, Cartography and Cadastre could certify the identity of different names as is the established
practice. A bigger problem will occur if we leave the abundance of Turkish names to be transferred from the maps of
the restored ownership on the cadastral maps and especially the topographic maps.
Currently the cadastral maps for the major cities are fully completed. For now the rural areas have maps of restored
ownership. It is known that there are ongoing procedures for creating cadastral maps of all lands of settlements by
combining the existing digital database for the whole territory of Bulgaria. In this way will be fulfilled the provisions of
the Law on Cadastre and Property Register. Now is the time to replace many terrain names with appropriate Bulgarian
ones.
Also there is a new ordinance for the creation and maintenance of large-scale topographic map and a digital model of
Bulgaria [8] as well as new symbols [9]. Modifying of all topographic maps in accordance with the "Bulgarian Geodetic
System 2005" (BGS2005) [2] provides a good opportunity to change some geographical names in all cartographic
materials. As a rule, the traditional forms are replaced when the geographical locations have received new names. By
editing the register gradually the traditional form of less famous names will be replaced by modern official form. For
implementing these changes is necessary a normative document that regulates the terms and procedures for the selection
of suitable names.
Partial study has been made to identify terrain names (peaks, localities, rivers, wells, etc.) of Turkish origin that have
entered as official names in the register. There are single part and multiple part names. Only some names that have
entered in the register and their translation in brackets have been presented [3, 5]. For the spelling of the words is
observed the rule for transliteration:


Gyol and its derivatives (Marsh) - 1711 examples for the names of neighborhood, river, fountain, lake, spring,
peak and locality;



Tepe and its derivatives (hill) - 1663 examples for names of mountain peak and locality.



Chal (grassed peak) – 1074 examples for names of village, mountain peak, spring, river, and locality;



Burun (forested peak, large hill) - 566 examples for locality names;



Kaleto (fortress, stronghold) - 400 examples for names of fountain, mountain peak and locality;



Kyoy and its derivatives - 394 examples for names of a river, mountain peak, mound and others;



Bahchata (orchard or vegetable garden) - 224 examples for names of neighborhood, island, mountain peak and
locality;



Azmaka (fen, moor) - 181 examples for names of a river peak, mound and locality;



Gyurgena and its derivatives (hornbeam) - 148 examples for names of village, river, mountain peak, fountain
and locality;



Alchaka (low spot or low forest) - 114 examples for names of mountain peak and locality;



Bunar (well) - 122 examples for names of mountain peak, fountain and locality;



Benta (barrier of river) – 77 examples for names of hill and locality;



Kavaka (poplar) – 75 examples for names of fountain, mountain peak and locality;
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Kyunka (tube) - 28 examples for names of fountain, spring and locality;



Karadere (Black coomb) – 27 examples for names of mountain peak and locality;



Pamukchi (cotton)- 24 examples for adjective names for a neighborhood, village, well and locality;



Kozludzha (low coomb) - 19 examples for names of a locality;



Andaka (hole) - 18 examples for names of a locality;



Dzhumayata (holy Friday) - 13 examples for names of a locality;

The list can be extended further with many names with similar origin (Bashchata, Haydar, Seid, Bitlidzha, Ayvala
Tarla, Tursuna, Karadag, Shabana, Kasar, Samura Kaindzha, Syulyuklyu gyol, Karadza dag, Usurganya etc.). Despite
the small number these examples show the abundance of names with Turkish origin in the register of geographical
names listed as official names. Many of these words have been dropped out from our vocabulary however they continue
to persist in our maps.

CONCLUSION
The Bulgarian language is constantly changing especially in the context of globalization. There are new foreign words,
mostly technical terms related to the development of information technology. The replacement of Bulgarian word with
foreign ones, the widespread use of Latin by the national TV channels, the advertisement and the commercial outlets
does not seem to impress anyone. Even Bulgarian politicians use imported English words that have elegant and fine
toned Bulgarian counterparts. The foreign words have entered our daily lives to such an extend that we even forget that
there are Bulgarian analogous for them.
The language and culture of a nation are the most valuable wealth. Across Europe, there are tough measures to protect
the national language, while in Bulgaria there is not even Protection Act for the language. This is the job of the
politicians, but certainly the active participation of citizens and intellectuals is required as well.
With the replacement of the foreign geographical names on the maps with their Bulgarian analogues we will not
obliterate the history of Bulgaria. Rather this will show high level of professionalism in the Bulgarian cartography, and
this is also associated with the debt to protect the purity of the language. We believe that political measuements are
needed in the naming of geographical objects in Bulgaria in order to preserve our national self-confidence. The
recommendations given here also express the true opinion of the authors.
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Abstract
In France, we can list more than 4 million kilometers of networks (buried or aerian ones) and around 100 000 network
accidents during construction works. Some important accidents involving networks and especially buried ones happen
all around the world (Table 1).
Table1: Examples of pipe accidents
Town

Date

Causes

Damages

Dijon (France)

12/1999

Break of a gas pipe

Ghislenghien (Belgium)

07/2004

Beijing (China)

11/2013

Damaged pipe because of
previous work
Rupture of an oil pipe

East Harlem (USA)

03/2014

Gas leak

Ludwigshafen (Germany)

10/2014

Excavation in the vicinity
of a gas pipe

11 people died
3 seriously injured
25 people died
150 seriously injured
63 people died
150 injured
8 people died
70 injured
1 people died
10 injured

To prevent such accidents, new french regulations enter into force. The assistance for construction contractors to
implant some new pipes is an interesting and appropriate research. This study deals with the creation of a software
able to link the regulations and the geographical network information taking all their data into account (such as
coordinate precision, security area, topological relations and so on). This software should be a tool for decision
support on the borderline between a Geographical Information System and an Artificial Intelligence tool.
Keywords: Artificial Intelligence, Expert System, Network Regulations, Pipe Damages, Network Security

INTRODUCTION
Disasters like the ones that happened in Ghislenghien (Belgium), Ludwigshafen (Germany), or Lyon (France), have
been attributed to an excavation in the vicinity of gas pipelines. Leaks can also happen as a result of an ageing gas
network whose pipelines may corrode and rupture (by example in East Harlem, in U.S.A., and in Dijon, in France) or
climate event, as it was the case in the destruction of New Orleans gas network after Hurricane Katrina in 2005. Such
tragic occurrences push to increase the security level. A preventive strategy must be adopted to reduce them. That’s
why it is necessary to create a software able to verify the good implementation of the networks (Figure 1) taking
network geographical data into account.

Figure 1: Network implementations (cnig.gouv.fr)
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OBJECTIVES
Pipe implementations have to meet several security device criteria to prevent accidents. For example, sanitation
networks have a minimal inclination in order to ensure a good rate of flow and the water pipe depth must be upper than
the frost one. For the dangerous ones, as it is the case with high pressure gas pipelines or petroleum ones, it is necessary
to acquire a large security area.
The French current network regulations (Multifluide and DT/DICT) are explained in the next section. Thanks to these
new regulations and the network geographical data, the developed software must :


determine the best implementation rules for a network,



control if a buried network respects current regulations according to its characteristics,



inform about the expected security device implementations.

Such a study could ensure a best knowledge about the networks and a security improvment.

WHY ARE THE URBAN NETWORKS MODELIZED?
Network accidents
The existing networks, the labyrinth of pipelines, big and small, which transport electricity, water, gas…, from wellhead
to home, are important and getting more important. If pipes are one of the safest methods of transportation for
conveying hazardous substances, the loss of containment following a pipeline fracture or accidental release could have
disastrous consequences.

Figure 2: Picture of the Ghislenghien’s explosion (From http://www.lessentiel.lu/news/story/28204100)
In the following table, some of the most important pipes accidents are reported:
Table2: Examples of pipes accidents
Town

Date

Causes

Ghislenghien (Belgium)

July 2004

Damaged pipe because of previous work

Bondy (France)

November 2007

Unlisted pipe

Lyon (France)

February 2008

Works near a gas pipe

Plaine de la Crau (France)

August 2009

Break of a hydrocarbon pipe

Sablé sur Sarthe (France)

July 2012

A mechanical digger damaged a gas pipe

East Harlem(USA)

March 2014

Gas leak

634

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

That’s why it is necessary to acquire and control the 3D information on the different city networks, especially for buried
ones in connection with the modernization, maintenance, inspection and elimination of accidents, as well as for access
to their location.

The Buried Network Regulations
This work is based on the French regulations about buried networks. They are called “Arrêté Multifluide” and
“Réforme DT/DICT”. The “Arrêté Multifluide” deals with the security characteristics to establish security devices
concerning the dangerous networks (such as high pressure gas pipelines), and the “Reforme DT/DICT” is referring to
the security area around a network and, more especially, when its coordinates have an important uncertainty. These
regulations represent the basis of the rules-data-set of the Expert System developed in this Software.

HOW ARE THE NETWORKS MODELIZED?
The network representation as a graph
Due to the existence of a multitude of underground networks that overlap or intersect, it is important to identify, collect
information and study the uncertainties and the topological relations of each network in the vicinity of the other pipes.
This paper deals with the characterization and the structure of the relations between the networks and their
representation.
The 3D nature of cities causes data to mount up. On one geographic spot the data may record different networks. That’s
the reason why we focus on the representation of geomatic applications. One of the usual representations is the graph.
According to the theory, a graph is composed of Vertices and Edges with pair wise relations. Thanks to a succession of
Arcs, each of them being defined by two Vertices, a network can be considered as a graph. Each Arc supports Auxiliary
Points (cutting this Arc in Segments). In the same vein, we may add some Furniture (such as manholes for a water
network, or street lighting poles for the electric one) between these Auxiliary Points, cutting the Segments in Sections
(Figure 3).

Figure 3: Graph representation
Another representation of the graph structure is possible with the HBDS [1] one (Figure 4). This method (HypergraphBased Data Structure) gives the data structure from the phenomena structure. Each element can be represented as a
class, an object, an attribute or a link, such as an arc which is an object of the arc class, and so on. In this study, each
class depicts an element of the graph (Arc, Section, Vertex, Auxiliary Point -which belongs to the arc but isn’t a Vertex,…). The HBDS structure enables the illustration of the relations between these classes (for instance, Arc "is composed
of" Vertices, Segment "supports" Supplementary Points, ...).

Figure 4: HBDS Graph organization
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The network uncertainties
The buried pipelines can be depicted, without considering the vagueness or with blur (cf. next figure).

Figure 5: Pipes representation: (a) without blur, (b) with coordinates uncertainty, (c) within the security area, (d) pipe
within security area and the uncertainty area

AN ARTIFICIAL INTELLIGENCE TOOL ABLE TO GIVE THE NETWORK IMPLANTATION
CHARACTERISTICS
Why an Artificial Intelligence tool?
The implantation of a new network involves taking care of the environment and more particulary the buried one. That’s
why the modelization of the underground is necessary. The French regulations engage in identifiing the position of the
underground networks before realizing some roadworks. That’s why we often see some marks on the pavements and
roads to show the network positions (Figure 6).

Figure 6: Photography of network position marks in Paris
Taking the network geographical data into account requires to have a tool able to generate new information from an
important data base. This tool needs a large range of data and the current regulations to provide the users the most
precise answers to implant a new network in a very occupied underground. An Expert System can consider a lot of data
to give the administratives or the concessionaries an answer thanks to a rule base linked to the regulations. That’s why
the creation of an Artificial Intelligence tool seems to be the right choice.

General Principle
The development of an Artificial Intelligence tool contributes to the challenge providing the users and consumers a
unique tool set able to:


determine the fluid classes,



define the kinds of pipes,



inform about the required standards associated with the networks characteristics,



assess level accuracy and so define the risks of damage.

These various forms of data contribute to the challenge of running and achieving the programs, according to the user’s
requests.
This Expert System is composed of a Fact base (on the user’s knowledge), a Rule base (determined by the current
regulations) and a main function able to link these elements.
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Figure 7: Expert System structure
Some rule examples are shown in this paragraph. In an Expert System[6, 7], a rule is an expression composed by facts
connected with some logical operators (And, Or,…) and can concern:


materials for a kind of pipe
IF the pipe is for telecommunication
SO the warning materials must be green



building rules
IF the pipe is carrying gas
SO the minimal depth is 0,30m



security rules verifying whether two networks are impacting each other or not
IF a plumb pipe is carrying gas
AND a pipe is carrying warm water in the surroundings
AND both pipes are parallel
SO the distance between the pipes must be greater than or equal to 3m
Algorithm 1: The Expert System Algorithm


RuleValue 0 
TYPE == gas ?
SECURITYDISTANCE ← 0,20m (exept if warm water is in the vicinity) ;
WARNINGCOLOR ← Yellow; …
|
TYPE == electricity ?
WARNINGCOLOR ← Red; …
|
…
!

RuleValue 1 
TYPE == gas && MODE == distribution ?
WARNINGMATERIAL ← marker || flush …
|
…
!
…

!
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RESULTS
Who could be interested in?
A lot of trades are implied when a new pipe is on working: network concessionaries, urban and rural districts,
construction contractors, public area managers, and so on. In fact, to implant a new network, a lot of information are
required, such as :


the kind of pipe



the type of transported fluid,



the implantation area data (the other pipes in the vicinity, the soil characteristics, and so on),



the situation of the yard and its hold on the ground,



the current regulation about network security (minimal distance between two pipes, coordinate uncertainty
determination, and so on).

Risk cartography examples
The implantation of a new network requires to verify if the network characteristics are in line with the current French
regulations:


the specific characteristics of the future network (such as security device color, minimal diameter,…),



the minimal security distance with the other pipes in its vicinity,



the minimal depth proposed in the regulations.

What should be the network characteristics?
The rule base of the Expert Sytem is linked to the current French regulations, which give a lot of implant characteristic
obligations. To get these informations, the software requires some data such as the kind of pipe, the requested data,…
Some requests are simple and need only one data. By example, the user needs to know which is the color of the security
device for a gaz pipe, or the minimal distance with the vegetation for an electric one:

Figure 8: Examples of simple requests
And some others are more intricate, as it is the case for the minimal slope determination where the type of pipe
(sewerage by example) and the transported fluid (rainy waters) are needed;

Figure 9: Example of a complex request
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Is the new network affecting the other ones in the surroundings?
The French regulations indicate:


the minimal security distance between the studied network and the other ones,



the coordinate uncertainties.

The calculation of the minimal security distance between two networks takes the maximal security radius of these pipes
into account. By example, if the security radius of an electric network is 20cm and the security distance of an internet
pipe is 5cm, the minimal security distance between these two pipes is at least 20cm. This request can be illustrated on a
cartography where the networks affected by the new one are colored (in blue).

Figure 10: Networks affected by other ones (in blue)

Is the new network depth enough?
This new step is considering a Digital Elevating Model. Indeed this calculation is based on the minimal distance
between the studied pipe and the floor to know if the new implantation verifies the regulations. An other interest for this
determination is to confirm before working, if the future trench will not affect the implanted pipes. This can be
represented by two methods: the first one colores the affected network(s) in red, the second one colores the risk zone(s)
with a color gradient (in green the non affected area, in dark red the most affected one).

Figure 11: Networks affected by the soil (in red) and affected network area (in red shades)
All these representation cases can be independent or on the same cartography:

Figure 12: A cartography with all the determined information.

CONCLUSION
Underground is encumbered. Managing all the risks of pipe damages while working remains difficult, that’s why
informatic gives administratives and concessionaries new tools to prevent accidents, to verify the current regulations, to
work with invisible data. Such software should help the decision for the implementation of a new pipe or for other
works on pipes. This kind of tool, at the crossroads of Geographical Data and Artificial Intelligence, presents a lot of
advantages, giving the users a risk map, using a very large panel of data to establish the risk determination, taking
current regulations into account, and so on. However, it needs the most accurate data as possible to obtain the best
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results and to deliver the best information. It is primarily geared to all the trades which work on networks. That’s the
reason why this tool must be easy to be used and to be updated according to the future modifications.
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ANNEXES
Mathematical methods
The minimal inclination compliance - Le respect des pentes
Several networks categories have, in their regulation characteristics, a minimal inclination to respect. Thanks to 3D
network data, this software is able to determine the inclination of a network taking the geographical coordinates of two
points. The next algorithm deals with this problematic.
Algorithm 2: The inclination calculation
dist ←  ((XB-XA)*(XB-XA) + (YB-YA)*(YB-YA)) ; heightDifference ← abs(ZB-ZA);
inclination ← dist/heightDifference;

The minimal depth - distance calculation with the Digital Elevating Model
In order to make contact calculations easier, we schematize pipelines as regular cylinders and the Digital Elevating
Model as a set of triangles[5]. This step consists in studying the minimal distance between two 3D segments (Euclidian
distance) or between a 3D point and a 3D segment out (Figure 13).

Figure 13: Minimal distance calculation between a DEM triangle and a pipe

640

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

According to these distance calculations and to the uncertainty characterizations, we define the risks of intersection
between the networks and the soil surface. Taking the blur into account, we’ll study the accuracy of the data and the
approximate calculations directly related to significant numbers.
To evaluate the distance, the main calculations are:
Algorithm 3: The distance calculation between a segment and a point
Xu XB-XA ; Yu YB-YA ;
Zu ZB-ZA ;
D -1*(Xu*XM + Yu*YM + Zu*ZM) ;
k(-1*D-XB*Xu-YB*Yu-ZB*Zu)
/(Xu*Xu+Yu*Yu+Zu*Zu) ;
XH Xu*k + XB ;
YH Yu*k + YB ;
ZH Zu*k + ZB ;
XH > min(XA,XB)  XH < max(XA,XB) YH > min(YA,YB) 
YH < max(YA,YB) 
In the segment
d1((XA-XH)²+(YA-YH)²) ;

d2 ((XB-XH)²+ (YB-YH)²) ;
d1<d2 
XH XA ;
YH YA ;
ZH ZA ;

XH XB ;
YH YB ;
ZH ZB ;


dist←((XH-XM)² + (YH-YM)² +(ZH-ZM)²) ;

Algorithm 4: The distance calculation between two segments
XS1  S1X2-S1X1 ; YS1  S1Y2-S1Y1 ; ZS1  S1Z2-S1Z1
NormeS1 sqrt(XS1*XS1+YS1*YS1+ZS1*ZS1)
YS2  S2Y2-S2Y1
coefaYS1/XS1 ; coefbS1Y1-coefa*S1X1;
Yth  coefa*S2X1+coefb ; Yth2  coefa*S2X2+coefb
XS2  S2X2-S2X1 ; YS2  S2Y2-S2Y1 ; ZS2  S2Z2-S2Z1
NormeS2sqrt(XS2² +YS2² + ZS2²)
XS1scalS2  YS1*ZS2-YS2*ZS1 ; YS1scalS2ZS1*XS2-ZS2*XS1
ZS1scalS2  XS1*YS2-XS2*YS1
NormeS1scalS2sqrt(XS1scalS2*XS1scalS2+YS1scalS2*YS1scalS2
+ ZS1scalS2*ZS1scalS2)
b1  min(S1Y1, S1Y2)<=S2Y1<=max(S1Y1, S1Y2) || min(S1X1,
S1X2)<=S2X1<= max(S1X1, S1X2);
b2  min(S1Y1, S1Y2)<=S2Y2<= max(S1Y1, S1Y2) ||
min(S1X1, S1X2)<=S2X2<= max(S1X1, S1X2);
b3  min(S2Y1, S2Y2)<=S1Y1<=max(S2Y1, S2Y2) || min(S2X1,
S2X2)<=S1X1<= max(S2X1, S2X2);
b4 min(S2Y1, S2Y2)<=S1Y2<=max(S2Y1, S2Y2) || min(S2X1,
S2X2) <= S1X2 <= max(S2X1, S2X2);
ba min(S2X1, S2X2) <= max(S1X1, S1X2)
bb  min(S2Y1, S2Y2) <= max(S1Y1, S1Y2)
bc  min(S1X1, S1X2) <= max(S2X1, S2X2)
bd  min(S1Y1, S1Y2) <= max(S2Y1, S2Y2)
NormeS1scalS2 ≠ 0 && (ba && bb && bc && bd &&
((S2Y1>Yth && S2Y2<Yth2) || (S2Y1<Yth && S2Y2>Yth2)))
distance determination between two intersecting segments
XS1S2S2X2-S1X1 ; YS1S2 S2Y1-S1Y1 ; ZS1S2S2Z1-S1Z1
det_S1S2_S1_S2  XS1S2*YS1*ZS2 + XS1*YS2*ZS1S2 +
XS2*YS1S2*ZS1 - XS2*YS1*ZS1S2 - YS2*ZS1*XS1S2
- ZS2*YS1S2*XS1
DistA  abs(det_S1S2_S1_S2) / NormeS1scalS2

(ba=&&bc=&&(bb=||bd=))||
(bb=&&bd=&&(ba=||bc=))
NormeS1 ≠ 0 
Taking into account the D2 points and the segment S1
XS2_1_S1_1  S2X1 - S1X1 ; YS2_1_S1_1  S2Y1 - S1Y1
ZS2_1_S1_1  S2Z1 - S1Z1
XS1scalS2_1_S1_1  YS1*ZS2_1_S1_1 - YS2_1_S1_1*ZS1

XS2_2_S1_1  S2X2 - S1X1 ; YS2_2_S1_1  S2Y2 - S1Y1
ZS2_2_S1_1  S2Z2 - S1Z1
XS1scalS2_2_S1_1  YS1*ZS2_2_S1_1 - YS2_2_S1_1*ZS1
YS1scalS2_2_S1_1  ZS1*XS2_2_S1_1 - ZS2_2_S1_1*XS1
ZS1scalS2_2_S1_1  XS1*YS2_2_S1_1 - XS2_2_S1_1*YS1
NormeS1scalS2_2_S1_1
sqrt(XS1scalS2_2_S1_1*XS1scalS2_2_S1_1
+YS1scalS2_2_S1_1*YS1scalS2_2_S1_1 +
ZS1scalS2_2_S1_1*ZS1scalS2_2_S1_1)
DistC  NormeS1scalS2_2_S1_1/NormeS1

NormeS2 ≠ 0 
 Taking into account the D1 points and the segment S2
XS1_1_S2_1  S2X1 - S1X1 ; YS1_1_S2_1  S2Y1 - S1Y1
ZS1_1_S2_1  S2Z1 - S1Z1
XS1scalS1_1_S2_1  YS2*ZS1_1_S2_1- YS1_1_S2_1*ZS2
YS1scalS1_1_S2_1  ZS2*XS1_1_S2_1 - ZS1_1_S2_1*XS2
ZS1scalS1_1_S2_1  XS2*YS1_1_S2_1 - XS1_1_S2_1*YS2
NormeS1scalS1_1_S2_1
sqrt(XS1scalS1_1_S2_1*XS1scalS1_1_S2_1
+YS1scalS1_1_S2_1*YS1scalS1_1_S2_1 +
ZS1scalS1_1_S2_1*ZS1scalS1_1_S2_1)
DistD  NormeS1scalS1_1_S2_1/NormeS2
XS1_2_S2_1  S2X2 - S1X1 ; YS1_2_S2_1  S2Y2 - S1Y1
ZS1_2_S2_1  S2Z2 - S1Z1
XS1scalS2_2_S1_1  YS2*ZS1_2_S2_1 - YS1_2_S2_1*ZS2
YS1scalS2_2_S1_1  ZS2*XS1_2_S2_1 - ZS1_2_S2_1*XS2
ZS1scalS2_2_S1_1  XS2*YS1_2_S2_1 - XS1_2_S2_1*YS2
NormeS1scalS1_2_S2_1
sqrt(XS1scalS2_2_S1_1*XS1scalS2_2_S1_1
+ YS1scalS2_2_S1_1*YS1scalS2_2_S1_1
+ ZS1scalS2_2_S1_1*ZS1scalS2_2_S1_1)
DistE NormeS1scalS1_2_S2_1/NormeS2

DistAmin(DistB,DistC,DistD, DistE)



Dist2  sqrt(((S1X1-S2X1)*(S1X1-S2X1))+((S1Y1-S2Y1)*(S1Y1S2Y1))+((S1Z1-S2Z1)*(S1Z1-S2Z1)))
Dist3  sqrt(((S1X1-S2X2)*(S1X1-S2X2))+((S1Y1-S2Y2)*(S1Y1S2Y2))+((S1Z1-S2Z2)*(S1Z1-S2Z2)))
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YS1scalS2_1_S1_1  ZS1*XS2_1_S1_1 - ZS2_1_S1_1*XS1
ZS1scalS2_1_S1_1  XS1*YS2_1_S1_1 - XS2_1_S1_1*YS1
NormeS1scalS2_1_S1_1
sqrt(XS1scalS2_1_S1_1*XS1scalS2_1_S1_1
+YS1scalS2_1_S1_1*YS1scalS2_1_S1_1 +
ZS1scalS2_1_S1_1*ZS1scalS2_1_S1_1)
DistB  NormeS1scalS2_1_S1_1/NormeS1

Dist4  sqrt(((S1X2-S2X1)*(S1X2-S2X1))+((S1Y2-S2Y1)*(S1Y2S2Y1))+((S1Z2-S2Z1)*(S1Z2-S2Z1)))
Dist5  sqrt(((S1X2-S2X2)*(S1X2-S2X2))+((S1Y2-S2Y2)*(S1Y2S2Y2))+((S1Z2-S2Z2)*(S1Z2-S2Z2)))
Dist min(DistA,Dist2,Dist3,Dist4, Dist5)

The Normal Distribution
Depending on the uncertainties and taking into account the security areas of each network, the risk of collision can be
determined thanks to the Standard normal distribution over a specified threshold distance (dthreshold) (shown in Figure
14).

Figure 14: Standard normal distribution representation
The calculation of the threshold distance depends on the elements and their characteristics (like the data precision, the
security area,...). Each characteristic could be optional, that’s why some of them are noted between square brackets
(Table 3).
Table 3: Uncertainty calculations
Category

Threshold distance calculation

Standard normal distribution

Wired – Wired

dthreshold = Radius1 + Radius2 + Precision1 + Precision2 +
Max(SecurityRadius1, SecurityRadius2)

µ=0

Wired – Element

Element – Element

dthreshold = Radius1 + Precision1 [+ Precision2] +
Max(SecurityRadius1, [SecurityRadius2])
dthreshold = [Precision1] [+ Precision2] +
Max([SecurityRadius1], [SecurityRadius2])

σ = dthreshold/4
µ=0
σ = dthreshold/4
µ=0
σ = dthreshold/4
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Abstract
Many representations of topographic surface providing graphical, three-dimensional, multi-resolution model of entire
planet have been developed. However, current solutions to such a representation of topographic surface suffer from the
lack of geometric flexibility and accuracy on boundaries with models of other geographic features. Therefore, this work
focuses on a more functional representation of a multi-resolution topographic surface. For this sake we introduce a
simplification algorithm, which is designed to build the multiple LOD database of features. The method utilizes the
Global Indexing Grid (GIG) as a paging mechanism. For any position of the observer within the 3D virtual
environment, the indexing structure determines the position-dependent LOD of currently visible features and underlying
terrain. The simplification algorithm guarantees for any observer position the preservation of topological relations
between simplified geometries of features in the position-dependent LOD visualization of the Earth surface. Based on
the precomputed classification of the elevation points and multiple LOD database of features, the surface is
reconstructed using constrained Delaunay triangulation at run-time.
Keywords: Virtual Earth,Global indexing, Position-dependent LOD, Topological consistency

INTRODUCTION
A three-dimensional (3D) representation of terrain, or topographic surface in general, is an important element in
planning, civil engineering and mapping. It has a similar importance as the mapping plane has in two-dimensional (2D)
cartography.
It provides the defining surface in terms of which other features can be geographically referenced (georeferenced).
Many representations of topographic surface providing graphical, 3D, multi-resolution model of entire planet have been
developed, for example Crawford et al. (2003) or Cignoni et al. (2003). These works allowed for a new way to explore
data related to any location on Earth at arbitrary scale and perspective. Applications for scientific communication,
education, news presentation, proved to be useful in practice through commercial products such as GeoFusion or
Keyhole, later of which became a basic 3D map used worldwide by broad public as Google Earth.
The current solutions nevertheless suffer from lack of geometric flexibility on boundaries with models of other
geographic features, such as buildings or roads, which are connected to the terrain's surface. The precise representation
of such boundaries on the surface is essential for any analytical processing traditionally provided by 2D-based
geographic information systems (GIS).
Therefore, this work focuses on a more functional representation, which would support geometrical changes of the
topographic surface in connection to other geographic features of various kinds. We want to avoid terrain
representations based on a recursive subdivision of a regular grid, because it is a core concept that restricts having
arbitrary polygonal edges on the surface. We further want to minimize the need for pre-computed patches of the surface
and thus improve the ability to adapt to new features. This would make the surface representation more flexible for
editing, and would support a distributed management of the surface model. The surface topology reconstructed only at
run-time using Delaunay triangulation is one approach, which can also address the topological issues of the surface on
the boundaries between different levels of detail (LOD), as Figure 4 suggests. For these reasons we adopt results
achieved in Kolář (2006) as a basis for this work, and we suggest a new terrain representation that allows to populate
the surface with new geographic features that support multiple LOD.
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Related works on feature-based terrain enhancement
Increased demand for 3D GIS applications stressed the structural complexity of pure 3D solutions. In order to avoid it
several solutions utilize the simpler 2D topology as far as possible, e.g. Gröger and Plümer (2005). For example, an
integrated TIN / tetrahedronized irregular network (TEN) model presented by Penninga (2005) uses TEN representation
only for features like bridges, which cannot be modeled by 2D TIN. Such 3D models are then put on top of the TIN
using the footprint of the feature. 2D footprints in 3D space are also considered to ensure the topological consistency of
3D models, e.g. 3D city models obtained by extrusion in Ledoux and Meijers (2011). Although these works allowed for
3D visualization, they do not support multiple LOD.
Works on data management of poly-lines at multiple resolutions, or scales, are usually associated with 2D cartography.
Douglas and Peucker (1973) devised a basic poly-line simplification algorithm applicable for a single, isolated polyline. The algorithm, however, can easily cause topological conflicts when applied to a set of neighboring poly-lines.
This led to development of methods for simultaneous simplification of poly-lines by Berg et al. (1998), Kulik et al.
(2005), Dyken et al. (2009), or Meijers (2011). The solution in Kulik et al. (2005) is based on algorithm of Visvalingam
and Whyatt (1993) enhanced by the possibility to moderate the simplification process by the semantic influence of the
map ontology, and removed the dependency of the simplification result on the order of the poly-lines input, which is an
inherent property in Berg et al. (1998). Meijers (2011) identifies poly-lines influenced by a given simplification with
help of an auxiliary kd-tree data structure, which facilitates fast access to the influenced poly-lines. In contrast, Dyken
et al. (2009) avoids the overhead associated with the management of auxiliary data structures by encoding the poly-lines
neighborhood relationships using unconstrained edges from the underlying triangulation. The existing solution however
do not support variable intensity of geometry simplification for specified spatial domains.
The main objective of this paper is to introduce a simplification method for a set of poly-lines, that would allow for
increased level of geometry simplification with increasing distance from the observer in 3D graphic scene. Such method
should guarantee, that all the poly-lines will preserve their mutual topological relationships at all LODs for arbitrary
position of the observer. For the sake of definition of such multiple LOD environment, we adopt the space indexing and
paging method by Kolář (2006). Since Delaunay triangulation is the basic concept in our surface representation, we can
use the method by Dyken et al. (2009) for testing of relationships between poly-lines. We want, however, to avoid the
re-triangulation of the approximate set of poly-lines after removal of every point by maintaining a list of points that
block the point removal similar to Meijers (2011). The formal definition of the solution is given in the following
section. Experiment results are presented in Section 3 and followed by discussion and conclusions.

Figure 1. An illustration of the footprint concept. (Left) The view on the rock city in the National Park České Švýcarsko.
The 2.5D TIN terrain model acquired by airborne laser scanning techniques is not able to represent complex nature of
the area. (Right) 3D mesh object of České Švýcarsko, sandstone rock arch, modeled from terrestrial laser scanner data,
integrated with the 2.5D model of surrounding rock city through the footprint depicted by the red line.

FORMALIZATION OF THE METHOD
Footprints
The provision of a topographic surface representation capable of accommodating any geographic feature that can
influence its shape relies on the concept of footprint. The footprint is defined here as an outline of the geometry
resulting from the intersection between the Delaunay triangulation of topographic surface and the geometry of the
feature in 3D space, see Figure 1. An example of a footprint is shown in Figure 1, and it can be understood as the link
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between the topographic surface and an independently modelled feature. The footprint's building element is a poly-line
P, which is a finite, non-empty sequence of m points p in ℝ3

𝑝(𝑥, 𝑦, 𝑧) ∈ 𝑃 = {𝑝1 , … , 𝑝𝑚 } | 𝑃 ⊆ 𝑅 3 ⋀ 𝑃 ≠ ∅ (1).
Weight of footprint points. To take into account importance of different parts of footprints every point p is assigned a
weight ω. The weight can be inferred from the geometrical importance like in Douglas and Peucker (1973) or consider
the semantic influence like in Kulik et al. (2005). The weights corresponding to points of P constitute the non-empty
sequence W of weights ω.

𝜔 ∈ 𝑊 = {𝜔1 , … , 𝜔𝑚 } | 𝑊 ≠ ∅

(2).

Footprint definition. Then the formal definition of footprint F is a non-empty set of pairs of poly-lines and weights'
sequences, which reads

𝐹 = {(𝑝1 , 𝑊1 ), … , (𝑝𝑠 , 𝑊𝑠 } | 𝐹 ≠ ∅

(3).

The method requires that every feature provides one footprint F.

Paging of footprints
The main aim of paging procedure is to associate every footprint's point only with a page on appropriate LOD, which
means coupling the point with corresponding Global Indexing Grid (GIG) cell from one appropriate GIG level. The
basic idea is to gradually decimate the geometry of footprints.

Figure 2. (Left) GIG centroids and GIG scheme at subdivision levels 16 (top) and 64; (Right) graphical representation
of GIG cell, and of the cell's vertex vector relationship to neighboring centroids.
Global indexing. The mechanism for management of multiple LOD is fundamental for formalization of our method. As
mentioned in Introduction we extend the work by Kolář (2006), which introduced GIG as the basis for a global
topographic surface supporting multiple LOD. Important is the concept of GIG cell, see Figure 2. The GIG cell is a set
of all vectors having an angular distance from a given centroid C smaller than from any other centroid. All vectors with
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equal distance to C and to another centroid constitute the cell boundary, and the vertex V0 in Figure 1 has an equal
distance to C and to two other neighboring centroids. GIG thus represents discrete global grid system, which is based on
Voronoi diagram on a sphere.
We employ GIG cells to delimit the partitions of space that correspond to multiple LOD. As for the required number of
LODs and the spatial extent to be covered by the GIG cells of every LOD, we get a set Z of LODs L

Z = {L1 , … , Ll } | Z ≠ ∅ ∧ c i ∈ Li (4).
where Li corresponds to the finest LOD, Li to the coarsest LOD, see Figure 2 (left).
GIG queries play important role during data processing. The nearest-centroid (NC) GIG method utilized as a hash
function assigns an arbitrary point p(x,y,z) to a unique GIG cell c based on the proximity to the centroid

NC(x, y, z) = 𝐜 | C ∈ 𝐜

(5).

When all neighbors of processed cell are required for the cell c, the NN query returns all adjacent cells
𝑁𝑁 𝑖 (𝑐 𝑖 ) = {𝑐1𝑖 , … , 𝑐𝑗𝑖 } | 𝑁𝑁 𝑖 ⊆ 𝐿𝑖

(6),

where j is the index of the last neighbor cell.
The four-nearest-neighbors (4NN) query, which yields the four nearest GIG cells to the observer's camera position, is
employed during the reconstruction of the 3D graphic scene with feature-enhanced topographic surface. It delimits the
spatial domain, for which data need to be retrieved and visualized.

Figure 3. The geometry of the point q neighborhood. Removal of the point q, resulting into the new (p, r) segment,
causes two new intersections. Thus q must be kept to avoid the change of topology. However, in case the blocking points
b1 and b2 would be simplified, it would also allow for removal of q for the first case (left). In the second variant (right),
the blockers b1 and b2 lies in the GIG cell different then the point q. Therefore, in the (right) case the point q will always
be preserved to prevent from introduction of the topological error, when the cell with q is on coarser LOD. The
boundary between GIG cells is depicted by the red fine dashed line.
Removable points. Testing the non-intersecting removal utilizes constrained Delaunay triangulation (CDT) constructed
against the tangent plane of the concerned GIG cell's centroid. The CDT has the footprint poly-lines as input, and edges
of the triangulation provide information about connected points. The removal condition test uses two lists of points
connected to the candidate for removal q. The first list S starts with point p and proceeds counter-clockwise around q
ending with point r. The complementary second list T starts with r and proceeds counter-clockwise to p.
Removal of q yields a simplified segment (p, r) without any new intersections with other poly-lines only if all si ∈ S
hold the same topological position relatively to (p, r) and all ti ∈ T have the same but topologically opposite position to
(p, r). The left-or-right topological position of an arbitrary point v relatively to segment (p, r) can be expressed by a
determinant
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𝑥𝑟 − 𝑥𝑝
det(𝑣) = |𝑥 − 𝑦
𝑣
𝑝

𝑦𝑟 − 𝑦𝑝
𝑦𝑣 − 𝑦𝑝 |

(7),

where x, y are Cartesian coordinates of the CDT plane. Then the non-intersecting removal condition (as in Dyken et al.
(2009)) is satisfied when

det(𝑠𝑖 ) > 0 ∧ det(𝑡𝑖 ) < 0 (8),

or

det(𝑠𝑖 ) < 0 ∧ det(𝑡𝑖 ) > 0 (9).
Simplification procedure. The objective of the simultaneous simplification procedure is to associate every footprint's
point p with a cell c at just one GIG level Li . Given a set Z of LODs L, the outcome of the procedure guarantees that all
topological relationships between poly-lines P will be preserved in the finally reconstructed footprint-enhanced
topographic surface.
Therefore, the a priori knowledge of, what GIG levels form the paging structure, is important, because the cells of the
index also delimit the boundaries between different LODs. During the creation of pages by means of geometry
simplification algorithm, special care must be paid to preservation of topological consistency at the LOD boundaries.
The key to the topological preservation in the multiple LOD environment (the mixed-scale representation of poly-line,
whose detail decreases with increasing distance from the observer accordingly to the applied indexing structure) is
rooted in the distinction of two kinds of points, which can block the removal, cf. Figure 3.
First, the points in the processed GIG cell c, which results from the NC query. Then, such a point u can block the
removal of p, however, it can also be a candidate for a removal. If it becomes a successful candidate, it also enables the
removal of p.
The second case happens, when the blocking point lies in the neighboring cell resulting from the NN query. Then, the
decision on removal must be done solely owing to the non-simplified version, because the neighboring cell may be
visualized with finer resolution.
To simplify the preconditions, we assume that input data are valid, meaning, they are free of geometric cases like
multiple points at one location, intersecting and overlapping poly-lines. Moreover, every point has a weight defined.
The process of assigning the portion of footprints' geometry is bound up with the paging mechanism, the GIG cells.
An outline of the procedure follows:
1.

As an input, the procedure receives all footprints' poly-lines to be processed.

2.

The NC function (Equation 5) is utilized to associate all input points with matching GIG cells at all levels as
the first step. As the result of this mapping of all input footprints onto the indexing structure, also the list of
cells to be processed is retrieved.

3.

The processing of all cells c starts at the finest LOD and gradually reaches the coarser LODs. At given LOD i,
the procedure iterates over all cells ci.

4.

For currently processed cell c, the CDT with P as constraints is built. The CDT domain is given by the union
of NC and NN query on the centroid C of c.

5.

Through comparison of weights ω and threshold value ε corresponding to processed LOD, it is decided, which
points should be removed.

6.

The decision on removal allowance is based on Equations 8 and 9, in order to prevent from introduction of any
new intersection between poly-lines on coarser LODs.

7.

Points that can be directly removed are placed to Remove list. With every blocked p (p should be removed, but
neighboring polyline prevents from it), the lists of vertices, which p is blocked by and which p blocks, are
associated.

8.

After initial processing of all points of c, on the basis of points from Remove list, the particular blocked_by and
blocks lists are iteratively updated, which may allow for removal of previously blocked point. Such a point is
subsequently added to the Remove list. Every processed point from Remove list is removed from the list and
associated with given GIG cell c.

9.

The processing of the cell c ends, when Remove is empty.
647

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

IMPLEMENTATION AND EXPERIMENT
This section illustrates the functionality of proposed methods on the example of Open Street Map data and complex 3D
topographic feature modelled from airborne and terrestrial laser scanner data. For the representation of global surface
we use the dataset from Space Shuttle Radar Topographic Mission in the form described in Kolář (2007). The elevation
points were separated into three LOD corresponding to GIG levels 100, 500 and 1500. Clusters of elevation points
corresponds to GIG cells on appropriate levels of detail.
Open Street Map (OSM) data sets (roads and railroads centerlines, buildings outline) were chosen due to their nearly
global coverage. Proposed methodology was tested on European region subset of OSM data.

Figure 4. (Left) SRTM elevation data associated with OSM railroads data layer (red poly-line) on multiple LOD, both
simplified in distant areas. (Right) Closer view on the threshold between two LOD with the OSM road network
visualized also by the green color to illustrate the original course of the road centerline footprints in comparison to the
simplified ones (red color).
To manifest the enhancement of topographic surface model with complex 3D feature, the sandstone arch Pravčická
brána was modeled as 3D mesh, like in Figure 1. Processing workflow of the project consists of following stages.

I. Initial data processing
During preprocessing, the heights of OSM points were inferred from the terrain model with respect to the character of
data (given resolutions, constant height of building's footprint). Weights of vertices were assigned to individual points
based on Douglas-Peucker algorithm. From airborne and terrestrial laser scanner data 3D model of the sandstone arch
was built. The levels of resolution of the 3D model were hardcoded during the preprocessing with respect to chosen
GIG LOD. The co-registration of 3D model with the topographic surface model provided the feature's footprint.
The initial data processing also handled identical points, intersecting and overlapping edges, provided unified
boundaries between neighboring features and lists of unique edges and vertices with weights adjusted. In the experiment
the threshold epsilon value was set to 0.1 m to determine points to be considered identical or in edge.

II. Database building
The output provided by the topology analysis of the European region data was mapped on cells of GIG levels 100, 500
and 1500. For this data input and determined GIG cells multiple LOD database of footprints' records was built. The
threshold for point removal from the LOD1 was set as ε 1 = 50 m limiting the error introduced on the LOD2, and ε 2 =
120 m limiting the error for the LOD3.
The database of records can be regarded as the result of the experiment that validates the entire approach for
representing features' footprints globally using the GIG method.
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III. Feature-enhanced topographic surface reconstruction
At-runtime, the 4NN GIG query retrieves for all desired LODs the four nearest cells to camera position, which define
the extent of Earth surface to be visualized, and retrieves stored representations of footprints and clusters of elevation
points only for concerned GIG cells. The constraint Delaunay triangulation was applied on elevation points from
concerned clusters and on footprints that served as constraints to the triangulation.
Resulting scene is depicted on Figure 5 with coarser resolution in distant areas of the scene. For observer position
49.395N, 13.293E tested data covered a domain of approximately 40 km x 40 km. The full-resolution road network,
railways, buildings, pipeline, stations and sandstone arch footprints in this spatial extent consisted of 245508 points
before simplification. For declared position the rate of position-dependent simplification of footprints reached 59 % on
LOD2 partition, 73 % on LOD3 (0 % on the finest LOD1), with the overall simplification rate of 64 \% producing
approximation of 88435 points.

CONCLUSION
The solution for a global representation of a multi-resolution topographic surface that supports a topological
connectivity to other geographic features has been presented. The proposed solution can deal with features of various
characteristics and data sources as long as it is possible to provide a correct footprint for the features. Footprints in the
presented method act as a logical and geometrical interface between modelled features and the topographic surface.
The footprint-enhanced topographic surface with multiple LOD can be synthesized for a neighborhood of given query
position. This is achieved by employment of efficient paging mechanism and building the database of records of
geometry relevant only for given LOD. The pieces of geometry are associated with indexing mechanism, which ensures
the refinement of geometric detail only where needed. The footprints decimation method guarantees for any observer
position the preservation of topological relations between footprints in the position-dependent visualization of the Earth
surface.
The reconstruction of the surface topology at run-time and only for the requested points provides high flexibility for
editing of the surface geometry.
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Abstract
The following article outlines the technology of creating a 3D model of an open pit quarry based on UAV digital
images. Furthermore, it deals with UAV data integration into GIS and conducting spatial analysis. The main technical
processes and prospects of UAV mapping and automatization are presented and described. Digital images as well as
contemporary photogrammetric techniques help generate accurate geometric 3D models. Through GIS analysis a more
precise information for the current processes and events in the quarry could be gathered, leading to a future
managerial decisions. The characteristics of the chosen UAV are presented as well as its technical parameters. The
flight plan was set as the area and environmental specifications were taken into account. The image data was processed
in a specialized software for creating a digital terrain model (DSM) and orthomosaic which were later generated in
GIS. By importing a DSM of the open pit quarry routinely in GIS, the processes which take part could be easily
monitored and maintained. The profiles of slopes contribute to extracting a detailed geometric information about the
berms, bench heights, slopes and the road infrastructure. From the presented analysis forthcoming logistics and
working processes could be planned. This overall information is a base to which a vector and attribute data could be added as
for a complete building of a data base.

Keywords: mine engineering, open-pit quarry, UAV photogrammetry, GIS analysis

INTRODUCTION
UAV photogrammetry in combination with geographic information systems has been popular and powerful tool in
terms of many engineering spheres. Despite this, they have rarely been used for studying quarries or in particular for
mine engineering. Many studies have shown that GIS is an appropriate tool for creating 3D models and post-processing
of imagery data.
GIS has powerful data processing functions, according to the geological data and engineering experience. Various
influence factor of the slope stability is analyzed on the slope stability problems. Based on GIS analysis, the slope
stability could be established and the grading index of stability could be determined. (Shiguo Sun, 2015)
The quarry is a system which is constantly changing its location. Moreover, it is dynamic system which technological
process take place relatively fast and change the environment of the surrounding area. An essential characteristic of an
open-pit quarry is its integrity due to succession and implementation in time and space (expansion of new berms,
preparation, extraction, transport and manufacturing). The processes which take place in a quarry are extremely tied
together and connected with time. The system of the quarry could be in different states – optimal, functioning, nonfunctioning. In all case it is compulsory to gain, process and present different kinds of information and statistics
regarding its state. The information flow could be effective provided the following conditions:


Continual processes in time and space;



Objective estimation of the incoming data;



Using up-to-date state-of-the-art technology and methods;



Duly and promising respond to the open processes
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The information in the sphere of mine engineering has its own characteristics and parameters. It is gained by specialized
technologies which comply with given legislations. During the mine work in an open-pit quarry, control measurements
are performed in order to assess its the factual state. (Mazhdrakov, 2007)

MAPPING THE QUARRY WITH UAV PLATFORM
The quarry has been mapped with an unmanned aerial platform – eBee, the successor of Swinglet CAM, created by the
Swiss company senseFly. The platform could be categorized as a fixed-wing platform. The drone is set with two
softwares – eMotion for the flight planning and Postflight Terra 3D for the post processing of imagery. The drone is
manually launched and then is automatically following the flight lines set previously. The eBee could be controlled at
every point of the flight or be controlled in real time. After all the photos from the flight lines are taken, the drone lands
to a particular place fully automatically. The landing could be linear with gradually lowering or in a circle. Thanks to
the ground sensor and the ability of the motor to work backwards, the landing is fluent with an ease. The sensor is
composed of a high-speed optical sensor and lens assembly, is used to detect the proximity of the ground.

FLIGHT PLAN CREATED IN EMOTION
The drone is set with a software for flight planning. eMotion is wirelessly connected with the UAV platform as the
flight could be monitored and controlled from a laptop. The software interface is accessible and easy to use. A
simulation of the flight could be performed as the software works with Google Earth as a map background for the
flights.

Figure 1 Google Earth imagery presenting the flight plan for mapping the quarry
The area of interest was cover by a rectangular rotated to 54 o. The size of the area to be mapped is 655x644m or
42.2ha=0.42km2. Figure 1 presents the geographic coordinates of the center of the rectangular - - 43o 11’48.075’’N и
24o 10’ 36.397’’E. The resolution is 2.8cm/pixel and the longitudinal and latitude overlap – 75%. In figure 1a, the takeoff position could be seen. This the place from where the drone will take-off. The take-off location is the point from
which the drone is launched, automatically set to the location calculated from GPS signals. An altitude of 0m is being
defined which actually means 0m above take-off (ATO). (www.sensefly.com, 2015) It was chose carefully as it is
visibly higher than the object to be mapped. The surroundings are clear from natural obstacles fo the drone as trees and
bushes.

CREATING A DIGITAL TERRAIN MODEL AND ORTHO MOSAIC
Creating DSM (Digital Surface Model) and ortho mosaic is the third step of the model processing. Pix4Dmapper has
been used for their creating using the function – Process – Local – Processing – DSM, Orthophoto, Index. The software
creates by default a DSM with the size of the ground sampling distance (GSD). The photogrammetry processing
resulted in a model with GDS=3.46cm. Noise and smooth filters have been automatically applied to the model. After
the point densification a mesh model has been created. Mesh is a group of triangles based on the cloud points, vertexes,
polylines, etc. (Pflipsen, 2006) The mesh defines the model vertexes and its shape and structure. The process of creating
a DSM is fully automatic. In order for an ortho mosaic to be created a DSM must be created first. (Pavelka, 2009)
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Figure 2 Basics of transformation between DSM and orthophoto mosaic
The transformation from central projection to orthogonal enables work with the model as a map which could be later
studied in a GIS software.

Figure 3 Digital Surface Model with imagery

GIS ANALYSIS OF THE QUARRY
Basically the geographic information system have to be also called Spatial Information System. Geographic Information
Systems and their similar, dynamic decision support systems (DSS) are aimed at processing a great amount of data,
describing the environment in an extended regime. The different spatial information is being structured in thematic
layers which could be organized and submitted in a various ways.
A 3D model of a particular quarry created in a photogrammetric way could be generated in ArcGIS. After every control
measurement, the mine engineers accumulate information about the quarry status in a geospatial database. This database
could be easily used for volumetric calculations and adhering to the concession contacts.
The date regarding the open pit quarry is of high importance in every single step from the quarry development as well
as after its liquidation. The natural conditions are also a key feature in monitoring an accurate and complete model of
the mine processes. The model of the quarry from different periods of time is quite different in position and shape. That
is why, choosing an appropriate state-of-the-art and post processing methods is of high significance.
The DSM and orthophoto mosaic were generate in ArcGIS for a further analysis. Contours were extracted from the
surface created in the photogrammetric software Pix4D. Mine engineers need a periodical information regarding the
shape and extend of the berms. Given the fact that the quarry is developing through opening new berms and terraces,
mapping this development is most appropriate through contour plans. Those plans show the dynamic in the mine works
and serve representing the whole state of quarry. GIS softwares are an appropriate tool for the aforementioned plans.
With a digital terrain model on disposal, creating profiles of the berms is fast and accurate.
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Figure 4 On the left is shown the DSM created in ArcGIS with previously created contours. On the right a TIN model of
the quarry is shown.
In Figure 4 is presented the DSM and TIM model of the quarry. For further studying of the quarry, the DSM model will
be used as a base for cross sections or profiles of the berms.
For the study case, three profiles have been created (see Figures5, 6, 7, 8). As for the quarry being situated in an arc
slope, only cross sections have been created. The profiles could be used for gaining information about the geometry of
the pit as well as for planning the logistics and the workflow. Profiles could be made periodically at the same places for
control measurements and results of the processes. Having created profiles of the quarry could be monitored several
elements: over-all wall slope angle, particular berm slope, bench heights.

Figure 6 Section profile A

Figure 5 Sample cross sections of the quarry
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Figure 7 Section profile B

.
Figure 8 Section profile C
The possibility to overlap vector and raster data in GIS is a of great importance. Vector data could be used for control
and accuracy assessment of the orthophoto mosaics of a quarry. On the other, vector data could be used a reference for
improving the georeferencing of the raster data. Therefore, transforming a vector data into a raster data allows
processing with geospatial tools. This could be the case of volumetric calculations between two neighboring berms. The
toe of the berm could be vectorized with a polygon. The average height of the berm could be defined. Thereafter, a new
field in the attribute table is created – Height. One of the numerous mathematical solutions for volume calculation is
dividing the slope by horizontal sections. (Slavomír Labant, 2013) A volume could be achieved in this way by creating
two polygons between two neighbouring toe berms (see Figure 9). In this particular case a reference place was used.
The created polygon with its given height has been assigned to be a reference place. A volume is calculate, therefore,
between the DSM being lower and the plane being higher.

2


 P570  P571 
h
V570,571  P570  4 
  P571  , (1)



6
2





where P570, P571 are the numbers of two neighbouring berms
Figure 9 Horizontal sections
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Figure 10 Creating a polygon which serves as a reference plane
Table 1 Volume of the lowest terrace of the quarry
Terrace №1

S ref.plane [m2]
1657.53

Total Volume V
843.22

There are many ways to present the terrain relief in ArcGIS. One of the most appropriate method for an open-pit quarry
is the hillshaded model. In that representation, the berms of the quarry are emphasized on.

Figure 11 Presenting the relief in a hillshade mode

CONCLUSION
In the light of the study-case results, it could be concluded that the contemporary technologies in combination with an
innovative and interactive method for processing, in particular photogrammetric and GIS methods, are completely
applicable and compatible in the case of open-pit mining. The combination provides an accurate assessment of the
processed in real time and helps better plan future exploitation.
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Abstract
Recently, accurate three-dimensional (3D) data and mapping applications have become advanced prerequisites for
supporting the development and management of tourism. The derived high quality mapping products allow both natural
and manmade features to be captured in great detail. The main advantage of 3D maps is the clear and realistic
visualization of landscape objects. The developed geodatabases are essential in spatial analysis, modelling and
planning of tourist infrastructure and tourist routes. The present study aims to generate a 3D panoramic map of rural
landscape around a wine-growing village with a new tourist infrastructure (wine cellar, resort and spa, guest houses,
cultural and historical sites, tourist routes, and entertainment complexes). The study area of the village of Mogilovo is
located in Stara Zagora region in Southern Bulgaria. The main developed GIS datasets include: relief, land cover,
hydrography, buildings, roads and tourist infrastructure. A 3D model of relief and a 3D model of buildings were
generated using the above mentioned GIS data. All developed GIS datasets and 3D models were processed in Visual
Nature Studio (VNS) professional software to generate the photorealistic terrain visualization and animation. As a
result, the high-resolution 3D panoramic map was created with great details of landscape using the rendering tools in
VNS software. The map’s legend, frame layout, text elements and 2D symbols were added to complete the map design.
The created 3D panoramic map can be used in many applications such as printed and multimedia materials that
present the region as a destination for wine, congress and rural tourism. The first application is the production of
large-format information boards which are placed next to the hotel complex in the center of the village of Mogilovo.
Keywords: 3D map, 3D model, GIS, tourism application

INTRODUCTION
Recently, accurate three-dimensional (3D) data and mapping applications have become advanced prerequisites for
supporting the development and management of tourism. The derived high quality mapping products allow both natural
and manmade features to be captured in great detail. The main advantage of 3D maps is the clear and realistic
visualization of landscape objects. The developed geodatabases are essential in spatial analysis, modelling and planning
of tourist infrastructure and tourist routes.
Researchers have lately developed concepts, tools and techniques to create high-quality 3D landscape models and
tourist maps that integrate geospatial information. These applications are mainly focused on surface modelling of a
natural landscape, infrastructure and buildings (Haeberling, 2002, Zipf, 2002; Siegert, 2011; Savova, Bandrova, 2014;
Garcia-Gago et al., 2014; Biljecki et al., 2015).
The present study aims to generate a 3D panoramic map of rural landscape around a wine-growing village with a new
tourist infrastructure that include wine cellar, resort and spa, guest houses, cultural and historical sites, tourist routes,
and entertainment complexes.
The study area of the village of Mogilovo is located in Stara Zagora region in Southern Bulgaria (coordinates
42°20'29.1"N, 25°23'54.2"E). The village of Mogilovo is a small village situated on Chirpan upland between the town
of Stara Zagora and the town of Chirpan. Since 2009, in the village and its region, an ambitious project for wine
production has been being realized and in recent years, a hotel with a SPA complex, guest houses, a museum of wine
have been built, the ancient church has been renovated and tourist routes for cycling and hiking have been prepared. We
were invited to develop an attractive map in order to illustrate the unique beauty of the Mogilovo region, to show the
exact location and vision of the vineyards, the wine-cellars, the hotel complex and the tourist sights as well as the
options for tourism in the surrounding area. For this purpose, we prepared a 3D panoramic map of the village of
Mogilovo and the wide region based on a real 3D model of the relief, the land cover and tourist infrastructure.
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DATA AND METHODOLOGY
Creating a 3D model for a given territory requires an initial selection and processing of input data, development of geoinformational layers, generation of 3D computer graphics and photo-realistic visualization of the whole region or of
selected parts (scenes).

Input data processing
The input data are obtained from publicly accessible sources, national specialized database (cadaster, map of reinstated
property, etc.), specialized plans in digital form for building-up and zoning of settlements as well as a product of own
digital information and data derived from vectorization of topographic maps and large-scale plans.
The input data used include:
1. Data about the relief:
a)
Isolines with altitudes (contour lines)
b)
Structural terrain lines
c)
Elevation points (altitudes)
d)
Terrrain forms (ravines, rock screes, etc.)
2. Data about land cover
e)
Classification of agricultural lands by manner of permanent use
f)
Classification of forests by types
g)
Classification of the urban territories
3. Data about infrastructure
h)
Road network (national and municipal);
i)
Alleys, paths, forest roads;
4. Data about hydrography:
j)
Water bodies (lakes, dams, water basins);
k)
Rivers, streams, canals;
l)
Water facilities (dam walls, dikes);
5. Data about buildings and tourist infrastructure:
m)
Buildings;
n)
Tourist infrastructure (hotels, alcoves, shelters, sports facilities, etc.)
Development of digital database is performed with a specialized Geographic Information Systems (GIS) software such
as ArcGIS, QGIS, etc. The final data are georeferenced and have an attribute information about their qualitative
characteristics.
For the generation of a 3D panoramic map of the village of Mogilovo, vector data are processed in ESRI-shape format
and the necessary information is filled in the attribute tables depending on the objects type (Tables 1 and 2).
Table 1. Atribute table for hydrographic linear objects
FID

Shape

Type

Layer

0

Polyline

main

river

1

Polyline

main

river

2

Polyline

local

river

3

Polyline

local

canal

Table 2. Atribute table for builidngs
FID

Shape

Type

Name

Height

0

Polygon

Guest house

Pencevi

7

1

Polygon

spa

Midalidare

12

2

Polygon

winery

Champagne

5

3

Polygon

hotel

Midalidare

12

4

Polygon

winery

Rose

5

5

Polygon

winery

White

5
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Creating a Digital Terrain Model (DTM) is the main component in the processing of a 3D model for a given object.
DTM is created from available topographic data in vector format (elevation contour or iso-lines, elevation points, and
structural lines). ArcGIS offers several tools for generating surface from vector features and to display surface models,
such as TIN (Triangulated Irregular Network) or DEM (Digital Elevation Model). TIN represents terrain surface as a
net of triangular facets defined by nodes and edges with known values. While the DEM is a regularly spaced raster grid
(squares or rectangles) of elevation values of a terrain surface. In the present study, an irregular digital terrain model
TIN is generated in ArcGIS for Mogilovo region (Figure 1).

Figure 1. Mogilovo region – TIN (Triangulated Irregular Network)
Raster georeferenced images are used for texturing and preparing land cover thematic images in the 3D modelling.
Creating the 3D map of Mogilovo village has required processing of the georeferenced thematic raster image of the
region with the type of land cover as a qualitative component (Figure 2).

Figure 2. Mogilovo region – Land Cover map
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Methodology
Specialized 3D modeling software is used to produce 3D computer graphics. Individual programs or modeling
applications are only 3D-editors or programs with GIS tools and modules for rendering and animations. They allow
users to model a 3D space in which 3D objects can be created, edited or visualized.
The VNS (Visual Nature Studio) software product (3D Nature, LLC, 2008) is used to create the 3D map of Mogilovo
village. VNS is a 3D Geographic Information System (GIS) for creating maps and graphics based on spatial data by
providing a realistic visual simulation of the geographical data. VNS has powerful functions which allow visualization
of the geographical data in manners that may improve the understanding of complex ecological relations. Figure 3
shows the general graphic interface of the VNS software product.

Figure 3. VNS - Interface
VNS allows users to create realistic landscapes and to simulate a “flight” over the generated modeled surface by the
integrated system for animation. Users can visualize real-world objects, alter the model or expose the environmental
changes caused by human activity. Real-world 3D objects, such as trees, plants, buildings, etc., can be laid out (place)
on the terrain surface. VNS also contains specialized modules that support simulation of various objects’ elements: sky,
water, atmosphere, clouds, the Sun, the Moon, stars, etc.
Figure 4 shows the framework of the methodology used for the creation of a 3D model of the Mogilovo village using
VNS software and generated GIS layers and spatial data.

3D MODEL GENERATION
The 3D model generation is started with the initial selection and set-up of the basic components of the landscape that
impact on rendering and obtaining of photorealistic panorama. These are Terrain, Ground, Environment, Sky and
Clouds.
Next step is the input of the prepared GIS vector data (ESRI shapefile format) with information about land cover, road
and tourist infrastructure, hydrography and buildings. All vector and raster data is organized in a local database with an
option for editng.
There are two options for generating a terrain surface:
 Import a ready surface – to import a surface created in an external application (Arc ASCII Array, Arc Grid,
Arc Export Grid, ASCII Array, DTED, DXF, GTOPO30, Images (BMP, IFF, PICT, Targa, JPEG, PNG, TIFF,
ECW)
 Modelling a terrain surface using VNS based on the imported vector data: isolines and elevation points. VNS
converts all of these into the high-resolution WCS DEM format used for renderng the terrain.
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STARTING A NEW PROJECT

SET-UP OF THE BASIC COMPONENTS
Terrain

Ground

Environment

Sky

Clouds/atmosphere

Input of building types
data

Creating landscape in
VNS

INPUT OF VECTOR DATA
Input of terrain data

Input of land cover data

Input of infrastructure
data

MODELLING TERRAIN SURFACE
Import of ready DEM

Modelling terrain surface from vector data

3D MODELLING
Land cover

Engineering infrastructure

Hydrography (rivers, lakes)

Building types

IMPORTING OF 3D OBJECTS FROM AN EXTERNAL SOFTWARE
DXF Polygon Mesh

3D Face formats

3D Studio and LightWave 3D object formats

SETTINGS OF CAMERAS AND PARAMETERS OF THE LANDSCAPE
Selection and configuration of cameras

Set-up of parameters of each camera

Set-up of parameters of the landscape

RENDERING - PHOTOREALISTIC IMAGE
Set-up of parameters of the final image

Set-up of parameters of the output file

Figure 4. Methodological framework
For Mogilovo region the raster digital elevation model (DEM) is imported in VNS which is previously prepared in
ArcGIS (TIFF - cell size (X, Y) 5m / 5m.)
Developed local database consisting of vector data and thematic raster data is used to set-up the characteristics and to
create different categories of 3D objects as follows:
a) Modelling of land cover – formation and set-up of landscape characteristics (forests – types, arable lands,
permanent crops, parcels) – this objects category is represented by polygons with respective area and borders, as
well as the land cover type as a qualitative component.
b) Modelling of engineering infrastructure – roads, railway lines, irrigation canals – the 3D models of the
infrastructure facilities are generated based on linear vectors and the geodatabase contain the relevant parameters
for each object – transverse profile, surface covering, neighbouring landscape, etc. (Figure 5).
c) Modelling of water bodies surface – lakes, dams, marshes and rivers. The water bodies surfaces are modelled
using polygons for each object and the corresponding qualitative characteristics of the water body – depth, type
of bottom, water flora, etc. Additionally different parameters are set-up: the water transparency, degree of
reflection, waves, foam for the waves, etc. (Figure 6)
d) Modelling of building types – buildings are modeled using the input vector polygons and the “Walls” module
applying the preliminary prepared templates (Figure 7).
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Figure 5. Modelling of roads and rivers

Figure 6. Modelling of water bodies surfaces

Figure 7. Modelling of building types
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Additionally, 3D objects with complex structure, such as buildings, facilities, 3D mapping signs, etc., are imported from
external sources. VNS allows importing of the following 3D formats: LightWave 3D, 3D Studio, DXF, Wavefront OBJ.
In this study, various building complexes are modelled: wine-cellar, hotel and SPA complex. Individual figures and 3D
mapping signs are constructed in an external software and are also integrated in VNS (Figure 8).

Figure 8. 3D objects constructed with external software
For visualization of the spatial model, it is necessary to select scenes and to configure multiple cameras with the scenes
coverage, projection and parameters of the cameras (position and orientation of the cameras, optical parameters – lens
and aperture, camera type – targeted, non-targeted, planimetric, overhead, etc. VNS also contains features that support
animation of 3D model. In this study one camera is configured to display the whole region, as well as multiple cameras
show selected model elements at larger scale.
The realistic rendering is achieved by selection of suitable landscape parameters: objects location, intensity of light,
clouds, simulation of haze and fog for remote effect, clouds structure, starry sky, moon, sun, etc. These environmental
parameters are selected based on the location of the Mogilovo village and using suitable parameters for a separate
scene. For example, using the tool for sunlight parameters a day of the annual calendar and exact time are selected in
order to obtain the suitable illumination and the shadows of relief, plants and 3D objects.
Rendering is the final process of obtaining the photo-realistic image which includes:
a) Set-up of parameters of the final image – size, resolution, image format.
b) Set-up of parameters of the output file for saving the render – file format, path to save, options to save the
render simultaneously in different formats.
Created render for the Mogilovo village has a resolution of 11400x6400 pixels and PNG (Portable Network Graphics)
file format (Figure 9).
The cartographic processing is completed by adding a legend, mapping signs, designations and frame layout. The map
is printed as a wide-format external board (145/95 cm) and, together with two other information boards with large-scale
extracts of the model and objects’ description, they form an integrated visual composition placed in the center of the
village of Mogilovo (Figure 10).
The final result of this study is a high resolution 3D panoramic map of the Mogilovo region published as a cartographic
product by the Cartographic Studio DavGEO (2015) (Figure 11).
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Figure 9. Mogilovo region – VNS render

Figure 10. Mogilovo village – external composition of 3D map with information boards
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Figure 11. Mogilovo region – 3D panoramic map

CONCLUSIONS
All developed GIS datasets and 3D model are processed in Visual Nature Studio (VNS) professional software to
generate the photorealistic landscape visualization and animation. As a result, the high resolution 3D panoramic map is
created with great details of real-world objects using the rendering tools in VNS software. The map’s legend, frame
layout, text elements and 2D symbols were added to complete the map design.
The generated 3D panoramic map can be used in many applications such as printed and multimedia materials that
present the region as a destination for wine, congress and rural tourism. The first application is the production of largeformat information boards, which are placed next to the hotel complex in the center of the village of Mogilovo.
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Abstract
The aim of this study is to evaluate the specific groundwater vulnerability of arsenic contamination in the specific
environmental conditions of river floodplains. For this purpose DRESPI modification of DRASTIC index is elaborated
and tested in the arsenic polluted Ogosta Valley, NW Bulgaria. The assessment takes into account the following six
parameters: depth to groundwater table, net recharge, soil texture, impact of the thickness of soil, redox potential and
pH of soil. The respective layers are generated in ArcGIS (ESRI, 2015) and the DRESPI index is computed to generate
the final vulnerability map. The values of the vulnerability index for the floodplain of the Ogosta River are in the range
of 55 - 182 points. The most vulnerable areas are associated with the lowest sections of the floodplain close to the river,
while the less threatened are the lands of the high floodplain in the valley.
Keywords: DRASTIC index, DRESPI index, GIS, Map Algebra

INTRODUCTION
Economic activities, e.g. ore dressing and smelting, tend to concentrate in the river valleys due to their favorable
conditions for development of settlements and industrial infrastructure and this often results in chemical contamination
of soil, especially in the river floodplains. The problem of arsenic contamination of aquifers in the valleys and river
lowlands affects millions of people across the world: Asia – Bangladesh, China, India, Taiwan (Fazal et. аl 2001;
Тuinhof et. al 2006; Smedley, 2008); North America – Mexico; South America – Argentina, Chile (Berlin et al., 2001;
Rodriguez et al., 2002); Europa – Poland, Hungary and Spain (Jain et al., 2000) (Figure 1). Preconditions for
enrichment of groundwater with As exist also in the Ogosta Valley, NW Bulgaria, as a consequence of the historic
mining in the local area. The global significance of the ‘arsenic problem’ mobilizes huge resources and efforts by
international organizations, state governments, local authorities and scientists for research and remediation activities.
An accurate assessment of groundwater vulnerability of As pollution in the river floodplains would help the delineation
of the most threatened areas and prevent valuable water resources from degradation. The index method of DRASTIC
(Aller et al, 1987) and its variations GLA (Hölting et al., 2005), PI (Goldscheider et al., 2000), SINTACS (Civita,
1994), EPIK (Doerfliger and Zwahlen, 1998), REKS (Malik et al., 1999), GOD (Foster, 1987), AVI (van Stemproot et
al., 1993) are often used for evaluation of groundwater intrinsic vulnerability, but we were not able to find in the
literature an application specifically developed for arsenic under conditions of riparian environment.
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Figure 1. Countries with established contamination of aquifers with arsenic (Source:Rahman et al., 2006; Mukherjee et
al., 2006)
1. Poland; 2. Brazil; 3. NewZealand; 4. Spain; 5. Hungary; 6. USA; 7. Argentina; 8. Mexico; 9. Taiwan; 10. Chile; 11.
Sri Lanka; 12. Canada; 13. China; 14. Bangladesh; 15. India; 16. Vietnam; 17. Afganistan; 18. Pakistan; 19. Egypt;
20. Ghana; 21. Cambodia; 22. Sweden; 23. Finland; 24. United Kingdom; 25. Germany; 26. Romania; 27. Bulgaria;
28. Greece; 29. Austria; 30. Myanmar; 31. Iran; 32. Japan; 33. Laos; 34. Nepal; 35. Switzerland; 36. Thailand
The latter is not taken into account by Guo et al. (2007) and Ckakraborty et al. (2007) though both research teams
studied aquifer vulnerability to As contamination with DRASTIC models.The PI method was applied for the basin of
the Ogosta River by Orehova et al. (2009) and the aquifer intrinsic suscptibility in the Ogosta Valley was rated as
medium. The results of this study does not show any differentiation of the estimates within the valley floor and the
specific vulnerability of groundwater to As pollution has not been considered also.
Given the foregoing, the aim of the current paper is to propose a modification of the DRASTIC index method for
assessment of groundwater vulnerability to arsenic pollution in river floodplain and to present the results of its
application for a stretch of the Ogosta Valley.

MATERIAL AND METHODS
Study Area
The study area is situated in the upper stretch of the Ogosta Valley, NW Bulgaria (Figure 2) and extends between the
parallels of latitude N43˚22 and N43˚25 and meridian of longitude E22˚48 and E23˚70. It covers an area of around 14,5
sq. km with mean elevation of 491 m and average inclination of slopes about 3˚. The valley extends over part of the
Western Balkan mountain range and Western Fore-Balkan. It includes parts of three municipalites: Chiprovtsi, Georgi
Damyanovo and Montana. Extraction and dressing of iron-ore and lead-ore took place near the town of Chiprovtsi in
the upper reach of the Ogosta River from 1951 to 1999. Due to the tailings dam failure in 1964 and to the mine waste
discharge into the Ogosta River in the period 1964-1979, the floodplain soil in the Ogosta Valley received significant
amounts of arsenic and heavy metals (Spectroteh, 1994; Kotsev, 2003; Mandaliev et al., 2013; Kotsev et al., 2015).

669

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

Figure 2. Study area
A - “Ogosta” Reservoir; B - Ogosta River; C, D – monitoring wells in the Ogosta Valley
Elevated As levels in the groundwater are registered for some sites in the valley (Kotsev et al., 2006), but the problem is
not well studied yet.

DRESPI index method
DRESPI is rather an modification of the DRASTIC model than a complete new index method. It is aimed at evaluation
of specific vulnerability to As pollution of groundwater in river floodplains. The acronym is created from the first letters
of the following six parameters integrated in the final assessment: Depth to groundwater table (D); net Recharge (R);
Eh - redox state of soil (E); Soil texture (S); pH - active soil reaction (P); Impact of the soil thickness (I). The indices of
DRESPI can be divided into two groups: (1) for evaluation of hydrogeological settings – D, R, S, I; (2) for assessment
of As mobility in the vadose zone – E, P. Compared with DRASTIC, the new application of the model does not include
the indices related to lithology and conductivity of the aquifer as well as the topography (inclination of slopes) because
of their poor spatial differentiation within the river floodplain, at least in the study area (table 1). Redox state and active
reaction (pH) are the major factors to control the solubility and water migration of chemical elements and they were
integrated in the DRESPI model to make the assessment more specific with regard to As. It is well known that under
reducing conditions arsenic tends to form As III species which can be easily transported within the vadose zone (Nriagu,
1994). Under oxic conditions predominant are AsV species, which are strongly absorbed by iron oxide-hydroxides and
are mostly fixed in situ in soil (Nriagu, 1994; Wang et al., 2006; Pendias, 2011). Given the fact that information on
absolute values of Eh of soil solutes is rather scarce, this index is reduced to registration of lack or presence of
indications for periodic or permanent reduction of iron and manganese species in soil. Because of the lack of
information the two intervals for periodic and predominant reducing conditions are merged into one for this case study.
Soil pH intervals are borrowed from the USDA classification of soil active reaction (USDA, 1998). The rating of the
intervals is determined considering the decreasing adsorption of AsV species onto iron oxide-hydroxides with increasing
of pH (Raven et al., 1998; Amita et al., 1999; Dixit et al., 2003). DRESPI keeps the same weight ranking as DRASTIC
for the indices related with hydrological settings. Although the content of the I-index is altered in DRESPI, its weight
factor remains equal to 5 because of the significant protective role of soil cover against As penetration to the
groundwater. The maximum weight of the Eh parameter reflects the significant role of the redox state of soil for As
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mobility and transport in the vadose zone. Arsenic mobility is less dependent on the soil reaction and this is the reason
pH to be considered less important than Eh.
The DRESPI index is calculated as the sum of product of ratings and weights assigned to each of the parameters.
Di = DR*DW + RR*RW + ER*EW +SR*SW + PR*PW + IR*IW (1)
Where: Di – DRESPI index, R – rating, W – weight.
The minimum DRESPI index value is 23 and the maximum is 219 and it is very close to the range of DRASTIC 26228. This allows DRESPI to use vulnerability classes identical to those of DRASTIC, which makes the perception of
results easier. The only difference is the merger of middle classes 4 and 5 of DRASTIC into one class in DRESPI. It
resulted in dividing the whole range into the following seven classes: 23-79 (no risk area), 80-99 (very low
vulnerability), 100-119 (low vulnerability), 120-159 (moderate vunerability), 160-179 (high vulnerability), 180-199
(very high vulnerability) and 200-219 (extremely high vulnerability). However, the estimates of the two models are not
comparable due to differences between content and intervals of the used parameters.
Table 1. DRASTIC and DRESPI Rating and Weighting Values for the Various Hydrogeological Parameter Settings
(Aller et al, 1987; Stoyanova, 2015)

Parameters

D - Depth
to
water
(m)

DRASTIC (Aller et al., 1987)
Rating R
DRASTIC
Weight
W
30,5>
1
5
22,9-30,5
2
15,2-22,9
3
9,1-15,2
5
4,6-9,1
7
1,5-4,6
9
0-1,5
10
Range

Total
Score

Parameters

5
10
15
25
35
45
50

D - Depth to
groundwater
tabel
(m)

R - Net
recharge
(mm)

0-50,8
50,8-101,6
101,6-177,8
177,8-254
254>

1
3
6
8
9

4

4
12
24
32
36

R–
net
Recharge
(mm/y)

A
Aquifer
media

Massive Shale
Metamorphic
Weathered
Metamorphic
Glacial Till
Bedded Sandstone,
Limestone
and
Shale Sequences
Massive Sandstone
Masive Limestone
Sand and Gravel
Basalt
Karst Limestone

2
3
4

3

6
9
12

Not
applicable

Not
applicable

-

5
6

15
18

6
6
8
9
10

18
18
24
27
30
E - Redox
state of the
soil – Eh

DRESPI (Stoyanova, 2015)
Range
Rating
DRESPI
R
Weight
W
5>
1
5
4-5
2
3,5-4
3
3-3,5
4
2,5-3
5
2-2,5
6
1,5-2
7
1-1,5
8
0,5-1,0
9
0-0,5
10
0-50
1
4
51-100
2
101-150
3
151-200
4
201-250
5
251-300
6
301-350
7
351-400
8
401-450
9
451>
10

Predominant
oxic
conditions
Alternation
of oxic and
reducing

1

5

4

Total
Score
5
10
15
20
25
30
35
40
45
50
4
8
12
16
20
24
28
32
36
40

4

20
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S - Soil
media

Nonshrinking
Muck
Clay Loam
Silty Loam
Loam
Sandy Loam
Shrinking
Peat
Sand
Gravel
Thin ar absent

1
2
3
4
5
6
7
8
9
10
10

2

2
4
6
8
10
12
14
16
18
20
20

Not
applicable

T
Topograph
y (Slope)
(%)
I - Impact
of
the
vadose
zone
media

C
Conductivi
ty of the
aquifer
(GPD/FT2)

S – Soil
texture
Share
of
particle size
fraction
<0,01mm
(%)

P - Active
soil reaction
– pH

18>
12-18
6-12
2-6
0-2
Confining Layer
Silt/Clay
Shale
Limestone
Sandstone
Bedded
Limestone,
Sandstone, Shale
Sand and Gravel
wit Silt and Clay
Metamrphic/
Igneous
Sand and Gravel
Basalt
Karst Limestone

1
3
5
9
10
1
3
3
6
6
6

1-100
100-300
300-700
700-1000
1000-2000
2000>

1
2
4
6
8
10

1

5

1
3
5
9
10
5
15
15
30
30
30

6

30

4

20

8
9
10

40
45
50
3

3
6
12
18
24
30

conditions
Predominant
reducing
conditions
85>
75-85
60-75
45-60
30-45
20-30
10-20
5-10
<5

10

40

1
2
3
4
5
6
7
8
9

2

2
4
6
8
10
12
14
16
18

<5,5
5,6-6,0
6,1-6,5
6,6-7,3
7,4-7,8
7,9-8,4
8,4>

1
2
3
4
5
6
7

3

3
6
9
12
15
18
21

1,80>
1,61-1,80
1,41-1,60
1,21-1,40
1,01-1,20
0,81-1,00
0,61-0,80
0,41-0,60
0,21-0,40
0-0,20

1
2
3
4
5
6
7
8
9
10

5

5
10
15
20
25
30
35
40
45
50

Not
applicable

I - Impact of
the
thickness of
soil (m)

Not
applicable

Spataial data processing in GIS
Assessment of groundwater vulnerability with DRESPI, as well as with DRASTIC, produces not only a numeric score,
but also maps for each index and an integrated vulnerability map. The whole process takes four major steps using ESRI
ArcGIS, ArcMap 10.3 (Figure 3). The first step produces files into raster format for each six parameters of DRESPI.
Depth to groundwater table is obtained by subtracting the values of altitude in the available hydrodynamic map from the
altitude of the detailed DTM 1x1 m. The limited number of sites with information on the soil texture and soil thickness
did not allow us to interpolate these data and average values were calculated for the main morphographic zones
delineated by using the morphographic map of the valley (Tcherkezova, 2015). The map of the zones is then
reclassified with the relevant mean values for each zone. Areas of low redox potential in soil are outlined to the sections
of shallow groundwater table with depth less than 50 cm from the surface. Locations of studied soil profiles with
described gleyic colour patterns fitted very well to these areas. The second step of data processing includes
reclassification of the resulted maps of the six indices considering the rating of the predefined intervals for each
parameter. The values of the rated maps are then multiplied with the relevant weight factors to produce the final maps
of each index of DRESPI (Figure 4). The third step uses the Spatial Analyst Tools - Map Algebra - Raster Calculator of
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ArcMap to combine all the index maps into one preliminary vulnerability map. The latter is reclassified in the last step
of data processing taking into account the predefined vulnerability classes.

Figure 3. Flowchart of groundwater vulnerability analysis using DRESPI index in GIS

Figure 4. Evaluation maps of DRESPI indices
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Each class is characterized by a different color: no risk area – dark green (RGB – 38/118/0); very low vulnerability –
green (RGB – 10/204/0); low vulnerability- light green (RGB – 170/255/0); moderate vunerability – yellow (RGB –
255/255/0); high vulnerability – orange (RGB – 255/209/15); very high vulnerability – red (RGB - 255/0/0); extremely
high vulnerability – violet (RGB – 194/0/187).

RESULTS AND DISCUSSION
The calculated values of DRESPI index for the Ogosta Valley are within the range 55-182 and fall into six classes of
vulnerability with different coverage of the study area (% of total area) : no risk area – 2.48; very low vulnerability 11.05; low vulnerability – 33.76; moderate vulnerability – 29.54; high vulnerability – 23.13; very high vulnerability
0.03 (Figure 5).
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Figure 5. Groundwater Vulnerability map
Results show that moderate and higher levels of vulnerability are considered for more than 50% of the Ogosta Valley
lands between the village of Beli Mel and the “Ogosta”reservoir. Groundwater in these areas is prone to significant
threat of arsenic pollution. Depth to groundwater table, net recharge, redox potential and soil thickness are the factors
with the greatest contribution to the vulnerability estimates. Sections with highest scores are associated with the lowest
parts of the floodplain along the Ogosta River channel due to the shallow groundwater table (0-1.5m), the higher
probability for reducing conditions in soil, its less thickness (0.4-0.8 m) and coarser texture. The aquifer is much better
protected from arsenic pollution in the higher floodplain where most of the indices show low scores. The DRESPI
groundwater vulnerability map clearly shows three areas of signifficant concern with regard to possible As pollution
where high vulnerability level (shades of orange) are registered. The biggest area is located close to the reservoir where
the low floodplain is wide spread. The other two areas are located in the lands of the villages of Beli Mel and Gorna
Kovatchitsa where low sections of the floodplain are also well developed.

CONCLUSIONS
The proposed DRESPI modification of the DRASTIC model integrates new indices to provide more accurate evaluation
of groundwater vulnerability to As contamination in river floodplains. The elaborated map shows significant spatial
differentiation of vulnerability within the study area of the Ogosta Valley, which is mostly due to the detailed DTM
used for preparation of some of the input data layers. The levels of vulnerability are closely associated with the
morphology of the river floodplain as a result of the fluvial genesis of the study area. The aquifer is most susceptive to
As contamination in the lowest sections of the floodplain where the highest levels of soil pollution in the valley can be
expected. The DRESPI estimates for the Ogosta Valley are dependant mostly on the indices Depth to groundwater, net
Recharge, Redox state of soil and the Impact of soil thickness. The evaluation elaborated with DRESPI can be
incorporated as a first step in the risk assessment of groundwater pollution with arsenic in riparian zones. The range and
intervals of the index of net Recharge take into account the hydro-climatic conditions of Bulgaria and for this reason the
current setting of DRESPI makes it most appropriate for the river valleys on its territory. Nevertheless, the model can be
easily adapted to the features of other regions.
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Abstract
New approach to the risk management concept based on the assessment of damages (in % of GDP), probability of
occurrence and necessary measures to create resilient society is presented. Several theoretical models are investigated
and compared. The "acceptable risk" concept is developed based on the preventive measures and expected results.
„Resilient”, „Transition” and „Forbidden” areas related to the damages and probability of occurrence are
graphically defined. The classification is based on two main factors (probability of occurrence and potential damage)
associated with risk processes and phenomena that develop and run in the „Resilient", „Transition" and „Forbidden”
areas.
Keywords: classifications and typology, GDP, “Resilient”, “Transition” and “Forbidden” areas.

INTRODUCTION
The paper deals with the new approach to the risk management concept of natural hazards based on the assessment of
damages (in % of GDP), probability of occurrence and necessary measures to create resilient society. Several
theoretical models are investigated and compared.
“Normal”, “Transition” and “Prohibited” areas related to the damages and probability of occurrence are graphically
defined. Since the consequences of the natural hazards depend not simply on theirs magnitude, but also on what
happened before, a new point of view affording an opportunity for better decisions, reducing the risk and protect the
population.
The recent receach is based on the studies provided for the last two decades by German Advisory Councul of Global
Change.

CLASSIFICATIONS AND TYPOLOGY OF THE NATURAL HAZARDS AND RISKS
ACCORDING TO THE GDP, PROBABILITY OF OCCURRENCE AND EXPECTED DAMAGES
New approach to the risk management concept based on the assessment of damages (in % of GDP), probability of
occurrence and expected damages is presented. Several theoretical models are investigated and compared. The
"acceptable risk" concept is developed by author based on the preventive measures and expected results.
Classification is made on the base on German Advisory Council on Global Change (WBGU, 1999). It is change by
author according our personals purposes and aims. The classification is related to the damages and probability of
occurrence. “Normal”, “Transition” and “Prohibited” areas related to the damages and probability of occurrence are
graphically defined.
Risks in the normal area have the following characteristics (WBGU, 1998):


Low uncertainties regarding the probability distribution of damage;



In total, a small catastrophic potential;



Low to medium uncertainty about both the probability of occurrence and the associated magnitude of damage;



Low statistical confidence intervals with respect to probability and magnitude of damage;
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Low levels of persistency and ubiquity (scope in time and space);



High reversibility of potential damage, and



Low potential for social conflict and mobilization

The transitional area is reached if one or more of the following conditions are met (WBGU,1998):


The damage potential is high;



The probability of occurrence is high, approaching 1;



The uncertainty of the probability distribution of adverse effects is high;



The confidence intervals of probability and magnitude of damage are large;



Persistency, ubiquity and irreversibility are particularly high, whereby there must be reasonable grounds to
assume a causal link between trigger and effects;



For reasons of perceived distributional injustice or other social and psychological factors, a major potential for
conflict or mobilization is to be expected (migration, refusal, protest, resistance).

If one of these conditions is given, then the product of probability and severity will usually be in the transitional area. If
the high level of risk is further joined by a low benefit or a low expectation of opportunity, or if the product of the two
components of risk assumes extreme levels, then the risk is situated in the prohibited area. In the prohibited area, the
consequences to be expected from taking a risk are so severe that risk reduction is unconditional. In extreme cases, the
proper response here is an immediate ban or moratorium (WBGU, 1998).
Tabl.1 Overview of risk classes according WBGU and author. P signifies the probability of occurrence and E the extent
of damages (WBGU, 1998; Frantzova, 2013)
Damocles

P - low (approaching 0)
Reliability of estimation of P - high
E - high
Reliability of estimation of E - high

Nuclear energy
Large-scale chemical facilities
Dams

Damocles I
(defined by
author)

P - low (approaching 0)
Reliability of estimation of P - unknown
E – high (approaching infinity)
Reliability of estimation of E - high

Meteorite impacts

Cyclops

P - unknown
Reliability of estimation of P - unknown
E - high
Reliability of estimation of E - tends to be high
(medium to high)

Earthquakes, Volcanic eruptions
AIDS infection
Mass development of anthropogenically influenced
species
NBC-weapons systems
Collapse of thermohaline circulation

Pythia

P- unknown
Reliability of estimation of P - unknown
E- unknown (potentially high)
Reliability of estimation of E- unknown

Pandora

P - unknown
Reliability of estimation of P - unknown
E - unknown (only assumptions)
Reliability of estimation of E - unknown
Persistence is high (several generations)
P - tends to be high
Reliability of estimation of P - tends to be low
E - tends to be high
Reliability of estimation of E - tends to be high
Long delay of consequences

Self-reinforcing global warming
Release and putting into circulation of transgenic
plants
BSE/nv-CJD infection (Creutzfeldt-Jakob) Certain
genetic engineering applications Instability of the
West Antarctic ice sheets
Persistent organic pollutants (POPs)
Endocrine disruptors

Cassandra

Gradual human-induced climate change
Destabilization of terrestrial ecosystems
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Medusa

Achelous
(defined by
author)

P - tends to be low
Reliability of estimation of P - tends to be low
E - tends to be low (exposure high)
Reliability of estimation of E - tends to be high
P – high
Reliability of estimation of P – tends to be high
E – medium to high
Reliability of estimation of E – tends to be high

Electromagnetic fields (pollution)
Nanotechnologies

Natural hazard mainly from hydrological and
meteorological origin (river floods, flash floods,
drought, desertification, storms, storm surges, winter
storms, tornado, heavy snowfall ect.)

Figure 1. Classes of risk and their location in the normal (green), transition (yellow) and prohibited (red) areas
(WBGU,1998; Frantzova A., 2013)

Overview of risk classes
Acorint to the German Advisory Council on Global Change, the names of risk classes are taken from Greek mythology
because of their symbolism. Risk classes are presented briefly below.

Damocles
Greek mythology reports that Damocles was once invited by his king to a banquet. However, he wasobliged to take his
meal under a razor-sharp swordhanging above him on a fine thread. For Damocles,opportunity and danger were closely
linked, and the‘Sword of Damocles’ has become a byword for a happysituation overshadowed by danger.
The threat was expressed as the possibility that, at any point in time, if albeit with low probability, an event deadly to
Damocles could occur. This class of risk accordingly comprises sources of risk that have a very high catastrophic
potential but where the probability that this potential manifests itself as damage is considered to be conceivably low.
Nuclear power plants, large-scale chemical facilities and dams are examples. In addition to large-scale industrial risks,
various types of natural disaster also fall within this class.
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Damocles I
In a fashion similar to the Damocles class, natural disasters with known damage-probability functions entail major
damage potentials in conjunction with usually low probabilities of occurrence, as is for instance the case for meteorite
impacts.
Damocles I is created by author to separate anthropogenic risks (Damocles class) from natural threats with very high
disastrous and destructive potential.

Cyclops
In the Cyclops class, the probability of occurrence is largely uncertain, while the maximum damage is well defined. A
number of natural events such as floods, earthquakes and El Niño fall in this class, as does the occurrence of AIDS,
wherever there is no or only contradictory information about the probability of occurrence.

Pythia
When in doubt, the ancient Greeks consulted one of their oracles, among which the most famous was the Delphic
Oracle with its blind seeress Pythia. However, Pythia’s answers always remained unclear: Pythia’s prophecies
illustrated that a major danger might be impending, but not how large its probability of occurrence, its severity or its
distribution might be. Pythia prophesied to King Croesus that if he were to attack Persia he would destroy a great
empire. Belligerent Croesus failed to realize that this meant his own empire. The Pythia class thus involves, for
definable damage, a high degree of uncertainty as to possible adverse effects and as to the probability of the risk’s
occurrence. The potential for damage can be stated, but the scale of damage is still unknown. This class includes risks
associated with the possibility of sudden non-linear climatic changes, such as the risk of self-reinforcing global
warming or the instability of the West Antarctic ice sheet, with far more disastrous consequences than gradual climate
change. It further includes far-reaching technological innovations such as certain applications of genetic engineering,
for which neither the precise level of risk nor the probability of certain damaging events occurring can be estimated at
the present point in time.

Pandora
This class of risk includes such risks that have persistent, ubiquitous and irreversible effects. Persistent organic
pollutants (POPs), which remain stable over long periods in the environment, are a typical example of this. Often the
effects of these risks are still unknown, or there are at most reasonable grounds to assume their adverse effect.

Cassandra
Many types of damage occur with high probability, but in such a remote future that for the time being no one is willing
to perceive the threat. The Cassandra class of risk thus harbors a paradox: both the probability of occurrence and the
damage potential are known, but because the damage will only occur after a long period there is little concern in the
present. Risks of the Cassandra class are only then of interest if the damage potential and the probability of occurrence
are both relatively high. This class is accordingly located in the prohibited area. The distant time horizon between
trigger and consequence easily creates the fallacious impression of security. A typical example of such an effect is
gradual anthropogenic climate change, which can trigger severe damage in vulnerable areas such as coastal and
mountain zones.

Medusa
Some novel phenomena have an effect on modern people in a way similar to that in which the Gorgons, as purely
imaginary figures of fable, aroused fear and terror. Some innovations are rejected even if scientists scarcely view them
as dangerous. According to the best knowledge of the risk experts, risks of this type are located within the normal area,
but, due to certain characteristics of the risk source, are a particular source of dread that leads to massive rejection.

Achelous is created separately by author to present mainly the meteorological risks (floods, droughts, etc.). This class
has a very high probability of occurrence and is very frequent in the everyday practice with very large diapason of
power. In relation to the other risks these ones are easy to model and to assess expected damages. This class is one of
examples about assessment, planning and mitigation the negative effects and to fight them with different preventive and
protective measures.
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Tabl.2 Probability of occurrence and potential losses estimations (Frantzova A., 2013)
Very low
Losses measured in % of
the damages
Losses measures as part of
the GDP
Probability: High frequency
expected
Probability: Low frequency
expected

0-5%

Low
5-20 %
0,05-0,08 %

Middle
20-50%
0,08-1,5%

High
50-70%
1,5-5%

Very High
70-100%

0,0001-0,05%

5 -15%

Very low

Low

Up to 5%

Up to 20%

-6

10 – 10

-5

-5

10 – 5.10

Middle
-4

High

Up to 50%
-4

5.10 – 10

-3

Very high

Up to 70%
-3

10 – 10

-2

Up to 90%
-2

10 - 10-1 - 100

These eight classes of risk call for specific strategies and tools and technologies for action (risk, crisis and emergency
management). The goal of the specific strategies for the risk classes is to shift these from the prohibited or transitional
area into the normal area. The main aim is thus not to reduce risks down to zero, but to a level that permits routine
management. Naturally, more than one strategy and more than one tool will be necessary for the classes in the cases.
Strategies and tools for action are out of scope of present report and will not be described here.
The "acceptable risk" concept is developed based on the risk classes and their location in the normal, transition and
prohibited areas. Expected damages are measured in % of GDP and "acceptable risk" is graphically defined on fig 2.

Figure 2. "Acceptable risk” in % of GDP (Frantzova A., 2013)
According to the UN ISDR (INISDR, 2004) risk assessment is the core of the risk management process. As shown in
the diagram, if the levels of risk are not acceptable, the process of risk management requires different approaches,
methods, techniques, tools and strategies to reduce it, depending on the specific characteristics of a particular risk. As
stated before, in the prohibited area, the consequences to be expected are so severe that risk reduction is unconditional.
In extreme cases, the proper response here is an immediate ban or moratorium.
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Are the probability
and extent of the
risk known

no

Unknown risk

yes

Is the risk
located in the
normal area?

yes

no

Assignment to
which class of
risk?

Normal risk
out of scope

Stimulating the production
of knowledge about the
probability and extent of damage;
Decentralized risk knowledge;
Government-assisted research;
Interdisciplinary design of
the global change research;
Study cognitive,motivational
and social factors that can form
‘risk traps’

Damocles

Reducing disaster potential

Damocles I

Reducing disaster potential

Cyclops

Ascertaining probability of occurrence

Pythia

Improving protection

Pandora

Providing alternatives

Cassandra

Strengthening long-term responsibility

Medusa

Building confidence

Achelous

Mitigation policy

Figure 3. Decision tree for classifying the risks of global change (WBGU,1998; Frantzova A., 2013)
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Natural
event

Hazard
assessment

Vulnarability
assessment

Coping capacity
assessment

Risk management
Risk
assessment and
analysis

Acceptable

Risk
perception

Prohibited
area

Non- Acceptable

Figure 4. Methodological framework for risk assessment (UN,2004; Frantzova, 2013)

Further differentiation of evaluation criteria according to the German Advisory Council on Global
Change
In addition to the two classic components of risk – probability and magnitude – further evaluation elements should be
included in risk characterization (Kates and Kasperson, 1983; California Environmental Protection Agency, 1994;
Haller, 1990). These evaluation elements can be derived from risk perception research. They have already been
proposed as criteria for risk evaluation procedures in a number of countries (such as Denmark, the Netherlands and
Switzerland). The following are particularly important:
Location - Spatial distribution of damage or of damage potential
Persistency - Temporal scope of damage or damage potential
Irreversibility - Non-restorability of the state that prevailed prior to occurrence of damage. In the environmental
context, this is primarily a matter of the restorability of processes of dynamic change (such as reforestation or water
treatment), not of the individual restoration of an original state (such as preserving an individual tree or extirpating nonnative plant and animal species).
Delay effect - The possibility that there is large latency between the cause and its consequential damage. Latency can be
of physical (low reaction speed), chemical or biological nature (such as in many forms of cancer or mutagenic changes).
It can also result from a long chain of variables (such as cessation of the Gulf Stream due to climatic changes).
Mobilization potential (refusal of acceptance) - The violation of individual, social or cultural interests and values that
leads to a corresponding reaction on the part of those affected. Such reactions can include open protest, the withdrawal
of trust in decision makers, covert acts of sabotage or other forms of resistance. Psychosomatic consequences can also
be included in this category.
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Low

Tends to be low

Tends to be high

High

Unknown

Probability of occurrence P
Certainty of assessment of P
Extent of damage E
Certainty of assessment of E
Location
Persistency
Irreversibility
Delay effect
Mobilization potential
Figure 5. An example of the application of the hazards evaluation criteria to the risk potential of eartquakes; Cyclops
risk class.
Low

Tends to be low

Tends to be high

High

Unknown

Probability of occurrence P
Certainty of assessment of P
Extent of damage E
Certainty of assessment of E
Location
Persistency
Irreversibility
Delay effect
Mobilization potential
Figure 6. An example of the application of the hazards evaluation criteria to the risk potential of nuclear energy;
Damocles risk class.
The properties of the criteria range from ‘low’ to ‘high’.The various meanings of ‘low’ and ‘high’ are briefly explained
in the following, according to German Advasisy Councul for Global Change.
Unknown
Available knowledge does not permit any specific
rating in the spectrum from low to high, nor a
meaningful statement of confidence intervals (e.g.
lies with a probability of 90% between x and y).

Probability of occurrence P
„Low“ means „highly improbable“ (approaching 0).
„Tends to be low“’ means „improbable“.
„Tends to be high“ means „probable“.
„High“ means „highly probable“ (approaching 1).

Certainty of assessment of P or E
„Low“ means „poor“’ certainty of assessment.
„Tends to be low“ means „still relatively poor“ certainty of assessment.
„Tends to be high“ means „relatively good“ certainty of assessment.
„High“ means „good“ certainty of assessment.
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Location:
‘Low“ means „local“’.
„Tends to be low“ means „regional“.
„Tends to be high“ means „transboundary“.
„‘High“ means „global“.

Persistency:
„Low’ means „short-term“ (<1 year).
„Tends to be low“ means „medium-term“ (1–15 years).
„Tends to be high“ means „long-term“ (15–30 years).
„High“ means „several generations“ (>30 years).

Irreversibility:
„Low’ means ‘restorable“.
„Tends to be low“ means „largely restorable“.
„Tends to be high“ means „only partially restorable“.
„High’ means „irretrievable“.

Delay effect:
self-explanatory
Extent of damage E
self-explanatory

Mobilization potential:
„Low’ means „politically not relevant“.
„Tends to be low“ means „tends not to be politically relevant“.
„Tends to be high“’ means „tends to be politically relevant“.
„High’ means „politically highly relevant“.

CONCLUSION
The performed approach to the WGBU classification shows the effectiveness in case of assessment using percentage of
damages and percentage of GDP. The outlined areas – „normal“, „transition“ and „prohibited“ can present the physical
meaning of the risks. The areas are not clearly limited, but have dispersion around the different levels of the damages.
The report demonstrates classification with high practical applicability- If calculated risk for given event is “nonacceptable risk", the main goal is to shift it to “normal” area using most appropriate strategies and tools for action.
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Abstract
Geospatial data serves as a main information component to support the sustainable forest management. Forest
statistical data in a table or text form is traditionally applied for strategic planning and forest recourse assessment by
Russian forest administration. The statistical data prepared for management units in the regions is summarized within
the framework of state forest register at the federal level. Up to now, the main disadvantage of forest register is the lack
of cartographic support and visualization of statistical data. The simple map service for visualization of statistical
record data as an atlas of interactive maps is now being developed.
Keywords: forest management, Web mapping, GIS, electronic atlas

INTRODUCTION
The Russian forest management effectiveness depends on the quality of planning and monitoring of the activities
undertaken for the use, conservation, protection and reproduction of forests. The information basis for the effective
forest management is the statistical data being collected in the State Forest Register. According to the Russian forest
legislation, the State Forest Register is a "systematic set of documented information concerning both the forests, their
use, conservation, protection, reproduction, and the basic territorial forest management units – forestries and forest
parks". The State Forest Register is being conducted by the executive authorities and the local self-government
organizations in all the regions of Russia, while the subordinate organizations of the Federal Forestry Agency of the
Ministry of Natural Resources of the Russian Federation summarize the information for the whole country.
The collection and the synthesis of the State Forest Registry data array require significant budgetary costs, while at the
same time there are restrictions on its open publication. According to the Government Order №1187-r of 07.10.2013,
the data on the subjects of the Russian Federation consists of an open public information and the data on forestries and
forest parks which is for official use only.
Until recently, there has been neither a spatial representation nor cartographic visualization of the State Forest Register
data. To solve the problem, the compilation of the analytic maps in the GIS environment and the creation of a simple
map service in the form of an electronic atlas based on these maps were implemented.
Our long-term studies [3,5,7,8] are aimed at demonstrating the benefits of using the spatial information for decisionmaking and the introduction of cartographic presentation of different data on Russian forests in forest management
practices. The aim of our applied research is the development of a map service to provide access to the forest statistical
data through a simple user interface by means of GIS tools and web technologies.
687

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

The main purpose of this service is to render visual presentation of statistical reports in the form of cartograms and
orthodiagrams with spatial reference to the territorial management units, and thus to simplify the comparative analysis
and spatial evaluation of activities in the use, conservation, protection and reproduction of forests. To realize this goal,
the maps in the GIS software environment were created and the web interface for visualizing and delivering the maps to
the end user was designed.
It is important for the user that the map service oriented to the visualization and to the publication of the State Forest
Register data meet the following requirements:


the maps should be reproducible on a variety of platforms and popular operating systems (OS) and should not
require the installation of the special GIS software;



the maps in the service should remain vector, should be made on a single basemap and preserve the projection
and the coordinate system



all the advantages of the maps created in GIS environment should be retained, e.g: the feasibility of the user’s
queries both to the space and to the attributive data for obtaining absolute and relative values of the data, the
possibility of manipulating the layers, the metricity, and an ability of moving from a more detailed map to a
less detailed one if changing the scale.



the maps should be interactive and easy-to-use, i.e. contain controls and other tools used in web mapping.

The Web-GIS technology meets these requirements, since it combines the functionality of the GIS and the benefits of
using the Web as a medium for the transmission of GIS functions to a wide audience [9].

MATERIALS AND METHODS
Our mapping service is the simplest Web application. It is essentially a client-server architecture in which the client is a
web browser and the server is the user's local computer. The web browser is technically a client that implements the
HTML specification and JavaScript, i.e., is able to access the folders on the local computer, where the maps, images,
legends, texts, etc are placed, and to interpret and execute the code.
The mapping service consists of the following structural elements:


The digital cartographic basis (base map) with the boundaries of the Russian Federation subjects and the
boundaries of forestries and forest parks in the coordinate system WGS 1984



Operational layers with State Forest Register data for subjects of the federation and their forestries being
grouped by the federal districts.



The web interface for the maps visualization and publishing, working with the layers and the implementation
of the requests

An integral part of the map service are the maps based on the State Forest Register data, which are to be employed for
the information support of the federal and regional levels of forest management. The atlas gives an idea about the
resource base, the composition of the forests, quantitative and qualitative characteristics of the forests by the subjects of
the federation and their forestries within the boundaries of the federal districts. In cartography, such maps are usually
being referred to as the analytical type [2], and the map collection forms the information and reference atlas.
The reference type of the maps is determined by their designation for the analysis of spatial data and long-term planning
in the field of use, protection and reproduction of the forests to assess the effectiveness of forest management in the
Russian Federation regions. Statistical characteristics in the atlas mapping are traditionally displayed in the form of the
cartograms and orthodiagrams. In this method of displaying the detailed cartographic base is not required [10].
Visualization of the State Forest Registry data was performed using the cartographic basis with a minimum of content
elements:


an administrative subdivision as the polygon layer of the subjects of Russian Federation and the polygon layer
of territorial forest management units (forestries and forest parks);



a layer of linear objects consisting of the state border line and the generalized coastline

The polygon layer of the forest management units consisting of forestries and forest parks has been created and is being
regularly updated by us based on the open data sources.
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The working layers contain the State Forest Registry data grouped by the regions (subjects) and forestries as parts of the
subjects, being vizualized on the maps by the user.
A set of interface tools in the web browser provides the user with the following capabilities:


to publish and to visualize the maps based on the State Forest Register data;



to navigate and to switch between atlas sections, subsections and maps on various subjects;



to connect or to disconnect individual working layers



to display maps in different scales without any quality loss, because the vector graphics is being scaled



to view maps and data of the State Forest Register for forest areas and regions of Russia in table or chart form;



to generate inquiries on the selection of a spatial object (or a forest region), or the object with the specified
quantitative characteristics and to obtain the information on the selected object



to build charts directly on web maps using the "Query" tool;



to get the object coordinates



to print maps and attribute information

The atlas uses the Dojo library and AJAX technology to improve communication with the user, to give interactivity to
the HTML-pages and to animate the charts. These tools can be installed on the local computer or loaded from the Web.
Cartographic base and working layers form the mapping service content, being implemented as an electronic atlas.

RESULTS AND DISCUSSION
Our electronic atlas contains systematized, inter-related and mutually complementary maps, which is consistent with the
standard requirements of [2,10]. According to the electronic atlases typification [2], the atlas we have created can be
identified as a combined one. It combines the functions of the viewer intended only for visual examination (browsing),
and interactive functions, which provide content management features. Namely, it is possible to load separate working
layers, to implement requests for spatial and attribute data, to scale the map and to carry out measurements and print the
map from the screen if necessary.
The atlas contains four thematic sections: forests and forest resources; the use of forests; conservation and protection of
forests; forest reproduction. Atlas sections are hierarchical and contain sub-sections with detailed description of the
forest resources and forest management. During the design phase the subjects and legends of more than 90 maps in each
of the two levels of spatial mapping (by the regions and by the forestries) have been agreed with the potential users forest management specialists. The structure and hierarchical subordination of the mapping levels and map subjects by
sections are shown in Figure 1.
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Figure 1. The structure and hierarchical subordination of the mapping levels and map subjects by sections
Our experimental work on the mapping service preparation included the creation of maps in ArcGis 10 and the export
of the frames by means of a special extension for ArcGis called Mappetizer 11.2 and previously tested by us [7,10]. The
software
was
purchased
from
the
developer,
a
Uismedia
company
(Germany)
[http://www.uismedia.de/mappetizer/en/index.html]. The Mappetizer was selected due to its usability for the creation of
a browser-based application, the possibility of building maps and chart animation, and also due to the fact that
published forest data do not require frequent updates. The export result is simple folders with a set of files that can be
uploaded to the web and stored on the server or on the local computer.
All visible layers on the map are preserved when exporting, including the different geometry classes (polygonal, linear
and point) stored in the geodatabase, shape-files, symbols and characters, as well as the map titles and accompanying
inscriptions. In addition, it is important that the connection between the stored spatial and attribute information in the
geodatabase is preserved. The software allows converting vector data of the frame to the SVG format.
The SVG is a user-friendly format due to its simplicity in creating web-GIS applications and no need in purchasing
special software, as well as to high quality of graphical representation (including spatial), and integration with HTMLdocuments. The disadvantage of the format is a fairly rapid increase of the size of the SVG-file for the objects of
complex geometric shapes and, consequently, decreasing the speed of page loading to the user
[https://ru.wikipedia.org/wiki/SVG]. SVG-format is preferable for the publishing of the simple maps containing the
statistical characteristics in the form of the charts [1] with minimum of content elements, and compiled on the simple
cartographic basis, like the maps of our e-atlas.
Our atlas includes maps in SVG format, XML documents, JavaScript files to dynamically create the HTML web pages,
offline files for interactive pages (the images in JPG format), cascaded CSS style sheets and XSL style sheets for
recreating the layout and appearance of the text embedded in the HTML-pages. From the user side the atlas represents
the HTML-pages collection hierarchically arranged in accordance with the logic and consistency of forests information,
namely resource potential of the territory, forest use, preservation, protection and reproduction.
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The user loads the pages sequentially in a predetermined scenario, leafing through them as through ordinary web pages
of the Internet site in web browser. Our map service works in all popular web browsers supporting vector data in the
SVG-format, such as Internet Explorer, Mozilla Firefox, Google Chrome, Opera. However, the most stable browser to
work with the SVG format is the Mozilla Firefox, which has an internal (native) format support. This is the preferable
browser to manage the atlas maps and the whole service.
Today our atlas includes maps of all the Russian regions and the territorial forest management units (forestries and
forest parks), which are grouped within Federal Districts. Statistical data in the atlas are presented mainly in the form of
a circular structure diagrams, as this method is best suited for the display of variation range and the structural
subordination of the original data. Users often deal with the need in obtaining specific numerical values, that are
displayed on the pie or bar charts.
ArcGIS visual tools have limitations in terms of sector chart signatures in the form of callouts that clutter the field map.
Web Mapping tools made using the Mappetizer addon allow charts to be animated. When the user hovers over a chart
sector the quantitative data is dynamically loaded poping up specific numerical values. That's why the map is not
overloaded with lots of numbers, such as timber volume or forest area. These figures, taking into account the vast areas
of Russian forests and timber volumes, are commonly expressed in million m3 or million ha respectively.
Our electronic atlas can be downloaded to a local computer or a server, and it is suitable for publishing maps on the
Web. We emphasize that because of the regime restrictions, only a part of maps and statistical information is open for
publication, namely, the State Forest Register data for the Russian regions.

CONCLUSION
The proposed approach to the work with industry statistical information through a simple map service in a Web browser
gives us an opportunity to publish forest registry information and receive reference data without installing an expensive
GIS software on the server or on the local computer. The forest administrative employees though not having any GIS
experience can easily learn how to manipulate atlas maps’ content and how to gain the reference forest data from the
database. There is also no need for personnel to use GIS-based "cloud" technologies, such as ArcGIS Online, which,
because of data confidentiality, may not be welcomed or even be not allowed to comply with corporate security
policies. Modern users want the Web applications to be as simple, as quick, and as easy to learn and use as an ordinary
Web page [9]. Our work is an example of such simple-to-learn and -use browser application.
The cartographic service will promote the involvement of the geospatial data into decision support of forest
management with an objective to enhance the Russian forests administration at regional and federal levels.
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Abstract
Development of Web GIS applications provide not only maintenance and visualization of geospatial data in real time,
but also foster the development of communities for sharing information with the main idea to solve various social
problems, the most important of which are the environment protection and its sustainable development. There is a great
need for developing Web GIS applications for Natura 2000 protected areas, which to be widely available to the general
public. According to the main goal to develop a Web GIS application for the "Bulgarka" Nature Park in Bulgaria, the
aim of this study is to create geodatabase of land cover and selected habitats in the park’s territory. A reliable and
consistent land cover and land use information for natural parks may be used to assess the status and trends of park’s
ecosystems. It is useful also for natural resource management decisions. Remote sensing and GIS are powerful tools for
land cover mapping by providing consistent data with high temporal and spatial accuracy. The present study illustrates
maps and analysis of spatial distribution of land cover and species of flora diversity in the “Bulgarka” Nature Park.
Data and maps are developed in GIS environment for selected representative park areas with high conservation value.
The results of spatial analysis indicate the current diversity and spatial distribution of land cover and protected species
of flora. Visualization of created maps and data is designed for integration with a Web GIS application.
Keywords: Web GIS, thematic mapping, land cover, habitat types, "Bulgarka" Nature Park

INTRODUCTION
In the Information Technology (IT) field, Web GIS applications are some of the fastest growing and most promising. A
prerequisite for this is the development of computer hardware and software, GPS and remote sensing, mobile devices,
wireless communication technologies such as Bluetooth and Wi-Fi, web space and web services, public need for
sharing information, and last but not least the development of more and more open-source software platforms. As
innovative information products, Web GIS applications provide not only maintenance and visualization of geospatial
data in real time, but also foster the development of communities for sharing information with the main idea to solve
various social problems, the most important of which are the environment protection and its sustainable development.
This also determines the increased interest in developing Web GIS applications for protected areas, including Natura
2000 areas as well. The usage of some new informative approach can both contribute to conservation of the protected
ecosystems and landscapes, and promote the benefits of eco-tourism for economic development of the region, along
with raising the public awareness of the unique nature. There is a great need for developing Web GIS applications for
Natura 2000 protected areas, which to be widely available to the general public, as developed applications with similar
purpose till that moment are very few, especially for nature parks. According to the objective of developing a Web GIS
application for the "Bulgarka" Nature Park, we extract and integrate the available multi-source spatial data for land
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cover, biodiversity, and nature habitat types. Outcomes are represented in the form of thematic maps which further can
be used in a Web GIS application for the nature park.

STUDY AREA
The “Bulgarka” Nature Park is a protected area under NATURA 2000 that is located in the northern Bulgaria, central
Balkan Mountains at 42°44'01" - 42°51'31"N, 25°09'39" - 25°38'02"E, between the towns of Gabrovo, Tryavna and
Shipka (Figure 1). The park occupy area of approximately 24,000 hectares. It was declared as a nature park in August
2002, with a view to preserve, restore and maintain the flora, fauna, beech ecosystems, landscapes and cultural heritage,
typical for the Balkan Mountains. The average altitude of the park is 940 meters above sea level, and the vertical
displacement is 1120 meters. Close to the park in Uzana locality is the geographical center of Bulgaria.

Figure 1. Study area of the “Bulgarka” Nature Park
The park comprises a rugged terrain with a series of small valleys, cut by gulches and ravines, narrow hills and ridges
with steep slopes. The diversity relief forms are complicated by current erosion processes causing the development of
slopes, embankments, alluvia and terraces, formed by human activities. The territory of the “Bulgarka” Nature Park
combines four floristic regions and three physical geographical regions that results in many transitional plant formations
and typical habitats, rare for other areas. The diverse topography and climatic conditions are the reason for the great
diversity of tree and plant species. More than 360 plant species have been registered on the park territory and over 30 of
them are included to the Red Book of Bulgaria - a list of endangered, threatened or extinct species, found in Bulgaria.

DATA AND METHODS
Spatial data and information about the land cover, biodiversity and nature habitat types in the “Bulgarka” Nature Park
are provided by available raster and vector data, published maps, 3D models and technical documents (EEA, 2015;
DavGEO, 2015; Natura2000, 2016; Bulgarka NP, 2016).
CORINE Land Cover (CLC) 2012 data (EEA, 2015) were used to assess land use/cover of the “Bulgarka” Nature Park.
The land use/cover mapping is produced through the CLC project based on application of computer aided visual
interpretation of high resolution remote sensing data in GIS environment according to the CLC methodology (CEC,
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1995, Bossard et al., 2000; EEA, 2007). Further, more detailed land use/cover data could be obtained in our study based
on orthophoto images which provide consistent data with high temporal and spatial accuracy.
The inventory of Natura 2000 (2016) data for biodiversity and habitat types in the “Bulgarka” Nature Park has provided
information about habitat types area and available maps and data (Table 1).
Table 1. Habitat types in the “Bulgarka” Nature Park
№

Code

1
2

4060
6110

3

6210

4

6430

5
6
7
8
9
10
11

6510
6520
7220
7230
8210
8220
8230

12
13
14
15

8310
9110
9130
9150

16
17
18
19

9170
9180
91BA
91E0

20
21
22
23

91G0
91M0
91W0
91Z0

Habitat types
Alpine and Boreal heaths
Rupicolous calcareous or basophilic grasslands of the AlyssoSedion albi
Semi-natural dry grasslands and scrubland facies on calcareous
substrates (Festuco Brometalia) (*important orchid sites)
Hydrophilous tall herb fringe communities of plains and of the
montane to alpine levels
Lowland hay meadows
Mountain hay meadows
Springs with tufa formation (Cratoneurion)
Alkaline fens
Calcareous rocky slopes with chasmophytic vegetation
Siliceous rocky slopes with chasmophytic vegetation
Siliceous rock with pioneer vegetation of the Sedo-Scleranthion
or of the Sedo albi-Veronicion dillenii
Caves not open to the public
Luzulo-Fagetum beech forests
Asperulo-Fagetum beech forests
Medio-European limestone beech forests of the CephalantheroFagion
Galio-Carpinetum oak-hornbeam forests
Tilio-Acerion forest of slopes, screes and ravines
Moesian silver fir forests
Alluvial forests with Alnus glutinosa and Fraxinus excelsior
(Alno-Pandion, Alnion incanae, Salicion albae)
Pannonic woods with Quercus petraea and Carpinus betulus
Pannonian-Balkanic turkey oak-sessile oak forests
Moesian beech forests
Moesian silver lime woods

95.987

Available
Raster
Maps
✓

4.87134

✓

119.98375

✓

287.961

✓

74.11
86.3883
0.05
0.87
71.99025
347.95287

✗
✓
✗
✗
✓
✓

0.17925

✗

17.20566
3477.36904

✓
✓
✓

5391.10985

✓

789.49307
719.9025
8.39886

✓
✓
✗

2.63

✗

400.50575
0.38394
3949.86505
1.02706

✓
✓
✓
✓

Area (ha)

The raster data for biodiversity of the “Bulgarka” Nature Park provided by Natura 2000 (2016) have served as an input
information for the mapping process and were converted to vector data. There was a necessity to convert 17 *.pdf map
files with nature habitats distribution to *.shp files. These vector data were used as a basis for defining the indicative
area of the nature habitat types distribution in the park and the subsequent geospatial analysis showing the highest
density of habitats crowding. For conversion purposes trial version of reaConverter 7 program was selected as a suitable
program. Mapping applications were developed in ArcMap 10.3 and several geospatial tools were used in a procedure
for finding the habitats clustering along the territory of the “Bulgarka” Nature Park.

RESULTS AND DISCUSSION
Created digital map of CLC in Figure 2 shows the structure and spatial distribution of land use/cover in the “Bulgarka”
Nature Park in 2012 (reference ellipsoid: WGS 84, cartographic projection: Universal Transverse Mercator (UTM)
Zone 35N, geographical coordinates).
The statistical analysis of land use and land cover of the park territory in 2012 represents the distribution of forest and
semi-natural areas (89.12%), agricultural areas (9.32%), artificial surfaces (1.12%), and water bodies (0.44%) (Table 2).
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Figure 2. CORINE Land Cover 2012 map of the “Bulgarka” Nature Park
Table 2. CORINE Land Cover (CLC) 2012 in the “Bulgarka” Nature Park

Artificial surfaces

Agricultural areas

Forest and seminatural areas

Water bodies

CLC class

CLC
code

Number
of
polygons

Discontinuous urban fabric

112

13

170.9

0.71

Industrial or commercial units
Road and rail networks and associated land

121
122

1
1

53.2
27.8

0.22
0.12

Sport and leisure facilities

142

2

17.6

0.07

Non-irrigated arable land

211

6

148.2

0.62

Fruit trees and berries plantations

222

3

43.2

0.18

Pastures

231

1

51.0

0.21

Complex cultivation patterns
Land principally occupied by agriculture with
significant areas of natural vegetation

242

21

482.7

2.01

243

45

1510.9

6.29

Broad leaved forest

311

32

16217.0

67.57

Coniferous forest

312

7

303.5

1.26

Mixed forest

313

68

3681.8

15.34

Natural grassland

321

34

444.6

1.85

Transitional woodland scrub

324

22

742.8

3.09

Water bodies

512

1

106.1

0.44

257

24001.4

100.00

Total

Area
(ha)

Area (%)
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Forest areas (classes 311, 312 & 313) predominate in the “Bulgarka” Nature Park covering 84.17% of its total area. The
beech represents the highest percentage (60%) of the forest cover and forms typical plant communities protected by
both national nature conservation (Bulgarka NP, 2016) and the pan-european ecological network Natura 2000 (2016).
These communities are represented by beech-woodrush, beech-asperule, beech-mountain ash, beech-laurelcherry,
beech-whortleberry, beech-water hornbeam and some unique habitats: beech-yew-laurelcherry, beech-holly-moss, and
beech-dendriform hazel. Another deciduous trees which can be found in the park include oak, water locust, birch
hornbeam, linden, elm, acacia, aspen, maple, ash, wild cherry, holly, rowan, birch, etc. In turn, the coniferous trees
include white and black pine, spruce, fir, white fir, etc.
The species of flora on the territory of the “Bulgarka” Nature Park with the highest conservation value are included in
the Red Book of the Republic of Bulgaria. According to the data of Natura 2000 (2016) these species include: mountain
great maple (Acer heldreichii), holly (Ilex aquifolium), yew (Taxus baccata), Atropa bella-donna, Veronica jaquinii ssp.
Neiceffii, Haberlea rhodopensis, Daphne blagayana, Daphne cneorum, Saxifraga marginata, Rhynchocorus elephas,
Cynoglossum germanicum, Kernera saxatilis, Goodyera repens and various representatives of Orchidaceae, etc. In
turn, the gymnosperm plants covers approximately rounded 1ha. This botanical uniqueness, which occurs only in this
part of the country makes the park a significant conservation habitat. The park territory is extremely rich also in
medicative herbs. Almost 70% of the officially recognized medicative herbs in Bulgaria can be found here. Within the
“Bulgarka” Nature Park several protected areas are declared to promote better habitat protection. The list of important
species of flora in the “Bulgarka” Nature Park is presented in Table 3.
Table 3. A list of important species of flora in the “Bulgarka” Nature Park
№

Species name

1
2

Acer heldreichii
Achillea ageratifolia

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Population size
Min
Max
6
10

Conservation categories
National Red Book
Endemics
X

251

500

X

Achillea clypeolata
Achillea grandifolia
Alchemilla viridiflora

101
1001

250
10000

X
X

11

50

X

Allium melanantherum
Angelica pancicii
Aquilegia vulgaris
Asperula capitata
Atropa bella-donna
Betonica bulgarica
Campanula jordanovii
Campanula lanata
Campanula velebitica
Carum graecum
Crocus veluchensis
Daphne blagayana
Daphne cneorum
Daphne oleoides
Dianthus moesiacus
Festuca balcanica
Festuca xanthina
Galanthus elwesii
Haberlea rhodopensis
Hieracium pannosum
Ilex aquifolium
Inula aschersoniana
Iris reichenbachii

101
11
11
1
251
501
6
1
51
501
1000
101
251
1
11
251
101
501
501
241
11
11
101

250
50
50
5
500
1000
10
5
100
1000
–
250
500
5
50
500
250
1000
1000
500
50
50
250

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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29
30
31

Jovibarba heuffelii
Kernera saxatilis
Laserpitium siler

11
51

50
100

X
X

11

50

X

32

Limodorum
Micromeria frivaldszkyana
Minuartia bulgarica

10
1000

X

33
34

6
501
11

50

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Ophrys cornuta
Orchis militaris
Pinus peuce
Pulmonaria mollis
Rhynchocorys elephas
Satureja pilosa
Saxifraga marginata
Sedum stefco
Sempervivum erythraeum
Sesleria latifolia
Silene nutans
Spiranthes spiralis
Taxus baccata
Trinia glauca
Veronica jaquinii ssp. Neiceffii
Viola aetolica
Viola balcanica
Echium russicum
Himantoglossum caprinum

6
1
11
101
11
51
251
6
251
1000
6
1
101
101
501
51
6
6
30

10
5
50
250
50
100
500
10
500
–
10
5
250
250
1000
100
10
10
50

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Data processing of nature habitat types distribution in the “Bulgarka” Nature Park was performed in GIS environment.
Firstly, the exported *.shp files have not contained information that could identify which Coordinate System was used
to define their features. In this case, the Shape column's Spatial Reference property was displayed as Unknown or
Assumed Geographic. Thus, an appropriate Projection and a proper Coordinate System were defined for the mapping
territory, namely Transverse_Mercator Projection and WGS_1984_UTM_Zone_35N Coordinate System. Another
problem was that in some of the converted already *.shp files too many lines were duplicated. Almost each one of the
line features was duplicated several times. An efficient approach provided by ArcGIS Geospatial Tool was applied to
unsplit all lines in order to reduce their number. Then, all lines were moved at once to somewhere close to their real XY
coordinates and precise located.
Afterward, polyline vertices were converted to points, so as to be grouped in one when they are surrounded by polygon
boundaries using method of aggregation. For this operation the Cartographic Tools for generalization were used, i.e.
Aggregation Tools for points and polygons. The next operation was to create a buffer of 150 meters around the
polygons in order to visualize the nature habitat types distribution in the park. Applying the deductive approach in the
process of mapping we achieved an indicative representation of the habitats’ areas. The determining factor for
delineation of these areas was the accuracy of the available input data and their transformations. After buffering, some
of polygons were overlapping each other, so they were merged in order to receive more correctly calculated data for
nature habitats coverage. Then, an operation of smoothing the polygons boundaries was performed for realizing a better
visualization. Created maps of the spatial distribution of habitat types in the “Bulgarka” Nature Park are presented in
Table 4.
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Table 4. Spatial distribution of habitat types in the “Bulgarka” Nature Park
№

Code

Habitat types

1

4060

Alpine and Boreal heaths

2

6110

Rupicolous calcareous or
basophilic grasslands of the
Alysso-Sedion albi

3

6210

Semi-natural dry grasslands and
scrubland facies on calcareous
substrates (Festuco Brometalia)
(*important orchid sites)

4

6430

Hydrophilous tall herb fringe
communities of plains and of the
montane to alpine levels

5

6520

Mountain hay meadows

6

8210

Calcareous rocky slopes with
chasmophytic vegetation

Map Scale: 1:500,000
Spatial reference: WGS 84 / UTM Zone 35N
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7

8220

Siliceous rocky slopes with
chasmophytic vegetation

8

8310

Caves not open to the public

9

9110

Luzulo-Fagetum beech forests

10

9130

Asperulo-Fagetum beech forests

11

9150

Medio-European limestone
beech forests of the
Cephalanthero-Fagion

12

9170

Galio-Carpinetum oakhornbeam forests

13

9180

Tilio-Acerion forest of slopes,
screes and ravines
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14

91G0

Pannonic woods with Quercus
petraea and Carpinus betulus

15

91M0

Pannonian-Balkanic turkey oaksessile oak forests

16

91W0

Moesian beech forests

17

91Z0

Moesian silver lime woods

Finally, a map of the density of nature habitat types in the “Bulgarka” Nature Park was created. For this purpose
initially each polygon layer that contains nature habitats was incorporated into a single layer using Union ArcGIS
Geoprocessing Tool. The resulted attribute table includes 17 column fields, each one of them corresponding with its
unique nature habitat code. Thus, for finding the habitats clustering, i.e. their number on a specific area, a geospatial
operation of dissolving the Union layer by all habitat codes and analyzing the results by a full combination of the nature
habitat codes for each attribute table record, i.e. for each polygon territory was completed. The obtained spatial data are
represented in the form of thematic map on Figure 3 visualizing the nature habitat types density in the “Bulgarka”
Nature Park.
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Figure 3. Density of nature habitat types in the “Bulgarka” Nature Park

CONCLUSIONS
Based on the integrated geo-data a set of specialized maps and thematic data for the “Bulgarka” Nature Park was
created with the necessary attributive and geospatial information, verified in terms of accuracy and relevance. As a final
result, it can be assumed that an attractive map visualization is achieved by applying an appropriate aesthetic design of
cartographic elements.
In future work, research efforts will be focused on creating integrated geospatial database for biodiversity and tourism
in the nature park’s area, there will be a number of different data categories. Furthermore, a set of Web GIS tools will
be developed that allow multi-scale maps visualization, analysis of geospatial location and access to built-in functions
for user requests implementation. In addition, an embedded hyperlink technology will provide supplementary
geographic information for habitat types and eco-tourist sites.
The Web GIS application for the “Bulgarka” Nature Park will be provided as a main contribution that allows public
access to custom web maps and various data resources, which in turn can be filtered in different categories and
keywords, such as biodiversity, protected areas and zones, tourist sites and routes, protected species, rivers, roads, etc.
This application may have a great potential for further improvement, considering that it is an innovative information
product, which is on the one hand, a particular GIS application, and on the other, a solid base for developing another
new GIS products and Web Services.
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Abstract
Cartography is a sophisticated pursuit that is best left in the hands of experts and should be limited to trained
professionals. The transition to digital technology had both technical and economic impacts on cartography. On the
technical side, it allowed entirely new approaches to map design that escaped the constraints of manual cartography.
For example, colour could also be varied continuously, leading to vastly more possibilities in the portrayal of spatially
continuous phenomena such as topography.
Automation of cartography, and particularly the thorny problem of automatic generalization, remains a concern of
cartographers.
The power of GIS lies in its ability to improve on past practice, rather than to replicate it in a digital environment. GIS
packages include support for sophisticated cartographic techniques, such as methods of symbolization and
cartographic generalization.
Topographic maps series have common standard symbols are easily designed and stored in GIS library for efficient
map symbolization.
Keywords: Cartography, GIS Cartography, Symbolization, Generalization, Topographic maps series,Topographic
Mapping

INTRODUCTION
Cartography concerns the art, science, and techniques of making maps or charts. Conventionally, the term map is used
for terrestrial areas and chart for marine areas, but they are both maps in the sense the word is used here.
Cartography dates back thousands of years to a time before paper, but the main visual display principles were developed
during the paper era and thus many of today digital cartographers still use the terminology, conventions, and techniques
from the paper era.
Historically, the origins of many National Mapping Agencies, NMAs, can be traced to the need for mapping for
‘geographical campaigns’ of infantry warfare, for colonial administration, and for defense. Today such agencies fulfill a
far wider range of needs of many more user types. Although the military remains a heavy user of mapping, such
territorial changes as arise out of today conflicts reflect a more subtle interplay of economic, political, and historical
considerations – though, of course, the threat or actual deployment of force remains a pivotal consideration.
Manual methods of cartography to produce paper maps was a time-consuming and exacting blend of art and science
undertaken by teams of cartographers using pens, ink, and scribe tools.

GIS CARTOGRAPHY
Modern advances in GIS-based cartography make it easier than ever to create large numbers of maps very quickly using
automated techniques once databases and map templates have been built. Creating databases and map templates
continue to be advanced tasks requiring the services of trained professionals. The type of data that are used on maps is
also changing – today maps often reuse and recycle different datasets, obtained over the Internet, that are rich in detail
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but may be unsystematic in collection and incompatible in terms of scale. This all underpins the importance of metadata
to evaluate datasets in terms of scale, aggregation, and representativeness prior to mapping. Collectively these changes
are driving the development of new applications founded on the emerging advances in scientific visualization that will
be discussed in the next chapter.
In the last 25 years, digital methods of cartography and a broader range of products many of which are also digital have
been introduced. Recent advances in database technology for managing GIS spatial data have been embraced by NMAs
worldwide and promise to further revolutionize the way the Agencies fulfils its national mapping obligations. For
instance, many of them have produced an object-oriented seamless topographic database for the entire natation and
developed tools in ArcObjects™ for the automated pushbutton production of hard-copy maps.
Many NMAs rely on Esri ArcGIS system for map production, from data extraction to data production. First, data is
extracted from existing databases. The data is then checked for position against satellite imagery or aerial photography
and for attribution against intelligence gathered from a variety of sources including state and local governments;
publications; and older, large-scale maps.
Field mapping is undertaken to upgrade the accuracy of roads and other infrastructure features and to broadly check the
validity of the data. Formal data validation is undertaken to ensure that the data meets quality requirements as defined in
the database specification.
Checks for completeness, positional accuracy, attribute accuracy, and logical consistencies are performed.
On passing validation, the data is checked back into the national database, and a largely push-button approach is
undertaken to output print files for color maps.
A map is the digital or analog (soft- or hardcopy) output from a GIS that shows geographic information using wellestablished cartographic conventions. It is the final outcome of a series of GIS data processing steps Fig. (1) beginning
with data collection, editing and maintenance, through data management, analysis and concluding with a map. Each of
these activities successively transforms a database of geographic information until it is in the form appropriate to
display on a given technology (Longley et. al, 2005).

Figure (1) GIS processing transformations needed to create a map(Longley et. al, 2005)
Central to any GIS is the creation of a data model that defines the scope and capabilities of its operation, and the
management context in which it operates.
Implementing GIS throughout NMAs enables faster workflow, easier maintenance of data, and cost efficiencies in
terms of the ability to generate multiple products—digital and hard copy—from a single database.
GIS also make it easier to attract younger staff who see the potential of the new technology and the broader range of
career options it offers them, such as in the fields of analytic GIS, map production, and data management.
GIS enable to automate cartographic symbolization, text placement, and the building of the map surround so that the
map technician would be able to publish maps very fast. Since users of topographic maps expect a high caliber of
cartographic quality and content, there were several challenges to overcome.
The territory interpretation and analysis can be developed with the support of the cartography, unavoidable tool for
modern world. The growing needs for using the cartography has experienced a wide and important impulse nowadays.
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Paper maps remain in widespread use because of their transportability, their reliability, ease of use, and the
straightforward application of printing technology that they entail. They are also amenable to conveying straightforward
messages and supporting decision making. Today mapping must be capable of communicating an extensive array of
messages and emulating the widest range of ‘what if’ scenarios.
Both paper and digital maps have an important role to play in many economic, environmental, and social activities.
The visual medium of a given application must also be open to the widest community of users. Technology has led to
the development of an enormous range of devices to bring mapping to the greatest range of users in the widest spectrum
of decision environments. In-vehicle displays, palm top devices, and wearable computers are all important in this
regard. Most important of all, the innovation of the Internet makes ‘societal representations’ of space a real possibility
for the first time.
Maps fulfill two very useful functions, acting as both storage and communication mechanisms for geographic
information. The old adage ‘a picture is worth a thousand words’ connotes something of the efficiency of maps as a
storage container. The modern equivalent of this is ‘a map is worth a million bytes’. Before the advent of GIS, the paper
map was the database, but a map can now be considered a single product generated from a digital database. Maps are
also a mechanism to communicate information to viewers. Maps can present the results of analyses (e.g., the optimum
site suitable for locating a new store, or analysis of the impact of an oil spill). They can communicate spatial
relationships between phenomena across the same map, or between maps of the same or different areas. As such they
can assist in the identification of spatial order and differentiation. Effective decision support requires that the message
of the map is readily interpretable in the mind of the decision maker. A major function of a map is not simply to
marshal and transmit known information about the world, but also to create or reinforce a particular message. Maps are
both storage and communication mechanisms.
GIS has fundamentally changed cartography and the way maps are produced, used, and thanked about. GIS cartography
of frees map-makers from many of the constraints inherent in traditional (non-GIS) paper mapping.

TOPOGRAPHIC MAPPING
Topographic mapping is defined as the art, science and technology to locate points near the earth surface, to derive
geometric structures from these points and to monitor a set of static and dynamic attributes associated with these
structures. Points form basic and complex geometric structures such as lines, polygons, areas, parcels, surfaces, etc.
These points are necessary to map the entire earth surface or a part of it (Hatzopoulos, 2008).
Currently topographic maps are mass produced from GIS databases include roads, hydrography, contours, boundaries,
cultivation cover, structures, geographic names, worldwide topographic map series is the 7.5-minute series, published
primarily at 1:25,000 scale
Common cartographic scales: For Topographic Maps, 1:25,000 (7.5 ' x 7.5 ' quads),
1:50,000 (15 ' x 15 ' quads),
1:100,000 (30 ' x 30 ' quads), 1:250,000 (1.5 x 1 quads), 1:500,000 (3 x 2 quads) and for World
Maps
1:1,000,000 (6 x 4 ).

MAP SERIES
A map series is a collection of map pages (also known as map sheets) built from a single layout that represents a
geographic area. The most common type is a spatial map series where each map page displays a portion of the larger
geographic area based on a feature's geometry.
For example, a spatial map series might contain an individual map for each county in a state, each country in a
continent, or each parcel in a new subdivision. Each page, or sheet, in a map series also typically contains map elements
such as the map title that change to reflect the name of the area shown in the particular map sheet.
Map series gives you the ability to generate a set of output pages by using a layout and iterating over a set of map
extents. The extents are defined by the features in a layer and are sometimes called tiles, sections, or areas of interest
(AOI). The layer that defines the extents is referred to as an index layer. Any feature layer can serve as the index layer.
A single layout defines the map composition for each map series page. Only dynamic parts of the layout change with
each page; static elements stay the same. Any changes made to static elements of the layout will be reflected on each
page of the map series.
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For example, a map series can be based on a regular grid of polygons with a town parcels. Using an index layer
representing a grid, a series of pages of equal area can be produced that cover the town as shown in Fig. (2) below:

Figure (2) A series of pages of equal area.
The features in the index layer can be non-contiguous, overlapping, and represent various shapes and extents. The
features can be points, lines, or polygons. The extents for line and polygon features are based on the feature's spatial
envelope. For example, a polygon layer representing political boundaries can be used to drive the extents for each map
sheet. Points can also define an extent when a scale is provided. Non-feature layers, such as raster layers, cannot be
used for the index layer.

MAP COMPOSITION
Map composition is the process of producing a map comprising several closely interrelated elements (Longley et. al,
2005):


The main map body, which is the principal focus of the map. It should be given space and use symbology
appropriate to its significance.



Overview map may be used to show the general location or context of the main body.



Title. One or more map titles are used to identify the map and to inform the reader about its content.



Legend. This lists the items represented on the map and how they are symbolized. Many different layout
designs are available and there is a considerable body of information available about legend design.



Scale. The map scale provides an indication of the size of objects and the distances between them. A paper
map scale is a ratio, where one unit on the map represents some multiple of that value in the real world. The
scale can be symbolized numerically (1:1000), graphically (a scalebar), or texturally (‘one cm equals 250 m’).
The scale is a representative fraction and so a 1:1000 scale is larger (finer) than a 1:100 000. A small (coarse)
scale map displays a larger area than a large (fine) scale map, but with less detail.



Direction indicator. The direction and orientation of a map can be conveyed in one of several ways including
grids, graticules, and directional symbols (usually north arrows). A grid is a network of parallel and
perpendicular lines superimposed on a map. A graticule is a network of longitude and latitude lines on a map
that relates points on a map to their true location on the Earth.



Map metadata. Map compositions can contain many other types of information including the map projection,
date of creation, data sources, and authorship.
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A key requirement for a good map is that all map elements are composed into a layout that has good visual balance. On
large-scale maps, such as 1:50 000 national mapping agency topographic maps, all the contextual items (everything
listed above except the map body) usually appear as marginal notations (or marginalia).

SYMBOLIZATION
Symbols graphically describe, categorize, or rank geographic features, labels, and annotation in a map to locate and
show qualitative and quantitative relationships. Symbols are one of four types—marker, line, fill, or text—depending on
the type geometry they draw. They are generally applied to groups of features at the layer level, but graphics and text in
a layout are also drawn using symbols. Symbols can be created and applied directly to features and graphics, and they
can be optionally stored, managed, and shared in collections called styles Fig. (3).

Figure (3)Symbols categorize and draw features in a layer.
The data to be displayed on a map must be classified and represented using graphic symbols that conform to welldefined and accepted conventions. The choice of symbolization is critical to the usefulness of any map. There is not a
single universal symbology model applicable everywhere, but rather one for each combination of factors. Again,
cartographic design is a compromise reached by simultaneously optimizing several factors.
Good mapping requires that spatial objects and their attributes can be readily interpreted in applications. attributes were
classified as being measured on the nominal, ordinal, interval, or ratio scales, while spatial objects were classified into
points, lines, areas, and surfaces. We have already seen how attribute measures that we think of as continuous are
actually discretized to levels of precision imposed by measurement or design. The representation of spatial objects is
similarly imposed – cities might be captured as points, areas, mixtures of points, lines, and areas Fig. (4) or 3-D ‘walkthroughs’, depending on the base-scale of a representation and the importance of city objects to the application.
Measurement scales and spatial object types are thus one set of conventions that are used to abstract reality. Whether
using GIS or paper, mapping may entail reclassification or transformation of attribute measures.
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Figure (4) The representation of spatial objects by symbols
The process of mapping attributes frequently entails further problems of classification because many spatial attributes
are inherently uncertain. For example, in order to produce a map of occupational type, individuals’ occupations will be
classified first into socioeconomic groups (e.g., ‘factory worker’) and perhaps then into super-groups, such as ‘blue
collar’. At every stage in the aggregation process we inevitably do injustice to many individuals who perform a mix of
white and blue collar, intermediate and skilled functions by lumping them into a single group (what social class is a
frogman?). In practice, the validity and usefulness of an occupational classification will have become established over
repeated applications, and the task of mapping is to convey thematic variation in as efficient a way as possible.

Attribute Representation and Transformation
Humans are good at interpreting visual data – much more so than interpreting numbers, for example – but conventions
are still necessary to convey the message that the map-maker wants the data to impart. Many of these conventions relate
to use of symbols (such as the way highway shields denote route numbers on many US medium- and fine-scale maps;
Fig. (2) and colors (blue for rivers, green for forested areas, etc.), and have been developed over the past few hundred
years. Mapping of different themes (such as vegetation cover, surface geology, and socio-economic characteristics of
human populations) has a more recent history. Here too, however, mapping conventions have developed, and
sometimes they are specific to particular applications.
Attribute mapping entails use of graphic symbols, which (in two dimensions) may be referenced by points (e.g., historic
monuments and telecoms antennae), lines (e.g., roads and water pipes) or areas (e.g., forests and urban areas). Basic
point, line, and area symbols are modified in different ways in order to communicate different types of information. The
ways in which these modifications take place adhere to cognitive principles and the accumulated experience of
application implementations. The nature of these modifications was first explored by Bertin in 1967, and was extended
to the typology illustrated in Fig. (4) by MacEachren. The size and orientation of point and line symbols is varied
principally to

GENERALIZATION
Within cartographic circles automatic generalisation is one of today buzzwords but yet remains one of the most difficult
goals to achieve and is hence a subject of intense research activity.
NMAs the need of automatic generalisation is of significant interest. With automatic generalisation NMAs are able to
not only improve and streamline their map production lines but also save important resources such as time and money.
It is for these reasons that many NMAs are either in the process of, or have already introduced automatic generalisation.
Sometimes GIS data contains an excess of detail or spatial information than what is needed for the scale of the map
being prepared. Generalization is the method used in GIS to reduce detail in data. For example, a small scale map of
the United States does not need detailed coastlines or a map of California does not need to show every road in the state.
Generalization can be achieved by removing detail, such as only showing major roads, showing only the boundary of a
state instead of all the counties. In GIS generalization is also used to smooth out lines, removing small detail such as
the nooks and crannies of a coastline or the meanderings of a stream.
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Since detail about a geographic feature is simplified during generalization, generalized data is less spatially accurate.
Those using generalized data to calculate length, perimeter, or area will incur errors in the calculations.
Depending on whether you are generalizing vector or raster data, there are different tools for generalizing GIS data
using ArcGIS.
There is a toolset in the Spatial Analyst toolbox in ArcGIS that allows for several different methods of generalization on
raster data. The generalization tools in the toolset are grouped into three categories: Aggregating zones of data (Nibble,
Shrink, Expand, Region Group, and Thin), smoothing data edges (Boundary Clean and Majority Filter), and reducing
the resolution of a raster (Aggregate).
For vector data, ArcGIS has a Generalize tool in the Editing toolset which uses the Douglas-Peucker simplification
algorithm to simplify lines. For additional generalization methods, the Generalization toolset found in the Cartography
toolbox offers a range of tools for simplifying and reducing resolution of vector data for cartographic purposes Fig. (5).

Figure (5) Smoothing a line using the Generalize tool in ArcGIS. Image: Esri.
The Cartographic generalisation plays a key role in producing topographic map series – particularly in today digital
cartography, where generalisation tools are an essential part of any Geographic Information System (GIS) (Weibel,
2004). At the present time the amount of spatial data is increasing rapidly. Therefore, new solutions are needed to
innovate the map production process of topographic maps in order to save valuable resources. So helping to ensure
efficiency and maintain update cycle without suffering any loss of quality. Therefore, the automation of generalisation
is a subject of intense research activity and one of the most discussed topics at present (Burghardt et al., 2014).
Brassel and Weibel already stated in 1988 that "generalisation is a fuzzy concept and is not well defined". Due to this
fuzziness and the importance of the topic, there has been a significant amount of research done to provide and improve
possibilities of automating the most critical and repetitive tasks in map production. Since the second half of the 20th
century a number of different rules and approaches have been defined for coping with the problem of automatically
generalising small scale maps from a large scale base (Weibel, 2004).
For many NMAs the need for automated generalisation is from significant interest [(Duchêne et al., 2014) in (Burghardt
et al., 2014)]. With automated generalisation NMAs are able to improve their map production lines and so save
important resources such as time and money. This process leads to the other big advantage of being able to derive their
smaller scale datasets from a single maintained database (Foerster et al., 2010). For these reasons many NMAs have
already introduced automated generalisation and for all the others it can only be a matter of time before they will follow
down this path.
The NMAs are responsible for the national survey of their nations and production of the national maps. Many NMAs
already use automatic generalisation in their map production, are however constantly seeking new approaches and
methods to further increase their efficiency. At present the final quality control of all mapping products is still done
manually by the skilled cartographic workforce.
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Abstract
Monitoring and mapping greenhouse areas accurately using remotely sensed data is very important for urban and rural
planning, agricultural yield estimation, monitoring and planning crop proportion, natural resource management, and
sustainable development. The conventional techniques for greenhouse mapping are time consuming, and expensive.
Remote sensing technologies are very important to extract accurate and reliable greenhouse information. The main
objectives of this research are (1) to compare the performance of the supervised classification techniques including
maximum likelihood (ML), and support vector machines (SVM) for land cover classification with emphasis on
greenhouse detection and (2) to find out the ability of SPOT 5 satellite imagery for detecting greenhouses in selected
study area Anamur district of Mersin, Turkey. The performance of classification methods, was compared by using error
matrix. Overall accuracy and Kappa statistics were computed. Based on the results, SVM and MLC performances were
similiar for the selected study area and SPOT 5 MS data.
Keywords: Greenhouses, Classification, Support Vector Machines, SPOT 5

INTRODUCTION
Greenhouse growing is important for food safety, besides its contribution to the economy and employment. The
worldwide application of this kind of growing is 15% glass greenhouses and 85% plastic greenhouses (Sonmez and
Sarı, 2006). Because of its superior ecological properties, Turkey has global importance in terms of vegetable and fruit
production, and 87% of Turkey’s greenhouse agriculture (37,703 ha) is in the Mediterranean region. Protected
cultivation wich is providing evaluation for especially small businesses by obtaining high efficeny from per unit area
has significant place in agricutural activities in Turkey. Protected Cultivation Agriculture includes greenhouses and
under low plastic tunnels manufacturing. % 80 of greenhouses and also %95 of low plastic tunnela in our countery are
located in Mediterranean Region (Tüzel and Eltez 2007). Because of the climate is Mediterranean Climate and it is
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milder than the other regions protected cultivation can be done more economical when compared to the other regions.
In scale of Turkey, Mersin provinces protected cultivation area size ranks second place. Between the years 2004-2013,
Mersin provinces have increased its share protected cultivation production area and manufacturing in Turkey. In Turkey
general it has increased from %18 to %21,8, on the amount of production it has increased from %16,3 to %16,5
(Promer Planning, 2016).
Monitoring and mapping greenhouse areas accurately using remotely sensed data is very important for greenhouse
registration, urban and rural planning, agricultural yield estimation, monitoring and planning crop proportion, natural
resource management, public health and sustainable development. Remote sensing technologies are very effective tool
to extract accurate and reliable greenhouse information. Greenhouse detection and mapping by using remotely sensed
data is a complex task. There are a limited number of studies in the literature about greenhouse detection or delineation
from high-resolution satellite images with different classification methods (Aguera et al., 2006; Carjaval et al., 2010;
Koç-San, 2013; Tasdemir and Koç-San., 2014). High-resolution satellite images can be used efficiently for detecting
existing greenhouses and monitoring greenhouse expansion.
The main aim of this study is to determine greenhouses in Anamur district of Mersin, in the digital environment by
using high resolution SPOT 5 MS satellite data. Two different classification methods which are Maximum Likelihood
(ML) and Support Vector Machine (SVM) classification were conducted and their performances were compared using
error matrix. Post classification change detection was applied to determine the expansion of greenhouses in Anamur,
Mersin.

STUDY AREA AND DATA
The selected study area is Anamur district of Mersin and it is located in the Mediterranen region of Turkey (Figure 1).
The climate is Mediterranean with mild and rainy winters and hot and humid summers. The population of the distric is
63.983 according to 2014 Turkish Statistical Institute. The population growth rate is %3,97. When considering plan
mosaic with the incrased density residential areas reached up to 453 ha’s. Average population density is 385 ki/ha in
these areas. Anamur District where placed on western border of Mersin Province is composed by %59 forest , %22
field, %11 cultivated area and %1 other. Coastal areas and coastal plains are the areas that where all economic, social
activities, urban functional areas, transportation facilities and the population density placed in (Promer Planning, 2016).
The Anamur distric is one of the most important area for greenhouses in Turkey.
SPOT 5, multispectral images (four bands: B1: Green, B2: Red, B3: Near Infrared) were used in the study acquired in
the year of 2006 and 2014 to examine the mapping and expansion monitoring potential of two supervised classification
method in Anamur. These images were obtained from High Resolution Geometric (HRG) sensors of the SPOT 5
satellite and have 5 meter spatial resolution. SPOT 5 MS sensor acquires data in 3 spectral bands that cover a
wavelength range from 500 nm– 890 nm with a spatial resolution of 5 m. In addition, topographic maps at the scale of
1: 25 000 and field collected hand hold GPS data, Aster images were used for pre-processing and accuracy assessment
of the derived thematic information.

Figure 1. Study area
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METHODOLOGY
Pre-processing
Image pre-processing steps were conducted to eliminate sensor problems and geometric distortions. Multi-temporal
SPOT 5 images were geometrically registered to the Universal Transverse Mercator (UTM) projection system (ellipsoid
WGS 84, and datum WGS 84) by using ground control points, primarily highway intersections, evenly distributed
across the image. In the orthorectification procedure 30 m ASTER Global Digital GDEM digital elevation model
(DEM) and ground control points (GCP) collected from 1/25000 scaled maps were used. Orthorectification procedures
were resulted less than 0.5 pixel (2.5m) root mean square error (RMSE), for each of the two images. Figure 2 shows the
flowchart of the study to derive greenhouse category of 2 different years.

Figure 2. Flowchart of the study

Classification
Classification is a process of grouping pixels that have similar spectral values to transfer data into information for
determining earth resources (Bozkaya et al., 2015, Balik Sanli et al. 2008, Bektas and Goksel, 2005). In this study,
pixel-based Maximum Likelihood and Support Vector Machine supervised classification method were used to analyze
the high-resolution, multi-spectral SPOT 5 imagery to extract information about greenhouses in the selected region.
Pixel–based classification technique classifies the pixels and forms clusters or classes according to the n dimensional
spectral space whose dimensions are specified by the number of bands in satellite imagery. Results of this technique are
spectral clusters automatically identified by computer algorithm (Foody, 2002).
Supervised classification is a technique that is based on the statistics of training areas representing different ground
objects selected subjectively by users on the basis of their own knowledge or experience (Liu and Mason 2009). These
training sites are the representatives of land cover classes on the image and used to train the classification algorithm.
Classification conducts with use of homogenously distributed signatures that are associated with training sites and the
result is the determination of information classes.

Maximum Likeliood Classification
In this study, ML classification method was used as supervised classification. In the classification stage, for the 2006
and 2014 dated images, 2500 and 6000 training areas were determined respectively. The two spectrally separable, land
cover classes identified by Maximum Likelihood were: i) greenhouse, ii) others that includes green areas and forest,
agriculture / bare ground / grassland, artificial surfaces, and cloud (Fig. 3a). The classification results are evaluated with
visual interpretation and these 40 information classes were reduced to final 2 thematic classes as greenhouses and other.

Support Vector Machine Classification
The SVM method, which was originated in the late 1970s by Vapnik, is one of the machine-learning algorithms. It is
based on statistical learning theory and has recently been extensively used in remote sensing for pattern recognition and
classification. Only a brief review and basic information are provided here, but readers can find further details in
Vapnik (1995). It was originally designed for binary classification, and it allows the use of optimal algorithms to locate
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the best boundaries separating the binary classes in the feature’s space. Here, the boundary is called the optimum
separating hyperplane, which is aimed at maximizing the margin width.
The SVM classification method was implemented by using the Radial Basis Function (RBF) kernel. The most
challenging and important factor for the SVM classifications was suitable choice of the kernel types and the optimum
parameters (Bektas Balcik et al., 2012). The parameters for the RBF kernel were set to 0,33 and 100 for γ (gamma=
1/number of the band) and C (error penalty), respectively, for the SVM classification. The pyramid parameter was set to
a value of 0 to process the satellite data at full resolution (5 m) (Figure 3b).

Figure 3. Results of Support Vector Machine and Supervised Classification methods a) 2006 b)2014
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Many methods for assessing the accuracy of classification have been assessment discussed and used in remote sensing
(Foody 2002). Detailed field study were conducted for classification and accuracy assessment purposes. Confusion or
error matrix is the most widely mentioned and conducted method for accuracy assessment by using reference data, such
as aerial photographs and field collected data. Different measures can be calculated from confusion matrix to examine
classification accuracy, including errors of omission and commission, producer’s and user’s accuracies and the KAPPA
coefficient (Foody 2002). Totally 1283 and 1230 random points, for the 2006 and 2014 dated images, were selected for
two classes to assess the accuracy of the four classified images. The overall accuracy and a KAPPA analysis were used
to perform classification accuracy based on error matrix (Table 1). The results show that there is a mixed pixel problem
between land cover categories such as greenhouse –artificial surfaces and clouds in the study area. The reason for the
mixed classes can be the pansharpened processing steps that has the ability to change the brightness value of the data.
Table 1. Accuracy assessment results
Year

2006

2014

Overall Accuracy (MLC)

95,98

96,14

Kappa Statistics (MLC)

0,68

0,71

Overall Accuracy (SVM)

96,34

95,85

Kappa Statistics (SVM)

0.70

0.72

RESULTS
The results showed that Spot 5 MS images could be used to produce greenhouse maps and statistics. General pattern
and trajectories of greenhouses in the Anamur district were evaluated through the years 2006 and 2014. Based on
accuracy assessment results greenhouse maps were produced with similar overall accuracy and Kappa statistic values of
over 95.00 % and over 0,65, respectively by using Support Vector Machine and Maximum Likelihood supervised
classification methods. The magnitude of change was calculated and change information derived from SVM classified
images. The results showed that the increase of greenhouse area is determined 200,685 hectar between the year of 2006
and 2014.
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Abstract
The article deals with the preparation of the Historical Atlas of the Czech Republic. The atlas will include maps
displaying important historical events of the 20 th century. The project is a follow-up to the successful Academic Atlas of
Czech History, published in 2014, within which numerous classical and innovative maps covering selected events of the
Czech history were created. The new Historical Atlas of the Czech Republic aims to extend and further develop selected
20-century topics from the Academic Atlas of Czech History and choose other significant topics from the Czech history.
The results will be presented in a printed atlas and on a web application. The first phase of the project will be focused
on research addressing the selection of significant historical events and wider topics which will be presented in the
atlas. A survey of older historical atlases, both Czech and foreign ones, together with a literature search of the potential
of website applications and technologies through which the atlas will be presented on the web will be conducted. It will
be interesting to map prominent international issues as they are recorded in other historical atlases in neighbouring
countries.
Keywords: Web atlas, History, Historic Atlas, Czech Republic, Web map application,

INFORMATION ON THE CZECH HISTORICAL ATLAS PROJECT
The project of the “Czech Historical Atlas” is part of the NAKI programme of the Ministry of Culture CR, which
should present and link historical fields of science with archaeology, cartography, national, regional and local identity
and traditions through a printed as well as electronic atlas. The knowledge of history should be a precondition for the
preservation of memory and traditions in the national context.
The project is based on the existing cooperation of the Institute of History CAS and the Department of Geomatics at the
Faculty of Civil Engineering, Czech Technical University in Prague in the field of historical atlas cartography in the
elaboration of the Academic Atlas of Czech History and other historical and cartographic works. The Academic Atlas
of Czech History was published in print in 2014 and won many awards (among others Magnesia Litera 2015). The
objective of the project is to make a follow-up to the printed atlas, which was not able to encompass numerous still
untreated, but historically and socially significant and attractive topics, mapping particularly the period of the 20 th
century, and publicise these topics on the prepared electronic web portal “Czech Historical Atlas”, both in the Czech
and English version, in the form of specialised maps with a text and picture commentary using modern methods and
approaches.
The Czech Historical Atlas portal will open an innovative, still unused in the Czech Republic approach to the results of
historical investigations through electronic historical cartography to the professional as well as general public or
students. Electronic historical atlases accessible on the Internet are highly demanded by the public in the Czech
Republic, although only Internet atlases of foreign origin may be used at the moment. These atlases inform about the
Czech and Czechoslovak history very superficially and often contain biased views. Therefore, the Czech Historical
Atlas will also fulfil the role of transferring historical science into education using modern cartographic methods,
preserving national memory, forming national identity and culture in the widest, multicultural sense and forming the
historical awareness of society. The portal will publicise the knowledge of the Czech and Czechoslovak history in
international contexts aiming also at foreign visitors.
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HISTORICAL EVENTS OF 20 CENTURY
The paragraphs below depict significant historical moments related to the Czech Lands or a wider Central European
space on examples of maps elaborated for the above mentioned Academic Atlas of Czech History.
During the 20th century, numerous significant events deserving to be displayed in the map form in the Czech Historical
Atlas took place on the territory of today’s Czech Republic in the context of all-European development. Political
systems changed very often and the history of the Czech state was mostly interconnected with the historical events of
Central Europe.
At the start of the 20th century, Bohemia, Moravia and Silesia were part of the Austro-Hungarian Empire. These lands
belonged to the industrially most developed regions of the Empire. The Czechs felt oppressed by Austria at that time
and longed for greater competences, or for their own state. The map of Austria-Hungary of that time is in Fig. 1.

Figure 1. Central Europe in 1918 (Semotanova, 2014)
During World War One, Czech soldiers were drafted to the Austro-Hungarian army. It often happened during the war
that entire Czech regiments deserted to the enemy and founded so-called legions, which were most numerous in Russia
and in France. With the capitulation of Austria-Hungary, this Empire fell apart into several independent republics,
including Czechoslovakia, which consisted of Bohemia, Moravia, part of Silesia and Carpathian Ruthenia. The
administrative and territorial subdivision of Czechoslovakia in 1920–1938 is displayed in Fig. 2.
The First Republic was marked by the rise and a prominent position of the Czechoslovak state among developed
countries of the world. After 1933, when Adolf Hitler was appointed Chancellor in Germany, the industry became
oriented towards armament. The political situation in Europe was getting worse and worse. The so-called First Republic
ended by the Munich Agreement (29. 9. 1938) when the representatives of four European powers – Great Britain
(Neville Chamberlain), France (Édouard Daladier), Germany (Adolf Hitler) and Italy (Benito Mussolini) agreed on the
annexation of Czechoslovak border lands by Germany, Hungary and Poland. The map of Czech Republic’s borders
before and after the Munich Agreement is in Fig. 3.
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Figure 2. Administrative and territorial subdivision of Czechoslovakia in 1920–1938 (Semotanova, 2014)

Figure 3. Administrative and territorial subdivision of Czechoslovakia in 1920–1938 (Semotanova, 2014)
The so-called Second Republic without the annexed borderland lasted for less than five months. On the 16 th March
1939, the Protectorate of Bohemia and Moravia was declared, occupied by Nazi Germany. The map of the Protectorate
of Bohemia and Moravia is in Fig. 4. During World War Two, many people were deported from the Czech territory to
concentration camps. World War Two finished by the liberation when the west of our territory had been liberated by the
American Army, and the majority of our territory by the Soviet Red Army. Many Czech soldiers had fled abroad after
the start of WW2 where they joined the armies of allies and fought against the Nazis. A map with the territories where
Czech soldiers fought during WW2 is displayed in Fig. 5.
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Figure 4. Territory of the Protectorate of Bohemia and Moravia (Semotanova, 2014)

Figure 5. Czechoslovak troops in World War Two (Semotanova, 2014)
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After World War Two, Czechoslovakia was restored without Carpathian Ruthenia, which became part of the Soviet
Union. A map with marked borders of Czechoslovakia after World War Two is in Fig. 6. After WW2, all citizens of
German nationality were moved away from Czechoslovakia, there were about three million of them. A map displaying
the post-war displacement of Germans is in Fig. 7.

Figure 6. Territorial development of Czechoslovakia after 1945 (Semotanova, 2014)

Figure 7. Displacement of German citizens from Czechoslovakia after World War Two (Semotanova, 2014)
In 1948, communists took over power and kept it until 1989. On the night of the 20th - 21st August 1968, the invasion of
the Warsaw Pact troops to Czechoslovakia took place. Subsequently, the Soviet Army settled down on the territory of
the Czechoslovak Socialist Republic and stayed there until 1991. A map with the intervention of occupation forces to
Czechoslovakia in August 1968 is displayed in Fig. 8.
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Figure 8. Intervention of occupation forces to Czechoslovakia in August 1968 (Semotanova, 2014)
On the 17th November 1989, the Velvet Revolution started, which did away with the Communist party’s sole
representation in the government. Subsequently, disputes between the Czechs and Slovaks in their common federation
started, ending up with the birth of two independent states – the Czech Republic and the Slovak Republic on the 1 st
January 1993.
The landscape use also went through changes during the 20 th century. Mines and dams were built. Agricultural land was
consolidated. Water courses were regulated. There were also climatic changes and the growth in extreme weather
conditions such as drought, floods, mild and severe winters, etc.

PREPARATORY WORKS ON THE ATLAS
In the first project year, historians will choose significant historical events, wider topics and essential areas whose level
of up-to-date research findings will allow their cartographic processing. As has already been said, the events mentioned
in the Academic Atlas of Czech History will form a sort of framework for it.
Cartographers’ task is to survey all Czech (Czechoslovak) historical atlases published to-date and do a literature search
of significant foreign historical atlases (Czech Academy of Sciences and Arts, 1935), (Gotz, 1966), (Machat, 1924) and
(Purs, 1965). Another important step is to select a suitable web environment for the creation of the web map application
in which the Czech Historical Atlas will be published. The boom of web mapping applications is one of the most
dynamically growing fields of digital cartography.
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Abstract
Previously, the first GIS data that served the Municipalities’ decisions were limited to a geodatabase containing
thematic layers of street networks, building footprints, functional areas and some descriptive attributes for each feature.
Today, most of the cities are in a continuous expansion as streets and buildings began to have complex heights, volumes
and shapes. In this context, urban planners understood the importance and need for these elements to be analyzed from
another perspective - 3D. This is also the direction in which the Geographic Information Systems domain is expanding,
by developing software applications such as City Engine. This paper’s purpose is to prove that existing 2D GIS data
that describes features for an entire city, does not lose its value with time, but instead represents the base for instant
generation of 3D urban content through procedural modelling. ComputerGeneratedArchitecture rules rely on attributes
stored in the geodatabase (such as constructive and functional characteristics of buildings, number and width of lanes
for streets, etc.) that are useful in setting the level of detail when extruding buildings, defining parcels, streets and
details. Depending on the aimand analyzed elements, various application can be developed for use in urban planning:
visibility and impact analysis in the case of new constructions, flood risk evaluation, simple 3D visualization etc. These
are brouth to the public attention in the form of 3D web scenes that can be accessed from all kind of devices, anywhere,
anytime.
Keywords: urban environments, urban development, 3D modeling, procedural modeling, CityEngine, 3D GIS, UAVs,
land survey

INTRODUCTION
Cartography, in present days, represents a graphical method for revealing ground data and information displayed on
multiple types of maps. Analyzing how the cartography evolved on multiple series of maps can help the readers to
identify and to determine the evolution of landscape from the analyzed area and also how it has been changed.
The idea is to show how different types of data and different periods of data collection can be integrated for obtaining
beautiful cartography represented by maps, videos or interactive cloud apps and 3D web scenes.

STUDY AREA AND DATA
The location used in the analysis is represented by an urbanized part of Mogoșoaia city, a place situated in the NE part
of Bucharest.
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Using modern GIS technologies which offers various types of maps as support for displaying collected GIS data
represent the first method in identifying the changes that occurred. Also, it has been used several fragments from map
sheets called “Planurile Directoare de Tragere” which were made after the first Word War and managed to display real
information such as elevation contours, toponimy, hydrography, buildings, streets and other points of interests.
The fragments were display on top of current maps and successfully revealed the changes that occurred in the area; also,
it pointed out how the city expanded and transformed itself in 100 years of evolution. The application used, a newly
GIS software application named ArcGIS Pro from ESRI, was the necessary tool for displaying GIS data represented by
historical map and up to date maps in a comparison method.

Figure 1. Historical map – Planurile Directoare de Tragere

Figure 2. Comparison mode between historical maps and up to date topography basemap
In the second map, the details are greater by it also reveals the changes in landscape and infrastructure by viewing both
maps in comparison method.

DATA ANALYSIS
The GIS application called ArcGIS Pro is part of a larger GIS platform which has different components for desktop
GIS, cloud and web GIS, online or offline GIS, 3D, remote sensing, spatial and urban planning or drones. The data
collected can be used in all components with 100% interoperability in data transfer or utilization and with very fast and
effective results.

3D Modelling
The next step in using modern GIS technologies for creating beautiful urban cartography and for analyzing urban
evolution was to gather up to date data by using a drone; the used drone was effective in obtaining a DSM (digital
surface model) an ortophotoplan and also point cloud for the area surveilled.
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The data obtained was also displayed in ArcGIS Pro application which has the capability for viewing both a 2D map
and a 3D scene. By using the high resolution imagery from the drone, the buildings were obtained and introduced in a
3D scene which enabled 3D capabilities such as z-extrusion or 3D analysis.
Also, the DSM (digital surface model) allowed for the height information to be transmitted to the buildings GIS data for
a 3D representation.

Figure 3. 3D representation of buildings
Besides the buildings, vegetation data was obtained for a 3D representation that could bring the 3D scene closer to the
reality and also that would enable future analysis regarding environmental challenges in the city. A strong capability is
represented by using a link view from a 3D scene to a 2D map into the same project which enables the users to have
different perspective towards the data.
The possibility to represent the present data and the historical map into the same view and the same project enabled
various analysis which determined in which way the evolution of the city took place and also what were the factors
which influenced urban expansion and planning.
Also, by having a 3D representation of the vegetation in the city can offer a different perspective toward the total
amount of trees for each area and also if any modification could be made for a modern life style and modern
environmental conditions.

Figure 4. 3D representation of buildings and vegetation in analyzed area
The application which integrated the data from the drone to the GIS application is called Drone2Map and is 100%
interoperable with ArcGIS Pro and also with ArcGIS Online which is the online component for uploading, storing,
viewing and analyzing GIS data, but also the component which allows the creation of 2D maps and 3D scenes.
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The data from the drone was used in Drone2Map application and the output from it were used in ArcGIS Pro. The
elevation from the DSM was used to obtain the buildings, the heights and the vegetation and the imagery was draped
over the DSM and used for a close up visualization over the area.
A closed view over the evolution of the area could be made by overlapping the present-day buildings and the historical
map and the have a 3D scene which could allow future analysis.

Figure 5. 3D buildings displayed over the historical map
Again, the comparison between different types of data allowed for advanced demographical analysis like the number of
houses in the expended area, population or population per square meter or kilometer. The trend regarding the spatial
representation of population by age could be made and also by religion or minorities.
A very important analysis was to identify the principal zoning areas from the city and the main sectors in which
different activities are taking place and also to compare the present zoning to the one from 100 years ago obtained from
the historical map.
By having a side-by-side cartographic representation of the historical map and the present-day imagery allowed the
identification of areas, buildings and important elements from the city which appeared in the studied interval and also to
determine their usage.

Figure 6. Drone imagery displayed over the historical map
Another important process was the rendering and the representation of the 3D point cloud for the area and it`s
overlapping over another sources of information for a better cartographic analysis over the studied urban areas. The 3D
data could be used in 3D analysis such as visibility, shadow, solar exposure, shadow analysis, noise or pollution.
Also, the data could be the base for future development or expansion and also for online scenes which could be used by
the citizens for public debates regarding future projects in the area.
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The point cloud has the capability to be visualized in different ways such as elevation, intensity, slope or natural RGB.
In elevation representation, the heights are easily viewed and the buildings or other objects such as street lamps or pools
could be easily identified.
In natural RGB method, the point cloud represents the data in natural colors which offers a real representation of the
area as it can be seen with the human eye.

Figure 7. Point cloud elevation representation

Figure 8. Natural color point cloud representation side-by-side with elevation point cloud representation

CONCLUSIONS
By having this type of modern information with cutting edge technologies is very helpful in managing, organizing and
planning future developments in a certain city, not only for beautiful cartographic representation of urbanized areas but
also for the various number of analyses that could be done in different GIS environments, online or offline, and also in
different perspective or dimensions such as 2D maps, 3D scene or 4D time analysis of the past, the present and the
prediction of the future.

REFERENCES
Burrough, P. A., and McDonell, R. A., 1998. Principles of Geographical Information Systems (Oxford University Press, New York)
CityEngine Overview, www.ce.help.esri.com
Carl Steinitz, A framework for Geodesign,, Esri Press
Mueller, P., et all, 2006, Alexander, C., et all, 1977, Blumberg, B., M., et all, 1995, Catmull, E., et all, 1978, Erbert, D., et all, 1998)
Neitzel, F., 2011. Mobile 3D Mapping with a Low-cost UAV System. International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, Zurich, Switzerland, Vol. XXXVIII-1/C22.

729

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

BIOGRAPHY
Andreea Calugaru

Affiliation:
Esri Romania, Professional Services
University of Agronomic Sciences and Veterinary Medicine Bucharest

Paula Anca

Affiliation:
Esri Romania, Professional Services

Alexandru Vasile

Affiliation:
Esri Romania, Professional Services

730

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

MOBILE NOISE SYSTEM ARCHITECTURE
Petr Duda
Affiliations:
Mgr. Petr Duda
Department of Geography, Faculty of Science, Masaryk University
Kotlarska 2, Brno
tel. +420604391885, 147169@mail.muni.cz;
Abstract
MobileNoise is a prototype web application designed for the collection, processing and publication of noise data
measured primarily using mobile phones. It is divided into three main parts. First module is used to communicate with
remote noise sensors and storing the measured data. It uses the Sensor Observation Service interface and
Observation & Measurements standard for communication. This application is designed especially for communication
with smartphones equipped with customized NoiseTube mobile application. The second module classifies and
generalizes collected data. Based on these data probable noise levels in the exposed areas at given times and their
estimated accuracy is calculated. The third module allows the visualization of measured and generalized point, line and
surface data in form using raster tiles, along with other spatial data.
Keywords: environment, noise, environmental noise, Sensor Observation Service, generalization, smartphone

INTRODUCTON
Noise is one of the biggest polluters of the human environment in Europe. According to European Commission,
approximately 125 million people in the EU is affected just by noise from car traffic at equivalent levels higher than 55
dB. About 8 milllion EU inhabitants suffers due to noise from train operations, and air transport has in terms of EU
noise impact to around 5 million people. [7] Thus road transport is becoming the biggest polluter of the human
environment in the EU. [8 p. 18] European Union adopted a very comprehensive plan to combat noise from road traffic,
which includes the acquisition of geographic data on areas and population affected by noise and the planning and
implementation of corrective steps (ie. Strategic noise maps and action plans), which are in competence of individual
member countries. [9] However, effective implementation of noise reduction provisions go right especially around the
main roads outside urban areas, but more than 2/3 of all the noise-affected population live in urban areas [8 p. 24]
Measurement and evaluation of number of people affected by noise from surface transport is very problematic,
especially in urban areas, where local diverse characteristics of the noise environment (configuration of buildings,
greenery and street furniture greatly affect the absorption or reflection of noise from various noise sources) does not
allow to perform easy and long-term measurements for larger areas and therefore, in most cases, is necessary to model
the data from computation. It also is quite difficult to determine the actual rate of people affected by noise because
people are moing throughtout the city from different reasons.
In the context of new technologies, such as smart mobile phones, it is possible for measurements with sufficient
accuracy to be performed by the citizens themselves. Although measurement produced by a common citizen using
standard mobile phone cannot be understood as a full replacement of measurement by qualified personnel using
certified sound level meter, from a sufficiently large number of measurements carried out by educated people is
possible to obtain good quality data. From that kind of data is then possible to perform basic analysis of received dozes
of noise and also the geographical distribution of the noise [3]. However, to be possible to relate the measured data with
the problem of line noise sources in the urban environment, it is necessary to get the city street network into account.
One of the main tasks of hereafter introduced system MobileNoise was to test the suitability of different approaches to
transform the measured noise data (both from mobile phones as well as from other platforms) to the noise model, which
sufficiently and appropriate represents an urban area, and to demonstrate the possibilities represented by this model,
using several basic spatial and temporal analyses and classifications.
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Street network as a necessary basis for data processing noise from road traffic
Typical European city is, among other, characterized by the need to spatially organize the surface transportation. In
cities, lanes for cars are usually reserved in the inner part of the streets, while pedestrians are often moving around the
edges, on the sidewalks. Since passing cars can be understood as a line noise source, a noise measurement is possible
even if the sound level meter moves along a given line during measurement in roughly same distance. If there is not any
obstacle between the noise meter and the noise source, it is possible to apply the measured value to the entire
homogeneous line segment, naturally after corrections corresponding to a distance between them.
One of the biggest problems of this approach is the use of a mobile phone with a GNSS receiver (eg. GPS, Glonass,
etc.), especially the uncertainty in determining the position. The urban environment has a significant influence on the
strength and the path of the radio signal. Variations in the order of ten meters or more may be recorded, however, on
average, in the urban environment the mean spatial deviation ranges to about 2 - 5 meters. [3, 12]. This spatial precision
can have following impacts:
1.

Due to the nature of the dissemination of environmental noise in the city it is often not possible to estimate
noise levels around the measurement point sufficiently and accurately. Given that the sidewalks are often
positioned in close proximity of roads, a spatial error of the 5 m from the roadway can cause erroneous
assignment of the noise level by about 6-10 db [4].

2.

In the case of higher random errors (eg. due to the so-called street canyon or tall buildings effect)
measurements may be systematically assigned to another source (street) for given area, which may indicate
inadequate allocation of noise pollution for both sites.

3.

Measured imprecision is negligible in the direction parallel to the axis of the street, but only if the behavior of
the noise source in this axis is homogeneous. In the case of sudden changes (intersection, threshold etc.) an
error may occur also here.

Given that more accurate systems for determining the position is still not sufficiently developed and implemented,
position information must be refined by the user and data processing system must be able to transfer such data and take
them into account during processing. Due to the characteristics of pedestrian movement in the urban environment it is
appropriate to record , at least, if the user turns (changes the direction of the street or road), or whether she enter the
street or leave it.
Another problem may be an asymmetrical street noise situation in relation to their longitudinal axis. Reasons for this
asymmetry can be both a greater traffic flow on one side or various obstacles that affect the noise situation around (eg.
cars parked on one side of the street). Also sidewalks can be at different distances from the communication axis. For
this reason, it is appropriate to record the side of the street, which often requires user intervention again, especially on
narrower streets.

MOBILE NOISE SYSTEM
Introduction of the system
MobileNoise system is a suite of applications, whose main tasks are:
1.

Collection and storage of environmental noise data, primarily from measurements carried out through mobile
phones, but also from other sensors, both networked and individual.

2.

Processing and analysis of various forms of such noise data

3.

Visualization of data and analyses

4.

Accessing data and analyses for additional electronic processing or visualization

The main operational objective of the application is to enable continuous processing and web presentation of noise data
above the entire city of medium or larger size, or seamless processing and visualization of larger areas.
For these reasons, the MobileNoise system is divided into three separate modules that perform similar tasks:
1.

Module for recording noise levels of in situ measurement and additional parameters using smart mobile phone.

2.

Module for importing, storing and exporting of noise and derived data from and into an open format using the
Open Geographical Consortium standard.
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3.

Module for processing and visualization of noise data using a web interface.

As seen from the above, the emphasis is placed on already available and widely used standards. The implementation
itself is trying to utilize existing widespread open solutions, which greatly increases the portability of the system,
enhances its efficiency and reduce development costs of existing solutions. The main benefit of this system is primarily

Figure 1. Schema of MobileNoise system and its surroundings. In gray area is MobileNoise system itself. More
description in text.
modifications and orchestration methods of the individual parts; and also analysis (classification) modules, which are
adapted for processing (serialization and classification) of noise point data to the linear and raster space. General
schema of MobileNoise system is on fig. 1.

Mobile platform for measuring noise
The basic source of thematic data, considered for the MobileNoise system, are measurements of sound levels using a
mobile phone microphone. The output from this device, if is appropriately calibrated, is achieving precision comparable
to certified level meters (± 1 dB) both in the laboratory and in the field [19, 20].
For this reason, as the base platform for mobile noise measurement, already proven open source mobile application
NoiseTube was selected, tested and modified. Source code of this application is freely accessible and licensing terms
allows modification of the application for research purposes. [17] This application evaluates the amplitude of recorded
acoustic tracks by mobile phone's microphone and using Riemann sum gains equivalent sound pressure level (L eq) for
fast sampling (which is 1 second), which is further adjusted by the weighting filter A (L Aeq). The resulting data can then
be compared with outputs from the classic sound meter [18].
Adjustment of the module consisted mainly of:
1.

Modifying the data model, adding the ability to identify the movement of person in the street network,

2.

Associated adjustment of the graphical interface by adding buttons to identify the relative position by the user,
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3.

Replacing of the Google Maps view by map view displaying custom tiles with the street network from
database. This view is necessary for correct identification of the relative position of the user relative to the road
network database available in the analytical module (see chap. Analysis Module),

4.

Adding a Open Geospatial Consortium (OGC) sensor data standardized protocol for communication and data
storage: Sensor Observation Service (SOS) [16] encoding and Observation and Measurement 2.0 (O&M) [14]
protocol in format of JavaScript Object Notation (JSON). The module is still able to communicate with the
NoiseTube server (from where it can download calibration data and send measured noise data), and also with a
standard OGC SOS server.

The module is written in Java, which increases its portability to other platforms, but limits its computing power to some
extent. It is therefore not appropriate to incorporate any further data processing into this module. Mobile phone behaves
as a fully programmable mobile network sensor with a standardized digital output.

Figure 2. Measuring screen of MobileNoise noise meter application for smart phones. On the right side are buttons for
setting position in street network: Upper row sets position on the street (left, center, right, out of street), lower row sets
behaviour on crossings (turning left, going straight, turning right). On the left side are buttons controlling measurement
itself. Blue lines indicates assigned metadata information.

Working with mobile application
User after signing up (currently there is no need to enter the name or password, only device identification string is
registered) and uploading calibration XML file from the NoiseTube server recording of sound pressure levels can start.
Furthermore it should be a little longer than the GNSS receiver evaluates position of the instrument the signal. Then the
user can go. It is however necessary to keep the device's microphone away from the user's body.
When moving throughout the street network, user can enter change of walk direction or street using the buttons on the
screen. This task is quite difficult in normal city traffic because the user must check the direction of the microphone and
also he must monitor the situation around. This difficulty can be solved by an external microphone, but this solution
requires a custom calibration. After measurement (or during, if it is long enough), data is sent over the Internet to a
server, or stored in the internal memory to manual upload.
The layout of controls on MobileNoise screen (see fig. 2) in currently not adapted according to ergonomics and user
experience, as this field has not been examined. Adjustiement of the interface should come in the next step in
connection with testing of the noise measuring gamification concept.

Import, storing and export data on noise
One of the goals of the MobileNoise system is provide easy and standardized access to the measured and processed
data. The currently most widespread and universal open standard for the transfer and storage of sensor data with a
geographic component is Observation and Measurement 2.0. [14] Using this standard one can record basic information
about measured values including coordinates and other associated parameters.
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As the transport and communication protocol can then be used the Sensor Observation Service version 1.0 or 2.0 [16],
which works as an API layer over the HTTP protocol. This protocol addresses both the registration and identification of
individual sensors (using language Sensor Markup Language [15]), as well as communication between the source of
sensor data and the user. The user can be both a database for data storage and application processing and visualizing this
data.
1.

The current reference application for SOS 2.0 [1] has many limitations (not entirely satisfy the relevant
standard), eg. it does not allow direct integration of mobile sensors, since it does not reflect a change in their
position in the respective metadata. However, these restrictions can be circumvented so that position data is
sent in the form of sensor data, and then postprocessing can store this data for that record as metadata, so it
should be possible to perform spatial queries also over mobile data.

2.

It does not allow upload large sensor data files at once (co called result) for different profile configurations of
the same equipment, but always only a uniform structure for all devices of one type. For this reason it is
necessary to send each data as separate observations. The data can then be synthesized using postprocessing up
in the database.

This reference application was therefore, contrary to the original intent, used only as a communication module for
receiving data from mobile phones and other sound meters, and as the primary repository of raw data and individual
results of analyzes, intended for publication. Analytical applications can download the data forth and back from and to
the server in the format of Observation and Measurement using Sensor Observation Service.
The reference application is written in Java as a servlet for Apache Tomcat environment and as a storage uses
PostgreSQL database with PostGIS extension. Application have, by the author's experience, significant problems with
proper work under GNU Linux operating system, so it is necessary to operate it in the Microsoft Windows environment.

Noise data processing
The main part of the system is a module for processing the noise (or other sensor) data bound to the street network and
urban environments in general. Application allows:
1.

Upload data from sources of SOS version 2.0 according to specified parameters,

2.

Save the data to a temporary or permanent database,

3.

Make 2D spatial analysis over street networks stored in the database, over a grid or free space

4.

Export computed data back into SOS version 2.0.

5.

Visualize data and results via simple web interface.

The module was, due to computational complexity and portability, written in C++. The underlying database can now
use PostgreSQL with PostGIS extension, but it is possible to extend it over other database systems. The module can be
controlled from the command line using the setup files. User analysis is also possible to modify by files using the
PL/SQL language. Theoretically, the application can be configured using the Sensor Process Service [13], which would
allow to control the application remotely larger community. However, this option has not been widely tested.
As stated earlier, the main operational objective of the application is to enable continuous processing and web
presentation of noise data above the entire city of medium or larger size, or wider seamless area. The following
subsections describe the basic workflow of the application.

Communication between module and SOS
The first part of the module's workflow is download the required sensor data from the SOS service. Configuration of
downloading is done from the command line or based on the configuration in the configuration file. Usually, the noise
data is downloaded according to the specified space and time limitations (usually the data stored since the last
download). Communication with SOS takes place via JavaScript Object Notation (JSON) messages and information
about the location, noise levels and position relative to the street network are downloaded separately. Data are
continuously stored during download into a working database.

Street data model
To work with a model of the city a data model which defines the street network is crucial. The main reason is that the
reference points are bound on this street network. As sufficient for testing purposes appears to be using OpenStreetMap
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open data. Using such data without prior checking is not possible because the average spatial error in densely and wellmapped areas may exceed 5 m [10] and above data may suffer from incompleteness [2]. However, in the test area
(selected parts of the city Brno in the Czech Republic), the spatial error does not exceed 1 m and the data can be
considered, after the inspection, as complete. There is also possibility to import any other data, but the resulting
database structure still must correspond with OpenStreetMap data. Relatively important part are also data about the
sidewalks, which can greatly refine certain analyzes.

Analysis module
Analysis module is the basic module processing noise data. The basic mode of this module is to work with line street
model. As a supplement it can also use raster logic. Analytical module consists of a preparation, calculation and export
parts.

Data preparation
Preparatory part in a typical analysis work cycle over the line data usually has the following schema:
1.

Uploading a predetermined portion of the noise data, determining spatial extent and affected streets.

2.

Detection of individual series of noise data (coherent sequence of measurement points and values from one
device representing successive measurements) if this information is not provided.

3.

Correction of positional information of each measurement record.

4.

Initialization of reference points (on lines or in raster). In this section are initialized, traced and (re)indexed
reference points for the street network and calculated their orientation. The goal is a representation of the
cellular structure of the street network.

5.

Association of the individual measurements on individual reference points of the street network and
determining appropriate street, street side or path, which allows to classificate data by line properties.

In case of raster data, they may be easier to prepare: E.g. the data are sequentially clustered to an individual cell
directly, according to their recorded positions.

Data analysis
Analysis of the data in the system is performed by specific modules called Classifiers. Currently, classifiers can be
divided into three groups:
1.

Basic classifiers: These classifiers are designed to perform basic analysis and classification tasks of a noise
situation, such as aggregating data, calculating averages and uncertainties on the lines etc. They are an integral
part of the application. These classifications can be expanded by writing new classes derived from the base
class.

2.

Library classifiers: User can connect a dynamic library with prescribed interface in C or C ++, which contains
the classification algorithms (currently only for Windows or Linux).

3.

Database classifiers: User can upload PL/SQL language commands in a text file.

Individual classifiers can also be orchestrated. Configuration of individual classifiers and their orchestration is possible
using a configuration file in JSON format, or from the command line.

Example of a basic analytical task
Fundamental analysis, which is part of the application, have a task to produce data on noise pollution in the streets. This
data should be suitable to visualize. An example of such analysis is the calculation of noise levels in a certain street and
uncertainties for the calculated levels. The procedure of this analysis is as follows:
1.

For each reference point is calculated the average noise level for a specified period and the time of day. This
calculation is performed as a weighed average all the measured values appropriate for a given reference point
(cell) from space and time perspective. The weights are determined by temporal and spatial distance from the
desired point.
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2.

For each reference point is then calculated the average level of uncertainty for a specified period and the time
of day, in a similar way as above in the point 1.

3.

The points on the line with values falling into the same (preset) intervals are aggregated into line.

4.

The relevant lines are exported to the database so that they can be provided as data to the SOS, or for
visualization.

Further analysis and classification steps can be performed on this data, both in the orchestration or without.

Visualization of noise data
Visualization of data measured or calculated by the system is done using the Apache web server and raster tile service
Mapnik. This service was originally developed for visualization of data from project OpenStreetMap, but is useful for
visualizing any geodata.
Apache server is primarily used for visualization of the street network for the mobile part of the system. Also, it is
possible to use it for calculated data visualization and for production of street noise maps. Visualization of raster maps
using Mapnik is limited, however, after proper data conversion (for example, by classification modules) it can also
display raster data. The application user interface consists of JavaScript module called Leaflet.
Visualization settings (e.g. color, thickness and texture of the lines) is possible via a Mapnik special configuration XML
file [11]. This file can be created, for example, in TileMill, which can work as a WYSIWYG editor.

Figure 3. Visualization of determination of homogeneous street segments using regular raster data

CONCLUSION
In the field of processing of environmental noise currently predominates using a regular square grid. Given the
relatively large spatial inaccuracies, which limits conventional GPS receivers, there must be relatively large cells
(minimal rim size of about 7 m for data clustering [5]), which in case of irregular street network in cities significantly
increases the uncertainty of generalized data. Usage of this data in further analysis is therefore limited.
System MobileNoise tries to overcome this limitation by systematically mapping the measured data to the street
network. This system has been designed to handle a comprehensive range of operations associated with noise data, from
collection, through processing, preservation, access, to data visualization of noise, particularly for surface transport and
urban areas. To fulfill this task it uses a variety of available applications, which are orchestrated into a functional unit.
The core of the system is a newly developed module, allowing classification and analysis of noise data at both regular
and irregular street networks of typical European city. This module is expandable for additional functionality in both
compile-time and also at run time.
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Abstract
This paper presents a workflow from the stage of acquiring images from the field usig UAVs, to the ready-to-use
products/resultsthat provide the user with accurate view of all the activities in the exploitation area. What is also
highlighted in this paper is the drastic reduction of processing times - from days to hours. Applications of this
technology include: sustainable management of natural resources, identification of new mineral deposits, transport
monitoring, open pits supervision and evaluation. The Mining Industry has undergoneseveral major transformations in
the technological era. As we speak, miners are using new complex technologies in their exploitation area, in order to
make better use of the Earth's resources. Although initially developed for military purpose, UAVs have benefit in the
most recent years from a high-level trust from the civil segment. The derived products obtained from the acquired
images-orthophoto, point cloud, digital elevation model-as well as the different sensors that can be installed on their
platform, allow these devices to be used in various applications. The field of Mining, quickly embraced this technology
that provides fast implementation, visibility for inaccessible or dangerous areas and smart solutions for balancing the
demand and environmental protection.
Keywords: mining, UAS/UAV platforms and sensors, 3D modelling, mission planning, primary data processing.

INTRODUCTION
This paper is focused over a small surface pit in a village from Romania, called Mirsid. This location was chosen in
order to demonstrate the proposed workflow over a compact area, thus the utility of using UAV technology in the
mining field.
Mirsid is situated in the Salaj County, region of Transilvania, Romania. With a population of 2160 inhabitants from
which 1500 are active in the work field, the economic segment in the area is highly represented by the extractive
industry. The tuff extracted from the surface pit is a type of sedimentary rock, with a high degree of porosity, used on a
large scale in the production of cement.
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Figure 1. Site Location

Figure 2. Salaj County

DATA ACQUISITION
The first step in this scientific research was the acquisition of the high-resolution aerial images of the surface pit using
the eBee drone from SenseFly. This is one of the most used professional drones on the market because it is very easy to
pilot and does not require special skills or technical certifications. Also, the eBee's autopilot continuously analyses data
provided by the Inertial Measurement Unit and on board GPS allowing the user to see the image acquisition progress in
real time, and also to intervene at any point in the flight plan. The device can further be equipped with other sensors to
serve the purpose of the flight mission. For this case study, eBee was equipped with a RGB camera which captured 221
images in less than 40 minutes with an absolute horizontal/vertical accuracy of down to 3/5 cm.

Figure 3. eBee drone

DATA PROCESSING
EBee has a built-in Flight Data Manager that assists the user to pre-process, geotag and organize the flight's image.
These files can be imported in professional photogrammetry software for further processing. In the case of the aerial
images captured over the surface pit of Mirsid was used Esri's software Drone2Map. The 64 bit application is designed
in collaboration with the producers of Pix4D, with which it shares similar options, allowing in the same time fast
processing of the data and an easier interaction with the tools.
In this project – based application, the user can choose from 3 types of processing sessions, depending on the data
available and the output expected. In the case of the Mirsid's pit, the images acquired in the field, were used in the the
Mapping Project Template. This type of project reacquires aerial images with a high amount of overlap. As a result, it
returns 2D products ready to use in ArcGIS. Below, see the orthophotomosaic and the Digital Surface Model obtained
from the flight and used in the analysis.
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Figure 4. Orthophoto

Figure 5.DSM

In addition to the 2D products, Drone2Map compiles the images into other formats that are ready to use in the ArcGIS
Platform but do not resume only to it : LAS, .obj, .fbx, AutoCad .dxf, etc. Such a format is the 3D.pdf and .obj formats,
which allow non GIS users to visualize and analyze the results of the UAV flight in programs that use other
environments : Adobe Reader, CityEngine, Maya, 3D Max, SketcUP, etc. On the other hand, LAS which is a public
format file for the interchange of 3-dimensional point cloud is addressed to professional GIS experts. Running specific
tools on this file format reveals important information for the study area: building heights, building footprints, etc. A
particular interest for this project is represented by the possibility of extracting the height of the trees and the size of
their crowns. These two elements, can be combined in order to estimate the amount of wood available in the extraction
area.

Figure 6. 3D Point Cloud

DATA ANALYSIS
The 2D data products obtained by processing the images in Drone2Map, can be further analyze using specific tools in
the ArcGIS platform. We used the desktop component, in particular ArcGIS PRO and the Surface tool set, in order to
qualify and visualize the terrain land form.
Starting with the raster elevation as input, we used several instruments and gained information by producing a new
dataset that identifies a specific pattern within an original dataset. Certain patterns that were not readily apparent in the
original surface were derived, such as the angle of slope, steepest downslope direction (Aspect) and shaded relief
(Hillshade). Each surface tool provides insight into a surface that can be used as an end in itself or as input into
additional analysis.
The “Aspect” tool derives aspect from a raster surface, in this particular case, from DSM. Using this tool, we identified
the downslope direction of the maximum rate of change in value from each cell to its neighbors. Aspect can be thought
of as the slope direction. It is measured clockwise in degrees from 0 (due north) to 360 (due north). Flat areas with no
downslope direction are given a value of -1. Having to know this information is very useful because it leads to the
identification of portions to be exploited in the future. Also, after the exploitation, the area must enter a process of
redevelopment. Knowing the solar illumination for a location in a region can be used to determine the diversity of
plants that can be grown there, or the possibility of installing a photovoltaic park.
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For each cell, the Slope tool calculates the maximum rate of change in value from that cell to its neighbors. Basically,
the maximum change in elevation over the distance between the cell and it's height neighbors identifies the steepest
downhill descent from the cell.
The Hillshade tool obtains the hypothetical illumination of a surface by determining illumination values for each cell in
a raster. It does this by setting a position for a hypothetical light source and calculating the illumination values of each
cell in relation to neighboring cells. It can greatly enhance the visualization of a surface for analysis or graphical
display, especially when using transparency. By default, shadow and light are shades of gray associated with integers
from 0 to 255 (increasing from black to white). By modeling shade, we can calculate the local illumination and whether
the cell falls in a shadow or not and identify each cell that will be in the shadow of another cell at a particular time of
day.

Figure 7. DSM

Figure 9. Slope

Figure 8. Slope Direction

Figure 10. Hillshade

3D Modelling
In the past 20 years, Geographic Information Systems have evolved into sophisticated complex systems for the
management of spatial data. From classical maps to digital cartography, the evolution was dynamic, and the obvious
next step is the upgrade to the future format generation of data - 3D. Until now, it was considered that Geographic
Information Systems were able to process large data sets in 2D, but there were limitations in terms of data processing
and visualization in 3D. Today, the software segment is highly competitive, and new technologies with complex
capabilities and fast processing options have emerged. An example is the software City Engine, which makes possible
the transition from 2D to 3D data. CityEngine enables compiling, using and managing geographic information in native
formats like ArcMap or .shp and .Gdb and GIS mapping specific operations, data compilation, publishing and viewing
online. Basically, it uses classic 2D data, attributes and sets the rules for 3D modeling, which means that data holders
can create their own urban scenes starting with the support information they already have.
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As input data, we used the building footprints, tree points and their attributes for height extracted from the LAS dataset
in ArcGIS. For the roads and railroad, we created separate vectors with information with the width of the road, material
and traffic.
The classical method for 3D modelling is a long term process and requires patience, attention, and a great focus on the
details. With development of CGA (Computer Generated Architecture) language, 3D modeling has become procedural,
which means a minimum of operator intervention and more important, processing of large data sets in a short time.
Computer Generated Architecture (CGA) is a programming language, developed exclusively for CityEngine. It can
generate 3D models based on rules written in this language, and then assigned them to classical 2D GIS data sets. The
modeling procedure underlying the CityEngine concept is focused on user interaction, which is allowed to intervene on
objects and instantly see the effects of his actions.
With the CityEngine 2014.0 version, a library of rules for generating 3D models became available for download on
www.arcgis.com. Users who do not have programming knowledge or are not familiar with CGA can use this library
rules for generating 3D models of buildings, streets, roofs and building facades. They also contain a set of textures and
objects that can be appealed from rules, without the need for the operator to purchase them separately or to create other
custom applications. They also can be easily integrated in other rules.

Figure 11. 3D Web Scene

CONCLUSIONS
UAV technology has improved a lot in the last years. We now have access to unmanned devices that can be equipped
with sensors in order to acquire data from above the ground. By further processing this data, and analyzing with the
help of specialized tool, we are able to find solutions to the daily problems of our society. The Mirsid project is a clear
example of how an integrated workflow for UAV technology in the mining field works. Moreover, the fact that the
results of the analysis are presented in the form of 3D web scenes brings the extractive industry at the round table for
discussions. This is an important step in involving the civil society in the decision making process and also, opens a
subject for the future: Smart Cities.

744

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

REFERENCES
Burrough, P. A., and McDonell, R. A., 1998. Principles of Geographical Information Systems (Oxford University Press, New York)
CityEngine Overview, www.ce.help.esri.com
Carl Steinitz, A framework for Geodesign,, Esri Press
Mueller, P., et all, 2006, Alexander, C., et all, 1977, Blumberg, B., M., et all, 1995, Catmull, E., et all, 1978, Erbert, D., et all, 1998)
Neitzel, F., 2011. Mobile 3D Mapping with a Low-cost UAV System. International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, Zurich, Switzerland, Vol. XXXVIII-1/C22.

BIOGRAPHY
Paula Anca

Affiliation:
Esri Romania, Professional Services

Andreea Calugaru

Affiliation:
Esri Romania, Professional Services
University of Agronomic Sciences and Veterinary Medicine Bucharest

Andreea Anghel

Affiliation:
Esri Romania, Professional Services

Ionut Alixandroae

Affiliation:
Esri Romania, Professional Services

745

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

THE ROLE AND CONTRIBUTION OF PROFFESSOR AGIM
SHEHU TO ALBANIAN CARTOGRAPHY
Pal Nikolli, Bashkim Idrizi
Prof. dr. Eng. Pal NIKOLLI
Geography department; University of Tirana;
Rruga e Elbasanit; Tirana; Albania.
palnikolli@yahoo.com; pal.nikolli@unitir.edu.al
Assoc.Prof.Dr. Bashkim IDRIZI
Surveying and geoinformatics department; University of Tetova;
str. Xhon Kenedi, 25/4-20; 1010 Skopje-Chair; Macedonia.
bashkim.idrizi@yahoo.com, bashkim.idrizi@unite.edu.mk
Abstract
Quantitative revolution in science and especially in the social sciences and the increasing amount of geospatial
information available, in the second half of the twentieth century in Albania, requested the development of cartographic
processes more objective and precise; prof. Agim Shehu played a decisive role in this development.
Name of prof. dr. Agim Shehu, is known in Albanian academic and scientific environments, for outstanding
contributions to the field of cartography, photogrammetry and Albanology. With the experience of a passionate
researcher, Prof. dr. Agim Shehu, has left its mark on Albanian scientific thought. He has over 50 years of successful
research, publishing and teaching activity.
The legacies of prof. Agim Shehu are varied and reflect his broad interests. Scientific works and his teaching will serve
generations of today and tomorrow will be a guide for them. Even today, prof. Agim Shehu, continues to write and
successfully contribute to the development of the science of cartography and development especially in Albanian
mapping.
In this paper an effort is made to analyze the cartographic work of Prof. Agim Shehu and its impact on the development
of Albanian, as well world cartography.
Keywords: Agim Shehu, cartography, history of Albanian Cartography, cartometry, thematic cartography, Albanology,
Albanian cartographic thought.

INTRODUCTION
Cartography in Albania is developed through numerous scientific, professional, technological, educational and archival
achievements, recorded in various publications. A major influence in this development have played cartography
specialists who were formed and educated in various universities abroad and at the Polytechnic University of Tirana,
after the 1957. In this group of specialists distinguished prof. Agim Shehu, who has published dozens of books and
monographs, and hundreds of scientific articles, maps of various atlases, etc. Scientific
activity of prof. dr. Agim Shehu is comparable to the best European cartographers of the
world.
Prof. dr. Agim Ismail Shehu, was born in Leskovik on 02. 02. 1931. In this small town, but
beautiful, he finished primary school. He has finished Secondary school in year 1951, at
former Polytechnic “7 Nëntori”, Tirana. In the years 1952-1957, prof. Agim Shehu, has
conducted studies in the Faculty of Cartography, the Institute of Geodesy, Photogrammetry
and Cartography in Moscow. After graduation, was appointed a lecturer at the Faculty of
Engineering, Department of Geodesy and Geography of former State University of Tirana
(today –Tirana University). In year 1978, prof. A. Shehu, won the scientific degree
"Doctor" after successfully defended dissertation topic about some original variants of
pseudoconic projections which are used in many Albanian maps and atlases. In year 1998,
he retired, but continued to teach at the geography branch of the Faculty of History and Philology at the University of
Tirana until 2012.
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During the activity as a lecturer, Prof. A. Shehu has prepared and published textbooks (about20), monographs (3) and
different scientific articles (over100), etc. He has been consistently associated with cartographic production by
providing appropriate assistance. Albanian cartographic experience has occupied a prominent place at the teaching –
science work of prof. Agim Shehu. Under his leadership are realized scientific topics and some cartographers and
geographers have received scientific degree "Doctor". In 1993, prof. Agim Shehu accepted correspondent of ISPRS
International Association, at its Congresses he has sent and published several scientific articles. He has scientific
correspondence with many of the world's cartographers and is known for his contributions at cartography.
Prof.dr. Agim Shehu is the most prominent researcher of Albanian cartography; leader of several generations in this
field; mastermind of several projects and studies; outstanding speaker at conferences and symposiums at scientific and
educational and commemorative activity held with in and outside the country; interlocutor erudite and passionate about
cartography, photogrammetry, education and philology issues; author of many textbooks, as well as hundreds of articles
in scientific journals and in newspapers. Published works and articles written by prof. Agim Shehu are diversified
according to their themes and different characters. They are original contributions and special value at various
disciplines of cartography, but also at albanology, organizing cartography, etc.

ORIGINAL CONTRIBUTION AT MATHEMATICAL CARTOGRAPHY
Prof. dr. Agim Shehu has provided a valuable contribution at the field of mathematical cartography, especially in the
study of cartographic projections. He has analyzed at necessary depth and breadth the features of mathematical basis of
geographical and topographical maps published by Italian Geographic Institute of Florence (IGUF), Geodetic and
Cartographic Military Institute in the former USSR (IGHU), and former Army Topographic Institute (ITU) (today
Military Geographical Institute - IGU), along with maps and diagrams (Shehu, 1994, 1995). In many works, such as
articles, presentations, monographs, texts etc., prof. Agim Shehu has analyzed the mathematics elements that are used
by geodesy-mapping services in Albania and has argued their unification (Shehu, 1962); has argued the possibility and
usefulness of change sizes, denominations and central meridian of our topographic maps (Shehu, 1976), has analyzed
cases of using cartographic projection in cartographic Albanian practice and has provided general formulas for
calculating of equivalent projection (Shehu, 1979); has argued how constants  and  affect in distortions size at the
projection and has gave ways to minimize them (Shehu, 1958), etc. Prof. Agim Shehu, calculating and analyzing 35
projections, has developed itself two cartographic projections (pseudoconic and pseudocilindric) that are used to create
thematic maps of Albania (Shehu, 1967, 1977, 1984, 1988).

SCIENTIFIC PUBLICATIONS WITH EXCEPTIONAL VALUES IN THE FIELD OF
CARTOGRAPHY HISTORY AND ALBANOLOGY STUDIES.
Prof. Agim Shehu, is main author of two major works on the history of Albanian Cartography: "Albania on the maps of
liberation front" (Shehu and Dragovoja, 1984) and "History of Albanian Cartography” (Shehu and Nikolli, 2001).
The monograph “Albania on the maps of liberation front" was published in Tirana, in year 1984, contains 105 pages
and is divided into four chapters: 1. Antiquity; 2. Middle Ages and Renaissance; 3. New Time and 4. Present time. In
the first chapter, are given the cartographic representations of the early and late antiquity and four maps of C.Ptolemaic
that are republished in XVI and XVII century, in Italy and elsewhere, with a brief analysis of their content and
importance. Then is written about the features of Roman road maps (tabula Peutengiriana - century III) and given a part
of the Albanian territories. The chapter ends with a map of the Faith (Veith), showing the appointments of old and new
beddings (1943) of Shkumbin (Genesys), Seman (Apsus) and Vjosa (Aous) rivers. In the second chapter, is written for
the reasons of the cartography fall in Europe and blossoming of Arab cartography accompanied with the maps of Al
Horezmit (v. 820) and Al Idrizi (v. 1156) containing the parts of our land. Then is written about the portulane maps of
century XV-XVI. More detailed analysis was made for the maps of Piri Reis (v. 1529), G. Gastaldi (v. 1560), C.
Comotio (v. 1571) and G. Mercator (v. 1569). Maps of the Jodee C. and A. Ortelit (century XVI), P. Mariette, G. Blaen,
F. de Wit, G. Sanson and J. Nolin (century XVII) are provided with small scale for some parts of our lands. In the third
chapter, is written for political events of XVII-XIX centuries, the development of geodetic and cartographic sciences in
this period, coupled with interesting maps like those of G. Canteli, P. V. Coroneli (century XVII), G. Palma, D. Lapin,
J. Hahn, H. Kieper, A. Baldachi, F. Nopcsa etc. In the fourth chapter, are treated the main geodetic and cartographic
works carried out during I and II World Wars in Albania. In this chapter more in detail are analyzed the maps created by
the warring forces: Austria-Hungary, Italy and France (the I World War), the International Commission maps defining
the boundaries, the Italian maps and topographic map of H. Loui (between the I and II world wars), topographic maps
up dated by the Germans and Yugoslavs (during II world War) as well as the contribution of Albanian Geographers as
N. Lako, A. Gashi and N. Kasturi.
The monograph "The history of Albanian Cartography" was published in year 2001 contains 286 pages (of which 8
pages in English) and many maps published at different times. The monograph is divided into four parts: Part One 747
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History of Cartography in Antiquity-consists of three chapters, in which treated the perennial work of the authors in
identifying of antique geographical objects in Albanian territories (human settlements, rivers and mountain tops estuary)
with cartographic methods. Part two-History of Cartography in the Middle Ages and the Renaissance-consists of two
chapters in which is written for the early cartography in the Middle Ages and mapping of the Albanian territories during
the IX-XVII centuries. Part Three-New time-consists of two chapters in which is written for the mapping features of the
Albanian lands during centuries XVII-XVIII, XIX century until the eve of the I World war. In this part are given the
maps which reflect for projects of fragmentation of Albanian lands by "great powers" and neighboring states. Part Four
- today Time - consists of three chapters in which are written for mapping of Albanian territories from World War until
today. A special attention is paid to the creation of topographic maps at different scales and preparation of thematic
maps, which are numerous in species and quantity.
Prof. Agim Shehu, has special merit in the identification of milestones of mapping of the Albanian territories [starting
with maps of Ptolemy and the Roman road maps (Shehu, 1997), maps created later by domestic institutions and foreign
authors (Shehu, 1997)–maps of XII - XVI centuries, maps of XVII century up to nowadays (Shehu, 1997)], analysis of
topographic mapping in Albania, focusing on the Austrian maps (1913-1918), Italian maps (1927-1939) and maps
published by the former – ITU (Shehu, 1994), identification of some of the achievements in the field of geodesy and
cartography in Albania (Shehu, 1974, 1962, 1984, 1987, 1996, 1997); cadastral mapping analysis (1945-1996) (Shehu,
1997), etc., either through monographs, textbooks and numerous articles, but also through frequent press releases and
presentations.
Prof. Agim Shehu noted that Albanian territory and its elements are mapping since ancient times. Drawings, graphic
images, layout maps of various cities compiled at different times, are rich with geographical, historical, toponymic,
ethnographic, statistical, demographic data for Albanian provinces, cities and villages. Map as a complex picture of the
time with its mathematical elements, physical-geographic and socio-economic, serves as a source of information in
various fields.
Through the study of the contents of old maps, prof. Agim Shehu, has analyzed the past of the Albanian people, which
is a long story and valuables, during which the people who once lay in a vast space of the Mediterranean basin, where
margins shrank in today is as a result of successive invasions. Cartographic data show that the Congress of Berlin
(1878) found ethnic Albania with 5000 km2 less. He gave about 24,458 km2 of the Albanian territories. Greece was
extended to 9275 km2 of Albanian land, Serbia with about 10500 km2 and Montenegro with about 4683 km2 of Albanian
land. The London Conference of 1913 broke again Albania giving Serbian 34000 km 2 of Albanian land, Montenegro
7000 km2 and Greece 10,794 km2 of Albanian land. Analysis of the names of ancient sites found in the old maps sheds
light on autochthony and Illyrian origin of Albanian people in its land occurred outside the state borders of Albania.
It is important to note that, during the processing of geographic coordinates (taken from the works of Ptolemy), relying
on the mathematical methods of mapping and cartographic logic, prof. Agim Shehu has determined: geographic
location of some ancient human settlements, which, until now considered unidentified, or for which there are doubts
and debates related to their affiliation. This study is also of interest to other areas of spatial information science, in
particular in the fields of archeology, history, geography, geodesy, etc., which, together, specify the geographic position
(i.e. the identification) of objects in the study. The problem addressed is not so simple, particularly in the identification
of human settlements, as different literature sources give different geographical coordinates for many objects. In this
context, prof. Agim Shehu chose those geographic coordinate systems (human settlements), better faced with the real
position of these objects. For identification of antique geographic objects, in a high degree of confidence, the author has
used two methods work: graph-analytical method and analytical method.

PRUDENT TREATMENT OF CARTOMETRY AND THEMATIC CARTOGRAPHY PROBLEMS
Prof. Agim Shehu has special contribution in solving many Albanian cartometric problems. Thus, on the basis of maps
with a scale of 1: 50,000 and cartometric methods, he has given new size for some Albanian morphometric
characteristics (Shehu, 1965). Relying on these morphometric features and in physical-geographical features, prof.
Agim Shehu has divides the Albanian territory in three mapping regions (Shehu, 1975). Also, prof. Agim Shehu has
analyzed the results of several years of the hydrographic measurements in floating channel at Durres and has given
relevant recommendations (Shehu, 1971).
Even thematic mapping problems have always been the focus of prof. Agim Shehu. In many works he has shown ways
of graphical presenting of objects and phenomenas before, during and after the occurrence of natural and technological
hazards (Shehu, 1994, 1997); has been mulling over the content of the tourist, urban, rural and special maps, etc.,
(Shehu, 1995); has appreciated about 15 tourist atlases created by Geographic Study Center of Albania (GSCA) (Shehu,
1996), etc. Besides the analysis of the the above studies, prof. Agim Shehu has treated the problems of cartographic
organization and education (Shehu, 1997), etc.
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THE FOUNDER OF THEORETICAL CARTOGRAPHY IN ALBANIA
Modern cartography has two basic components: theoretical and applicative. Because of methodological viewpoint,
conceptual analysis in cartography is very important, basic cartographic theory is treated for many years in theoretical
cartography by ICA Commission. Even Albanian cartographers have given a special place the theoretical studies in the
field of cartography. Prof. dr. Agim Shehu, stands on top of these cartographers, for his contributions in the fields of
scientific research, professional education and the history of cartography, closely related to the practical aspects of
cartography.
Prof. Agim Shehu has done a detailed analysis of some mapping theoretical concepts handled by different cartographers
of world ranking, being confronted them with its own concepts, which have taken place in cartographic literature.
According to prof. Agim Shehu, information and knowledge we get from the map not only through visual perception
(the first stage of recognition), as some allege, but also through the second degree: conceptions, arguments, judgments
and conclusions (Shehu, 1992).
Prof. Agim Shehu does not support the information concept of maps, provided this concept by quite foreign authors, as
according to him, he is a very narrow concept that does not include the requirements of a wide spectrum of users. Even
the concept of communication, says prof. Agim Shehu, cannot be considered universal, as people initially think then
act. While the concept of linguistic (language of map) is narrower than the concept of cartographic semiotics.
Development of cartographic semiotics depends mainly on the development of semiotics, what is insufficient (Shehu,
1993, 1994).
According to prof. Agim Shehu, a more universal and accurate designation about the map, gave Pravda (Pravda, 1994):
"The map is a form of expression, expressive graphical method of spatial distribution, the dependences of
interdependent objects and phenomena of the world, known by man. It is the result of the recognition and,
simultaneously the source of knowledge”. Relying on this definition, prof. Agim Shehu notes that it is sufficient and
appropriate to use the word "map", i.e. is not required to put the suffix "geographic". Not all maps are among the groups
of geographic maps (Shehu, 1994).
Prof. Agim Shehu critically analyzed some misconceptions about cartography, mapping and cartographer, which are
reflected in the materials of the working group of the 15 th and 16th International Conference of Cartography and
Mapping (Shehu, 1993, 1994). Prof. Agim Shehu considers the cartosemioticas one of the most important disciplines of
cartography, but even without elaborates theoretically, especially in semantics, sigmatic and pragmatic; the Professor
raises theoretic always of strengthening them (Shehu, 1994). In contemporary literature given different opinions about
mapping–GIS reports. Prof. A. Shehu argues that cartography and GIS are two different objects, with the mapping
priority (Shehu, 1994). Processing with scientific culture of cartographic signs system and how to use them –is an
urgent task for our specialists (Shehu, 1995).

CONCLUSIONS
Name of prof. Agim Shehu is known in the Albanian academic and scientific world, inside and abroad, for outstanding
contributions to the field of cartography, photogrammetry and Albanology. He, with a wide activities and successful
research, publishing and teaching, has left its mark on the Albanian scientific thought. Graduated at the Faculty of
Cartography, the Institute of Geodesy, Photogrammetry and Cartography, in Moscow, he is known for original
contributions and special value in various mapping disciplines as in mathematical cartography, particularly in the study
of cartographic projections; in the field of the history of cartography; cartometry, thematic cartography and publication
of maps; in terms of theoretical cartography and mapping organization, but also in the field of Philology, etc.
It is notable the contribution of Prof. Agim Shehu in the formulation and construction of two original cartographic
projections, which are successfully used in the preparation of thematic maps in Albania.
During the processing of geographic coordinates (taken from the work of Ptolemy), relying on methods of mathematical
mapping and cartographic logic, prof. Agim Shehu has determined: geographic location of some ancient human
settlements, which, until now considered unidentified, or for which there are doubts and debates on relevance;
geographical position for five estuary of rivers and geographical position for three mountain peaks.
Prof. Agim Shehu may be regarded as the founder of theoretical cartography in Albania. He has done a detailed analysis
of some cartography theoretical concepts addressed by different cartographers of world ranking, being confronted them
with its own concepts, which have taken place in cartographic literature.
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Even today, prof. Agim Shehu works tirelessly and with tremendous passion. With his work he has contributed and is
contributing to the successful development of cartography in general, especially of Albania mapping.
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Abstract
The paper deals with solution of searching the optimal route in field in course of precise positioning by GNSS
technology. The aim is to carry out observation on all GNSS points, so that the total path length was minimal. The way
in field is made up of two types of points: the first points on which we use GNSS measuring methods (GNSS points) and
2. points of auxiliary (crossroads). The task is made more difficult by the fact that GNSS points are measurable with
quality only at intervals of good observational conditions. From a theoretical point of view there is a heuristic solution
in terms of finding Hamiltonian path in a graph with additional conditions in certain nodes. The application is
developed in Borland Delphi. One of the outputs of the optimal solution is a presentation of the drawing of final path in
field through online geo-web application in Internet browser. The application has a universal usage in GNSS precise
measurements for building of precise control network of structures or in geodynamics.
Keywords: optimization, GNSS, Hamiltonian path, geo-web map

INTRODUCTION
The need for precise positioning in the technical practice is an important factor in the implementation of the geometric
accuracy of the construction. High accuracy positioning is also needed in assessing the stability of large embankments,
dams, landslides, undermined areas and also in local geodynamic networks for long-term stability monitoring of the
area potentially usable eg. as a nuclear waste repository, etc. It is of particular importance in railway transport,
particularly for high-speed lines designed in various geomorphological conditions. Achieving high (several millimeters)
accuracies in determining the position at a distances of 1-50 km is the domain of suitable technology using Global
Navigation Satellite Systems (GNSS) based on a permanent network in real time. The effectiveness of the entire field
measurement procedure is based on optimizing the observation with measuring receiver at each geodetic point and
optimization of finding the time and length shortest path to move the measuring receiver between geodetic points in the
area of interest [1].

RELATED WORKS
High accuracy with real-time positioning of moving objects has been considered a standard task of engineering
geodesy. An absolute positioning accuracy of 1-3 cm is generally possible worldwide and is further used in many areas
of machine guidance (machine control and guidance), and farming (precision farming) as well as for various special
applications (e.g. railway trolley, mining, etc.). Publication [2] describes the approach to precise position determination
by means of the computation of static raw data with single frequency receivers. Paper [3] deals with the laboratory
equipment called the Simulator of Train Position Locator, based on using exactly the same inertial sensors as employed
in the real locator. The simulator is able to simulate functions of the real train locator using the input reference
trajectory data generated by Real Time Kinematics (RTK) during a test run on the track. The simulator enables testing
of the following modes: 1) position determination during train routing on switches, 2) position determination on track
sections with limited GNSS satellite "visibility" (tunnels, track cuttings, etc.), and 3) train positioning under different
speed profiles. Publication [4] presents a verification methodology and experimental results of the US's GPS and
Russia's Global Navigation Satellite System (GLONASS) based train position locator tests at Czech Railways. The
verification methodology is derived from the current needs in signaling, and from the parameters of the satellite
navigation systems. A key element in the investigation is a switch, on which reliable and continuous position
determination of a routing train is most critical. Two-dimensional and one-dimensional routing detection models are
analyzed and experimentally investigated on the switch-point. The trials were performed on Pardubice Hradec Kralove Chocen line with the total track length of 100 km. Effective Real Time Kinematic (RTK) mobile machine control
requires a sufficient number of global positioning system (GPS) satellites that are both visible and suitably positioned
Reliably obtaining the highest degree of accuracy and precision afforded by RTK technology requires the initial
acquiring of a solution (i.e., obtaining an RTK "fix" solution), the maintaining of the RTK fix solution, and if it is lost,
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rapidly reestablishing the RTK fix solution. Losing the RTK fix solution is a common occurrence when operating near
trees, tall landforms, and large structures that can cause significant sky blockage. In [5] a Geographic Information
System (GIS) solution for mapping a model of sky-blockages surrounding agricultural fields across entire regions was
developed. It employs spatial landform feature layers, such as terrain elevations (levies, ridges, side slopes), forecast
satellite availability from Mission Planning software (MPS), and terrain coverage maps.
The primary object of research work [6] is to test and to assess a tightly coupled GNSS and railway track data system
for railway applications. One of the key features of this system is its ability to take into account uncertainties in both
GPS observables and the spatial railway network data. Since trains travel on pre-defined fixed routes, 3-D positioning
becomes a 1-D positioning problem that fixes the position of the train along the track. The spatial railway network
database is then used to estimate the other two coordinates. In this way, the accuracy of the railway network database is
crucial for the integrated positioning system. Unfortunately, the necessary accuracy of the railway network database is
not known. Additionally, the integrity and availability performance of GNSS-based train location system are also
essential for the safety-critical railway control systems. The required navigation performances (RNP) for the safetycritical railway applications in terms of accuracy, integrity and availability are investigated. We test different accuracies
of the track database for the integrated system. Based on the result, when the GPS is integrated with the track database,
the accuracy, integrity and availability are improved. The higher the accuracy of the track database, the better the
positioning accuracy is guaranteed. For the integrity and availability performance, the result shows that the medium
accuracy of the track database is more cost-effective for the integrated system.
The contribution [7] describes an approach to preprocessing and fusion of additional vehicle onboard sensors – the
odometer and accelerometer, all targeted to serve as optional and temporary substitute for GPS-like navigation. The
suggested solution explores a rule-based system for mutual substitutions and calibrations of the used sensors depending
on actual conditions. The only usage of the GPS here stands in providing regular position calibrations and serves as a
reference method for evaluation of the presented results. The presented solutions have been experimentally tested with
real-world data as shown in the experimental part of the paper.
Publication [8] describes the Leidos system, that was developed as an operational test-ready navigation system for
Positive Train Location (PTL) demonstrating position accuracies that enable cross-track discrimination using low-cost
onboard components and no trackside infrastructure. The system combines information from multiple sensors and a
track database (when available) in the Leidos Embedded Data-fusion Geospatial Engine (EDGE) sensor fusion
algorithms to create optimal state estimates for position, velocity, and attitude. In Phase I of the PTL development
effort, Leidos tested a proof-of-concept system using both simulation and real-world track testing at the Transportation
Technology Center (TTC) test track in Pueblo, Colorado. The system demonstrated position errors less than 20 cm in
the along-track and across-track axes as measured by a fixed-base station Real-Time Kinematic (RTK) GPS reference
system. In Phase II, the hardware has been redesigned to support operational railroad installation and testing. The
production design has been tested at both the TTC test track as well as on United States Class I railroad operational
track territory.

SOLUTION METHOD OF OPTIMAL PATH FINDING
The aim of this paper is to propose an optimization method for measuring by GNSS RTK on railways. The outcome
should be itineary of measurement plan, which would include all measured points, while the total length and
measurement time should be as short as possible. The task is made more difficult by the fact that at a point the
conditions are suitable for measurements only within a certain time interval. From a theoretical point of view it comes
to finding the Hamiltonian path in a graph with additional conditions in nodes. The proposed optimization method has
two parts:
1. static part when the shortest distance between all nodes on the route is calculated. The basis of this section is known
as Floyd algorithm.
2. dynamic part, in which events (i.e. measurements at different points in the system time) are planned. These events are
stored in an events list, which is a dynamic structure whose items are ordered by time.
The algorithm is shown in Fig. 1. In the initialization phase are set the global measurement parameters (start and end
time, the number of measurements on point, etc., further import list of points, almanacs and distances between points).
Then, the shortest distance between all points (Floyd's algorithm) is calculated. Then the events at individual points are
planned. If for a given point there are in events list the items with more than the current time, these events are canceled.
This can be achieved in the shortest possible measurement time. This process is repeated for each variant. Number of
variants is the same as the number of points. In each variant a different starting point is selected. This way simplifies the
combinatorial difficulty of the task, because it is known that finding Hamiltonian paths in a graph is NP-completely
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problem. The resulting variations are saved into matrix of options and optimal variant with the shortest route and the
time of measurement is in the first row of the matrix.
The algorithm was created as an application in Borland Delphi. The application includes a module for online geo-web
application. This module displays waypoints in various map data in a web browser. Points are marked with symbols
with labels containing basic information about the point.
START

Initialization

Minimum distance between nodes- Floyd
orithm
Set system time tsys, begining node i = 1

For all nodes j = 1, , …, n j <> i plan event
at time tsys and store it into events list

Yes
Exists event of j.
node in events
list for t > tsys?

Remove this event
from events list

No
j=j+1
No

Empty events list

j>n?
Yes
Set system time tsys
Write variant for i. beginning node into
matrix of variants

i=i+1
No
i>n?
Yes
Write variant for i. beginning node into
matrix of variants

STOP
Figure 1. Flow chart of the optimization algorithm
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EXPERIMENTAL RESULTS
The proposed optimization method of RTK GNSS measurements was verified on the railway route Hranice – Valašské
Meziříčí (Czech Republic). Figures 2, 3 and 4 are outputs from applications, which was created in Borland Delphi. In
Fig. 2 is part of the matrix of the shortest distances between all measuring points. The matrix was created using Floyd's
algorithm. In the Fig. 3 the variants of itineary with order of measurement points are shown. The optimal variant is in
first line in the table. The total route length is 1563 m and the total measurement time is 2 hrs. 10 min. Fig. 4 shows a
sample of the online geo-web application. It is a zoom from a Web browser with maps and marks of measured points in
the locality. Geo-Web application contains basic controls (changing the map scale, the marks with labels, etc.).

Figure 2. Matrix of shortest path - Floyd algorithm

Figure 3. Output of itineary variants
Table 1 presents an overview of the particular variants of Hamiltonian path on section of the railway line Hranice na
Morave – Valasske Mezirici. The best variant is ordered first (1).
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Table 1. Hamiltonian path variants on section of railway line Hranice na Morave – Valasske Mezirici
Order

1
2
3
4
5
6
7
8
9
10

Variant of paths

992
1099
1100
991
1102
990
1103
960
B
959

991
1100
1099
992
1100
991
1102
990
1103
B

990
1102
1102
990
1099
992
1100
991
1102
1103

960
1103
1103
960
1103
960
1099
992
1100
1102

959
B
B
959
B
959
B
959
1099
1100

B
959
959
B
959
B
959
B
959
1099

1103
960
960
1103
960
1103
960
1103
960
960

1102
990
990
1102
990
1102
990
1102
990
990

1100
991
991
1100
991
1100
991
1100
991
991

1099
992
992
1099
992
1099
992
1099
992
992

Total
distance
[km]
1,563
1,563
1,741
1,789
1,883
2,032
2,075
2,159
2,195
2,295

Total
time
[hh:mm]
2:10
2:10
2:20
2:20
2:30
2:30
2:40
2:40
2:45
2:55

Figure 4. Geo-web application (measured points in field)

CONCLUSIONS AND FUTURE WORK
The paper describes the optimization method for measuring by GNSS RTK method on railways. The aim was to
propose the measurement itineary with minimum path length and the shortest total time of measurement. The proposed
method has two parts: 1. static, which is based on Floyd's algorithm that generates the shortest route between all points
and 2. dynamic, which prepares the measurement plan within a shortest time interval as soon as possible. Basis of the
dynamic part is the event list. The proposed algorithm was implemented in Borland Delphi. The application includes an
embedded module for creating online geo-web applications. The output of this module is a graphic representation of the
measured points on a railway line in the web browser, with basic map layers and basic controls. Measured points are
illustrated by marks with label, which contains basic information about the point.
In the next part of the project the application will be extended by economic aspects of the measurement process. It is the
cost of renting of the equipment, salary for the worker who measures, travel and other expenses. The method is
generally useful for measuring on linear constructions and similar structures.
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Abstract
This report presents the realization of Internet GIS for Central Balkan National Park (CBNP). CBNP lies in the heart of
Bulgaria, nestled in the central and higher portions of the Balkan Range.
The report emphasize on:
a) Implemented system architecture
b) Process of developing a Web-based application
The system architecture secured the required functionality to:
a) Get broad access to data to support planning, design, and data management
b) Support BIM workflows
c) Publish and share data/information
d) Access, visualize, and coordinate CBNP data
High level diagram show the process of developing a Web-based application through tasks, entities that are created by
the tasks or used by them and flow of data. The development process was break down into 6 detailed steps – Load,
configure and extend data; Build layers and style data; Create map; Place on the Internet; Develop applications; Test
the applications.
Keywords: Internet GIS, Web GIS solution, Model Based GIS, Mapping Software, Web-based application

SCENARIO
Central Balkan National Park (CBNP) lies in the heart of Bulgaria, nestled in the central and higher portions of the
Balkan Range. The CBNP contains rare and endangered wildlife species and communities, self-regulating ecosystems
of biological diversity, as well as historical sites of global cultural and scientific significance. The CBNP is one of the
largest and most valuable of the protected areas in Europe. The International Union for Conservation of Nature (IUCN)
has listed the Park as Category 2.
To effectively manage all this, CBNP commissioned the development of Internet Geographic Information System
(IGIS).

CHALLENGES
For more than 15 years, CBNP has collected a great number of geospatial data, text data and other information related
to park territory.
However, the data format and the coordinate system of the numerous data are not identical, which makes it difficult to
use these data for the whole territory.
For example, most of these data are collected in developing the already outdated management plan of the park and are
geospatially linked to three of the four zones of the old civil coordinate system of the country - zones K3, K5 and K9 of
gridded 1970 coordinate system. This in practice means three different coordinate systems, besides with unknown
official parameters and transitions between them.
Hence, the CBNP needs powerful innovative platform that enables creation geospatial applications for the web and
desktop quickly and easily. This allows the administrative staff to manage the resources in the park more effectively and
totally control the location and status of the available resource and public facilities.
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GOALS
To effectively manage the resources in and around the park and to control the location and status of the available
resources and public facilities, the IGIS for CBNP includes:


Analyze all the available data;



Develop and present: technology to integrate all available data so far; structure (components) and functionality;
approaches and processes of access to data and information; approaches and processes for maintaining the data
and information; approaches and technology to exchange data with other applications related to the
management of protected areas/zones; concept for keeping changes; policies for interoperability and data
security;



Developing a specialized database for monitoring;



Developing a specialized database for management of natural resources;



Development of Geographic database containing: Integrated all available current data; information layers
developed as part of public procurement "Production of spare parts description and evaluation of the CBNP
(abiotic, biotic, cultural and socio-economic characteristics) of the Management Plan 2012-2021; information
of cadastral map with cadastral registers and detailed map for spatial planning projects;



Developing a specialized database of investment projects on the park territory, incl. asset management;



Development of specialized software for data entry at Internet GIS and different levels of access through the
Internet, including: libraries of symbols, line types, indexes, hatches; templates framework and outside the
framework layout; direct access to specialized data models (pattern stored in a database and / or file-based
template); directly data load (without transformation) including DWG and ESRI SHP files;



Developing specialized functionality for input / export data in IGIS and different levels of access to the
proposed desktop GIS software, including: libraries of symbols, line types, indexes, hatches; templates
framework and outside the framework layout; direct access to specialized data models (pattern stored in a
database and / or file-based template); transforming coordinates from / to those used in the country coordinate
systems and projections; direct publishing of spatial data (incl. GIS attribute data retention rules and settings
display) including DWG files.

SOLUTION
The IGIS for CBNP integrates Web GIS solution, model based GIS and mapping software, design and documentation
software to support Building Information Modeling (BIM) workflows.
The Web GIS solution - Autodesk Infrastructure Map Server (AIMS) [1], is a web-based mapping application to access,
delivery, handling and storage of different types of data, information and resources.
AIMS consists of the following components:


Autodesk Infrastructure Map Server - server application (formerly called MapGuide) that includes
Infrastructure Studio and Web Server Extension. This suite of products allows CBNP to set up a map server
and deliver CAD, GIS, and asset information on the Web;



Autodesk Infrastructure Studio - handles all aspects of collecting and preparing geospatial data for distribution
on the Internet;



Autodesk Infrastructure Web Server Extension - exposes the services offered by the Autodesk Infrastructure
Map Server to client applications over the Internet using HTTP protocol;



Autodesk Infrastructure Administrator - module that allows CBNP to configure certain aspects of industry
models and application settings;



Infrastructure Map Server viewers - provide a means of viewing a map in a web browser;



Autodesk Infrastructure Mobile Viewer Extension - set of JavaScript classes, CSS files, images and icons
designed to provide a compelling and intuitive interface for displaying AIMS geospatial content on the Apple,
iPhone, iPad and iPod Touch;



Autodesk Infrastructure GeoREST Extension - repurpose existing server and Feature Data Objects (FDO) data
using a RESTful web services protocol.
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Model based GIS and mapping software – Autodesk AutoCAD Map 3D [2], is a desktop software to get broad access to
CAD and GIS data to support planning, design, and data management.
Design and documentation software to support BIM workflows – Autodesk Infrastructure Design Suite [3], use the
intelligent, model-based desktop and cloud tools in Infrastructure Design Suite to gain more accurate, accessible, and
actionble insight throughout the lifecycle of your civil engineering projects.
Data is stored centrally in MS SQL Server data base. A possible switch to Oracle data base is reckon with.
Figure 1 shows the process of developing the presented below Web-based application using AIMS. The development
process was break down into six phases (Planning and Preparation phase, not included in this figure):


Load file-based data, configure connections to external databases, and extend feature data;



Build layers;



Create maps;



Place maps on the Internet;



Develop web applications;



Test web applications.

Figure 1. Process of developing the presented Web-based application using AIMS.
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RESULTS
IGIS for CBNP use and apply the concept of the so called “industry model” maintained in the above mentioned Web
GIS solution, model based GIS and mapping software.
What is industry model? - A specialized schema stored in an Oracle or SQL Server database (an enterprise industry
model) or in a drawing or template file (a file-based industry model).
For AIMS and AutoCAD Map 3D, Autodesk offer preconfigure and ready to use industry models - electric, water,
wastewater, survey and gas. Besides IGIS for CBNP use specially designed custom (3rd party) industry models –
flora/fauna, work map, base map, cadaster, spatial plan. CBNP administrative staff can create, edit, and configure all the
above mentioned industry models using the Autodesk Infrastructure Administrator component.
Each industry model contains the following elements:


Extensions - Database enhancements such as COGO, Dimensions, Profiles, or Plot. CBNP can specify a
different set of extensions (Fig. 2) for each industry model;

Figure 2. Industry model extensions


Modules - A collection of industry-specific settings, such as data models (Fig. 3), workflows (Fig. 4), and
feature display settings that are specifically designed to support CBNP (Fig. 5);

Figure 3. Industry Data Model – Flora and fauna.
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Figure 4. Industry Data Model – Workflows.

Figure 5. Industry Data Model – Feature display settings.
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Data model - The set of feature class tables in the model, and the topologies for those feature classes.
Topologies maintain relationships between points and lines (network topologies) and polygons (area
topologies) in a logical interrelated network that facilitates accurate data management, tracing, and analysis.
CBNP can also define logical topologies to include features that are not physically connected. The topology is
updated when geometry is modified or created. Topologies are used to solve specific business problems;



Display models - The definition of the set of feature layers loaded into the Display Manager instrument and the
default styling for those layers. Different display models have been created for CBNP created industry models.
Using the Display Manager, CBNP can change the style of features to serve specific purposes;



Rules - The procedures and triggers that enforce business rules by performing specified tasks whenever you
change a feature class in the database. Feature rules help to maintain the integrity of data in the database;



Jobs - The long transaction feature that allows CBNP project teams to work from the same set of information
at the same time. Team members can select an area of infrastructure to work on, isolate changes and additions
from live data, and establish an approval process for going live with completed jobs. Jobs are available for
Oracle-based enterprise industry models only;



Forms - Screens that display the attribute data for an individual feature (Fig. 6). The CBNP Administrator can
specify the layout and contents of forms. All users can view, edit, and generate reports on feature attributes
using forms (Fig. 7);

Figure 6. Industry Data Model – Form for Bat species.
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Figure 7. Industry Data Model – Form for huts.


Workflows - Scripted operations for creating and analyzing data (Fig. 8). Created workflows apply business
rules to maintain data consistency, accuracy, and design standards (Fig. 9);

Figure 8. Industry Data Model – Workflow Administrator and script code.
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Figure 9. Industry Data Model – Workflows and business rules.


Reports - Visual presentation of feature data (Fig. 10), using a layout that the CBNP Administrator specifies.
All users can view reports onscreen or print them.

Figure 10. Industry Data Model – Reports.
On the other hand everything has to be in accordance with current operating regulations for access and management of
geospatial data, namely national operating regulations for:


Conversion of existing geodetic and cartographic materials and data in Bulgarian Geodetic System 2005 (BGS
2005) [4], [5] and
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National formats [5] for storage and distribution of geospatial data – ZEM format for storage data in the
Ministry of Agriculture and CAD format for storage data in cadastral map. ZEM format, contains the structure
of the record of the Map of the Restored Ownership over agricultural and forest areas and registers to it. Last
actual version 3.03 from 28.03.2103 [6]. CAD format or Format for the exchange of cadastral data [7],
contains the structure of the digital record of the cadastral data. Last actual version 4.02 from 16.06.2105 [8].

Fulfilment of the above mentioned national operating regulations is realized with the help of modules (Fig. 11) for
transformation of graphical objects according used in the country coordinate systems and projections and converting
data from ZEM/CAD files. These modules work in model based GIS and mapping software (AutoCAD Map 3D) and
Design and documentation software to support BIM workflows (namely AutoCAD Civil 3D).

Figure 11. 3rd party modules in accordance with current operating regulations for access and management of
geospatial data
Generalized architecture showing only Web GIS solution with the model based GIS and mapping software is presented
in Fig. 12:

Figure 12. System architecture of the solution - Web GIS with the model based GIS and mapping software
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CONCLUSIONS
The unique advantage of IGIS for CBNP is the direct data access capabilities. This is very important, because before to
build maps and web layouts CBNP must make the relevant source data available. IGIS for CBNP offers three ways to
make this source data available:


Load any file-based data (DWG/DXF/DWF), raster files (.bil, .bmp, .cal, .ecw, .jpg/.jpeg, .png, .sid, .tif/.tiff,
.tga) or file-based data stores (SDF, SHP, SQLite, and raster files);



Configure connections to databases or web services, such as Oracle, ArcSDE, SQL Server,
PostGreSQL/PostGIS, or WMS;



Configure connections to SDF, SHP, SQLite, and raster files not loaded into the Autodesk Map Server
resource repository.

Developed IGIS for CBNP integrates Web GIS solution, model based GIS and mapping software, design and
documentation software to support Building Information Modeling (BIM) workflows in accordance with operating
regulations for access and management of geospatial data.
The solution brings leading geospatial technologies (such as Remote Sensing, Geo Information Systems, Global
Positioning System, Internet Mapping) together to help CBNP get the full value from geospatially enabled data, such as:


Direct access to geospatial data natively stored in a databases (such as Oracle, ESRI ArcSDE, Microsoft SQL
Server, ODBC, and MySQL), file based data stores (such as Autodesk SDF, ESRI SHP and raster), or a direct
connection to web services (such as Web Feature Service for vector data and Web Map Service);



Publish and share CAD, GIS map, and asset information with web based GIS mapping software



Natively access to CAD, GIS, point cloud imagery, biodiversity and business information from a broad range
of sources without the inherent risks of data conversion;



Analyze data for better insight to into existing conditions and the potential impacts of future projects;



Apply intelligent industry models to better organize information;



Effectively share more coordinated and consistent information;



Helps CBNP administrative staff and other project teams to access, evaluate and share data to make more
informed decisions.
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Abstract
This paper describes lessons learned during the floods in 2014 in Bulgaria where a large group of professionals and
researchers working in early warning and crises management (EWCM) got involved. The paper describes the site and
the chronological order of the events, which disturbed the Seminar on EWCM, June, 2014.
Due to heavy rain the conference participants got isolated in a flooded area. The National Programme for Disaster
Protection provided information but could not help in the crisis situation. The emergency telephone line was open and
online forecast information was available but the conference organizers were not aware of any procedures how to deal
with crisis situations. The maps and images of the area were not available before and after the event.
Triggered by these events, we discuss the need of better preparedness in detail. We propose a number of maps that we
believe need to be prepared and made available to citizens in similar situation. The maps are classified and their
properties are discussed in detail. A map, based on satellite images, was produced by Copernicus project after the
event. We elaborate on its content, aim and usefulness.
We emphasize on the need of a better cooperation and exchange of information between professionals in the field and
regular citizens. Two types of information streams are considered: from the responders to the citizens and from the
citizens to the responders. We conclude the paper with suggestions for future improvement of the preparedness of
organizers of big events.
Keywords: flood, crises management, mapping natural disasters, disaster in practice

INTRODUCTION
Bulgaria is often affected by a large number of and with strong intensity disasters such as flood, storm, industrial
accidents, and earthquakes. The country falls into areas characterized by having high hazard risk (Council of Ministries,
2013b).
Over the years, and particularly during the last 10-12 years, Bulgaria was frequently affected by natural and man-made
disasters that caused considerable losses. Various natural disasters, like landslides, floods, earthquakes, snowstorms,
windstorms and thunderstorms, drought, hailstorms, freeze, extreme temperatures, etc. are manifested on the Bulgarian
territory (Pashova et al., 2010; National Statistical Institute, 2015; EM-DAT, 2015). National Statistical Institute (NSI)
registers also accidents, pollutions, epidemics and other. For the period 2003-2013, NSI registered a total of 44 472
disasters. Percentage distribution of the natural disasters for this period (excl. 2009) is shown on Figure 1. The number
of natural disasters was 12 584 and their average number per year was 1 258. As a result of these disasters many
casualties, injured and affected people were recorded (Bandrova et al, 2015).
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Figure 1. Percentage distribution of different natural disaster that occurred in Bulgaria for the period 2003-2013.
Recognising the important of these events, a "National Programme for Disaster Protection the 2014-2018" (Council of
Ministers, 2013a), approved on 7. May 2014- just a month before the flood, definitions of operations in flood situations.
The Law on Disaster Management as well as descriptions of the procedures which should be obligatory completed by
responsible institutions were also approved. Since 2009 an early warning system has been working and it is used for
decision support of executive authorities. It offers voice guidance to people. Unfortunately, this system is not always
working. For example, during the flood event of 2014, it was not activated in the area of Varna. The citizens had to call
to emergency phone 112 for giving information about the disaster.
In 2014, June, 15-21 the 5th ICC&GIS Conference was held in one of Black Sea Bulgarian resorts, Riviera. The weather
conditions were unstable and rapidly changing but the scientific programme was interesting and the conference
organisers were very optimistic that the weather will not influence the conference. Traditionally, during the conference
a Seminar on Early Warning and Crisis Management (EWCM) is organized by the Commission on cartography for
EW&CM of the International Cartographic Association (ICA). Many specialists from different countries presented their
research and results during the Seminar sessions. The head of Aerospace Monitoring Center (Remote sensing Center Ministry of Interior, Bulgaria) also participated in the conference. A keynote was presented also by the leader of a
research group "Geo-information for Crisis Response" at the GIS Technology section, TU Delft. The conference was
following the programme and nobody expected that the Gala dinner will bring a life-experience disaster to many
participants. After several hours continuous rain, the Gala dinner participants realised that the only road was destroyed
and the water level jumped up several meters in few hours.

THE PLACE AND METEOROLOGY
The place, where havy rains started and continued more than 24 hours, is located in Bulgaria, north-east region of Varna
city. Varna city is situated on north part of Black Sea cost of Bulgaria, φ = 43° 12' and λ = 27° 55' (see Figure 2). The
dinner place was in Prilep village (see red area of Figure 2), 40 km north from Varna and 20 km west from Albena
resort. The terrain is hilly and elevation is about 250 m. The forest area and also fields with agricultural production are
around the village. Close to the place the terrain is appropriate for helicopter’s landing (see Figure 4-right).
In the region, Batova River flows in a wide valley, ultimately flowing directly into the Black Sea. The Batova River is
39 km long, but it is notable as the only river in Southern Dobruja that does not run dry on an annual basis. The river is
deep between November and May, with a peak in February, and shallow during the remaining five months, particularly
in July and August. The Batova's drainage basin covers 339 sq km and its average flow is 340 litres per second
(Bozhinov T., 2016).
The infrastructure is not well kept and roads are not in good conditions.
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Figure 2. Map of Bulgaria and Map of North-East part of Bulgaria with the place of disaster, GoogleMaps

Figure 3. Batova River (photo is taken by Nikolay Syoykov) and Flooded areas of Prilep village and Varna region
In the days leading up to the event, large parts of the country had been battered by heavy rain and hailstorms (Figure 3
and 4). On June 18, the Varna office of the country's forecasting service (NIMH) sent an official memo to the local
administration warning of intensive rain and hailstorms on the following day. According to the NIMH, the average
discharge of 24-hours for Varna Province was between 60 and 85 l/m², while in neighbouring Dobrich Province it was
from 90 to 155 l/m² (Our place is situated between both provinces). The average discharge amount for the whole month
of June is around 50-60 l/m². A single weather station in the north of Varna recorded discharge values of 35 l/m² in a
two-hour period between 6pm and 8pm on June 19. In the far north-eastern parts of Bulgaria, rainfall rates reached 140–
200 mm/h. On June 20 the NIMH warned that further rains up to 20 l/m² (Figure 4) could be expected throughout the
weekend (NIMH, 2014).

Figure 4. The quality of Precipitation of Bulgaria for 20.06. 2014 (BAS) and aero photo image of the place of disaster

DESCRIPTION OF DISASTER SITUATION
The first signals for the high level of the river came from the folklore group, which gave a performance at the
conference differ. They left the restaurant with the intention to go home, but they came back because the river level was
abnormally high covering complete the road. It was impossible to estimate the road condition in the dark. Very quickly
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became clear that the conference participant have to stay at the location until the morning. This decision of the
conference organisers created already quite some tension:


Because all participants expected that they will be on the place only for 3-4 hours for Gala-dinner, most of
them did not take their belongings: medicines, warm clothes, accessories, money, etc. The largest concerns
were for people with chronic diseases, facing possibly long time without their supportive medicines;



The place of the conference dinner was a relatively small resort that could accommodate a part of the
participants. Therefore alternatives should have to be found in a very short period of time;



The restaurant was not prepared to provide extended meals for several days. A very careful counting on the
existing food had to be performed the same evening;



To calm down the participants, a connection had to be made official institutions and to get actual information
on the range and severity of the flood;



Many of the participants had to travel back and considering the situation, a decision had to be taken which
flight had to be cancelled.

Figure 5. Flooded areas of Prilep village and Varna region, photos from Reuters and AP
In the following 20 hours a lot of measures were taken. The congress organisers took the initiative and formed a local
‘disaster management center’ that kept in contact with the needed institutions. They organised hotel accommodation for
most of the people in the nearest neighbourhood. It was needed to divide the food on small portions as much as possible
to keep 100 persons in healthy conditions. They look for online information from local meteorological services; we had
permanent connection with the emergency phone 112 and many logistic connections to the airport concerning change of
already booked flight tickets. They have also established a special connection with Czech Embassy in Sofia and
Consulate in Varna which provided supportive information. Fortunately the TV and internet were working. The
participants soon could observe by themselves the effect of the flush flood and the damages in one of the Varna
neighbourhoods (Figure 5).
Thanks to all actions, the conference participants could have good rest and reasonable meals during the following day.
The weather situation did improve slightly, the rain stopped, but the river level was still very high. On a day light it
became clear that the road is destroyed and it will be not possible for the busses to go back. After several phone calls
with the emergency crisis centre in the area, two helicopters were sent to the restaurant (close to Prilep village) to
transport the participants to a dry area, where several busses were waiting (Figure 6 and 7). All the participants were
safely brought back to the conference hotel. The sessions of the last day were cancelled, but the researchers had the
chance to exchange many ideas and discuss what has been done and how it can be done better during these 24 hours in
isolation.
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Figure 6. Action for participants’ evacuation

Figure 7. Distance for evacuation by helicopters – 10 km

HAVE WE BEEN READY FOR DISASTER SITUATION?
Bulgarian legislation related to ensuring the protection of life and health, the environment and property in case of
disaster is permanently updated in accordance with international and EU requirements and standards in this field. The
roles of main actors are regulated by a number of normative documents: Law on Disaster Protection, Law on the
Ministry of Interior (MoI), National Plan for Disaster Protection and National Action Plan, National Program for
Protection in Disasters, Regulation on terms and conditions for the functioning of the National System for early warning
and alert, Strategy to reduce the risk of disaster, etc.
But the disaster lessons have clearly shown that the people are not sufficiently educated and trained what to do and what
is the proper behaviour, when a disaster happens (Bandrova et al, 2015).
United Nations International Strategy for Disaster Risk Reduction (UNISDR) recommends to extent disaster risk
reduction as identify it as a political responsibility and greater sustained commitment to the support of long-term
national development objectives can be obtained (UNISDR, 2006). This could be next task of Bulgarian administrative
offices after publishing of legislation normative.

ARE WE READY AFTER 2 YEARS TO MAKE BETTER MANAGEMENT?
To respond of the questions authors decided to use as a background (Figure 8, Nagy-Rothengass M., Schouppe M.,
2008) Framework EU schema for Disaster Management Cycle. The cycle was created to define many steps in disaster
management and aims to big scale disasters. But all that steps influence also local situation. We look for our problem
mainly from local or regional point of view, so we are unable to react or describe some topics in the schema, which are
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part of complex solution in the big territories. Therefore in this paper, the authors address only several points related to
the experiences of the Gala-dinner floods in 2014.

Figure 8. Disaster Management Cycle (Nagy-Rothengass M., Schouppe M., 2008)

Prevention and Mitigation
If we think back what happened from the position of individual participants, it is the only real base for everybody from
us to design some knowledge for the future, but knowledge is limited just for floods situations. The understanding of all
of us was, we go for several hours limited event. By the time we were in the restaurant, strong flash floods blocked area
of several cities and villages. We were informed that the only access road back to conference place is closed due to
rising in rivers’ water levels. Unexpectedly, we had to spend the night in the manor where we got very simple
accommodation. During the evening and in the morning we contacted emergency services in Bulgaria, embassies of the
participants with health problems, civil protection services.
We have seen many other floods on TV, but it is the human nature that does make us think that such disaster could not
happen to us. Shell we try to take measure all the time we go somewhere for few hours? Perhaps not, because we don’t
know what and where something might happen. But it is very important to be prepared that we are vulnerable and be
calm and be not plenteous. However it is very important to be aware that certain risk exists and these risks have to be
well modelled and exhibited to citizens. If we take just two items from Prevention and Mitigation part of Cycle, we can
conclude that Hazard prediction and modelling should be done better. For example, risk maps can be created for the
areas that are prone to flush floods; webcams can be installed at key places to observe river levels and model the risk of
flood.
Risk assessment and mapping are possible to do today with assistance of social media. But inhabitants of the village
were also under stress from the flash flood. Mapping should be possible with help of mobile phones and GPS, online
satellite or aerial images in appropriate details. We did not use all these potentials because of missing IT equipments,
night time and not enough and complex information about the situation.

Preparedness
Scenarios development should be done on such places or regions and practical steps should be planned for different
levels of public administration. Some years ago regional administration recognized hazards and risks in the places of the
biggest damages but good ideas and plans were not realized. This was the reason of 12 death casinos in Varna on 20.
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June 2014. At least awareness should be kept for the future with a hope that main reasons of such bad results will be
removed. A real and helpful scenario should be created. Emergency Planning steps should be defined and inhabitants
should be prepared to live with future coming hazards and risk. For examples routes for safety evacuation should be
clearly indicated or at least dry areas should be communicated to citizens well in advance.

Alert
Real time monitoring & forecasting have not been realised. It was the reason that participants had face many questions
such as ‘shell I try to find a way by foot’, ‘shell I cancel my flight’, etc. As mentioned previously, very sparse
information came to inhabitants mostly from TV channels or via direct phone calls. For example information about
flooded areas was collected by local people having information about the terrain. In two years, the situation improved
significantly and regional meteorological service is offering permanent on-line information about meteorological and
hydrological situation. It is still to be seen if the information about the range flooded areas has been also improved.
Early warning as a part of Alert in the Cycle is situated at un-appropriate place. In nowadays it is relatively independent
activity which is still loosely linked with disaster risk management. The basic rules of EW have been defined in Hyogo
conference in 2005 (ISDR, 2007) as an instant reaction for tsunami in Asia in end of 2004 year. In Hyogo Framework
for Action a new approach of EW is defined. It was highlighted that EW has to be People-Centred system oriented with
the objective to empower individuals and communities threatened by hazards to act in sufficient time and in an
appropriate manner so as to reduce the possibility of personal injury, loss of life, damage to property and the
environment and of livelihoods. To be effective, early warning systems must integrate four elements: 1. Knowledge of
the risks faced; 2. Technical monitoring and warning service; 3. Dissemination of meaningful warnings to those at risk;
and 4. Public awareness and preparedness to act.
Failure in anyone of these elements can mean failure of the whole early warning system. Sendai UN Conference on
DRR in 2015 (after our experiences) found that principles as a well done.
In the future would be appropriate to develop and enrich early warning process and solutions by social media
information.

Response
The response phase is the most important phase in the whole emergency response cycle as disaster strikes by surprise.
In our case, the rain and the flood was not life threatening. The manor was on a quite high spot in the mountains. The
biggest and serious problem was the fact that medicaments were missing for about 7 participants who needed them for
various health reasons. An option was investigated to deliver only the medicaments for these participants, but in the first
hours it was no chance to arrange such transport. These people were given least psychological support. Contacts with
doctors were arranged by honorary consul of Czech Republic in Varna. Those doctors gave recommendations what and
how to do till the time medicaments will be delivered.
As it our experience showed, the on-time and accurate information about the event and the people in the group is very
important. In our case situational awareness was realized by the help of Bulgarian emergency link 112, TV, Web,
regional hydro-meteorological service and mainly individual contacts of participants with unique connections and
information. Some colleagues went to collect information about possible evacuation in opposite direction, but it was
difficult and without any results for possible evacuation. Options were investigated to cross the critical flooded area by
food and get to not affected roads, as the water level was decreasing. But in our group were several seniors unable to
cross water by walking, as few participants did. In such situations it is extremely important to be aware of the event, but
also about the people involved in this event. For examples, we have a case when participant left the manor without
informing the conference organisers.
Information dissemination to members of group was done in short intervals of time when we got it. We discussed
problems in smaller groups or individually and tried to kept high spirit of the people.

Post Disaster
The post disaster phase for our event was more related to financial aspects and analysis of the event. In our small
disaster management team we have identified several lessons. We also recognise that psychological human cooperation
should be structured as well, for example: one to one, one to group and parts of groups to other parts ones. In our case,
most of the participants cooperated actively to solve problems of psychological character.
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Figure 9: A map, representing the most severe floods in the city of Varna, fusion of Spot images (23/06/2014 and
19/09/2013), Open Street Map, EU-DEM (2013), Administrative boundaries (2013), Hydrology Transportation (2012),
Settlements (2013) (prepared by ITHACA)

LESONS LEARNED
Authors think that our local knowledge could enrich and be used in development of ideas defined by UN Disaster Risk
Reduction (DRR) conference in Sendai, in 2015 (UNISDR, 2015) The conference developed widen ideas of just
Disaster Risk Management into DRR and put attention mainly to 5 priorities: Priority 1: Understanding disaster risk.
Priority 2: Strengthening disaster risk governance to manage disaster risk. Priority 3: Investing in disaster risk reduction
for resilience. Priority 4: Enhancing disaster preparedness for effective response and to “Build Back Better” in recovery,
rehabilitation and reconstruction.
Between others in Priority 1 "Understanding disaster risk" there are topics for improving DRR in future years on
national and local level, e.g. to develop, periodically update and disseminate, as appropriate, location-based disaster risk
information. There are requests to design and improve risk maps to decision makers, the general public and
communities at risk of exposure to disaster in an appropriate format by using, as applicable, geospatial information
technology; e.g. to promote real time access to reliable data, make use of space and in situ information, including
geographic information systems (GIS), and use information and communications technology innovations and last but
not least, to enhance measurement tools and the collection, analysis and dissemination of data. Similar requests have
been formulated for global and regional levels (UNISDR, 2015).
It was also asked to promote and enhance access to and the sharing and use of non-sensitive data and information, as
appropriate. Established communications and geospatial and space-based technologies and related services; maintain
and strengthen in situ and remotely-sensed earth and climate observations; to strengthen the utilization of media,
including social media, traditional media, and big data; to use mobile phone networks, to support national measures for
successful disaster risk communication, as appropriate and in accordance with national laws.
It is very important to educate citizens that disasters can happen even in the areas which are not vulnerable to any
hazards. It could be as a result of weather extreme or human intervention or malfunctioning. This awareness can be
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achieved by more interactive and convincing way than boring information evenings about how many packages of sugar
and beans you should continuously at home. Interactive methods work much better than lectures for community
training, especially when combined with practical examples, simulation, and role play — no lecturing!
It is not a surprise that Radio and TV Soap Operas are a very effective way to change listeners’ attitudes and behaviour.
They touch humanity and are built upon daily situation that are understandable and close to regular citizens. Such forms
for education can be used to explain and make aware of disaster hazard. It is very important to start this education at a
very early level. The point is to educate and to scare. The education should start from childhood and to encourage their
interest in hazards and mitigation from early age.
After the 2014 Gala dinner event and the following discussions and analysis we conclude with several
recommendations:


Having information about the disaster and the affected area is very important. If information is provided the
people can estimate their own situation and can wait for help or decide to take action by themselves. Lack of
information is dangerous and might be even life threatening. Visual information about flooded areas (as in
Figure 3) could be very helpful. In this respect maps provided by international organisation (even approximate)
might be critical in the first hours to get understanding about size of the event (as in Figure 9). Channels
providing such maps should be monitored.



It is critical to involve local communities in the development of emergency preparedness plans and disaster
mitigation measures according to their social and education status. In the area we were, most of population was
quite aged. These citizens can hardly understand digital maps, but they have a mental map of their region.
They have to be educated with respect to their mental map. They can be also educated and engaged to operate
and maintain simple and practical early warning systems.



It is important to investigate and record the community’s social memory of local hazards. This knowledge is
forwarded from generation to generation and can be used to understand hazards and promote attitude changes
and disaster mitigation activities.



All preparedness and emergency activities have to be in compliance with local knowledge and traditions.
Lecturing has to be replaces with more vital forms of communication, such as theatre or advanced forms of
visualisation (Bandrova et al 2012, Zlatanova 2008, Zlatanova and Holweg 2004, Zlatanova and Bandrova
1998)



It is very important to use existing structures and partnership relations, especially when they are trusted. In
emergency situation people tend to rely on trusted contacts.



Last but not least, it is critical to rely on informal leaders, but knowledgeable and willing to help. Establishing
relations and understanding with them guarantees success of interventions.
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Abstract
In the Czech Republic, Integrated Rescue System (IRS) is coordinated by regional emergency centres. Operators of
these centres use the geographic information system for spatial analysis and visualization of the situation. It is obvious
that the used cartographic visualization (colours, cartographic signs, etc.) should be unified in the whole Czech
Republic to assure effective communication and organisation of emergency response – especially in a case of large
disaster where IRS units from several regions need to be coordinated. The project “Geoinformatics as an instrument to
support integrated emergency and rescue operations of state” aimed to develop a methodology of unified cartographic
symbology for IRS. It consists of the recommended basic principles for the construction and definition of a symbol set,
scaling range and standardized description of individual symbols to be used for maps in the analogue and digital forms.
The presented paper describes the basics of the aforementioned methodology and experience retrieved during the IRS
practice ZÓNA 2015, where the proposed cartographic visualization rules were used.
Keywords: integrated rescue system, 112, cartographic symbology, methodology

INTRODUCTION
Nowadays, geoinformation technologies are more and more often used in various human activities. Therefore, they
naturally more frequently appear in areas where the analogue approaches, in the form of paper maps, have dominated.
Crisis management is no different.
In the Czech Republic, emergency response is coordinated by regional emergency centres that deal with various
emergency situations occurring in their part of the country. In addition, the operators of these centres use the geographic
information system for spatial analysis and visualization of situation. In a case of any emergency situation or incident
the regional emergency centre is alerted through a 112 emergency phone call (similar to 911 emergency calls in the
USA). The operator in a regional centre mobilizes the required emergency service: fire brigade, police, or ambulance,
which together form the basic parts of the integrated rescue system (IRS). Organisation of the Integrated Rescue
System (IRS) in the Czech Republic is described in detail e. g. in Kubicek and Stanek (2006).
During most of the local incidents each IRS part works independently, although they communicate to each other at the
incident spot. It is obvious that the used cartographic visualization (colours, cartographic symbols, etc.) should be
unified in the whole Czech Republic to assure effective communication and organisation of emergency response –
especially regarding regional or larger disasters where all IRS units from two or more regions must cooperate.
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Modern technologies allow faster and more efficient communication. On the other hand, introducing technologies
brings drawbacks, e.g. energy dependence, when the designed system may be affected by a blackout putting its
operation in danger. The field of crisis management is very sensitive in this respect, since its systems must particularly
be active in cases of crisis situations, when energy supplies are cut and other system fail. Therefore, it is necessary in
the field of crisis management to take into account of all back up variants, including the potential of traditional use of
paper map version and keeping manual marking of designed symbols.
The project “Geoinformatics, as an instrument to support integrated security and rescue operations of state” aimed to
develop a methodology of unified cartographic symbology for IRS. The produced methodological guidelines (Stachon
et al. 2015a) are primarily intended for authors and users of cartographic visualizations across the crisis management
community. It consists of the recommended basic principles for the construction and definition of a symbol set, scaling
range and standardized description of individual symbols to be used for maps both in the analogue and digital forms.
The presented paper describes the basics of the aforementioned methodology and experience retrieved during the IRS
practice ZÓNA (Czech word for “zone”) 2015, where the proposed cartographic visualization rules were used.

THE EXISTING SYMBOL SETS FOR CRISIS MANAGEMENT
Cartography disposes of an extensive methodological background focused on the visualization of spatial phenomena of
different nature. The visualization aspects can be found in a wide range of publications. The following can be used as
examples as traditional cartographic approaches: Robinson (1995), Bertin (1973), Krygier and Wood (2005). New
visualization types, e.g. 3D visualization (Herman and Reznik 2015 or Bandrova, Zlatanova, Konecny 2012),
visualization of uncertainty (Kubicek, Sasinka, Stachon 2014) or contextual visualization (Stampach, Kubicek, Herman
2015) are becoming more and more common. Approaches to cartographic visualization in the field of crisis
management can be found in Konecny et al. (2011), Friedmannova (2010), Stanek et al. (2010), Reznik, Horakova,
Szturc (2013 and 2015) and other publications. The description of symbol set proposal can be found in Burian,
Brychtova and Vavra (2015a), practical use of designed symbol set is in Burian et al. (2015b).
When designing the symbol set, it is necessary to use the existing standards from the field of safety and crisis
management. This allows faster understanding, remembering and use of the created symbol set and its easier acceptance
by users from different forces participating in crisis management. The design needs to take into account the national as
well as international standards. The situations when the cooperation activities of task forces from different countries are
less common, but they are usually of larger size and thus more demanding for the coordination of individual forces.
Then it is in such cases when the joint symbol set becomes more and more important which allows at least partially
simplify the complicated international coordination.
The key, already existing, document with a relation to the cartographic visualization in the field of crisis management is
the standard for creation of military topographic symbols NATO APP-6A (NATO APP-6A 1999), representing one of
the few existing standards focusing on cartographic visualization, mapping symbols standard – American National
Standards Institute - ANSI INCITS 415-2006 (MacEachren et al. 2010) and its further optimization. The Police of the
Czech Republic have available a catalogue of objects of the Basic police map, version 1.0., which is however primarily
focused on basic topographic data and fails to include thematic extension of symbols for crisis management. The
mentioned standards are described in more detail below.
1) APP-6A Military symbols for land based systems – “This standard provides common operational symbology along
with details on its display and plotting to ensure the compatibility, and to the greatest extent possible, the
interoperability of NATO Land Component Command, Control, Communications, Computer, and Intelligence (C4I)
systems, development, operations, and training … The standard applies to both automated and hand-drawn graphic
displays.” (NATO APP-6A 1999, 1).
2) ANSI INCITS 415-2006 - Federal Geographic Data Committee (hereinafter referred to as FGDC), Homeland
Security Group have published and further developed a set of mapping symbols intended for geographic support of
forces involved in crisis management as well as for informing public in cases of emergency situations (Homeland
Security Working Group 2012). The unambiguous advantage of this set is the fact that it has been implemented and its
version for use in geographic information systems is available. On the other hand, the analysis of the symbol set shows
that its content and cartographic visualization reflect different cultural environment of North America, i.e. USA and
Canada.
3) Basic police map version 1.0 (hereinafter referred to as BPM 2014) is the first attempt to standardise cartographic
visualization to support activities of the Police of the Czech Republic. The catalogue of BPM objects and its overall
conception is still under development and technological implementation.
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Regarding the use of American FGDC in the Czech Republic, the set seems unsuitable since there are considerable
differences in approaches and perception of cartographic visualization in different cultural environment, cf. Stachon et
al. 2015b. BPM is of Czech origin, but it is still under development and primarily focused on the production of general
materials. Therefore, the conclusions based on the standard NATO APP-6A were mainly taken into consideration for
the preparation of the methodology.

BASIC PRINCIPLES OF DESIGNING SYMBOL SET FOR CRISIS MANAGEMENT
The performed analysis of the existing approaches to cartographic visualization shows that the currently applied
approaches to cartographic visualization of geographic support for the needs of crisis management and related fields are
extremely varied. Based on the available documents, generally applicable recommendations were designed which were
focused on thematic contents of maps and applied on selected pilot map projects. However, it is not a complete
overview of all objects and phenomena which may occur, but rather an illustration of the application of the designed
basic principles of cartographic visualization. The majority of examples are illustrated in the selected case study
produced for the needs of eth Police of the Czech Republic. The stress on the thematic extension and particularly on
point symbols was put on the basis of using the basic police map as topographic material in colour and black and white
(grey and white) version for the selected case study.
In order to reach the given result, several principles which allow more effective use of the designed visualization were
used:


Principle of significance – spatial objects significant for a given situation are visualized more distinctly than
objects providing secondary information.



Principle of composition – assumes that the properties of a displayed object or phenomenon are reflected
differently in its cartographic visualization design. The advantage of this approach is potential elimination of
the necessity to study and remember extensive map legend.



Principle of intensity – higher intensity of the same phenomenon is displayed more distinctly, e.g. number of
inhabitants of the endangered areas.



Principle of dynamics – the majority of phenomena in the real world are not static, their states change, which
can be particularly taken into consideration for electronic maps, e.g. in the form of vehicle location record
monitored with the use of GNSS (Global Navigation Satellite System).

Visualization design of tactical elements
The shape, as the most effective graphic variable, was primarily used in order to distinguish tactical elements. Apart
from the obvious distinction of geometric shapes, the basic advantage of shape is its relatively easy integration in a
paper map as well as independence on the colour form of the map. The information carried by shape stays independent
even in case of black and white print (Fig. 1).

Fig. 1. Example of types of objects and phenomena with the use of shape based on analysis of symbol sets. Adapted
from: Stachon et al. (2015a, 29).
783

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

In order to distinguish from task forces, more distinct colour combinations were used. The designed colour
representation of task forces of the Police of the Czech Republic (PCR), Armed Forces of the Czech Republic, Fire and
Rescue Service of the Czech Republic, Emergency Medical Service, Unit for protection of nuclear power plant are
shown in Fig. 2. The selected colour scheme was optimized so that the usability was guaranteed on different
topographic materials, e.g. on a topographic map (e.g. BPM), together with the use of ortophoto, which is heavily
coloured.

Fig. 2. Designed colour scheme to distinguish task forces. Adapted from: Stachon et al. (2015a, 27).
In order to use the technological platform Intergraph Planning and Response (IPR 2016), the selected graphic format for
designing mapping symbols was the standardised vector format for web environment SVG (Scalable Vector Graphics).
The size of symbols was tested on a square shape with the edge of 10 pixels (hereinafter referred to as px), 16px, 24px,
32px, 36px, 40px and 48px. The selection took into account the fact that the outline shape would contain another
symbol. A square with the edge of 48px was selected as the most suitable. The mentioned size reacts further to the
specific scale of the cartographic visualization.
The use of the principle of composition assumes that the properties of a displayed object or phenomenon are reflected
differently in its cartographic visualization design. It was used in practice in the design through the combination of the
map symbol colour (marks the affiliation of symbol to IRS force) and shape (marks the type of symbol). The green
colour in Figure 3 below stands for the Armed Forces of the Czech Republic, the diamond stands for unit or vehicle.
The result is the information that a green diamond stands for vehicle or unit of Armed Forces of the Czech Republic.
The principle of the composition of colour and shape can be extended through an infill symbol, textual description, or
other graphic variables.

Fig. 3. Design to distinguish between basic objects and phenomena based on shape and content. Adapted from: Stachon
et al. (2015a, 30).
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FIELD EXERCISE ZÓNA 2015 – INTRODUCTION OF SYMBOL SET IN PILOT PROJECT
The system supporting selected forces of PCR within the inter-resort exercise ZÓNA 2015, held in the autumn of 2015,
was introduced in order to verify system functionalities and effectiveness of the symbol set. The main goal of the
exercise was training of activities and check of the processes of central administration bodies, regional bodies,
integrated emergency system forces, including PCR and other entities involved in External emergency plan of Temelín
nuclear power plant (JETE), in order to deal with an emergency situation related to a simulated accident in JETE.
Furthermore, just the part of geographic support is considered.

Mapping projects
Mapping projects (contextual cartographic visualizations in the sense of Konecny et al. 2011), which took into
consideration the activities of PCR within ZÓNA 2015 exercise, were produced as a preparation for the exercise with
the use of the designed symbol set. The input data with displayed source, type and visualization functionality (operator
vs. direct visualization of terrain data when the data were transferred by mobile devices) and the final output integrated
in the IPR system, including the designed symbols, were identified for each individual project.
An example of the realized mapping project is a mapping project of an emergency situation – discovery of an aerial
bomb in the zone of emergency planning. In contrast to pre-prepared and planned projects, one of the data sources was
the emergency line 158, which is in responsibility of PCR and runs independently on the crisis situation in progress. In
the course of the exercise and on-going evacuation, the emergency line received information on a discovery of an
unexploded aerial bomb, which required a police bomb disposal expert. The information on the discovery was provided
by IPR to all forces of IRS and in the real time the movement of individual IRS forces was visualized, protection zones
were marked, and the bomb eventually disposed. The provided information included mapping materials of the current
situation as well as multimedia documentation of the discovery site and the PCR intervention. The bomb discovery site
was located near the temporary accommodation and the local crisis headquarters in Tabor and had an immediate impact
on the course of the exercise. The mentioned mapping project was directly integrated in the real situation and provided
access for IRS forces to the situation and course of events registered by emergency line 158 (Fig. 4).

Fig. 4. Example of visualization of aerial bomb and sequence of events of IRS intervention. Translation: “Situace” is
Czech word for “Situation”.

FINAL SUMMARY
The main aim of the produced methodology (Stachon et al. 2015a) is to provide principles of designing a symbol set for
mapping outcomes in compliance with the current practice of bodies and methods of crisis management and theory
principles of map designing used in the Czech Republic and in Europe. The whole document was primarily produced
for the needs of geographic support of activities of the Police of the Czech Republic. The methodology included
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recommendations regarding the structure of the symbol set, scale range, and the standardised description of individual
symbols usable in analogue as well as electronic environment. The designed principles are documented by a final
presentation of a use of the symbol set in selected emergency situations.
A partial aim of the methodology is to simplify further designing of planned and ad-hoc symbols for geographic support
of activities within crisis management and create a basis to unify procedures of their design. The methodology is
conceived and produced on a conceptual level, i.e. as a general manual to design the mentioned symbol set, which is
platform-independent and which can be used in electronic as well as in analogue environment.
Based on the experience gained during the exercise ZÓNA 2015, the following recommendations were designed:


Preparation of cartographic materials into the form of mapping projects – the use of specific mapping projects
in practice proved effective and it is recommended to be use further in combination with selected
geoinformation tools (particularly spatial and attribute surveys).



Comprehensibility and simple nature of symbol set – the conceptual design of the symbol set can be further
developed in several ways. One of them includes the extension of the symbol set in other thematic fields of
crisis management, where the joint use of the symbols across IRS, e.g. critical infrastructure visualization, is
expected. The development and specification of the symbol set may also take into account the specific features
of individual types of electronic devices (desktop, web and mobile applications) and printed outcomes, where a
certain role is played by the used colour models and specific requirements for the format and behaviour of
symbols.
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Abstract
Without adaptation, 0.2 to 4.6% of the global population may be flooded annually in 2100 with scenarios of 0.25 till
1.23 m global mean sea level rise. Therefore, it is necessary that local governments engage and educate the local
community in order to adapt to the impacts of sea level rise. To this point, we developed a comprehensive fourdimensional (4D, i.e. 3D and time) flood visualisation WebGIS (Web-based Geographic Information System), as it
quickly conveys strong messages, condenses complex information, engages people in issues of environmental change,
and motivates personal actions. This paper describes the developed landscape visualisation of a flood model simulation
for the coastal town of Ostend (West Flanders, Belgium) and presents practical considerations for future studies. This
research proposes an adaptation plan with a series of practical measures to be introduced by 2050, for example,
inserting gates where needed, sluices to prevent ingress of water into drains, raising floor levels in vulnerable town
centre properties, and installing breakwaters. This local-scale assessment is a step towards helping the community to
understand coastal flood events and how they might change with sea level rise and storm surge events.
Keywords: Coastal flooding, sea level rise, storm surge events, landscape visualisation, flooding analysis, evacuation
analysis

INTRODUCTION
Several studies have reported increased flood risk in coastal areas worldwide [1][2][3]. A recent study published by R.
M. Deconto et al., (2015) in the journal Nature asserts that sea levels will rise much faster than expected in the coming
decades because the Antarctic ice sheet is less stable than had been assumed until now [4]. Due to the effects of sea
level rise and an increased frequency and severity of storm events due to climate change [5], it is generally assumed
that flood risks will increase significantly in the 21st century. All future climate models predict that the frequency and
intensity of extreme weather phenomena (e.g., wetter winters, drier summers) will increase in the future. Approximately
8.7% of the world's population lives in low elevation coastal areas below 10 m [1,2], and these zones are vulnerable to
the destructive power of coastal flood events. Extensive damage to energy and transportation infrastructure and
disruptions to the delivery of services will temporarily disrupt the society. Immense damage to buildings, a devastating
toll on the public's health, and even significant loss of life are the possible risks of coastal flood hazards. This paper
describes the developed WebGIS (Web-based Geographic Information System) landscape visualisation of a flood
model simulation for the coastal town of Ostend (West Flanders, Belgium) and presents practical considerations for
future studies.
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BACKGROUND
Approximately 234.540 people live in the low-elevation coastal area polders at the Belgian coastline. The Belgian
coastline is 67 km long and consists mostly of sandy beaches with sea walls in front of the cities and dunes in between.
It is situated at the southern part of the North Sea between the Netherlands and France. Next to the Netherlands,
Belgium is the most vulnerable country to flooding in Europe due to rising sea levels. Moreover, the Belgian coast
proves to be the most built-up region of Europe [8]. Ostend is a major tourist and economic midpoint in the Belgian
province of West Flanders, which is located approximately in the centre of the Belgian coastline and has a population of
70.460 inhabitants [9].

Figure 28. Location of coastal city Ostend, Belgium
Due to its high level of urbanization (population density of 1862 inhabitants/km²) and its position nearby the relative
open harbour, Ostend is fairly sensitive to flood hazards. The storm surge of 1 February 1953 resulted in an extensive
flood in Ostend and the loss of several citizens. Among other coastal towns, Ostend suffered immense damage to their
sea walls. In response to that, sea walls were heightened and reinforced, yet insufficiently enough to protect against a
more severe storm surge than the one from 1953. Statistical analysis of measured sea level at the Belgian coast shows
that the annual average sea level in 2013 was significantly higher than at the beginning of the time series in 1951. The
sea level rose 115mm in Ostend from 1951 to 2013 [8].

Figure 29: Evolution of sea level on the Belgian coast (Ostend, 1951-2013)[8]
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Due to sea level rise and the high economic activity in Ostend (or Oostende in Dutch), Ostend suffers a high economic
vulnerability for coastal flooding (see Figure 30: Indication of areas with a high economic vulnerability on the Belgian
coast [10]Figure 30) [10].

Figure 30: Indication of areas with a high economic vulnerability on the Belgian coast [10]
The flood management strategy in Flanders has taken a focal turn from a flood control approach to a risk-based
approach due to the predicted growth of flood hazards [12]. This yielded an important change from focusing on
protection against a certain water level to protection against the consequences of a flood surge while considering its
probability. This risk-based approach computes the probability a flood will occur within a certain time period (e.g., 50
years) [13].
The 2011 study “Masterplan Coastal Safety” [14] assesses that more than one third of the coastal cities were not
sufficiently protected against a super storm. Consequently, the flood risk calculation output was not acceptable.
Table 7: An overview of the flood risks (for conditions in 2006) in the Belgian coastal area[15]

FLOOD RISKS IN THE BELGIAN COASTAL ZONE
Storm surge level
Return Period
Deaths Direct economic damage
+ 6.5 m TAW
~ 100 year
41
0.67 billion euro
+ 7 m TAW
~ 1000 year
251
2.1 billion euro
+ 7.5 m TAW
~ 4000 year
885
3.9 billion euro
+ 8 m TAW
~ 17000 year
3297
6.5 billion euro
In this flood risk calculation, the number of casualties and economic damage has been assessed for a range of storm
surge levels. Since these results were published, there has been an increasing trend in yearly volumes of sand for beach
and foreshore nourishments (supplied by dredgers).
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Figure 31: Yearly volumes of sand for beach nourishments[15]
Since 2010, work has clearly been done to improve coastal safety at the Belgian coast. Despite the attempts to improve
coastal safety, however, many people remain unaware of coastal and environmental affairs. Mayors of coastal cities,
aldermen, and other policy makers are in general fearful to instill anxiety in the local population who are at risk at times
of coastal flood hazards. Unfortunately, authorities work from the principle “let sleeping dogs lie” and do not inform
inhabitants about the risk related to flood hazards. Consequently, public awareness lags behind. Afraid to be criticized
in media and afraid of creating panic and commotion among the public, authorities are careful with spreading
information. Yet lack of public awareness equals lack of motivation among people to support changes in coastal
landscape or to even protest necessary measures to improve coastal safety. Although these changes are made with good
intentions, such modifications and transformations are criticised by environmental organizations, research centres, the
population, etc.

COMMUNITY AWARENESS
This paper is written in the framework of the research project CREST (Climate REsilient coaST) [16]. This project aims
to increase resilience in areas of coastal flooding caused by extreme weather events and intends to create wider
community awareness of flooding and promote adaptation actions. For example, urban green vegetated roofs and
permeable paving and gardens could ease flooding woes. Satellites and warning systems would save lives in floodprone coastal areas when a 1000-year storm arrives. Since extensive temporarily damage to energy infrastructure would
disrupt society, vital agencies (e.g., traffic centres, hospitals, etc.) could install emergency energy facilities (e.g.,
batteries). Vital infrastructures located at the coast (e.g., airports) would have an immense economic impact if affected.
Although it comes at a staggering cost to protect these vital infrastructures, the benefits far outweigh the risks.
If coastal cities want to prepare themselves at every scale and at every opportunity, the local community has to be
involved in this matter. Informing people why decisions have been made in spatial planning and demonstrating the
consequences of said choices allows the community to discuss and debate whether to protect areas by raising buildings
or, on the contrary, retreat from the coastline to allow the migration of important natural systems, such as wetlands. By
involving and informing the community, people are more prepared to adapt to climate change. To create this wider
community awareness, there is a need to educate the local inhabitants of the potential danger of coastal flood events.

By visualising the consequences of all possible practical adaptations (e.g. inserting gates where needed, sluices to
prevent ingress of water into drains, raising floor levels in vulnerable town centre properties, installing breakwaters,
etc.), people are more informed and will support decisions if they have the feeling they are involved and their opinion is
valued. This local-scale assessment is a step towards helping the community to understand coastal flood events and how
they might change with sea level rise and storm surge events.

USER FRIENDLY INTERACTIVE WEBGIS TOOL
Lack of public awareness can be remedied with the use of better understandable and user-friendly interactive WebGIS
mapping tools. Because WebGIS maps quickly convey strong messages, condense complex information, engage people
in issues of environmental change, and motivate personal actions, the CREST project focuses on searching the ideal
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flood assessment WebGIS method to encourage people to mitigate and adapt to climate change. It is clear that it takes
more effort to create a useful WebGIS tool for flood hazard visualisation than just visualising static 2D layers.
For instance, to make it easier to imagine the consequences of flooding and to make a map more realistic and detailed,
an additional 3D visualisation of the landscape (for example, in the form of a split screen) is needed. Surveys showed
that 3D visualisations have an enormous added value because 3D visualisations are more vivid and therefore more
understandable and make it easier to imagine the consequences of the flood then 2D visualisations. The open question
about the added value of the 3D visualisation in respect to the 2D visualisation is answered with the following
statements:


It makes it simpler to imagine the consequences of the flood.



It enhances prediction of what a flood means for an area and helps people to better empathize with the
situation.



It is more realistic and detailed. It is easier to interpret various outcomes.



It is more vivid and therefore more comprehensible.



Less interpretation is required to estimate the consequences of the flood.



It helps the user to better understand how serious the flood is.



It better shows the consequences for the environment. [17]

Nevertheless, it is easier to assess on a 2D map where the maximal contour of the flood occurs in comparison with the
estimation of the position of the maximal flood contour on a 3D map. Therefore, 2D visualization is not
replaceable by a 3D visualization, because 3D maps cannot take over all functionalities and perfect representations
inherent to 2D maps. The addition of a 2D visualisation together with a 3D visualisation (for example by using a split
screen) is therefore recommended.
Because we are dealing with visualising changing events (e.g., approaching hurricanes, altering wind velocity, moving
flood situations, etc.), we can use time-enabled WMS layers since they have the advantages of visualising, altering, and
shifting events [18]. Thus, it is possible to visualise the intensity or velocity of a flood or the rising velocity of the water
in a specific location. Furthermore, it is possible to assess how long it takes before a specific area is flooded. This
information is desperately needed for evacuation and transport possibility assessment and damage to infrastructure
estimation. With this time-enabled WMS layer, it is possible to embed the output of flood modeling software such as
TUFLOW, Flood Modeller, MIKE FLOOD, TELEMAC, OpenFoam, etc., in a WebGIS environment.

COASTAL FLOOD VISUALISATION WEBGIS TOOL FOR URBAN AREAS
For the coastal city Ostend, a realistic and comprehensive four-dimensional (4D, i.e. 3D and time) flood visualisation
tool is created by using Ol3-Cesium Openlayers [37] [38]. Ol3-Cesium uses WebGL and is written in Javascript, which
is an open standard that visualises 3D-computer graphics in a webpage without using special plug-ins for web browsers.
Ol3-Cesium automatically creates a virtual globe side-by-side the existing OpenLayers3 map by adding a 3D web
library. The globe camera and the map view (centre, resolution, rotation) are bidirectionally synchronized, interacting
on one updating the other. Thus, the Ol3-Cesium virtual globe follows synchronous when the OpenLayers3 map is
manipulated (zooming, panning, etc.).
3D visualization of buildings are embedded in the WebGIS Ol3-Cesium tool. Features such as vulnerability, maximal
damage, dimensions of a building, time to evacuate safely from a specific location when a storm surge appears,
potential improvements to a property or area, the maximal height of the storm surge for a certain building, etc., can be
obtained by the user by clicking on the objects. By adding a timeline to the WebGIS tool, it is possible for the user to
choose for which situation (1953-2016) the flood event ought to be visualised. Hereby, it is possible to request the
features for a certain building for a specific period. By adding the time feature to the WebGIS tool, a four-dimensional
(4D, i.e. 3D and time) flood visualisation tool is created. This makes it possible for the user to see what steps have
already been taken and the positive result such actions have had on the surroundings. This tool will reassure inhabitants
that coastal safety has been taken care of and which improvements will be tackled in the future.
Layers will be embedded in the WebGIS tool to visualise potential 1000-year storm surge events for situations over the
years 1953 to 2016. With this tool, it will be possible to visualise the situation for a storm surge in February 1953,
exactly as it happened in 1953, while also projecting data onto a situation in 2016. Therefore, positive progress of
coastal protection is emphasized, meanwhile creating a positive impact on people. Presenting immediate and wider
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perspective on storm surge events over the years will dissuade protest and encourage discussion and positive
constructive criticism among the community.

Figure 32: Screenshot of Ol3-Cesium web-based map [19]

CONCLUSION
More than 634 million people, or approximately 8.7% of the world's population, live in low elevation coastal areas
below 10 m. Several studies have reported increased flood risk in coastal areas worldwide. Although scientists widely
stress the compelling need to mitigate and adapt to climate change, public awareness lags behind. Mayors of coastal
cities, aldermen, and other policy makers are in general fearful to instill anxiety in the local population who are at risk at
times of coastal flood hazards. Therefore, authorities work from the principle “let sleeping dogs lie” and do not inform
inhabitants about the risk related to flood hazards. Lack of public awareness equals lack of motivation among people to
support changes in coastal landscape or to even protest necessary measures to improve coastal safety.
To this point, we developed a comprehensive four-dimensional (4D, i.e. 3D and time) WebGIS visualisation tool, as it
quickly conveys strong messages, condenses complex information, engages people in issues of environmental change,
and motivates personal actions. This paper describes the developed WebGIS of flood simulations for the coastal town of
Ostend (West Flanders, Belgium) and presents practical considerations for future studies.
3D visualization of buildings are embedded in the WebGIS Ol3-Cesium tool, whereby data can be obtained by the user
by clicking on the objects (maximal flood height, maximal economic damage, etc.). By adding a timeline to the
WebGIS tool, it is possible for the user to choose for which situation (1953-2016) the flood event ought to be
visualised. It is thus possible to request the features for a certain building for a specific period. Layers will be embedded
in the WebGIS tool to visualise potential 1000-year storm surge events for situations over the years 1953 to 2016. With
the tool, it will be possible to visualise the situation for a storm surge in February 1953, exactly as it happened in 1953,
while also projecting data onto a situation in 2016.
This 4D WebGIS tool makes it possible for the user to see what steps have already been taken and the positive result
such actions have had on the surroundings. Presenting immediate and wider perspective on storm surge events over the
years will dissuade protest and encourage discussion and positive constructive criticism among the community. This
tool will reassure inhabitants that coastal safety has been taken care of and which improvements will be tackled in the
future. Therefore, positive progress of coastal protection is emphasized, meanwhile creating a positive impact on people
and communities.
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Abstract
Multi-hazard, multi-sectoral and multi-level mapping of natural disasters contributing to the risk assessment is one of
the high-priority areas for the international cartographic community. Natural disasters do not affect evenly the territory
of Bulgaria and some of them have a trans-boundary impact. Different natural threats to the Bulgarian territory are
separately mapped and various specialized thematic maps are available. In this paper an approach for mapping the
multi-hazard vulnerability at national scale is outlined. This effort for vulnerability mapping is binded with freely
available demographic and social information, industry, business and communications assets and building stock
statistics. Vulnerability maps indicate the location of sites where people, the natural environment or property are at risk
due to a potentially catastrophic event that could result in death, injury, pollution or other destruction. Being at early
stage of development, this elaboration demonstrates a set of sequential methodological steps towards preparing
vulnerability maps that can be used in all phases of disaster management.
Keywords: natural disaster, vulnerability, mapping natural hazards, Bulgaria

INTRODUCTION
Natural hazards are inevitable natural phenomena. The degree of their negative consequences - human losses and social
impact on society and/or different destructions, incl. infrastructure damages - might classify these threats as natural
disasters. The impact of given natural disaster, which is valued by different degrees of natural and human vulnerability,
is a function of the exposure to this natural phenomena and its magnitude.
Vulnerability, in general, describes the relationship, which people have with the environment, social forces and
institutions, and cultural values. In 2015 a common effort towards Disaster Risk Reduction (DRR) has been the
adoption of the Sendai Framework for DRR, UN Sustainable Development Goals, and UN Framework on Climate Change
798

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

agreed at the Paris Climate Conference (UNISDR, 2015). The contemporary efficient and effective DRR practices need
reliable basis of multi-hazard and multi-sectorial estimates, inclusive and accessible. Reducing disaster risk through proper
risk assessment and management is a cost effective investment in preventing future losses. Risk assessment couples
exposure with vulnerability estimation. Numerous activities are undertaken following various recommendations that are
outlined on the base of risk and vulnerability assessments at the global, regional, national, and local level considering
existing and future hazards. Mapping vulnerability allow us to analyze 'vulnerability' as a concept central to the way we
understand disasters and their magnitude and impact (Bankoff et al., 2004; WEF, 2011) Vulnerability maps supply
information on the location of the sites with particular resources - people, natural environment or property – which are
exposed to a potentially catastrophic event that could result in death, injury, pollution or other destruction. These maps
are made in conjunction with information about different types of risks. They can be used in full disaster management
cycle: prevention, mitigation, preparedness, operations, relief, recovery and lessons-learned (Carpignano et al., 2009;
Groeve et al., 2015). More specifically, the damaging effects of natural disasters can be reduced or minimized by proper
measures, taken in advance by the responsible institusions and the public, despite the fact that they are sudden events,
even in many cases, impossible to be forecasted. The governing bodies can carry out proper planning and performance
of various actions to ensure gradual lowering of the natural disaster risk and to enhance the response capacity to natural
disasters (Schmidt-Thome, 2006).
This paper deals with an approach for mapping the multi-hazard vulnerability. Demographic and social information,
industry, business and communications information, building stock information are coupled in particular maps. The
performed effort is focused on mapping of the vulnerability at national scale. Being at early stage of development, this
elaboration demonstrates a set of sequential methodological steps towards preparing vulnerability maps that can be used
in all phases of disaster management.

VULNERABILITY TO NATURAL DISASTERS - CONCEPT, BENEFITS AND CHALLENGES
There are many different definitions of vulnerability. The word 'vulnerability' derives from the Latin word vulnerare (to
be wounded). It describes the potential to be harmed, which means the sensitivity to a perturbation or stress (Downing
et al., 2001). Vulnerability is understood in different dimensions that represent, in general, physical, social, economic,
and environmental characteristics, which can be destabilized in case of a natural hazard (INSPIRE, 2013). A strong
divergence in the definitions of the vulnerability exists, being a wider concept coupling assessment methods with the
physical vulnerability issues (vulnerability finctions, fragility curves). There are general agreements reached for the use
of the latter as element of the multi-risk analysis. It is still less clear how to integrate other kinds of vulnerability
assessement (e.g. social, environmental, etc.) within a multi-risk analysis framework. Dealing with analysis of natural
hazards, their impacts are often expressed in terms of vulnerability and exposure. Vulnerability models describe the
uncertainty how the exposed human-environment system will react to different magnitudes of the hazardous event and
this is strongly related to the hazard type and the characteristics of the concerned community, system or asset.
According to UNISDR (2009) the vulnerability describes characteristics and circumstances of a community, system or
asset that make it susceptible to the damaging effects of a hazard. In probabilistic/quantitative risk assessments the term
vulnerability expresses the part or percentage of exposure that is likely to be lost due to a certain hazard. Exposure is
defined as the totality of people, property, systems, or other elements present in hazard zones that are thereby subject to
potential losses. Vulnerability reduction is closely related to the concept of resilience - the ability of a system,
community or society exposed to hazards to resist, absorb, accommodate to and recover from the effects of a hazard in a
timely and efficient manner, including through the preservation and restoration of its essential basic structures and
functions (UNEP/IE, 1998; EC, 2010; Groeve et al., 2015).
The Intergovernmental Panel on Climate Change and the European Environmental Agency define the vulnerability as
the probability that a certain damage level would be exceeded at a certain magnitude of the event. According this
definition, the vulnerability encompasses three components: exposure, sensitivity and adaptive capacity – distinguishing
these components is quite useful for tracking the results of DRR strategies over time. DRR activities are often localized
and address especially community-level vulnerabilities and institutional capacities (UNEP/IE, 1998; Groeve et al.,
2015). EU recommendations include good-practice regularly updated, that can be used for the national risk assessment
and should address the following subjects regarding vulnerability analysis:


Identification of elements and people potentially at risk (exposure);



Identification of vulnerability factors/impacts (physical/technical, economic, environmental, social/political);



Assessment of likely impacts;



Analysis of self-protection capabilities reducing exposure or vulnerability.

The main challenge of multi-risk assessments is to adequately take account of possible follow-on/knock-on, domino or
cascading/effects among hazards. For example, an earthquake may provoke the landslide manifesations and/or flood
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(e.g. dam or pipelines damage), fires (e.g. gas pipe-line damage), etc. The multi-vulnerability concept refers to the
variety of exposed sensitive targets (e.g. population, transport systems and infrastructure, buildings, cultural heritage,
etc.). They show different types of vulnerability against the various natural hazards and require different types of
capacities to prevent and cope with them.
Maps represent important information sources about hazards, vulnerabilities and risks in a particular area and thereby
support the risk assessment process and overall the risk management strategy (WEF, 2011). They provide a useful
information that might support a set of risk reduction strategies and relevant priorities. Maps also have important roles
to play to ensure that all actors in the risk assessment have the same information about hazards and in the dissemination
of the risk assessment results to stakeholders. Finally, the risk mapping could also be useful in the broader context of
land use planning. Preparing risk maps is a complex process. They are normally part of the results of a risk analysis and
estimation, coupling the results of the phases of mapping hazard and vulnerability over given territory. The
vulnerability maps include information on the nature of the hazard (e.g. frequency and severity, topographical data,
etc.), exposure inventory (e.g. population, buildings, transport network, etc.), and the vulnerability of exposures to
hazards (dense population, poorly designed buildings, low grade settlements, inadequate emergency response capacity,
etc.). More over, we need to take into account the target group of maps’ end-users background, the specific tasks that
they face, and their particular individual tastes and preferences (Konecny et al., 2011).
Decision making process during the full disaster management cycle - prevention, mitigation, preparedness, operations,
relief, recovery, and lessons-learned - can be effectively driven with the vulnerability maps’ aid, e.g. exposure can be
reduced; capacity can be improved. Vulnerability mapping at local level as a part of the risk assessment cycle can
improve the municipalities’ ability to promote disaster reduction. These maps will allow them to decide on mitigating
measures to prevent or reduce loss of life, injury and environmental consequences before a disaster occurs. Also,
vulnerability maps are useful basis for the emergency planning during natural disaster event. When it is possible to
provide an information about the potential multi-hazard scenarios (major event and triggered events), exposure and
vulnerability analyses for each single event whithin the different scenarios branches and relevant risk estimates, these
maps can be successfully used for setting multi-risk scenarios (Schmidt-Thome, 2006; Groeve et al., 2015). Risks and
threatened objects are usually identified and classified using a set of tables. Two major scales are most oftenly used to
estimate the consequences:


Three grades scale: 1 Low, 2  Moderate and 3  Severe;



Five grades scale: 1 Unimportant, 2  Limited, 3  Serious , 4  Very serious and 5  Catastrophic.
Description of the different grades is published in UNEP/IE handbook (1998).

Vulnerability maps are usually created using the contemporary information technologies provided by GIS, but they can
be prepared also “manually” using different available background maps. The use of GIS with remote sense technologies
enables the visualisation of the spatial pattern of the physical/technical vulnerability and also individual, economic,
environmental, social/political characteristics. Major challenges in vulnerability mapping are related to the data used –
data quantity and quality, gaps and/or missing values, updating issues. Data availability and accessibility are common
problem due to unclear legislative regulations and unwillingness to share an information, even from public institutions.
For example, statistical data about the building stock in Bulgaria is not organized in relevant way to estimate the
physical vulnerability and to associate it with social vulnerability. The information about infrastructure locations or land
cover cadastres, especially for large regions, usually is too costly for the research institutions and universities. In
Bulgaria, mostly raster maps are available as public data – they can be reached via Internet, as printed copies in
different educational atlases and cartographic products. Within the data provided by National Statistical Institute (NSI,
2016) and available for registered fires, the household fires and other fire hazards are not distinguished. Other challenge
in vulnerability mapping is to select a set of indicators that have to be minimal and applicable. Important feature of the
vulnerability maps is their static character – these maps do not include temporal effects regarding the vulnerability for
risk mitigation. Vulnerability maps usually are considered as starting point for continuous hazard risk monitoring and
have to be regularly updated (Fekete, 2012).
GOOD PRACTICES IN VULNERABILITY MAPPING
There are numerous examples of hazard, vulnerability and risk mapping methodologies being used by public authorities
and private organisations in Europe and worldwide. Risk mapping practices in Europe have been recently reviewed by
Carpignano et al. (2009) and major weaknesses and challenges have been identified. Most approaches address only
natural hazards and less systematically the technological and industrial risks. The study argues that research on the
comparability of man-made and natural risks is still a challenge. Furthermore qualitative aspects of vulnerability (e.g.
values attributed to environmental or cultural assets) and risks perceptions are not taken on board. 'Debate on the
definition of accurate parameters and indicators to express vulnerability and coping capacities are still ongoing'.
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The EU projects like Armonia (2004-2007), DORIS (2010-2013), MATRIX (2010-2013), SENSUM (2013-2015), and
others include a review of the state-of-the-art of existing single and multi-risk methodologies for mapping. These
projects studied hazard and risk mapping techniques for different natural hazards: floods, earthquakes, landslides, forest
fires, volcanoes plus meteorological extreme events, climate change, etc. Overall this review shows a range of different
practices in hazard, vulnerability and risk mapping across the hazards. The review of multi-hazard and multi-risk
mapping, for example, in the Armonia project comprises several systems including the US FEMA Hazus-MH and the
French Délégation aux Risques Majeures (DDRM).

BULGARIAN LEGISLATION AND NATIONAL STRATEGIES FOR DRR
The roles of the main actors in the Disaster Risk Reduction in Bulgaria are regulated by a number of normative
documents: Law on Disaster Protection, Law on the Ministry of Interior (MoI), National Plan for Disaster Protection
and National Action Plan, National Program for Protection in Disasters, Regulation on terms and conditions for the
functioning of the National System for early warning and alert, Strategy to reduce the risk of disaster, etc. The systems
for EW & CM have just started to be developed and the MoI is the responsible organization. Despite the general
documents’ title, the existing legal system in Bulgaria, related do natural disasters, is guided by the traditional principle
of the single event (hazard type). Natural hazards are discussed without relevant interconnections and consequences.
Governing institutions have followed their obligations for DRR though formulating/reviewing/revising of operative
disaster prevention plans; maintaining organizational infrastructure for disaster prevention; implementing disaster
prevention and emergency measures; gathering/transmiting information related to disasters; reporting conditions of disasters;
implementing rehabilitation work after disasters. On national to local level the disaster management plans addressed
comprehensive and long-term DRR issues including risk management plans, disaster recovery and rehabilitation, scientific
and technical support. Since September 30, 2008, the emergency telephone 112 has 100% national coverage and is accessible
from anywhere in the country. According to the Act on Amendments and Supplements to the MoI Act, which has been in
force since 24 November 2009, the Civil Protection Directorate-General (DG Fire Safety and Civil Protection) became part of
the MoI of Bulgaria. The DG Fire Safety and Civil Protection is a national specialised structure responsible for performing
tasks related to prevention and preparedness, management, reaction and recovery in case of natural and man-made disasters.
The Situation Centre of the DG Fire Safety and Civil Protection at the MoI conducts the overall coordination in case of
disasters. Operational Communication and Information Centres in all 28 districts (regions) of the country are also exist.
Bulgarian Red Cross has developed and implements a Policy and a Strategy for actions in case of disasters until 2020.
Activities related to the protection of the population in case of threat or occurrences of disasters in Bulgaria are carried
out by a various governmental and nongovernmental institutions, departments, offices and other operational structures.
These units, offices and other operational structures are components of the Integrated Rescue System (IRS), while the
institutional or organisational affiliation and their designated functions or objects are preserved. Civil protection
expenditures are approximately 0.27% of the GDP (EC, 2015). In case of emergencies that disaster has large or
transboundary impact, the activities related to the civil and property protection can be supported by international
organisations and countries, based on specially signed agreements. In fact, these units are the target group, that should
be interested in the information provided by the various vulnerability maps.
Bulgarian legislation related to ensuring the protection of life and health, the environment and property in case of disaster
(e.g., the Disater protection Act, the Law for the Ministry of Interior, the Law of water, etc.) have been recently updated in
accordance with international and EU requirements and standards in this field (Bandrova et al., 2015; Boycheva, 2015).
National and regional strategies are regularly updated, following the acquired information and the worldwide available
experience and ‘good practices’. In 2014 a national Strategy for Disaster Risk Reduction 2014-2020 was adopted based on
Hyogo Framework for Action, followed by a Road Map, in which key activities are described along with deadlines and
structures responsible for their implementation. National Program and National plan for Disaster Protection were also adopted
in the same year. According to the Bulgarian progress report on the implementation of the Hyogo Framework for Action, a
substantial achievement has been attained applying the effective modern methods for education on the disaster preparedness
and protection (Boycheva, 2015). Responsible EW & CM institutions perform regular information campaigns for awareness
of the population about the main rules for reaction and protection in case of disasters, and many initiatives are undertaken
till now. These measures are clearly oriented to improving capacity of the community to cope with natural disasters.

NATURAL DISASTERS THREATS AND MANIFESTATIONS IN BULGARIA
Natural disasters do not affect evenly the territory of our country. Bulgaria is more frequently affected by floods,
extreme temperatures, earthquakes, storms, and wildfires. For example, during the last decade the total precipitation and
extreme weather frequency have increased, with heavy rains causing severe floods, especially in 2006 and 2014.
Statistics show that just for the period 2010 - 2015, 46,797 people were injured from natural disasters, of whom 67 have
died and material damages are estimated over US$ 949K (NSI, 2016; Guha-Sapir et al., 2016). Collecting information
for vulnerability mapping starts with identification of natural hazards that can cause disaster. Short description of the
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natural hazards, manifested within the Bulgarian territory is given in Table 1. For the period 2010-2014, NSI (2016)
registered a total 30749 crisis events; among them natural disasters are 4593 (Fig.1a). Large financial losses for this
period were caused by floods and landslides, which often can be provoked by the first. Substantial financial losses have
been sustained because of landslides in 2010 and 2012, and from floods - in 2010 and 2013 as shown on Fig.1b. Data
were obtained on the basis of the annual reports of 141 permanent municipal committees to protect the population
during disasters, accidents and catastrophes.
Table 1. List of natural disasters, manifested within the Bulgarian territory (updated Table 2;Pashova et al., 2010)
N

Disasters

Potenial
affected area

GEOLOGICAL PROCESSES AND PHENOMENA
1
Earthquakes
regional*
local**

Description

Consequences

2

Slope failures (landslides, landslips, local
creep, falls, flows, subsidence)

Intensity – up to 12 grades Soil displacements, cracks, land slides,
(MSK)
fires, damage and collapse, human
losses, ecological catastrophes
Mass and velocity flow
Rock mass, material loss, human
losses

3

Mud-rock flows

local

Mass, velocity flow

4

Erosion and abrasion

local regional

Process intensity and speed

5

Storm surge

local regional

hurricane winds
Speed > 40km/h

6

Tsunami

local

sea floor displacement or Dislocations, collapses, material loss,
triggering of slumps
human losses

Mud- stone flow , material loss,
human losses
Dislocations, collapses, material loss,
human losses
Dislocations, collapses, material loss,
human losses

HYDROLOGICAL AND METEOROLOGICAL PROCESSES AND PHENOMENA
7
Floods
regional, local Racing the river level and/or
dam destruction
8
Snow flows and glaciations
regional, local Quality of snow falls over 20
mm in 12 hours
9
Drought
regional, local High temperatures and low
humidity
10 Temperature extreme
regional, local Temperature

Flooding of riparian zones, material
loss, human losses
Snowdrift - difficulties for road
infrastructure
Damage in agriculture, reducing soil
fertility, fire
material loss, human losses

11

Thunderstorm

local

intensity

material loss, human losses

12

Tornado phenomena

local

Speed > 30m/s

material loss

13

Dust storms

regional, local

14

Hailstorms

local

High temperatures and low Damage in agriculture, reducing soil
humidity, dusting
fertility, fire
Icy grain size, intensity
Damage in agriculture

15

Wet snow

local

16

Fog (coastal, evaporation, radiation, regional, local
valley, upslope)

Quantity
and
moisture Damage to forests, orchards, electricity
content of snow
supply network
Horizontal visibility
at Transport, clean air
distances less than 500 м

17

Silver thaw

local

intensity

transport, agriculture

18

Wild land fire

regional, local

Temperature

19

Strong wind

regional, local

Speed > 15m/s

Thermal effects, material losses,
damage to the biosphere and soil
material loss

ELEMENTS AT RISK & EXPOSURE. MAPPING VULNERABILITY FROM NATURAL
THREATS IN BULGARIA
Each natural hazard event is characterized by its geographic location, area, size or magnitude, intensity, speed of onset,
duration, and frequency. The event can occur alone or to be a trigger mechanism for the next disaster after the main
event to happen, such as flood, landslide, fire, etc. Any event or hazard may trigger significant number of subsequent
hazards, all of which could be individually considered. The likelihood of each of the events occurring is of course
correlated to the likelihood of occurrence of the other event or the prior triggering event. The assessment of
consequences then needs to consider the cumulative impact of all of the various impacts occurring at the same time or
shortly following each other. Such multi-risk approaches are important in all geographic areas susceptible to several
types of hazards, as is the case in many regions in the EU, as well as for Bulgaria. In this situation, exclusively
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focussing on the impact of only one specific hazard could even result in raising the vulnerability in respect of another
type of hazard (Edwards et al., 2007; Groeve et al., 2015).
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Figure 1. Number of natural disasters (a) that occurred in Bulgaria and damage estimated (b) for the period 2010-2014
In Bulgaria many hazard maps have been drafted by governmental, research organisations and local public bodies. Hazard
mapping has been carried out for flooding, eartquakes and landslides. Hazard and risk maps are included in the DRR plans
issued by governing institutions. Thus the public is kept informed regarding undertaking disaster countermeasures. The
Ministry of Environment and Water (MEW), the Ministry of Ministry of Regional Development and Public Works
(MRDPW) and other organisations have drawn up methodologies and guiding manuals on the subject. Usually, the
threats to the national territory are separately mapped – e.g. maps of geological hazards, maps of seismic hazard, flood
hazard and risk maps, etc. are available in different atlases, GIS governmental portals, legislation documents, and in
other sources. Recently, variety of specialized thematic maps have been produced (e.g. Pashova et al., 2015; Marinova
et al., 2015). Many of these maps have been made available to the general public on the Internet and elsewhere.
First flood hazard maps in Bulgaria have been prepared sporadically for decision support purposes in early 80s and have
been not updates more then 30 years. For implementation of European Union Flood Directive 2007/60/EC, after first
River Basin Management Plans developed in 2010, the MEW coordinates elaboration of second River Basin
Management Plans and Flood Risk Management Plans for the period 2016 - 2021. The flood hazard and risk maps for
all areas of potential significant flood risk (APSFR) in Bulgaria have been prepared according to the national
methodology for the flood-scenarios with return periods 20, 100 and 1000 years. At present these plans are published on
the four River Basin Directorates web sites for public consultation and written feedback, starting in December 30, 2015.
The main triggering factors of landslides are impact of surface and ground water, abrasion, erosion and earthquakes as
in many cases landslides are provoked in combination of some of them. National Program for Prevention and mitigation
of landslides on the territory of Bulgaria, erosion and abrasion of the Danube and the Black Sea coast for the period
until 2020 is approved for implementation by the MRDPW. In 2015, based on the analysis and assessment of the
current situation, officially registered are about 1,700 landslides in populated areas, depicted on a newly compiled map
of the geological hazard at scale 1:500,000. They are not evenly distributed - a greater concentration of landslides
settled along the Danube and Black Sea coast, in mountain areas and in some of the valleys.
A good contemporary example for vulnerability assessment and mapping climate hazards (thunderstorms, extreme
temperature, heavy precipitation, snow dept, frost, drought, hail, and fogs) at local level for the municipality of Lom is
published in (Nikolova and Gikov, 2013). The study is carried out on the base of a framework for vulnerability
assessment including elements: hazard probability, exposure, sensitivity and coping capacity. Vulnerability Index for
the municipality of Lom is estimated and maps of exposure to climate hazards and level of sensitivity to climate hazards
are prepared. The results obtained are promising at local level of vulnerability assessment to ten climate hazards.
Vulnerability maps indicate the location of sites where people, the natural environment or property are at risk due to a
potentially catastrophic event that could result in death, injury, pollution or other destruction. Still, at national level
there are not available assessments of the vulnerability and exposure to different natural hazards.
Different indicators are elaborated to describe the vulnerability model. For example, in accordance with the Disaster Risk
Index, the vulnerability refers to the different variables that make people less able to absorb the impact and recover from a
hazard event (Carpignano et al., 2009; EC, 2010; Balica, 2012). These may be technical (such as poorly constructed,
unsafe housing); economic (such as lack of reserves or low asset levels); environmental (such as the fragility of
ecosystems); and social (such as the absence of social support mechanisms or weak social organization). People’s
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social/economic vulnerability has hazard specificity and it is not conceptually possible to arrive at a global multi-hazard
indicator of vulnerability.
The vulnerability map describes susceptibility of a community to natural hazards. Census data are one of the main
sources of information for generating vulnerability maps and have been widely used by experts in vulnerability
assessment related to natural hazards. Based on the census data and data for the natural disastrous events /floods, fires,
landslide and quakes/ in the period 2010-2014, obtained by the NSI (2016), a map is complied and presented in Fig. 2.
Preveiling part of the disaster events over the whole territory of the country are the fires /probably they contain also
household fires/, which are several times more than the other events. The majority of these events are registred in
Burgas, Stara Zagora, Gabrovo and Varna districts with higer density of population - therefore the vulnerability of these
areas is higher. A big number of flood events are registred in Sliven, Smolyan, Varna, Montana, Pleven and Buras
districts. Some of these floods have several casulaties and many injured.

Figure 2. Different natural hazard events that happened in the Bulgarian districts /oblast/
for the period 2010-2014 (NSI, 2016)
Floods that happened in the Bulgarian districts for the same period, presented by years, are shown in Fig.3. It is evident
that most of the floods have been happened in 2010 in Smolyan, Yambol, Dobrich, Burgas, Sofia /province/ and
Montana districts. It should be noted 2014, when 10 major floods in Varna, Dobrich and Mizia (Montana district) and
other locations happened with 18 casualties and many infrastructural losses, evaluated on hundreds of millions BGN.
The exposure concerns natural disaster casualties that are limited by the number of people present in stricken areas and
losse, which are constrained by the quantity and value of the buildings, infrastructure and other property in those areas.
The risk of natural disasters increases in more densely populated and urbanized territorries. Levels of preparedness and
disaster resilience determine how vulnerable the people are to the natural hazards. Individuals, organizations and
communities that have invested in assessing their natural hasard risks, and in formulating and implementing responsible
preparedness and mitigation measures, are likely to experience fewer casualties, less damage and less disruption from
natural disasters.
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Figure 3. Flood events for the period 2010-2014 by year on the Bulgarian territory (NSI, 2016)

CONCLUDING REMARKS
Disaster damages can be reduced with the advances of society capabilities to address natural disasters and the mitigation
of vulnerability by establishing early-warning disaster systems, promoting nationwide land conservation, improving
weather forecast, improving risk assessment process and risk management, increasing public awareness, and promoting
education and scientific research in this field. Institutional partnership should be a guiding principle for successful DRR
strategy. While the events of natural disasters can not be prevented, the efforts can focus on precautions to avoid loss of
life and reduce economic losses caused by natural disasters. The cross cutting nature of DRR work puts additional
demands on the need for good governance practices. For DRR work at local levels, the holistic approach is especially
important. Decision-making, counseling and representation of all stakeholders and society in DRR process will
contribute to the development of good governance.
Considering the available information, digital data and raster maps, an approach for mapping the multi-hazard vulnerability
is outlined. Demographic and social information (population density), floods, fires, landslides and earthquake hazard are
particularly considered for the purpose of this study. The performed effort is focused on mapping vulnerability at national
scale. Being at early stage of development, this elaboration demonstrates a set of sequential methodological steps towards
preparing vulnerability maps that can be used in all phases of disaster management. Authors’ ambitions to include in this
study also information about the industry, business and communications, building stock were discomfited due to the
available data - the raster maps have not best quality and the lack of relevant digital data. The data for natural disastrous
events and exposure in Bulgaria are still scattered, limited, difficult to be accessed and compared; the data on socialeconomic impacts of disasters are only indicative. There is insufficient public awareness on the principles, objectives and
activities to reduce the natural disaster risk and to response on the activities before, during and after disasters. The
measures implemented in this direction are inconsistent and limited in scope, as underestimated problem and resource
provision. There are gaps in the arrangements for the activities on disaster recovery between governing bodies and
stakeholders. The financial issues are also not clarified and the responsibilities of stakeholders to assume the cost of
disaster recovery. It is very important to invest in the risk management and not to underestimated, which in the long run
has a high rate of return and limited follow-government aid, while contributing to sustainable economic development.
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The most valuable lesson learnt is the major challenge of the present day – the natural disasters cannot be efficiently
solved in isolation. Vulnerability mapping should go beyond the single analysis of exposure to hazard. To mitigate the
negative hazard consequences is required planners to shift their strategy to cope with the complex factors that contribute
to disasters in today’s environment. Reliable vulnerability maps need of reliable data and proper data processing
techniques. The good vulnerability maps are suitable tool for communicate different risks to the public. The constructed
hybrid maps indicate that reliable vulnerability and risk management need to shift the focus of adjustment of physical
structures towards improvement of planning and organization processes. Working to improve education, legislation and
increase the resilience of physical structures are proper tools for improving capacity and reducing exposure.
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Abstract
In the framework of the FP7 funded project under the call for Security, named IMPRESS, a large consortia with
representatives from the ICT sector, along with medical doctors and state owned organizations had focus its efforts on
an idea to built up a decision support tool in favor of medical teams first responding in cases of disasters. This tool is
having potential to provide shortest path to the medical teams in the ambulances when it comes to localization and also
provide information in the headquarters what expectations for injuries and collapsed infrastructures can be seen on the
field when providing first aid to the affected people. One of the scenarios developed for test purposes under the project
IMPRESS is located on the border area between Bulgaria and Greece in Kresna Gorge, where will be simulated a
major earthquake plus massive flood event from Struma river which cause E-79 high speed road collapse and over 750
people with many fractures and injuries. This figures bring the Bulgarian health system in the area and the state
representatives in the local government of Blagoevgrad to ask national and international help in order to save as many
lives as possible. In our paper we will describe the Project DSS structure and the cross-border scenario tests and first
results.
Keywords: IMPRESS project DSS, medical decision support, disaster response

INTRODUCTION
This paper is based on an outcomes and results planned to be fulfilled under the FP7 funded project called IMPRESS.
Its main focus is to provide ICT support to the medical specialists and first responders in cases of emergency situations.
There exists a huge variety in the occurrence and characteristics of major incidents. Incident management stakeholders
and in particular emergency health service providers have to deal with two basic challenges: The disproportion between
the needs and the available human/material resources in the response capacity and the inherent time constraints of an
emergency. These critical factors play a seminal role in the decision-making process during a crisis event, which affects
all levels of command & control (strategic, operational, tactical).
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The drawback with the current health emergency management systems lies with the command & control operations that
should coordinate the actions of the separate services and turn them into an effective, multi-faceted crisis response
mechanism. IMPRESS project main goal is to improve the efficiency of decision making in emergency health
operations, which will have a direct impact on the quality of services provided to citizens. This can bring to a
consolidated concept of operations, to effectively manage medical resources, prepare and coordinate response activities,
supported by a Decision Support System, using data from multiple heterogeneous sources.
The idea of the IMPRESS platform is to facilitate communication between Health Services (and Emergency
Responders) at all levels of response and the crisis cycle with the necessary health care systems support, supervision
and management of participating organizations. Where health services can become more proactive, better prepared and
interoperable with other emergency response organizations. The medical emergency teams will get improved way of the
integration of health care actors and volunteers with other Crisis Management stakeholders, providing also an overall
competitive advantage of Crisis Management (CM-related) SMEs and large businesses in Europe. Similar kind of
operational solutions are available already, but they have focus on different parts of the emergency response phases (see
[1,2,3,4,5]), where medical units and available resources for better emergency response are not in the main focus.

IMPRESS PLATFORM GENERAL APPROACH
The project IMPRESS has as main output a platform that combine in its structure decision support tools and logistic
information that can be of help to the medical and emergency teams operating on a field in cases of mass emergencies.
The main concept in the project is the need for integrating and improving traditional approaches and conventional
methods for emergency and disaster management, with the potential of modern decision support tools. Input from preevent databases and contextual information (geographical, demographic, infrastructural, etc.) can be combined with
real-time hazard & risk monitoring, remote sensing, damage and health-impact assessment as well with updated
information on available (health) resources, using data fusion, modelling, mapping, visualisation and communication
technology.
The development of decision support tools started from a robust conceptual framework for emergency management, a
good understanding of the pathogenesis and health needs profile of different types of events and hazards, as well as a
generic approach of health impact assessment. Identification of all stakeholders involved in the different phases of the
management cycle, their role and responsibilities was benchmarked by a detailed analysis of the inherent limitations of
existing best practise standards. Special attention was required for the involved of affected people and the communities,
for vulnerable groups and ethical issues. Technological robustness and efficacy and efficiency of the developed decision
making tools is in its final phase of testing and validation by usage of a specific scenarios including preparedness,
emergency response and evaluation anlysis.
In an emergency situation, organization leadership and management need clear, accurate real-time information about
the effect of the disaster upon human resources and the readiness status of the organization. One of the key IT elements
for emergency response is the availability of decision support tools [1]. Today, the decision support in emergency
situations represents a current issue that is being researched in various fields. The complexity of the problem and the
corresponding incident resolution approaches, methodologies and support tools ask for intertwining knowledge out of
fields such as computer science, psychology, sociology, medicine, biology, chemistry and knowledge engineering.
Currently, there is neither an integrated plan nor a complex set of procedures that would unite principles, rules and
regulations for emergency response operations.
Traditionally, crises have been conceptualized as having pre-impact, impact, post-impact and recovery phases. In most
studies of crises uses the following simplified sequence of terms: pre-event, event and post-event/long-term recover [6].
Pre-event activities include risk assessments, mitigation and preparedness. The event may be either static, as a single
point in time, or dynamic, evolving over time. Response and recovery occur during the post-event. Preparedness
behaviour includes a variety of actions taken by families, households, communities, governments and emergency
responders to get ready for a disaster. Preparedness activities may include devising disaster plans, gathering emergency
supplies, training response teams, and educating residents about a potential disaster [7].
Preparedness is the phase of crisis management which refers to activities, programs and systems existing prior to a crisis
that are used to support and enhance emergency response. They actually mitigate the risks and inhibit the threatening
events to become crises. The crisis managers prepare resources including staff and equipment and develop plans of
action and procedures for use when the crisis strikes, i.e. planning to provide the capability to deal with emergencies,
and preparedness is the discipline which ensures an organization, or community's readiness to respond to a crisis in a
coordinated, timely, and effective manner. The crisis preparedness includes, information and public awareness
campaigns, education, exercises and training, early warning and emergency plans.
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Preparedness of a nation’s health sector requires careful consideration, from alerting to responding and addressing a
crisis event. Most developing countries have a limited ability to undertake timely surveillance of a crisis and have very
limited resources. Despite the challenges to crisis preparedness, experience nowadays reveals that some preparedness
actions can occur with few external resources, for little or no cost. As example list of activities with no cost or minimal
cost we present:
At no cost:


Promote active multi-sector leadership to raise the visibility of health emergency issues.



Encourage ministries to designate points of contact and spokespeople for health and crisis preparedness.



Foster interdepartmental cooperation and coordination.



Assess country/regional/local needs in advance of funding availability.



Revise work practices to optimize the use of existing resources.



Consult with United Nations lead agencies and donor representatives to identify available external resources.



Contact potential private sector partners (Volunteer Organizations, NGO’s) who can provide additional
material, financial and technical support for planning and response.



Leverage existing resources in efforts to attract operational partners.



Contribute to emergency health services preparedness planning in the public and private sector.



Reprogram existing funds.

At minimal cost:


Disseminate public information on high-risk practices and low-technology public health measures suitable for
home use.



Establish regular, transparent and evidence-based communications.



Fund targeted technical assistance to strengthen national emergency health services preparedness plans.



Undertake desktop simulations to test emergency health services planning.



Engage collaborating agencies in specific preparedness/response efforts.



Stockpile essential commodities for crisis outbreak response.

In the preparation for crisis, training is an important tool to the crisis preparedness, which allows learning from
responses. It must be a continual process in order to establish and maintain crisis preparedness. Training is an integral
part of the crisis planning process, and when carefully attended to, is likely to yield high dividends in terms of the
effectiveness of crisis response. As an added benefit, the training process can also become an important source of
feedback regarding potential problems with the plan.
A number of activities are at the disposal of public authorities in the quest to ensure adequate training in preparation for
crisis. These include:


table-top exercises,



simulations (“hot seat” exercises),



on-site function exercises, and



full-scale exercises.

Such activities are the very essence of crisis preparedness. Learning occurs in a “safe” environment and hence mistakes
can be rectified and lessons can be learnt (in theory) as part of personal and organisational education in preparation for
the “real thing”. However, like all aspects of crisis preparedness, there is a tension between the need for planning and
the realities of crisis management.
Exercise is an activity designed to promote emergency preparedness, test or evaluate emergency operations, policies,
plans, procedures or facilities, train personnel in emergency duties, and demonstrate operational capabilities.
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A tabletop exercise is a round table, open forum type of discussion in which an emergency situation is presented to the
participants, where a series of questions is offered for consideration by the participants. Individual emergency response
plans from communities and industrial operators are used in a discussion on how to best deal with the fictional
emergency situation. Tabletop exercises for Emergency and Disaster Preparedness are, in fact, event - driven
simulations of systems of behaviour of social, governance, agency and service systems. Given the fact that the main
interest of Emergency Management is in the interaction of events distributed throughout societal infrastructure, such
modelling supplies foundational support for design of response, procedural analysis and performance assessment.
Tabletop exercises:


enable behaviour and resource management prior to accreditation,



enable evaluation without disturbing active social interactions that would be expensive to disrupt and



support risk assessment without stressing the actual limits of the system.

The training helps learning from the responses given. Typical crisis management activities include training and learning
from responses to a large variety of major crises. Through learning, organizations can enrich their knowledge, and
better employ it so as to enhance their capabilities. By learning from previous crisis events, organizations can create,
among other knowledge assets, repositories of best practices that will be valuable in helping them manage their business
crises.
The post-impact, emergency response stage of a disaster is characterized as the immediate aftermath of a disaster,
typically including the first hours or days, perhaps up to one week, depending on the event. In a disaster or emergency
situation, the hospitals need to be able to communicate with medical disaster response units and with other members of
the emergency response community. The ability to exchange data in regard to hospitals’ bed availability, status,
services, and capacity enables both hospitals and other emergency agencies to respond to emergencies and disaster
situations with greater efficiency and speed. In particular, it allows emergency dispatchers and managers to make sound
logistics decisions - where to route victims, which hospitals have the ability to provide the needed service. The current
situation can be optimal if the hospitals have Web-based tools for better logistic and units distributions. The fact is that
most of the systems that are available nowadays do not record or present data in a standardized format, creating a
serious barrier to data sharing between hospitals and emergency response groups. Without data standards, parties of
various kinds are unable to view data from hospitals in a state or regional levels that use a different system – unless a
specialized interface is developed. Alternatively, such officials must get special user accounts and toggle between web
pages to get a full picture. Other local emergency responders are unable to get the data imported into the emergency IT
tools they use (e.g. a 911/112 computer-aided dispatch system. They too must get a user account and visit the
appropriate web page. This is very inefficient. A uniform data standard will allow different applications and systems to
communicate seamlessly.
In addition a multi-agency, multi-discipline coordinated and timely response is needed to deal with a disaster or large
scale incident. Although first responders have the technology to help accomplish this—in this case, preestablished and
pre-programmed Shared Channels/Talkgroups in their portable radios— there are no Standard Operating Procedures
(SOP’s) to help guide the responder interaction and provide greater coordination through enhanced communication. As
a result, interoperable communications is fragmented and action is delayed. The lack of a set of interoperable
communications SOPs has been identified as the primary impediment to a timely and coordinated response.
European projects as IDIRA provide a first basis in terms of a shared (cross-organisationsl/cross-border) operational
picture, system interoperability, communication means and decision support. However, they do not provide
interoperable IT-solutions for coordination of isolated regions or inclusion of volunteers. IMPRESS project further
develops solutions for inclusion of volunteers and utilizes up-to-date means of interactivity via smartphones and other
common devices.

IMPRESS PLATFORM POINT OF VIEW FOR IMPROVEMENTS TO THE TARGETED
STAKEHOLDERS
In cases of Major Incident Management and Security projects, ISO has initiated in 2001 work on relevant standards
notable via a dedicated Technical Committee called “ISO/TC 223 Societal Security”(34 P-members and 17 Omembers) chaired by Krister Kumlin with an ISO-secretariat led by Stefan Tangen.
ISO/TC 223 has 4 Working Groups (WG 1: Framework on Societal Security Management; WG 2: Terminology; WG 3
Command, Control, Coordination and Cooperation; WG 4: Preparedness and Continuity) and 8 major Work Items.
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1.

ISO/NP22300 (Fundamentals and vocabulary)

2.

ISO/NP22301 (Preparedness and continuity management systems –Requirements)

3.

ISO/WD22320 (Principles for command and control in resolving incidents)

4.

ISO/WD 22321 (Essential information and data requirements for command and control)

5.

ISO/WD22322 (Inter/intra organizational warning procedures)

6.

ISO/PWI22397 (Public/Private partnerships)

7.

ISO/PWI22398 (Procedures for training and exercises)

8.

ISO/CD22399 (Guideline on IPOCM (incident preparedness and operational continuity)

The ISO/TC 223 Scope includes:


International standardization in the area of societal security, aimed at increasing crisis and continuity
management and capabilities through technical, human, organization, operational, and management
approaches as well as operational functionality and interoperability, as well as awareness amongst all
interested parties and stakeholders.



ISO/TC 223 will work towards international standardization that provides protection from and response to
risks of unintentionally, intentionally, and naturally caused crises and disasters that disrupt and have
consequences on societal functions.



The committee will use an all-hazards perspective covering the phases of emergency and crisis management
before, during, and after a societal security incident.

IMPRESS take into consideration the above standards into account for all relevant aspects of the project, namely the
definition of a common taxonomy, protocols and interfaces between its component, the definition of operational
procedures, the development of the IMPRESS DSS to support decision makers and the necessary training procedures
and models. It also verify the validity of existing standards such as HL7-RIM, CAP, EDXL-RM or recently defined
emergency management standards (e.g. EDXL-TEP/TEC) through its own validation scenarios.
IMPRESS consider the above projects and products and attempt to reuse as much of the publicly available results as
possible in a best-of-breed approach. The lessons learned from previous initiatives provide valuable insight into the
current gaps in decision support systems and the necessary improvements for an innovative integrated DSS in the field
of emergency medical response.
IMPRESS develop a specific tool, which uses the following approaches to improve on the rapidity and accuracy of
contaminant source localization:
a.

it will automatically interrogate hospital records to extract cases matching the suspected exposure (through
the INCIMAG and WARSYS tools), and will do so continuously during the development of the crisis);

b.

it will use model comparison techniques to choose the optimal model explaining current observations;

c.

it will incorporate non-homogeneities in the diffusion of contaminants or in the spread of epidemics,
derived from geographic analysis of the terrain;

d.

it will weight expert’s opinions and relevant observations from field operators and derive from them prior
densities under a bayesian paradigm.

Another specific tool developed within IMPRESS, the SICKEVO module, which address physiologic trajectory
assessment and forecast. The main improvements that SICKEVO presents are on the level of detail in physiology
representation, and the automatic interaction with actual observations and hospital records:
a.

by using publicly available data sources (e.g. NHANES), the demographic correlations between easily
determined descriptors (age, sex, weight, …) and expected physiologic compensation will be determined,
and the physiologic representation of a given incident victim will be ‘jump-started’ from expected
individualized values rather than from generic population values;

b.

the existing physiologic models will also be made more specific by introducing the possibility of tailoring
rates of worsening or ability to improve with therapy as dependent on individualized assessment;
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c.

SICKEVO will use the other IMPRESS tools INCIMAG and WARSYS to access continuusly updated
victim and field observations, which may impact on the expected status and rates of improvement or
deterioration of each subject’s physiology (e.g. by accessing just recorded vital signs of that subject, or by
accessing environment temperatures in the location of a given subject).

IMPRESS tools can give the option to examine and identify what lessons have been learned with past crises. In this
way, IMPRESS will use the experience of a crisis to enhance the organizations’ capabilities to prevent and mitigate the
effects of a similar crisis. Learning is crucial if organizations are to improve their chances of surviving the next crisis.
IMPRESS will base its process models and operating procedures on knowledge from previous experiences which could
help organizations minimize uncertainty about similar business crises and help familiarize crisis managers with the
difficulties they may face and need to address. In addition, IMPRESS system develop a “training component” as an
integral part of the DSS and also a common training/exercise evaluation protocol which will be critical in regards to the
utilization of the IMPRESS solution by experienced crisis managers.
IMPRESS aims to design an architectural framework for interoperability of disaster management tools on operational,
tactical and strategic levels, by implementing novel methodologies that allow control rooms and hospitals to seamlessly
share data, information and decision making in electronic format and thus forming a strong and resilient Healthcare
Network. The core of the framework will be a Multi-Agency EMS and Hospital Incident Management Systems (HIMS)
that will be built on existing (e.g. HL7-RIM, CAP, EDXL-RM) or recently defined standards (e.g. EDXL-TEP/TEC)
with an objective to close the interoperability gaps. For instance there is a gap when information from the emergency
scene may assist preparation of definitive care facilities to care for incoming patients as both EDXL and HL7 standards
utilize their own “routing header” and thus an approach to the routing of payloads to and from these domains will be
studied. Moreover, as standard operating procedures (SOP’s) are essential to the effective application of the Incident
Management System. SOP’s reflect the policy of the agency regarding the implementation and use of the system. It
ensures that there is an organizational-wide standardized approach to incident management. Documented SOP’s provide
a performance standard or indicator for personnel and a baseline for critiques and the review of incidents. IMPRESS
objective is to document and electronically ingest SOP’s of health emergency services into the aforementioned Incident
Management Tools.
IMPRESS system is in its second year of development and some of its functionalities are still under construction, but
most of the described functionalities are structured and planned as module architectures in the full system release. We
will present only one of the test case scenarios, where most of the fucntionalities will be validated.

IMPRESS PLATFORM TEST CASE CROSS-BORDER SCENARIO DESCRIOPTION
Blagoevgrad Province is a region in southwestern Bulgaria. It is surrounded from four other Bulgarian provinces on
north and east. On south has border with the Greek region of East Macedonia and Trace and on west its border is
FYROM Macedonia. The province has 14 municipalities with 12 towns. Its principal city is Blagoevgrad, while other
significant towns include Bansko, Gotse Delchev, Melnik, Petrich, Razlog, Sandanski, and Simitli.

Blagoevgrad region location

Kresnamunicipality location in
Blagoevgrad region municipalities
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Kresna municipality, where is located most of Kresna Gorge is one of the most vulnerable areas in Bulgaria when it
comes to earthquake potential. The potential for earthquakes in the area of Kresna municipality and Kresna gorge is
evaluated as very high, because Blagoevgrad region is classified as one of the most vulnerable zones in Bulgaria (see
fig. 1).

Figure 1: The most vulnerable area in Blagoevgrad region for earthquakes, where Kresna municipality and Kresna
gorge are. The vulnerability for earthquakes is represented with dark brown color. Lighter colors mean lower risk cited
from [8].
A total of seven seismic locations have been classified on the Bulgarian territory. All of them have the potential to cause
earthquakes with a magnitude of 6.5 or greater, according to the latest statistics by National Istitute of Geology
Geography and Geodesy – Bulgarian Academy of Sciences [8]. Four of the seismic spots in Bulgaria actually have the
capacity of causing earthquakes with a magnitude of 7 and beyond. The Kresna municipality and Kresna Gorge are
located in the Southwestern Bulgaria, where that potential has been estimated for an earthquakes which may occur with
magnitudes of 7-8. Last earthquake with such strength was recorded in 1904, which higher up the risk of reoccurance
nowadays.
Municipality of Kresna is one of the smallest municipalities in southwest Bulgaria, with an area of 341 km2 and a
population of 5,487 inhabitants. Covers part of the Struma River and most of Kresna Gorge. It has also parts from the
western spurs of North Pirin and Northeastern slopes of the mountain Maleshevska. It borders on the municipalities of
Simitli, Razlog, Bansko, Strumyani and FYROM.
The town of Kresna (3,428 inhabitants), is the administrative, economic and cultural center of the municipality. Situated
at 42 km south of Blagoevgrad and at 23 km northwest of the town of Sandanski. Through it passes the international
road E-79 and the railway line Sofia – Kulata – Athens. Nearby is located a marble mine, where part of the population
is employed.
The Kresna Gorge is a steep valley in southwestern Bulgaria formed by the Struma/Strymónas River located on both
countries Bulgaria and Greece. Its catchment area is 10,800 km². It takes its source from the Vitosha Mountain in
Bulgaria, runs first westward, than southward, and enters the Greek territory at the Kula village. The river flows into the
Strymonian Gulf in Aegean Sea, near Amphipolis in the Serres regional unit. The river's length is 415 km (of which
290 km in Bulgaria, making it the country's fifth longest).
Kresna Gorge is located on 52 km from the Bulgarian-Greek border (Kulata-Promahon) and it is the only connection for
Trans European Corridor No. 4 called Struma Motorway. The nearest towns around Kresna gorge are:


On north: Blagoevgrad (32km) and Simitli (15km)



On south in Bulgaria: Kresna town (9km), Sandanski (37km) and Petrich (50km)



Further on south in Greece after the the Greek-Bulgarian border (Kulata-Promahon) are located: Seres (96km),
Thessaloniki (160km) and Kavala (186km)

The municipality of Kresna and Kresna Gorge areas are densely populated, from point of view of the territory they
cover. This is because of the mild climate year-round and the marble mining activities. The area has recreational spa
resorts and mountain hike roads which makes it touristic area for many Bulgarians and foreigners during most of the
year.
Bulgarian country emergency response structure in case of huge emergency on the Bulgarian territory the involved
authorities for the response are: local Incident Commander, Mayor of municipality or Governor of a region requesting
help and support and the Ministry of Health in case of a mass casualty incident. The following structures are involved
for the TTx: management, organization and resource provision of health care at disaster situations and catastrophes
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implemented by the Minister of Health, Chief State Health Inspector, Director of National Center for Health Provision,
directors of the regional health inspections, medical and health institutions (hospitals, emergency health units, and
hospices).
Management bodies that conduct activities in cases of mass emergencies that need inclusion of the medical system in
case of disasters, accidents and catastrophes, have to be in close cooperation with the central and local government, the
General Directorate "Fire Safety and Population Protection" (DG "FSPP") under the Ministry of Interior, Ministry of
Interior, Ministry of Defense and the Bulgarian Red Cross (BRC).
Bulgarian health system has centralized structure where the biggest response hospitals in cases of emergencies are in
Sofia, Varna and Burgas. Every town has either hospis with emergency center with few ambulances or if it is bigger
city there is one multidisciplinary hospital.
The event that cause a major crisis in the Bulgarian- Greek cross-border area is a mix between an earthquake in Kresna
Gorge and flash flooding in Struma River. The earquake trigger a massive landslide with rock-falls phenomena in
Kresna Gorge. Heavy reinfall north from Kresna municipality in the last two days has risen up the Struma river level
very quickly. Road damages occurs, including at the beginning of the longest tunnel in Kresna Gorge (coordinates
41°47'25"N, 23°09'28"E). High waves in the river caused motorway collapse near the tunnel. A large numbers of
vehicles on the lanes are also hit by rocks falls. A big truck transporting flammable fuel explodes at the entrance of the
tunnel where many cars were stopped by the landslides. The potential alert which the IMPRESS system receive is from
the regional Ministry of Health Blagoevgrad where a number of calls mentioning a large number of injured people in
cars on the highway, as well as a confusing report on a massive explosion at the Kresna Gorge tunnel.
The dispatching center of the fire brigade and the emergency medical services are overwhelmed by calls for assistance
by passengers all along the highway.
The first arriving ambulance is blocked by on their way to the tunnel by the road collapse. They are confronted with a
large number of walking injured persons escaping the site of the explosion, some of them with severe burn injuries.
There are also reports of a lot of persons entrapped in their car near the entrance of the tunnel. Additional ambulances
arriving at the scene get stuck in the traffic.
An advanced medical post (casualty clearing station) is set up to try to triage the walking injured, initiate treatment at
the scene, and organize transport from the scene to the nearby hospital. A team of paramedics is sent towards the site of
the explosion to report on the number of casualties and the severity of injuries. Given the number of trauma patients,
including patient with neurotrauma, crush injuries and severe burn injuries, and because of the difficulties of road
transportation to the Bulgarian hospitals (given the collapse of the road and the traffic jam), contact is made with the
Greek authorities.
A crisis center is set up both in Bulgaria as in Greece, to organize transfer of the most severe emergencies, especially
with neurotrauma, crush and burn injuries, to the specialist hospital departments in Petrich, Sandanski and in
Thessaloniki , Greece (neurosurgery, dialysis and intensive care burn units). Greek ambulances and mobile medical
teams are sent towards the other side of the blocked tunnel to assist their colleagues from Sandanski /Petrich and
provide triage and on site medical care for the entrapped injured people. NGO and Red Cross volunteers are mobilized
to take care of the uninjured and slightly people escaping the scene of the incident, and a reception and information
center is set up for psychosocial care of the persons affected and to inform the families of persons involved and the
general public. Secondary transport by air ambulances is organized for patients in the nearby hospitals to be transferred
to more specialized larger hospitals.
What can be tested for the purposes of IMPRESS:


critical decision points, analysis and categorization of the health needs, analysis of patient flow,
communication, reporting and exchange of information, protocols and procedures for decision making in the
dispatching center, the advanced medical post (e.g. START system of Simple Triage and Rapid Treatment),
the crisis centers and especially in the different hospitals involved (e.g. the mass casualty incident protocol
which they initiate as soon as they are notified, in order to organize a capacity surge, including calling in more
staff, pulling extra and spare equipment out of storage, and clearing non-acute patients out of the hospital)



the focus will be on the health services and not on interdisciplinary coordination between health services and
the rescue/fire and police operations

This scenario is the working scenario where IMPRESS system after its development in the end of the second year of the
project life time has to show to its stakeholders what additional functions can bring to stakeholders responding in the
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described scenario. Further refinements and validations throught the proposed cross-border scenario may occur during
the implementation phase of the tests and validations of the system.

CONCLUSIONS
This paper describes the identified gaps between the different actors in the cases of mass emergencies and their
limitations in response provision. With our paper we outlined the most relevant interdisciplinary ideas which with the
implementation of the nowadays GIS, ICT and medical technologies can bring to a better, faster and safer outcome in
cases where many casualties are injured and need medical help. The described cross-border test scenario is giving the
option to the reader what capacity the system architecture can give to the first responders in cases of emergency
situation.
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Abstract
Almost every information related to the emergencies can be equipped with meaningful entry specifying its position on
the earth surface. Owing to this fact, the GIS can provide substantial support for every effort concerning to the
emergencies.
The first part of the article demonstrates the GIS support of strategic decisions. As an example serves the preparations
of the maps for strategic decisions, which concerns to the aerial firefighting of forest fires on the area of the Czech
Republic.
The second part of the contribution deals with GIS support of the management of large scale emergencies. As an
illustration serves the information support of exercise ZÓNA 2015. The exercise was focused on the simulated severe
event on Nuclear Power Plant Temelín.
Finally, some ideas to GIS support of the management of emergencies are presented.
Keywords: GIS, emergency, support, forest fires, nuclear power plant event

INTRODUCTION
Almost every information related to the management of emergencies can be equipped with meaningful entry specifying
its position on the earth surface. Owing to this fact, the geographical information systems (GIS) can provide substantial
support for every effort concerning to the emergencies. Because of that, this article is focused on the GIS support of
emergency management on tactical, operational and strategic level.
The first part of the article demonstrates the GIS support of strategic decisions. As an example serves the preparations
of the maps for strategic decisions, which concerns to the aerial firefighting of forest fires on the area of the Czech
Republic. This topic is very important because of the climate change and increasing number of such fires during past
year. The statistical data collected during past years on the regional operational centers of Fire and Rescue Service of
the Czech Republic were main source for preparation of these maps.
The next part of the contribution deals with GIS support of the management of large scale emergencies on tactical,
operational and strategic level. As an illustration of the support, the information support of the exercise ZÓNA 2015 is
presented. This exercise was focused on the simulated severe event on Nuclear Power Plant Temelín. The printed maps
for the exercise participants and for workgroups were prepared. The special, web based thin map client was prepared for
displaying the simulated situation development during the exercise. This web application, together with direct display of
various layer in ArcMap, was also used for direct information support of various crisis staffs.
During the exercise, the practical deployment of the prepared tools was carefully tested. The stress was given on the
creation of one unified information space, which can be accessed by various subject, involved in management
emergencies, starting from highest level of commands and ending with firefighters on the spot of the event, endangered
people and mass media.
Finally, some ideas to GIS support of the management of emergencies are presented.
817

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

FOREST FIRES IN THE CZECH REPUBLIC
The GIS support of strategic decisions of Fire and Rescue Service of the Czech Republic is demonstrated on the
demarcation of zones of forest fires aerial firefighting on the area of the Czech Republic. During past years, the Czech
Republic faces the very hot and dry weather in the summer. Such weather was crucial for development of many forest
and field fires including the large scale fires (from central European point of view).
Owing to this situation, the various GIS analysis was carried out in order to optimize the coverage of the area of the
Czech Republic with the aerial firefighting assets.
For the analysis two basic datasets were used. The firs dataset contains a referential data containing territorial units of
the Czech Republic, starting from the municipalities through the cluster of municipalities to the counties, the places
where the air bases of the Police of the Czech Republic Flying Squad are placed and its operational areas. The second
dataset consist from a data concerning to the forest fires on the area of the Czech Republic, which was collected on the
operational centers of the Fire and Recuse Service of the Czech Republic during 2006 – 2015 period.
Before the analysis was carried out, the careful review of above mentioned datasets was carried out. During this review
was find out, that the data must be cleared before they will be used as the inputs for the analysis.
The main problem of the datasets containing the territorial units was the fact, that some of the area of municipalities,
clusters of municipalities and counties consists from more than one polygon and the polygons are a separate entry in the
data table. This fact prevents the direct computing of the area density of the forest fires on the area of the territorial units
(number of fires per square kilometer of the territorial unit), because the number of the fires for the territorial units will
be in this case divided not by the area of the units, but by the various areas of the polygons from which the units is
constituted. This problem was even more serious because of the fact, that if the territorial units consists from two or
more polygons, there was usually one large polygon and one or more small polygons. Because of that, the whole
number of the forest fires on the area of territorial units was also divided by the area of small polygons. This leads to the
unusually high density of the forest fires and provides false image on the fire danger on the territorial units and prevents
the proper classification of the territorial units, according its forest fire area density, in to the categories. In order to
prevent this problems, if the territorial units consist form various polygons, these polygons were dissolved before
further usage of dataset into one multipolygon, which was one entry in the data table, characterized by sum of the areas
of constituent polygons.
The situation of the datasets, which contains the entries concerning to the forest fires, was even more complicated. The
main reasons of this fact was a change of the methodology of the classification of the fires as the forest fires and
misclassification of the forest fires, which leads to the negative and positive errors in the summary of the forest fires on
the area of the territorial units. There were also the changes in the methodology of the collection of the data on the
operational centers. Even the coordinates of the places of the fire were corrupted in many cases. The X and Y
coordinates were interchanged, the coordinates have a wrong sign and the various combinations of these errors were
presented. Sometimes the coordinates fully missed. Only the entries for last years were without such errors because of
the substantial improvement of the software used on the operational centers.
Before the further processing of the forest fires data, the entries without the coordinates, with one or two zero
coordinates or with one or two meaningless coordinate was rejected form the dataset. After that the entries with
interchanged X and Y coordinate or with coordinate with wrong sign was repaired. The data used the Czech Republic
national grid S-JTSK with mathematical orientation of the axes. Because of that, the reparation was easy. It was only
necessary to change the order of the coordinates and its sign, to be meaningful for u area of the Czech Republic.
In order to minimize the effect of the misclassification and change of the methodology of classification of fire as a
forest fire, the layer of forests was used for a spatial analysis. This layer was a combination of the layer of various forest
types (ordinary forest, mountain pine forest and bush). If the fire was on the area of the forest it was taken into further
analysis, if not, it was rejected from further processing.
After the preparation of the datasets, the calculation of the forest fires densities on the area of territorial units was
carried out. First, the number of the forest fires on the area of territorial unit were counted together with unit area.
Finally, the density was calculated by dividing the number of the forest fires with area of the territorial unit. The
obtained density of the forest fires was chosen as a criterion for assessment of the forest fire danger on the territorial
unit area.
After this analysis, the map output was carefully prepared, which serves for further discussion, with another involved
governmental bodies, focused on the coverage of area of the Czech Republic with assets for aerial firefighting of forest
fires (figure 1).
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Figure 1. The forest fires on the area of the Czech Republic in the years 2006-2015 together with the airports, air bases
of the Police of the Czech Republic Flying Squad and its operational areas. The small maps bellow the large map depict
the forest fire area densities on the territory of various territorial units of the Czech Republic.
The output of this discussion was a proposal for the establishment of the sectors, the areas which are not at the present
time substantially covered by the assets for aerial firefighting of forest fires (figure2).
The forest fire dataset was obtained as an excel file via the export form central Oracle database, which contains the
information about all events solved by the Fire and Rescue Service of the Czech Republic. Other data was obtained
from Central Data Warehouse of Fire and Rescue Service of the Czech Republic. The above mentioned correction of
coordinates was made in excel file. The consequent analysis was carried out with wit ArcPy scripts and the data was
stored in ESRI File Geodatabase. The final visualization of the outputs from analysis was made in ArcMap.
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Figure 2. One of the proposals of the sectors for aerial firefighting of forest fires. The air bases of the Police of the
Czech Republic Flying Squad together with the sector centroids are also presented.

EXERCISE ZÓNA 2015
The exercise ZÓNA 2015 was focused on the management of a simulated emergency caused by severe event at the
Nuclear Power Plant Temelín. This exercise provides a possibility to test the various approaches and tools prepared for
information support of emergency management, on the Crisis Staff of the General Directorate of Fire and Rescue
Service of the Czech Republic and Central Crisis Staff, with GIS. The information support consists from three main
parts:
1.

Pre-exercise preparation of printed maps for orientation on the area of emergency event. These maps were for
disposal on both crisis staffs. In case of need, the maps were for disposal in the electronic form as a pdf or
raster files and they can be send to other bodies involved in exercise together with markings depicting the
development of the situation.

2.

The visualization of current situation and other related layers on the wall screens in crisis staff briefing rooms.
The screens were connected to the laptop with running ArcMap (floating license), with an access to the all
spatial data in Central Data Warehouse of Fire and Rescue Service of the Czech Republic. The picture of
situation was arranged after the direct instructions of the Officer in Charge of the Fire and Rescue Service of
the Czech Republic or another person chairing the meeting. In the case of necessity, the screenshots of the
situation were administered to the other persons involved in exercise as a raster images.

3.

The visualization of current situation and other related layers in web based thin map client. This solution
provides the unique opportunity to share the information across wide range of users in the same time. Via the
client, the information was available, after the approval of the Officer in Charge, to the all authorized users,
starting form high level of commands to the regional crisis staffs an even to the mass media and common
public. This enables the creation of the one unified information space in which each authorized user can find
the desired information.

Before any steps toward to preparation of the map products for information support of the Exercise was taken, the
careful review and preparation of the relevant datasets was done.
Two types of map were prepared for the exercise, the large map for crisis staffs briefing rooms (figure 3) and small map
for the personal remarks of the participants of the exercise (figure 4). Both maps depict the emergency planning zone
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centered around the Nuclear Power Plant Temelín. They contain the numbering of the sectors of emergency planning
zone and other related data, like evacuation routes, checkpoints, roadblocks, decontamination posts, municipality
administrative borders, … . It is worthy to mention the facts, that these maps prepared for the Exercise can be used also
in case of real emergency on the Nuclear Power Plant Temelín.
The visualization of the current situation during the Exercise in the crisis staff briefing room according the instruction
of the Officer in Charge of the Fire and Rescue Service of the Czech Republic provides a unique opportunity of the
direct support of the decision process with GIS (figure 5). It enables the testing of the relevant datasets, proposed
procedures for workout the datasets, and hardware and software assets. It also enables direct review of the data by the
Officer in Charge before its publication via web based thin map client for other authorized users. If the data are
proposed for publishing via this client, the preferred way of its storage is geodatabase running on Oracle database server
with ArcSDE (ESRI server-software sub-system that aims to enable the usage of Relational Database Management
Systems for spatial data). This kind of storage enables easy publication of the data as a REST web service of ArcGIS
for Server.
If the data are published as a REST web services, they can be easily consumed by various web applications. Publishing
a data trough web application enables various users to access the data and the immediately information spread through
various levels of the chain of command and various public authorities and even mass media and common public.

Figure 3. The large map of emergency planning zone Nuclear Power Plant Temelín for crisis staffs briefing rooms.
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Figure 4. The small map of emergency planning zone Nuclear Power Plant Temelín for personal usage of the
participants of the Exercise.

Figure 5. The visualization of the current situation during the Exercise depicting the municipalities proposed for
simulated evacuation and the predefined evacuation routes.
For the purpose of the exercise, the web based thin map client, developed on General Directorate of Fire and Rescue
Service of the Czech Republic, was slightly customized to satisfy the needs of the Exercise. This customization consists
from adding of the new entries to the main menu which enables displaying of:
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1.

various layers connected with population protection and nuclear power plant emergency event,

2.

the layers depicting the current situation and the development of the situation on the place of emergency
(figure 6).

The web based thin map client uses the JavaScript, HTML5, CSS3 and ArcGIS API for JavaScript and jQuery
JavaScript libraries. It consumes the ArcGIS for Server REST services. The data of the services was stored in Oracle
database and ArcSDE (Spatial Database Engine) was used as a layer between the database and ArcGIS for Server.

Figure 6. The web based thin map client with current situation during the Exercise and various layers related to the
emergency on Nuclear Power Plant Temelín. The current situation shows the proposed measures for population
protection and the number of people (with permanent and temporary address) affected by these measures.
The standard layers of the railroads crossings and places where units of Integrated Rescue System reside are also
shown. As a background map serves the standard map used on the operational centers of Fire and Rescue System of the
Czech Republic.

CONCLUSIONS
The above mentioned examples demonstrated the successful information support of emergency management with GIS
systems. Its usage for information support of emergency management can substantially leverage the level of the support
and contribute to the successful fulfilling of the missions of Fire and Rescue Service of the Czech Republic.
The chain of the various tools provided by ESRI company, ArcMap, ArcSDE and ArcGIS API for JavaScript provides a
unique platform for creation, visualization and publication of information used for information support during the
emergencies. It constitutes unique platform, covering whole life of the spatial information, starting from its creation,
through its storage, to its publication. This enables a creation of one unified information space cowering the whole
activities concerning to the emergencies, in which each authorized user can find the desired information.
The above mentioned examples enables the formulation of some advices concerning the usage of the GIS for the
information support during the emergencies:
1.

Each exercise should be used for testing of information support of the emergency management with GIS. If the
GIS assets are regularly tested during the exercises, there is a high probability, that they will not fail during the
real emergency.
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2.

The spatial data can contain various errors and mistakes and even the meaning of the data can change during
the time if methodology of it collection change. Owing to this fact each spatial data used for information
support of the management of the emergencies have to be carefully revived, and repaired if necessary, before
its usage.

3.

As much as possible data, tools, hardware and software should be prepared before the real emergency. The
exercise can provide guidelines what to be prepared.

4.

All tools used for data treatment (preparation, visualization and publishing) must provide seamless platform in
order to avoid useless transformation between noncompatible tools. There is no time during emergency for
useless work.

5.

The used tools must form a platform covering whole life of the spatial information starting from its creation,
through its storage to its publication.

6.

The same assets should be used for regular daily work as well as for information support with GIS during
emergencies. If the assets are regularly used by the users, there is a high probability that user will be familiar
with these assets and your work with it will be quick and reliable.
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Abstract
Each year millions of people are affected by various disasters that cause many casualties and considerable damages.
Children are one of the most vulnerable groups of population in case of a disaster situation. Many organizations are
focused on the improvement of children's disaster preparedness and response and provide useful and adapted
information about disasters. Children awareness can be upgraded by including this information in the curriculum of
primary and secondary schools and applying effective and modern training methods. This paper aims to present the
conceptual framework of educational programs for disaster response of students at primary and secondary schools. The
programs are consistent with the educational stage of the students and include introduction to various types of disasters
and disaster preparedness and response trainings. The paper presents the general concept of the educational materials
and activities. Particular attention is paid to students' training how to use topographic and thematic maps.
Keywords: educational program, disaster preparedness, disaster response

INTRODUCTION
Being prepared for natural and man-made disasters is one of the greatest challenges for the Earth population. Disasters
take millions of victims every year. Therefore training of the population, even in early childhood, on topics related to
awareness, preparedness and protection in case of disasters is the key tool of building sustainable theoretical and
practical knowledge to provide response in crisis situations. In this paper a general concept of educational programs for
students' disaster response is described. The programs are planned to be supported by educational activities and
materials such as books, brochures, posters, games and simulations that could develop children's skills of disaster
response.

EDUCATIONAL SYSTEM IN BULGARIA
Education in Bulgaria is compulsory until the age of 16 (Figure 1). The school year in the country is divided into two
terms: winter term from Mid-September to the end of January, and summer term – from the beginning of February to
June. At the end of each term students receive term grades in each subject and at the end of the school year they get
final grades (DYNOT, 2016).
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Figure 33. General stages of the education in Bulgaria. Red line symbolizes years of compulsory education
Preschool education (ISCED'11, Level 0) is for children between 3 to 6/7 years-old. Visit of kindergarten is not
mandatory. Although state kindergartens prevail, there are also private kindergartens and their number is growing in
recent years.
Basic education continues from age 7 to 15 in grades 1 through 8. It comprises of primary schools (grades 1-4,
ISCED'11, level 1) and lower-secondary schools (grades 5-8, ISCED'11, level 2). Primary education can be obtained at
state, municipal or private schools. At the end of grades 4, 7 and 8 external evaluation in test format is carried out in
schools where students show their level of knowledge gained during their studies. Certificate of Primary Education is
issued to students who have successfully completed the 8th grade.
Secondary education (ISCED'11, level 3) can be divided into comprehensive (general) secondary schools, specialized
schools and vocational-technical schools. Admission to the specialized schools is carried out after completion of 7 or
8th grade and after taking the exams depending on the profile of the school (exams in Bulgarian language and literature,
mathematics, etc.).
Higher education (ISCED'11, levels 6,7,8) is for the students who have chosen to continue their studies and who have
successfully passed the high school exit exams and the specific exams of the university in the chosen profile.
Table 8. Specificities of the basic education in Bulgaria
Primary education level
Country

Bulgaria

Description

Grade

Age

Lower secondary education level

From

To

From

To

Total
years

1

4

7

11

4

Subjects include literature, grammar,
mathematics, music, art, physical education,
social and environmental studies, foreign
languages and technologies. Most of the
subjects are held by the head teacher of the
class. A special class with the head teacher is
held once a week.
Most primary schools offer an after-school
program, which is a basic supervised childcare
with no teaching.

Grade

Age

From

To

From

To

Total
years

5

8

11

15

4

Adding biology, geography, history, physics,
chemistry, informatics and philosophy to the
curriculum.
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Focus of the topic is the Basic education and the Secondary education. The Basic education in Bulgaria comprises of
two study levels: Primary and Lower secondary level. Table 1 shows some general and specific elements of the Basic
education. For the academic 2015/2016 year there are 262 000 students in primary education (grades 1 - 4) and 216 400
students in lower secondary education (grades 5 - 8) in Bulgaria.

ANALYSIS OF AVAILABLE EDUCATIONAL MATERIALS
Background
The theme of disaster protection training in the public educational system in Bulgaria is legally justified by the Disaster
Management Act (2006), which states that the education system must include regular tuition on disaster protection and
first aid. On the other hand, the national Bulgarian policy for risk reduction and disaster protection is dictated by:


The UN Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and Communities to
Disasters;



National Strategy for Disaster Risk Reduction 2014-2020;



National plan for Disaster Protection 2014-2018.

One of the priorities of the National Strategy for Disaster risk reduction is building a culture of disaster protection
through the use of education and training (Council of Ministers, 2014).

Initiatives Regarding Disaster Awareness Education in Bulgaria
In the period 2005-2009 Bulgaria held a policy in the field of prevention, response, and crisis management in the face of
the former Ministry of Emergency Situations (MES). It brought together different departments in these areas. Moreover,
the National Service "Civil Protection" was directly subordinate to the Ministry. The Training Center, part of MES, was
focused on prevention work and training students on disaster protection. Different extracurricular activities were
organized by the Training Center. A very successful initiative was the drawing competition “Mission: Rescuer”, held in
different age groups on regional and national level. Another student competition held on municipal, regional and
national level was focused on “Safety in Emergency situations” – it required theoretical and practical knowledge gained
at class. Another initiative was a website, developed to help teachers and students regarding disaster protection
education. The website’ children section was intended to contain diverse interactive materials, such as flash games,
which would have helped in developing students’ basic disaster awareness skills. Most of these initiatives held by the
former MES are now cancelled. Due to structural changes MES is not operating since 2009.
In 2011, four European countries – Greece, France, Italy and Bulgaria, start a project co-funded by the EU as a part of
the program “Civil Protection 2010”. The project called RACCE (2011) (Raising earthquake Awareness and Coping
Childrens’ Emotions) is coordinated by the Natural History Museum of Crete, Greece. RACCE is addressed to children.
The project is mainly focused on raising awareness and improving knowledge on earthquakes. The Bulgarian
representative and project implementer is the Center for Educational Initiatives (CEI). As a result of the initiative, many
posters and an Educational Kit “Earthquakes and Volcanoes” for children were produced. All of these educational
materials are in English with examples from the participating countries. Only some posters, the Theoretical Handbook
and Activities’ Guide (designed for ages of 6-13), which are part of the Educational Kit, can be found in Bulgarian
language on the Bulgarian section of the project: http://racce.nhmc.uoc.gr/bg/downloads/vivlia/vivl.html.
The Bulgarian Red Cross (BRC) is also contributing to the training and education on disaster protection of the
population. Useful advices for response in case of disaster can be found on their webpage:
http://www.redcross.bg/advice/disaster_advice.html (Bulgarian Red Cross, 2016). In 2011 BRC initiates the project
“Youth Prevention Pro”, which involves 3 European countries – Greece, France and Bulgaria. The project is realized
with the contribution of the Civil Protection Financial Instrument of the European Union. It aims at raising children’
awareness on civil security risks which would result in societal resilience to major crises. The goal is to synchronize and
adapt the best practices to each country’s system on disaster prevention education by putting together three European
countries with different methodologies and experience. As a result of this initiative, a school prevention program is
created: “School program: Reducing the risk of disasters, accidents and terrorist acts and teaching first aid among
students aged 10-14 years”. It reflects the policy of the European Commission for Prevention and the national
requirements of the partner countries. A textbook for educators and an educational DVD, based on the school program,
are also produced (YouthPreventionPro, 2016). The handbook named “Textbook for application of school prevention
program” from 2011 gives basic information on natural and man-made disasters and focuses on the correct behavior of
children and students during fires, floods or earthquakes.
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In 2015, interdepartmental working group develops and provides for public consultation the Project "Instructions for
training on disaster protection and for providing first aid in the public educational system" (2015). The project stands as
part of the implementation of the measures adopted in the National Strategy for DRR 2014-2020. According to the
project preparation of the students on disaster protection is mandatory for all kindergartens and schools. It is proposed
that the program should be conducted by the possibilities of the school curriculum for elementary, lower-secondary and
secondary education, as well as practical classes with students of all grades should be conducted at least once a year.
The project suggests specific topics for each grade from I to XII, including 5 classes with a total duration of 5 hours.
The Bulgarian Fire Safety and Civil Protection Directorate General is part of different educational initiatives. The
Directorate is responsible for the creation of the movement Youth fire brigade (MFB) "Young firefighter" in Bulgaria
where children on a voluntary basis between 12 and 16 years old may be involved. The main objective of the youth
movement is to increase the physical ability of young people, develop practical skills such as lifesaving actions during
fires, natural disasters and accidents. The Directorate administrates an informational website where results from diverse
projects can be found. Some of the past and on-going activities are: "Youth stronger than fire" and “Safe Quake”
projects from 2011, the drawing contests “Mission: Rescuer” and the international “I saw disaster with my eyes”. The
Directorate General also organizes national competitions for young firefighters and rescuers (Fire Safety and Civil
Protection Directorate, 2016). More information about the activities held for children can be found at:
http://pojarna.com/bg/sections/rabota_s_deca/.
The Fire Safety and Civil Protection Directorate General is the Bulgarian representative in another recent and on-going
initiative with international cooperation – the project FORETELL (2016): Flood and Fire Safety Awareness in Virtual
World (funded by Erasmus+ Programme of the European Union). It emerges from the need to promote a culture of
safety in Europe against natural calamities, such as floods and fires. The aim is to prepare children to cope with these
environmental hazards, through experiential learning activities (simulations or/and educational games) which will be
implemented in a 3D virtual environment. At this moment a questionnaire, including in Bulgarian, is prepared for
students in primary and secondary education level and their teachers. The results of the questions shall define the vision
of the target groups regarding the use of 3D simulation games in the learning process. It shall also define the children’s
level of preparedness in case of fires and floods. The questionnaire can be accessed through the project webpage:
http://foretell.eap.gr/index.php/news/15-questionnaire-2.

Analysis of Educational Materials
For the purpose of the Bulgarian information campaigns for disaster protection flyers, brochures, booklets and other
materials are prepared aimed at preschool and educational institutions, such as coloring books and posters, indicating
actions in case of different disaster situations (Council of Ministers, 2013). However, many of these materials are rather
aimed at pre-school children (Figure 2).

Figure 34. Educational materials for children in preschool and 1st grade in Bulgaria
The above mentioned RACCE project in which Bulgaria took part resulted in the creation of educational materials
regarding disaster preparedness, mainly by promoting knowledge on earthquakes, volcanoes and tsunamis. The
educational materials on the project consist of:


20 posters in English from which 10 translated to Bulgarian (Free access at:
http://racce.nhmc.uoc.gr/en/downloads/posters/posters.html – English version,
http://racce.nhmc.uoc.gr/bg/downloads/posters/posters.html – Bulgarian version);
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Educational Kit “Earthquakes and Volcanoes” with full English version consists of: Books; Activities; Video;
Presentations; Case Studies; Evaluation; Children with special needs.

The Bulgarian version of the Educational Kit “Earthquakes and Volcanoes” which can be freely accessed at the
Bulgarian section of the project contains the Theoretical Handbook and the Activities’ Guide (designed for ages of 613). The educational materials in Bulgarian present the same information as those in English. However, the design of
the Theoretical handbook is far different and not so attractive for the target group – it only presents raw information
with almost no pictures, images, graphs, maps etc. (Figure 3).

Figure 35. Comparison of the design between same pages of the Bulgarian (on the left) and English version (on the
right) of the Theoretical Handbook "Earthquakes and Volcanoes" created on the project RACCE
However, the Bulgarian posters have an attractive design and useful information on the topic. Another point of
discussion is to what extent the content of these materials is adapted for children and for exactly which age group. On
the one hand, all the graphics are accompanied by explanatory inscriptions from the original version in English. This in
no way can be considered acceptable and adapted for Bulgarian children. On the other hand, the content consists of
many terms that would be considered difficult for the youngest in the target group of 6-13 years old. There is no
information if the materials have actually been tested for completeness, understanding and educational value among
students in Bulgaria.
The website of the Fire Safety and Civil Protection Directorate General of Bulgaria is a useful tool for finding
appropriate information for children’s disaster protection. It contains specialized section “Working with children”
where some educational materials regarding mainly fire safety can be found. A “Fire safety guidebook for children” is
created as part of the project “Youth stronger than fire”, realized with the financial support of the "Youth in Action"
project of the European Commission. It is a very useful educational material with a really nice design, representing an
educational guide on fire safety for the implementation of year-round training of the youth fire brigade "Young
firefighter" in which children between 12 and 16 years old may take part. The material is created by experts and
successfully adapted to the target group. The attractive design is achieved through the use of color images, informative
graphics, section "Did you know...", educational messages in rhyme format. On the website a list "Backpack for
disasters" and "Family Action Plan in case of disaster" can be found. The Directorate has also published a brochure
aimed at children called "Stop forest fires" containing information on the causes, consequences and life-saving actions
in case of forest fires (Figure 4).
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Figure 4. "Stop forest fires" informational brochure for children
The concept of teachers’ preparation on how to teach children on disaster response is most common in Bulgaria. During
the existence of the Ministry of Emergency Situations, teacher guidebooks have been produced with the financial
support of the United Nations Development Program (UNDP) / Bureau on prevention and crisis recovery (BCPR) in the
project "Prevention of disasters and accidents through the secondary Education in Bulgaria", implemented in
partnership with the former Ministry of Emergency Situations, Ministry of Education and Science and UNDP. These
teachers’ books consist of methodological developments for training children in school on disaster protection. There are
3 teacher books, one for every stage of the school education:


Elementary level;



Lower-secondary level;



Upper-secondary level.

Each teacher guidebook is freely available in digital format on the website of the publisher but no information is found
on the current existence in paper format and actual use of these guidebooks.
According to а recent report on the implementation of the Hyogo Framework for Action from 2015, disaster protection
education as well as education on first aid is carried out in school in compliance with programs approved by the
Minister of Education and Science. The education model is based on modern methodology using interactive forms,
methods and means. For children at secondary school educational level boards and posters are created. Out-of-school
training activities for disaster protection are also carried out (Chief Directorate Fire Safety and Civil Protection, 2015).
The report says nothing on the development and implementation in school curriculum of educational materials for
children in primary education in Bulgaria.

Role of Cartography in the EW&CM Education in Bulgaria
Overview
Cartography provides one of the most powerful tools for spreading important information and for visualization of
different phenomenon, such as natural disasters. Moreover, a better understanding about natural disasters can be
achieved among children by the help of different interactive mapping techniques. Thus, the inclusion of appropriate
cartographic materials and information about disasters in the school curriculum can significantly help in building a
culture of safety and nations’ resilience to natural disasters.
In Europe, member states are in the process of developing a number of initiatives related to mapping hazards or risks.
However, these initiatives are not focused on mapping hazards for children, but for professional purposes. The role of
cartography for children purposes on disaster preparation is unfortunately underestimated in countries such as Bulgaria.

Cartographic Materials in Bulgaria
In recent years different surveys have been conducted in Bulgaria regarding children’s understanding on maps and EW
& CM. Focus of the researches is cartography and its base product – the maps, as a tool with diverse visualization and
informative functions. The basic map skills studies include topics such as children’s understanding on object
presentation on maps (Bandrova & Deleva, 1998), students’ knowledge on maps. Another researches on a subject
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related to EW & CM were also conducted: creating and updating navigation maps for children purposes in crisis
situations which focuses on the symbol and color system for children needs (Bandrova & Vasilev, 2008); how
cartographers can help children and students in disaster situations to make their lives safer and minimise damage using
maps (Bandrova et al, 2010). Another similar project makes a proposal of a cartographic symbol system for children on
EW & CM, tests primary children’s understanding on maps for EW & CM and also kids’ map reading skills (Bandrova
& Milanova, 2011).
One of the major conclusions of these Bulgarian studies shows a great need of attractively presented books, guides and
information materials for children in different age groups on the topic of EW & CM (Bandrova et al, 2010). Such
studies are just part of a greater concept, regarding a proposal of a national and international education programs which
adopt good practices from around the world.

GENERAL CONCEPT OF EDUCATIONAL PROGRAMS
Most of the existing programs and materials in Bulgaria are focused on floods, earthquakes and fires. However, students
should be prepared to respond to various natural and anthropogenic phenomena and to develop skills in teamwork and
problem solving.
Best practices and methodologies for students' disaster response shows that the existing Bulgarian educational programs
for disaster preparedness and response should be supplemented. The programs should become more attractive to the
students and suitable to their educational level and age group. The paper proposes general concept of educational
program for disaster response categorized in three main levels according to the students' educational level:


Level 1 - Primary education - Age 7 – 11;



Level 2 - Lower-secondary education - Age 11 – 15;



Level 3 - Secondary education - Age 15 – 18.

The program for each educational level consists of lectures and trainings of four main modules: "Types of disasters",
"Disaster Assessment and Preparedness", "Disaster Protection and Response" and "First Aid".
Module 1 - "Types of Disasters" includes three main themes: Natural disasters (with subthemes: earthquake; flood;
hurricane; heavy rain; thunderstorm; snow storm; avalanche; landslides; extremely high temperatures; extremely low
temperatures; epidemic); Anthropogenic disasters (with subthemes: nuclear accident; radiation accident; chemical
accident; explosion; transport accident; fire, etc.) and Typical disasters for the region.
Module 2 - "Disaster Assessment and Preparedness" includes topics such as General concept; Disaster risk reduction;
Use of disaster symbol systems; Map use for disaster preparedness and Designing family disaster plan.
Module 3 - "Disaster Protection and Response" includes the following themes: General concept; Planning the activities
in case of disasters; Emergency provision kits; Map use for disaster prevention and response; Drawing maps for disaster
response; Trainings based on simulation models and scenarios.
Module 4 - "Firs aid" includes topics such as Actions and rules for first aid; First aid for burning; First aid for
hypothermia; First aid for frostbite; First aid for heat stroke; First aid for loss of consciousness; First aid treatment for
breathing problems; First aid for poisoning; First aid for wounds; First aid for braking joints.
Each topic is planned to be supported by appropriate for the age group educational activities and materials with
attractive design.
The educational materials include: books with theoretical information; exercise books; drawings; information posters
and brochures; presentations; videos; maps (topographic maps, risk maps, hazard maps, maps based on statistical data,
maps for disaster protection planning, rapid maps, evacuation maps, etc.); simulation models (augmented reality
sandbox, etc.); questionnaires; educational activities' guide; etc. Disaster preparedness and response are supported by
the use of special symbols on graphic materials (thematic maps, brochures, etc.). Many organizations use various
symbol systems for the needs of their particular activities. The Symbol System for Disaster Management in Bulgaria
proposed in 2014 by Marinova (2014) includes four level hierarchical classifications of objects and phenomena
according to their type and origin. The symbols of categories: disasters; infrastructure; protection services and
infrastructure for protection; affected people and affected infrastructure; operational sites and activities are shown with
different colours and shapes so that they are identifiable, simple, and associative. After some additional psychological
analysis of students' thinking this symbol system can be adapted to children and applied in educational materials for
disaster preparedness and response. Students' ability to use such symbols would help them to understand thematic maps
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better. Students could try to design their own symbols and to draw maps according to their understanding of the disaster
situation.

Figure 5. Augmented Reality Sandbox
Educational materials are necessary for theoretical knowledge and support educational activities such as participation
in seminars; educative games for disaster preparedness and response; computer games; trainings with simulation
models; evacuation training; simulations based on disaster scenarios, etc. Some of the educational activities can be held
in the proposed by Bandrova et al. (2015) Educational Centre “Safe the Children Life”. The Education Centre could
provide illustrative simulations of different natural disasters using well-equipped lecture hall, modern digital equipment,
augmented reality sandbox (Figure 5), small-sized shaking table, etc.

CONCLUSION
Children are one of the most vulnerable groups of population in case of a disaster. They need special trainings to be
prepared for crisis situations. Students at primary and secondary schools need adapted information about disasters
presented by effective and modern training methods. All educational materials and activities should be attractive to the
students and suitable to their educational level and age group. The proposed educational programs for students' disaster
response aim to teach students what to do and how to act before, during and after a disaster. Students should acquire
knowledge and skills for disaster preparedness, response and first aid and to apply them in case of an emergency. To
achieve this objective teachers need to work closely with the Educational Disaster Centre.
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Abstract
Initially ERRA was developed as a web-service presenting natural (landslides, flooding, earthquake, wildfire, strong
winds) and man-made hazards and risks.
Further elaboration of ERRA resulted in development of methodological, analytical and informational environment for
using spatial data in scientific research in Earth sciences and related disciplines. Spatial Data Infrastructure (SDI) has
been developed, which includes:
 Spatial data for Armenia and partially for neighbouring countries. These include spatial datasets of Armenia at
scale 1:100000 and larger (basemaps, administrative, geological, geomorphological, hydrological, land use,
environmental layers),
 Set of research methods and applications, such as multi-factor mapping of occurrences of natural events and
phenomena (landslides, erosion processes, critical discharge of surface waters) through overlay of spatial layers.
 SDI for scientific applications
 GIS for creating and publishing web maps and GeoPortal for providing access to spatial data through meta-data
catalogues.
 Methodology and software for carrying out research on spatial objects in GIS environment.
Keywords: GIS, Hazard assessment, mapping, web mapping, cartography, disaster management

INTRODUCTION
Digital maps, map-based information systems, simulations, and web-technology are increasingly applied in emergency
management (EM) [Maclachlan et al. 2007, Hagemeier-Klose and Wagner 2008, Haubrock et al. 2008]. In this respect,
spatial data and related technologies such as GIS, GPS, remote sensing (including visible, thermal and LIDAR
imaging), photogrammetry and web mapping are crucial for effective EM. In fact, without spatial data, one cannot
expect effective and efficient disaster management [Amdahl, 2002].
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Investigations have shown that various user-needs for EM via Web exist [Rohrmann 2004]. Essential aspects are the
design of visual components, easily understandable content, the offer of further information and a self-explaining, easy
to use interface [Hagemeier-Klose and Wagner 2009]. In Sheppard and Blatchford [1995], the main benefits of visual
information for EM are described:


Speed of information access for the user.



Provision of images (maps, photographs, video, diagrams, etc.) which allow people unfamiliar with the
location to obtain a fuller more realistic picture.



Cross-cultural, language, and professional discipline boundaries.



Provision of a rich source of quantitative data and chronological documentation or updates.

This paper aims to describe the development of SDI conceptual model and a prototype entitled “Electronic Regional
Risk Atlas” (ERRA) that facilitates spatial data collection, access, dissemination, management and use for proper
emergency management.
The electronic regional risk atlas of the Republic of Armenia (ERRA) was developed as a set of maps, linked with each
other by similar themes and methodology for assessing features of mapped objects and methods.
The functionality of atlas is organized as a web service, providing access to the spatial content through Geo-portal as it
is defined in Inspire Directive Article 11 [Directive 2007/2/EC, 2007]. Other functions of Geo-portal (metadata, spatial
data services and large spatial data sets) are also organized according to these requirements. Along with the layers, the
development of which is described in this article and base topographic and geographic datasets, ERRA includes spatial
information representing relief, geological structure, vegetation, soil coverage, water resources and climate for the
country. Also, data describing demographic, social, economic situation of the country has been used. Thus, during the
process of Atlas development the main components of country infrastructure for spatial information have been created.
Existing spatial datasets of ERRA are mostly developed by authors of this article and it allows planning a future
extension of thematic and application areas of Atlas. Spatial data organization for scientific research in field of Earth
Sciences, natural resources, environmental studies and other related topics are the core datasets. But the main content of
this article is dedicated to description of hazard and risk assessment and mapping of main disasters of Armenia using
ERRA functionality and GIS applications.
Structure of Atlas (ERRA Skeleton) has been developed by an expert team during the first phase of EU-funded
Programme for the Prevention, Preparedness and Response to Man-made and Natural Disasters in the ENPI East
Region (PPRD East).

SPATIAL DATASETS OF ERRA
Besides the hazard and risk maps, ERRA contains a number of other spatial datasets of Armenia, which are grouped as
follows:

Group 1. Basic Maps


Administrative - State borders of Armenia, Marz borders, District borders, Settlements, Demography;



Infrastructures - Railways, Roads

Group 2. Maps of natural conditions


Geomorphology and geomorphometry
landscape types



Hydrology - Main river basins, River network, Lakes, Reservoirs



Geology



Soil types

– Geomorphology zones, DEM, Slope, Aspect, Elevation zones,

Group 3. Maps of natural hazards and risks


The earthquake hazard and risk thematic layers – Recent earthquakes, Historical earthquakes, Seismic zones
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Landslide hazard and risk layers – Landslide location, Landslide slope, Landslide risk map, Land use in
landslide areas, Landslide bed rock geology, Landslide hazard per region.



Flood hazard and risk layers – Historical flood events (point and polygon), Embankments, Restrictions to
water flow (canals), Flood hazard by river basins, Flood hazard by regions, Flood hazard by marzes.



Forest fire hazard layers – Wildfire hazard in June, July and August, Wildfire hazard distribution by elevation
zones, Wildfire hazard distribution by forest types.

Group 4. Industrial events hazard and risk
Technological event hazard and risk layers – Location layers of installations which may trigger risks, Technological
event hazard layers and risk layers by regions, Industrial event hazard layer by administrative divisions (marz).

Group 5. Critical Infrastructures
Spatial data for the following assets: Administrative buildings, Airports, Health facilities, Roads, Tunnels, Bridges,
Railway, Power plants, High–voltage power lines, Electric substations, Telecommunication stations, Industrial
buildings, Water use, Water extraction, Water discharge, Drinking water, Ore deposits, Chemical factories, Petrol
stations, Reservoirs, Tailing dams, Solid waste, ARS divisions, Fire rescue centres, Mines, Enrichment plants.

Group 6. Regional Disaster Vulnerability Index
Vulnerability index layer by marz – Vulnerability index layer, Social vulnerability layer

Group 7. Natural resources
Non-metallic deposits, Ore deposits (operated), Ore occurrence, Tailing dams, Fresh drinking groundwater deposits,
Hydro-geological wells, Soil types, Landscape types, Forests.
In order to achieve interoperability of ERRA with other Geo-portals and support services, each of layers is equipped
with Metadata according to ISO 19115/19119/19139 standards. Discrete units of metadata are: map title, keyword,
spatial resolution, responsible organization, source, author(s) and short description.

METHODOLOGY OF HAZARD AND RISK ASSESSMENT AND MAPPING
Methodology Summary
The extent of mapped hazards and risks in all of the resulting layers included in Atlas depends on a number of coinfluencing factors of natural and man-made character. Hence, for the development of hazard and risk (as spatial
variables) maps, a spatial multi-criteria evaluation method have been used. The theoretical background of this method is
based on Analytical Hierarchical Process (AHP) developed by Saaty [Saaty, 1980].
This method allows to estimate hazard and risk quantitatively using the following principle: Hazard/risk formation
factors are presented as a set of raster layers, and each of these layers’ grid-cells are presented with specific
standardised mean of factor. Then target layers of hazard/risk are created by summation of weighted means of criteria in
spatially corresponding grid – layers of all cells [Van Westen et al., 2013].
In some cases target variable (hazard/risk) is caused by one or more compound factors which depend on subfactors. In
this case a criteria “tree” is compiled. An example of this is the calculation of vulnerability index which consists of five
sublevels.
Weighting coefficients which were used in described example were derived by experimental method and need to be
continuously verified by correction of hazard/risk formation factors.
In this article the following methodologies are described:


Flood, landslide, wildfire hazard assessment and mapping;



Development of specific technological event hazard layer



Asset characterization and mapping
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Assessment and mapping of population / community vulnerability

Spatial multi-criteria evaluation
The input data are a set of maps spatially representing the criteria, which subsequently were grouped, standardized and
weighted in a “criteria tree”. The outputs are “composite index map(s)”, which indicate the realization of the model
implemented.
The value of each cell in the matrix is composed of the multiplication of the standardized value (between 0 and 1) of the
criterion for the particular alternative, multiplied by the weight (W1 to Wn) related to the criterion. Once the matrix has
been filled, the final value can be obtained by adding up all cell values of the different criteria for the particular
alternative (e.g. a11 to a1n for alternative A1).
For implementing this matrix according to the AHP, three important steps need to be considered. The first one divides
the problem (and the weights) into a hierarchical structure. The second one considers the weighting process, employing
the pairwise comparisons of the criteria, and the synthesis is related to the multiplications among the hierarchical levels.
Additionally, in the spatial implementation of this procedure, every criterion (Cj) becomes a raster layer, and every
pixel (or set of pixels) of the final composite index map eventually becomes an alternative Aj. The goal (risk index) has
been decomposed into criteria levels CL1 and CL2

Flood Hazard Assessment and Mapping
This methodology has been developed to evaluate the flood hazard assessment within country based on the principles
defined within the Flood Directive [DIRECTIVE 2007/60/EC, 2007]. The purpose of the EC directive is to establish a
framework for the assessment and management of flood risks, aiming at the reduction of the adverse consequences for
human health, the environment, cultural heritage and economic activity associated with floods in the Community. This
methodology has been developed to consider the initial stages of the directive, and will allow flood prone areas to be
identified and mapped onto a GIS.
The objectives of this methodology are to:


Estimate the potential flood hazard based on hydro-meteorological, geo-ecological and geomorphometric
parameters,



Determine the settlements with high potential flood risk based on evaluation of past flood events,



Develop flood hazard map / GIS layer.

Delineation of basins
with area >500km2

Description and
analysis of basins

Geological and Environmental
Description of Basins

Analysis of Hydrologic and
Climatic Characteristics of
Basins

GIS and tabular
datasets development
for flood hazard
assessment

Historical Inventory of Flood
Events

Multi-factor analysis
of basin flood hazard

Description of Flood
Protection Infrastructure

FLOOD HAZARD
MAP

Assessment of Geo-Ecological
Flood Hazard

GIS data on geological features, geological condition and
permeability of the ground, land use, areas with drinking water,
with water for recreational use, water suitable for fish production,
protected areas.
Excel tables with hydrographic data for the main hydrological
posts of 14 basins: monthly and annual average flow, m3/s;
annual average flow module, l/s*km2; maximum flow, m3/s, date;
minimum flow, m3/s, date. Դata on actual climatic conditions (air
temperature, precipitation, relative humidity, snowcover) and
forecast for impact of climate change on the basin climate.
GIS shapefile and Excel table of past floods inventory (including
information on Date of the event; Basin ID; River name;
Settlement ID; Settlement Name; Coordinates of location area
affected; Economic losses; Human lives lost; Displaced people;
Short description of flood event)

GIS shapefiles and Excel tables of: Canals; Reservoirs;
Embankments; Lakes.
GIS layers/maps of soil types and geomorphology (Permeability
coefficient value (High, Impermeable rocks, low); geology
(Carbonaceous rocks, silicate rocks))

Fig. 1. Flood Hazard Assessment and Map Development Flowchart
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The results of this methodology are:


A register of locations on rivers where there is a known probability of a floods within the defined structure,



Description of basins,



Metadata records about all existing hydrologic models available in country along with other flood maps,



Hazard map based on the register and analysis of records,



Understanding of flood hazard potential based on morphometric and geo-ecological characteristics.

Necessary data for flood hazard assessment has been collected for the 14 basins of Armenia with an area of more than
500km2. As a result of applying this methodology, these basins have been classified by the flood hazard level into 4
categories: extreme, high, middle, low.
Flowchart of flood hazard assessment and mapping procedure is presented below (Fig. 1).

Landslide hazard map/ GIS layer development
The methodology used by authors (Georisk Company) to prepare the landslide hazard map of the territory of Armenia
provides an index approach based on the selection of specific factors that lead to landslide activation. The core of this
method is the combined analysis of factors of different nature and value, which requires one to standardize them and
convert to values ranging from 0 to 1. The following factors are considered for landslide Hazard assessment: Geology,
Seismicity, Slope Gradients, Precipitation and Land use. The standardized values for each of these factors, and the GIS
layers derived by these values, are presented below (Tables 1 to 5).
Table 1. Slope gradients (in degrees) and standardized values assigned to them
Slope
Standardized
Gradients
Values

0-10
0.1

10.1-20
0.1

20.1-30
0.1

30.1-40
0.1

40.1-50
0.2

50.1-60
0.5

60.1-70
1

70.1-80
0.8

80.1-90
0.1

Table 2. Land use classes and standardized values assigned to them
Land use
Standardized
values

Yerevan
city

Arable
land

Crops

Pastures

Grassland

Forest,
shrubland

Lake
Sevan

Reservoir

1.000

0.500

0.500

0.181

0.181

0.065

0.042

0.042

Table 3. Geological complexes, their description and standardized values assigned to them

Geological
complex/
Description

Standardized
Values

A. Strongly
weathered
fractured
formations
of rocks

B. Formations
with sandstone,
conglomerates,
clays and marls,
both weathered
and fractured

C. Ultra-mafic
rocks, tectonically
discontinuous,
lutites, calcarenites
and aleurolites

1.000

0.565

0.348

E. Massive and
compact
formations,
Quaternary
sediments in
plain areas.
High-resistant
volcanic rock
0.089

D. Different
lithology in the
formations that
have been well
preserved and
contain rocks less
affected
tectonically
0.196

Table 4. Maximum amounts of daily precipitation and the standardized values assigned to them
Amount of
precipitation in mm

40

45

50

55

60

65

70

75

80

85

Standardized values

0.44

0.50

0.55

0.61

0.66

0.72

0.77

0.83

0.88

0.94
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Table 5. Peak ground accelerations (pga) and the standardized values assigned to them
P.g.a., in fractions of g

0.1-0.2g

0.21-0.3g

0.31-0.4g

0.41-0.5g

Standardized values

0.3

0.5

0.7

0.9

Landslide hazard index is calculated as a weighed sum of standardized values of considered factors as presented in the
expression bellow:
Landslide Hazard index=0.8(0.5(Slope gradient) +0.2(Land use) + 0.3(Geology)) + 0.2(0.7(Rains) + 0.3(Earthquake)).
Name of factors in parenthesis refers to their standardized value in the same grid cells of appropriate thematic layers.
At the last stage, all calculated values of the landslide hazard index are reduced to the three values of “high”,
“moderate” or “low” for creation of resulting layer for ERRA.
The analysis of results produced for the territory of Armenia demonstrates a good correlation between the Map of
Landslide Hazard and the distribution of landslides. In the meantime, the correlation shows that geological structure and
seismic impacts have determinative influence on landslide activation. Slope gradient is a less important factor and
landslides associated with it are mainly those surrounding the Aragats mountain. Precipitation has even smaller effect,
which is explained by its low rate, considering that Armenia is situated within an arid climatic zone. The impact of land
use is almost indiscernible, which might be explained by the small scale of 1:500,000, which doesn’t include any manmade features.

Development of Wildfire Hazard Map
Country wildfire hazard as a thematic layer of ERRA has been created by developing sub layers and using the
appropriate weighting scores. The information used for base – layer development covers data on Population
distribution, Land use, Topography (Digital Elevation Models), Transportation networks, River channels and basins.
Methodology of creating the wildfire hazard layer identifies individual fire hazard factors and groups them in sub-layer
which share similar characteristics. The sub-layers developed are static in nature and conform to preliminary regional
base model for Armenia. These are fuel condition and weather triggers. A final fire hazard output is produced by
combining these sub-layers using a weighted approach.
In order to construct the static wild fire hazard map the variables for each sub-layer are converted into a hazard index.
The hazard factor obtained has been normalized with standardized values varying between 0.00 to 1.00. For the territory
of Armenia, the following variables have been used to develop the equations below:
Fuel hazard = 0.54(Fuel type) + 0.32 (Slope) + 0.09 (Aspect) + 0.06 (Elevation); Weather hazard = 0.74 (Temperature)
+ 0.26 (Precipitation) and finally Wild fire hazard = 0.81 (Fuel) + 0.19 (Weather).
The fuel hazard type takes into account land cover classified by the International Geosphere-Bioshere Programme
(IGBP) on 16 land cover or fuel type – each one with specified hazard standardized value.
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Table 6. Land cover classification and hazard indices according to International Geosphere-Bioshere Programme
Land Cover
Type

Evergree
n Needle
leaf
Forest

Evergreen
Broadleaf
Forest

Deciduous
Needle
Leaf
Forest

Deciduous
Broadleaf
Forest

Mixed
Forest

Closed
Shrub
land

Open
Shrub
land

Woody
Savannahs

11

10

15

12

10

15

14

9

0.688

0.625

0.938

0.750

0.625

0.938

0.875

0.563

Hazard
Index(0-low,
16-high)
Standardized
Value

Croplands

Urban and
Built up Lands

Cropland/
Natural
Vegetation
Mosaic

Snow
and
Ice

Barren

Water
Bodies

Savannas

Grassland

Permanent
Wetland

8

16

1

4

3

5

0

2

0

0.500

1.000

0.063

0.250

0.188

0.313

0.000

0.125

0.000

The slope hazard index has been established according to several rules relatied to wildfire behaviour. Since steep slopes
tend to increase the rate of fuel burning, higher values will be given to those, compared with flat surfaces or lower slope
gradients. Slope hazard fire index is based on the following classification and standardization. Slope gradient from flat
up to 40 degree and more was divided into 9 classes from very low up to very high fire hazard probability. Classes have
been assigned to hazard indices and then their values were standardised from 0.022 – very low to 0.8 high.
The aspect factor is the most important because it has effect on wind conditions, air moisture and is related to how dry
the fuel is and spread of fire.
Four Aspects have been considered for this layer: North, West, East and South with standardized value of hazard index
from 0.1 to 1.0.
The elevation impact is based on the following assumptions: higher elevations are known to experience greater rainfall
and an impact on the vegetation type, humidity and temperature. Five Hazard classes have been defined as a follows:
Table 7. Elevation ranges and fire hazard indices
Elevation (m )

0 – 483

484 – 1074

1075 – 1709

1710 – 2435

>2436

Fire Hazard

High

Medium

High Medium

Medium Low

Low

Fire Hazard Index

5

4

3

2

1

Standardized value

1.000

0.667

0.200

0.400

0.067

Weather factors have influence on fuel moisture and fire spread. The main factors are temperature and precipitation
which are considered for fire hazard assessment.
Table 8. Temperature hazard indices
Temperature (Cº)

0 – 3.2

3.3 – 6.4

6.5 – 9.5

9.6 – 12.9

>12.9

Weather Hazard

Low

Medium Low

Medium

Medium High

High

Weather Hazard Index

1

2

3

4

5

Standardized value

0.067

0.200

0.400

0.667

1.000
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Precipitation hazard index is considered according to its average per month values:
Table 9. Precipitation hazard indices
Precipitation (mm)

429-685

686-861

862-992

993-1,180

>1.181

Precipit. Haz. index

Low

Medium Low

Medium

Medium High

High

Weather Hazard
Standardized value

5
1.00

4
0.67

3
0.4

2
0.20

1
0.67

Based on the described model, wildfire hazard layers per month for June, July, August, and layers of
distribution by elevation zones by forest types have been created.

hazard

Development of Technological Event Hazard Layer
According the EU Council Directive 67/548/EEC, hazardous installations are divided to (a) explosive, (b) oxidising, (c)
easily flammable, (d) flammable, (e) toxic, (f) harmful, (g) corrosive classes. For the development of Technological
Event Hazard Layer, potentially hazardous installations which currently operate in Armenia have been identified,
classified according to mentioned-above directive and the final spatial data compiled.
In case of man–made factors Industrial accident (e.g. fire, explosion, mechanical failure), Collision, Human error,
Systems failure are considered as possible triggers.
Landslide, avalanche, flooding, earthquake and wildfire have been considered as natural disaster events that could
impact the installation considered. Statistical and spatial data on natural hazard was analyzed to assess the risk level of
installation location.
The following categories of baseline data have been identified for each installation which are assessed and mapped as
hazardous.
1. Site Setting Category includes information on:
a)

Geographic boundaries of that hazard, i.e. how far could the hazard extend in the case of a technological event.
Different accident scenarios have been considered, such as: vessel rupture, pipe rupture, leak, fire, explosion,
installation security (e.g. unauthorized personnel entry).
b) Existence of receptors at potential risk within anticipated boundaries of hazard. Existence of a credible hazard
transport mechanism, such as air (wind direction, strength), surface water (rivers, canals, sea, drinking water
supply) and groundwater.
c) Recurrence of a technological event by available qualitative or quantitative method.
d) Existence of evidence that installation owner/operator assesses consequences of industrial event.
e) Existence of evidence that installation owner/operator assesses measures preventing from industrial events.
The compiled information on Baseline Installation Categories have been classified according to intrinsic Hazard level
(Table 10) and Frequency of Occurrence of Specific Type of installation (Table 11)
Table 10. Hazard Categories by Installation type
Category name
Food, Beverage, Tobacco Products, Electrical and Electronics, Municipal solid waste
Cement Works, Airports
Oil and gas processing, Animal and Animal Products, Metal Product Manufacturing,
Electricity Generation
Organic and Inorganic Chemical Production, Mineral Extraction and Processing,
Hazardous Waste Water supply, Mineral Extraction and Processing

Hazard
level

Hazard
index

Low
Medium

1
2
3

Fair
High

4
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Table 11. Frequency of Occurrence of Specific Type of installation

Once in 50 years

Frequency Index
of Specific Type
of Installation
0

Once in 20 years
Once in 10 years

1
2

Once in 5 years

3

Once a year

4

Frequency of Occurrence of
Specific Type of installation

Category Type name
Airports, Metal Products Manufacturing, Mineral Extraction
and Processing, Water supply
Organic and inorganic Chemical Production
Hazardous Waste, Electricity Generation,
Cement Works
Oil and gas processing, Food, beverage, tobacco products,
Electrical and Electronics, Animal and Animal Products
Municipal solid waste
2. Risk Management Category includes the following information:

a) Existence of formal, documented Risk Assessment for each installation.
b) Planned and implemented measures in place to limit and mitigate consequences of an event
c) Training plans of personnel in the organization, responsibilities and emergency response procedures described
and training conducted.
3. Preparedness and planning measures describing prevention policy:
a) Existence of a Major Accident Prevention Policy for the installation;
b) Existence of a Safety Management System for the installation;
c) Existence of an Emergency Plan for the installation.
4. Conclusion for each installation.
Consideration of the above for each installation, would indicate if:
a)
b)
c)
d)

An installation could present a potential hazard;
There is a credible set of conditions which could trigger a Technological Event;
Technological Event could adversely impact vulnerable receptors;
The installation Owner/Operator has put in place hazard mitigation measures which would eliminate or
significantly reduce the impact of the event on the receptors

The preparedness extent of potentially hazardous installation by Baseline Data is shown in table 12.
Table 12. Installation Preparedness

Complete absence of document on disaster risk reduction
Existence of regional plan of action in an emergency situation

None
Poor

Prepar
edness
index
0
1

Existence of regional plan of action in an emergency situation, Certificate of technical
safety
Existence of regional plan of action in an emergency situation, Certificate of technical
safety, Own plan of action
Existence of regional plan of action in an emergency situation, Certificate of technical
safety, Own plan of action, Emergency Drills regularly practiced

Faire

2

Good

3

Prepared

4

Preparedness Baseline Data description

Preparedn
ess Level

By summing up the factors according to tables 1, 2 and 3, industrial event hazard for an installation is calculated:
Installation Hazard = 0.4*[Installation Type Hazard Index] +0.2* [Occurrence Frequency Index of Specific Type of
Installation] - 0.4*[Preparedness Index]
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Using the above-mentioned equation, a value of technological hazard was assigned to each marz, which is equal to
summary of hazard values for installations, which are located in each marz.

Asset characterisation and mapping
Asset characterisation and mapping was developed for assessment of national critical infrastructure and classification of
asset elements at natural and man-made disaster risk. The purpose of characterization is identification of an asset and to
determine the level (degree) of its importance to country’s economy, environment and social well-being.
Individual assets are specified by following attributes: asset ID, Brief description, Category name (one of 9 categories),
spatial type (point, line, area), coordinates, Perceived criticality or importance ((0) - None, (1) - Very low, (2) - Low, (3)
- Medium, (4) - High, (5) - Very High), Interdependencies (Yes or No), Number of Interdependencies ((Not known), 18)), Number of dependencies ((Not known), 1-8)), Sub-assets (Does the asset have any crucial elements (Y/N)),
Network (Is the asset being characterised a crucial part of a network comprising an important system (Y/N)),
Consequence types (The type of direct consequence that would occur if asset were lost (top 3 only, 1-highest, 2-second,
3-thrid); Financial, Environmental, Life), Susceptibility to hazards (Asset susceptibility or vulnerability to hazard type
(Y/N), Qualify susceptibility (For Each susceptible hazard selected the following degree of susceptibility 0) Negligible,
1) Low, 2) Moderate, 3) High), Hazard intensity required to significantly disrupt damage asset (Level or intensity of
each hazard required to damage or cease functionality of the asset 1) Any, 2) Low, 3) Moderate, 4) High, 5) Very high),
Ease of recovery (Following the degree of hazard above detail the maximum possible time to recovery or acceptable
working level for each selected hazard 1) Week, 2) Month, 3) 3 Month, 4) 12 Month, 5) >12 Month, 6) Never).
Wherever Y/N answer was requested, it was replaced by 1/0. The following natural hazards were selected as specific to
Armenia and assessed in format requested by PPRD: Earthquakes, Landslides, Floods.
Each of these hazards is given a specific field for Susceptibility to Hazard, Qualify Susceptibility, Hazard intensity
required to significantly disrupt/damage asset and Ease of recovery categories. Hence, each category is divided into
additional 3 fields for each hazard.
The final result of this exercise is an ESRI Geodatabase and an excel sheet with the list of all critical assets and
mentioned-above variables.

Assessment and mapping of population / community vulnerability
There are several definitions of vulnerability; therefore, there are various approaches of its assessment and mapping.
Comparative analysis of widely used methods and approaches of vulnerability assessment has been carried out to select
the most appropriate method.
The International Federation of Red Cross and Red Crescent defines vulnerability as “The characteristics of a person or
group in terms of their capacity to anticipate, cope with, resist and recover from the impact of a natural or man-made
hazard” [Guidelines for emergency assessment, 2005]. Vulnerability and Capacity Assessment (VCA) method which
uses participatory approach to assess people’s exposure to and capacity to resist natural hazards
(http://www.ifrc.org/en/what-we-do/disaster-management/preparing-for-disaster/disaster-preparedness-tools1/) is based
on this definition. According to the United Nations International Strategy for Disaster Reduction (UNISDR),
vulnerability is “The characteristics and circumstances of a community, system or asset that make it susceptible to the
damaging effects of a hazard” [UNISDR, 2009]. The approach of the UNISDR) [ISDR, 2004] considers physical,
social, economic, and environmental factors of vulnerability, which increase the susceptibility of a community to the
impact of hazards. This approach of vulnerability assessment as a susceptibility of a system to hazards does not include
coping capacities or exposure, being separate elements that contribute together to produce risk [N. J. Roberts et. al.,
2007].
EU Framework Programmes, related to management of risks and emergency situations due to natural and technological
hazards, consider quantitative and qualitative approaches of risk assessment [Wood Maureen and Jelínek Róbert, 2007].
Therefore, vulnerability presents:


The degree of loss (from 0% to 100%) resulting from a potentially damaging phenomenon in the quantitative
(probabilistic) approach of risk assessment;



The degree (e.g. high, medium, low) to which a system is susceptible and unable to cope with damage or harm
in the qualitative approaches of risk assessment.
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The qualitative approach of vulnerability assessment and mapping is presented below. It provides opportunity for both
visualization of spatial distribution of population vulnerability at regional level, and use of the vulnerability map for
natural and technological hazards’ risk assessment and mapping. This approach considers vulnerability as a logical
combination of three indicators – susceptibility, coping capacity and adaptive capacity. Each indicator (component) of
vulnerability consists of several subcomponents representing a factor of vulnerability.
Subcomponents of vulnerability are combined by means of application of weights (as values of 0 to 1) to represent a
component. Similarly, components are combined using weights for quantitative estimation of overall vulnerability
index.
Values

of

weights

are

determined

by

expert

judgment,

and

they

need

to

be

verified

later.

Fig. represents the weights of different components of the vulnerability index.

Fig. 2. Weighting values of vulnerability index and its components
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Susceptibility is determined by public infrastructure, housing conditions, poverty and dependencies. Coping capacity is
determined by unemployment rate and economic coverage (land ownership and diversification of household income).
Adaptive capacity is determined by education level and gender equality. Eventually, the vulnerability is assessed
quantitatively and represented by an index varying from 0 to 100%. The value of this index is used for mapping
population vulnerability at regional level.
Data collection from different governmental, public and private organizations has been implemented. Collected data
have been compared and assessed based on their quality, reliability and relevance. Consequently, the most reliable and
up to date data have been selected and organized as a database for vulnerability assessment and mapping.
A vulnerability relational database has been developed. The database includes 5 tables – “Regions”, “Vulnerability”,
“Susceptibility”, “Coping capacity” and “Adaptive capacity” (Fig 3). Each table contains ID numbers, values of
subcomponents and their respective weights, which have been used for calculation of vulnerability indicators and index
for each region of RA. The table “Regions” contains name, area and population data for each region of RA.
The tables “Susceptibility”, “Coping capacity” and “Adaptive capacity” are connected to the table “Vulnerability”,
which is connected to the table “Regions”. All tables are connected to appropriate digital layer of a geo-database
included in the ERRA.
Based on the calculated values, 4 separate thematic maps representing vulnerability indicators (Susceptibility, Coping
capacity and Adaptive capacity) and vulnerability index at regional level have been developed. “Susceptibility”,
“Coping capacity” and “Adaptive capacity” maps show spatial distribution of vulnerability factors separately, while
“Vulnerability” map shows distribution of overall vulnerability index in the territory of Armenia.
Spatial analysis of susceptibility, coping capacity, adaptive capacity indicators and the vulnerability index shows the
trend of population vulnerability increase from the central part of the country to the north and south. This shows
insufficient capability of population to anticipate, cope with, resist, respond and rehabilitate from the impact of hazards
in the regions located far from the capital Yerevan.
The population of Yerevan and central regions of RA are relatively resistant to the impact of natural and technological
hazards.

Fig. 3. Vulnerability database structure and content.
This approach of assessment and mapping of population vulnerability has been tested at local level (community level)
for 10 communities of Tavush region. The structure of database and its relation to the thematic maps allows developing
a set of vulnerability maps at local level for RA and including them in the ERRA.
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Abstract
The development of technologies nowadays is moving in such speed that the computer graphics and simulations are
being convincingly displaced by the augmented reality. The AR Sandbox, created by Oliver Kreylos, is just one of the
many examples in which the reality is supplemented with computer generated input. In this case the reality is a box full
of sand and the input is hypsometric coloring and elevation contours. A Kinect sensor detects the micro relief forms in
the sandbox and after unnoticeable computer estimation, a relief map is projected over them. If the sand forms are
changing, the coloring and the lines are changing with them to project the new accurate relief.
Actually AR Sandbox represents important conceptions of geology, hydrology, ecology, topographic mapping, etc. in a
very entertaining and spectacular way for children and students and this is a main reason this system to be part of our
equipment in the Laboratory of Cartography in UACEG. Included in lessons and games the AR Sandbox is an
irreplaceable tool for improving their knowledge of disastrous events such as floods, drought and fire especially when it
gives the opportunity of making virtual rain and isolating flooded areas depending on the relief and the watersheds. In
this paper after the detailed presentation of the AR Sandbox as a working system, proposals for educational activities
for large age range of children and university students are made in order to use the augmented reality as a special
instrument for displaying disastrous events. Some new ideas are suggested in consideration of future improvement with
which AR Sandbox will meet more needs of the educational training for disaster response of children.
Keywords: disaster response, children education, AR Sandbox, augmented reality

INTRODUCTION
Society nowadays is deeply connected with the technologies. People are so used to be supported in various situations
and activities by machines and computers that they have become inseparable part of the social daily routine. There is no
social or professional sphere (agriculture, medicine, building construction, etc.) which is not constantly being improved
by the fast developing technologies. In a world where cars will be driven without human interaction in the very close
future, augmented reality (AR) is just one small part of the great technology world. The sharp distinction between
virtual and real world in the past is now fading due to the successful attempts to combine them.
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Figure 36. Milgram’s Reality-Virtuality Continuum (Milgram at. al., 1994)
Milgram at al. [1] place AR somewhere between the reality and the virtuality which they put on the opposite ends of
continuum called: Reality – Virtuality Continuum (Figure 1). This representation classifies AR as part of the mixed
reality and points out the connection between Virtual Reality (VR) and AR. Bimber and Raskar [2] write that
Augmented Reality is more questionable area because in contrast with the VR, the reality here has main role and as it is
known the real environment is harder to be controlled than the completely synthetic one. One of the first things to know
about the augmented reality is that its main aim is to combine virtual and real [3]. Enhancing the user’s perception by
supplementing the actual surrounding world with 3D visualizations of objects, the user experience can be described as
seeing the real world, superimposed with virtual objects which appear to be coexisting in the same place as the real ones
[4]. Another specific characteristic of AR is that the right placement of these virtual objects in the reality is based on
strong geometrical relationships between real and virtual. As third important characteristic Azuma defines AR as being
interactive in real time [5].
In this digital world it is impossible the technology not to impact the programs in the educational institutions. Digital
learning is becoming not only optional but a necessary method in schools, colleges and universities as it is offering new
experiences, unconventional approaches to students at any age and improvement of their motivation to learn. As part of
the 21st century technologies augmented reality already has an impact on improving the activities at class. Although its
development has been started in 1990s, this century the augmented reality systems have experienced great development
and their daily use is becoming more and more common. In the educational fields they are enhancing the traditional
school practices and activities when supplementing the real environment with virtual objects [6]. According to Johnson
et al. [7] AR can give to the learner not only in situ experiences but also contextual information in a very strong
combination. Using AR students and trainees obtain supplementary information about the surrounding environment.
Today’s children are closely familiar with mobile technologies and from early age are capable of working with tablets,
notebooks and smartphones. It is almost natural that the classic learning methods which are applied to them to be
replaced with new and modern such as AR systems. No matter what the school subject is: biology, geometry, geography
etc. augmented reality could be suitable for impressionable, interesting and intuitive way of information representation
for children and students of all ages.
This paper aims to focus on the need of educational activities and programs for children and students in order to be
trained on basic safety rules and moves in case of the most common disaster events. The augmented reality is one great
approach the terminology and various crisis scenarios to be represented in a fun, non-scary and memorable way and to
give the basic knowledge to the young audience. In this paper will be presented one particular AR system called
Augmented Reality Sandbox or for short AR Sandbox. Detailed description will be given of this system and the
concepts that it represent in order to be used as educational tool in programs and activities for children disaster
trainings.

CHILDREN AND STUDENTS IN DISASTROUS SITUATIONS. WHY EDUCATIONAL
PROGRAMS ARE NEEDED?
Children - the most vulnerable part of sociality
Children are meant to be one of the most vulnerable part of our society especially in case of emergencies. Whether the
origin of the event – natural or man-made, this fragile social group need special attention before, during and after it. Not
only their lack of independence and their inability to make reasonable decisions but also their low physical strength and
weaker psyche, can be the reasons for them to experience the feel of abandonment, lack of support and fear while
disaster is happening. Bullock’s at al. [8] book is focused on children and their management in cases of disaster and it is
based on detailed research on their physical and psychological vulnerabilities. Provoked by the events during and after
the Hurricanes Katrina and Rita, another author: Greenman [9] publish a guidance for psychological relief of children
who have gone through natural disasters. Policy brief of the organization Save the Children, which main activity is
children protection around the world, points out the different types of protection children need in such emergency cases
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[10]. There is a tendency in recent days the subject of children protection and management in disaster emergencies to
become more often broached. Researches are made in order to use psychological approaches for developing trainings,
activities and lessons to educate and prepare the future generations for times of natural disasters.
According to Building Research Institute (BRI) and National Graduate Institute for Policy Studies (GRIPS) [11] the
concept of disaster safety must be included in the education from early childhood in order to reach the goal of
sustainable disaster reduction. It is necessary to be build “a new culture of disaster prevention” in the society and the
schools are the only opportunity this culture to be given to the future citizens. FEMA [12] also share the same concept,
saying that the preparedness and the knowledge of the citizens is the best practice for proper prevention and reactions in
emergency situations. They advert closely to the children and their potential role as influencers spreading information
about preparedness to their families. Empowered by their knowledge they can act as leaders which can take the
initiative with less anxiety in such cases. Three school-related activities are meant to be important, according to Priority
3 of Hyogo Framework for Action [13]:
1.

“Inclusion of disaster risk reduction knowledge in relevant sections of school curricula at all levels.”

2.

“Implementation of local risk assessment and disaster preparedness programmes in schools and
institutions of higher education.”

3.

“Implementation of programmes and activities in schools for learning how to minimize the effects of
hazards.”

Many organizations and institutions around the world are working on improving the children’s knowledge in disasters
and no matter of the differences in their concepts and methods, they are always crossing in the same place: educational
trainings and activities are necessary and they should be organized in all grade levels. This is prerequisite the programs
for disaster response to be specially prepared according to the age of the audience and the easiest way to be accessible
to every kid is to be implemented in school. Such trainings and activities have to be a result of collaboration between
teachers, psychologists and disaster management specialists and to be based on researches on children’s cognition in
disastrous events.

Different methods for taking children’s attention
In this paper it was mentioned not once that special approaches are needed in order to take children’s attention. The
information has to be presented to them in a fun but memorable way without any stress. This is the reason for the
specialists of disaster management for children to use the advantages of various games and activities conformable to
their age group.
Of course in most cases the care of introduction to disasters to the smallest ones is entrusted to teachers in the
kindergarten and in the elementary school. One of the great example for such game is Bosai Duck. The first part of the
name Bosai means Disaster Reduction in Japanese and the second part in English is referred to the pose which children

Figure 37. Kikkawa and Yamori’s game: Bosai Duck (http://www.sonpo.or.jp/)
have to make to “drop, cover and hold” in case of earthquake. It is created by Kikkawa and Yamori in 2005 [14] and it
is simple game with two groups of cards: the first one is about hazards and the second one is the right response to them
(Figure 2). Bosai Duck becomes so effective and popular that it is further applied in the pre-school programs in the
Philippines [15] and Indonesia [16]. Another approach for giving memorable instructions is to put them in a song. In
that way in case of emergency the safety steps will be followed easily even by the smallest kids.
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As they grow up the children’s abilities to use the Internet on computers and tablets widen the possibilities of
educational methods. Many countries which suffer from severe disasters have developed sites for children where they
can find all the important information, to play games or to solve tests. The good examples are from USA - Be a Hero
program [17], Japan: Kids Web Japan [18] and Argentina: ABC Desastres [19]. Nevertheless, these are just additions to
the standard activities at school such as simulations, trainings and theory lessons.

Cartography, disaster management and children
It is known that cartography in its all variations (including GIS, Web Mapping etc.) takes special place in disaster
management. The map plays an irreplaceable role in emergency cases, giving quality information about escape routes,
help and medical centers, etc. Such information must be available to children also and this is the reason the cartographic
approaches for representing the disasters on a suitable maps for children and their implementation as educational
materials to be one of the important topics. Nowadays we are not talking only about the paper maps but also about all of
the methods of data representation via digital mapping on the Internet, on mobile phones and tablets. Whatever the
technologies of mapping are, the first things to comprehend, when we talk about materials for children, is how they see
the hazards, what are their visual associations of the types of disasters and what will be helpful to save their lives in the
disastrous moment. Based on previous researches about children’s knowledge of maps and their ability to read them:
[20], [21], Bandrova and Milanova [22] examined the way children understand maps in stress situations (Figure 3a and
3b).
The main goals are to gain knowledge for their cognition and to create easily recognizable symbols which could be used

Figure 38. a) Introducing cartography to children – outdoor activities; b) A map created by a
child (Bandrova & Milanova, 2011).
in specially developed cartographic products for improving the children’s orientation and decision-making in cases of
emergencies. There must be no doubt that all disaster trainings for kids have to include activities such as map reading
and orientation. Example for helpful and in the same time fun game is the child to create its own map, representing the
area around school or home. Such activity will turn the children attention to the important objects around them: where
are the exits, the stairs, the doctor’s office at school or the safest place in case of flood, etc. The implementation of
cartographic materials in the educational programs in all of their forms: paper maps, maps in web, virtual maps,
interactive maps, etc. will improve their abilities to find the better decisions and save their own or others’ lives.

Augmented reality and children
It is hard and unnecessary to separate the education in school from the technology. Just the contrary, the programs have
to be improved with the tools that the new technologies give. Nowadays virtuality is quite often seen at class but most
of the time it is a place where child’s mind wander after it. So if kids want to spend their spare time in this virtual world,
it should be quite interesting for them to find it at school, too. And after the virtual reality, here comes the more
complex term – augmented reality. The most popular application of this technology today is in Augmented Reality
books. This is a new way of making books to come alive, achieved by mobile applications (Figure 4a). In help of the
teachers there are specially developed apps which via mobile phones and tablets (Figure 4b) can introduce to students
information for solid geometry, biology and anatomy, etc. [23].
The augmented reality presents the lessons in a new light, giving visual meaning of the school subjects. It enriches the
classroom environment and improves student’s spatial thinking and creativity, designing educational scenarios not
achievable via other approaches. In this paper the augmented reality will be represented by the system AR Sandbox
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which main use is to visualize the concepts of geography, geology and topography. Exactly the close connection
between these sciences and disaster occurrences gave birth to the idea to use the system for children disaster training.

Figure 39. a) Example of augmented reality book (http://appsplayground.com); b) Brain anatomy via mobile application
(http://blogeducation.tk).

AUGMENTED REALITY SANDBOX
What is AR Sandbox?
The idea for such types of interactive sandboxes using augmented reality starts back in 2003 at the MIT Media Lab:
Tangible Media group where five specialists create the Sandscape, using the very expensive Minolta Vivid-900 laser
scanner [24]. After six years, in 2009, the famous company Disney Enterprises Inc. presents the Storyteller box at D23:
Expo. This interactive sandbox gives a little different opportunity to the users: to follow and take part of the life story of
a turtle eggs and the journey of the eyas turtles into the sea [25].
Later Oliver Kreylos and his team from the University of California: UC Davis are inspired by video presentation on its
early prototype: the SandyStation, which is developed by researchers from the University of West Bohemia, the Czech
Republic [26]. After that Kreylos and his colleagues make the idea available to everyone by creating the open-source
Augmented Reality Sandbox [27]. The free software, the full installation instructions and the quite low cost
construction elements of the system are the reason to choose this particular one in order to fulfill the idea of presenting
the children in an interesting, fun memorable way some of the disaster types and using it to train them of evacuation and
safety steps.
In help for learning more about the way that AR Sandbox works was Olwal’s work [3] where he describe with details
the four types of display technologies for AR as follows:


Optical see-trough displays: in this case an optical combiner is used, usually a half-silvered mirror or a
holographic material, which “provide an optically direct view of the environment, with a simultaneous
presentation of computer-generated imagery”.



Video see-trough displays: it is based on camera, a computer and video display. The camera gives the view of
the environment, the computer generates the virtual objects and the display combines the view to the user.
Example can be the AR book on Figure 4b.



Spatially aware handheld displays: it is an alternative way to combine the computer graphics and the real
environment but while using a tracked handheld display without optical or video see-through capabilities. In
this case the geometric connections between the real and the virtual objects are not so strong.



Direct projection: this technology uses direct projecting of graphics onto the real environment. In this case the
augmentation is fulfilled over a real surface and the combination between real and virtual is perceived more
naturally by the user.

851

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

According to this Olwal’s classification, the AR Sandbox uses the last technology. The direct light projection is over a
real box full of sand and the virtual content in this case is a virtual topography (Figure 5a).
The system is constructed of a computer, equipped with powerful simulation and visualization software, a sensor
camera (Kinect sensor), a data projector and a sandbox (Figure 5b). For the development of the driving software the
creators ground on Vriu VR development toolkit and Kinect 3D video processing framework.
AR Sandbox is impressive way to present a topographic model. The best quality of this system is that while changing
the sand in the box, the user changes also the virtual isolines and the hypsometric coloring in real time. The relief in the
sandbox is recalculating according to the depth data, sensed by the Kinect camera and processed by the software in

Figure 40. a) Virtual topography projected directly over the sand; b) The AR Sandbox system construction
(http://www.blendbureaux.com).
every moment. After these steps, it is rendered from the data projector over the sandbox, depicting perfectly matched
virtual relief over the sand landscape. The developers give the users which created their own sandbox, the option to
customize the hypsometric color schemes, according to their discretion. This is possible because of the combinations of
some GLSL shaders [27].
One of the special characteristic of the AR Sandbox, which is the reason to be chosen for our purposes, is the water
simulation. Based on equations from the discipline Fluid Dynamics, the system shows what water does after its falling
over the relief after rain. Just like in nature, the simulated water mass follows the relief forms: moving from the highest
to the lowest elevations, going faster through the steep landforms and accumulates in the closed ones. This simulation is
based on Saint-Venant set of shallow water equations which “describe the flow below a pressure surface in a fluid”
[28]. The intensity of the rain simulation can be controlled trough a software menu and this helps for acting out different
disaster scenarios. The ability of the system to simulate water (Figure 6) is useful and important in our case when visual
explanations of emergencies like heavy rain, flood or dam cracking are needed.

Figure 41. Water simulation in the AR Sandbox.
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The main idea of the creators is to develop 3D visualization application which will be exhibited in museums in order to
teach the main concepts of geology, hydrogeology and geography, using the augmented reality to explain some of the
terms in these science disciplines. But in addition from cartographic point of view it is also a good way to teach students
how to read topographic maps. Last but not least, it is an incredible tool for disaster simulations which offers countless
scenarios of emergency cases not only for floods but even for forest fires.

Augmented reality sandbox in the Laboratory of Cartography in UACEG
The AR Sandbox is constructed for the first time in Bulgaria in the Laboratory of Cartography in UACEG. Instructions
for the elaboration of the stand and the box are not available on the site of Oliver Kreylos except the proportions
between the main integral parts of the system. Nevertheless, for this particular construction Kreylos’s sandbox is used
for prototype but this time it is made from wood (Figure 7). It does not matter what materials the system is made of.
There are also many geometrical decisions. The only thing that must be kept is the distances between the projector, the
sensor and the sandbox in order the virtual relief to be projected properly over the box.

Figure 42. The prototype in the Laboratory of Cartography, UACEG.
The volume of the sandbox is 0, 2 m3 and it contains 175 kilos sand which is specially chosen to be with high reflection
characteristics. It is white quartz sand with no chemical admixtures as it has to be safe for use from children and
students. The software used to drive the closed loop of computer, projector and sensor is developed for the free
operational system Linux and it is based on open-source code.
To provide accurate projection of the isolines and the hypsometric coloring over the sand landscapes in the sandbox,
calibration is needed. This stage is required for properly working AR Sandbox. The calibration process presents the
registration of the center of a white disc which is placed consecutively in twelve positions in the sandbox, required and
pointed from the software. The white disc must be placed in one point on high and one on low elevation referred form
the average sand level. This stage can continue until the necessary accuracy of the projection is fulfilled. In this case the
RPM is 1.76 mm. The calibration process (Figure 8) must be repeated periodically because the AR Sandbox
construction is very sensitive to external influence.
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Interest from students and experts
Since the AR Sandbox has been constructed in the Laboratory of Cartography, students, surveyors and cartographers
have shown a great interest in it. The demonstration of its work often raises questions and discussions about the future
use of the system. Sharing ideas and experience with foreign researchers and colleagues, help us to expand the horizons
for further development and future improvements. At this moment the work over the Augmented Reality Sandbox is
focused on giving proposals how to be included in educational disaster programs for children training.

AUGMENTED REALITY SANDBOX IN EDUCATIONAL DISASTER RESPONSE PROGRAMS
FOR CHILDREN AND STUDENTS
This research aims to define the role of the AR Sandbox in educational programs and its special place in the children
trainings for disaster response. The use of AR Sandbox is just a part of the bigger aim to create an Educational Disaster
Centre [29]. This simulation system will improve the theory lessons and the training activities for some disaster cases
and especially floods.
In future it is planned to include in the preparation processes of the educational activities not only disaster management
specialists and cartographers but also teachers, pedagogues and even psychologists. There is no doubt that the activities
with the Sandbox must be conformable to children’s age and this is the reason to be distinguished four children age
groups and extra one for the university students as follows:


Group I - Age 4 – 6 – Preschool



Group II - Age 7 – 10 – Primary school



Group III - Age 11 – 13 – Secondary school



Group IV - Age 14 – 18 – High school



University students

These groups are defined by several criteria such as cognitive development, interests and acquired knowledge, etc. and
for easy organization in future it is conformed to the structure of the official Bulgarian educational system.
In order to explain the disasters via AR Sandbox, five thematic and interconnected modules are planned. The learning
material is divided to Relief (1), Hydrology (2), Disaster events (3), Disasters & Ecology (4) and Introduction to
Augmented reality (0) (Figure 9). The first two: Relief and Hydrology, explain basics geological and hydrological terms
which lay the foundation for further presentation and explanations in the Disaster events stage. The Disasters &
Ecology module is included to demonstrate that the human impact can be also a severe agent of such emergencies. Most
of the activities in the first two modules are based on the Facilitation Guide for “Shaping Watershed” exhibition,
however the big idea there is to present the water as critical resource on the Earth focusing on water distribution [30].
As it has been already said in this case the simulation system will be used for disaster response training which lays on
the same basic conceptions of geology and hydrology. On Figure 10 are presented the future activities which are
distinguished according to the modules and the age of the children. To catch the interest of the age group IV and the
group of the university students the module Introduction to Augmented reality will be included. It will be focused on
what is AR, how the Sandbox works, and will give the opportunity to students and scholars to ask questions and to
share ideas for future system improvement.
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Module I: Relief - Theory and Activities
There is a purpose for this module to come first among all four. Without understanding the concept of relief the task to
explain events such as floods, drought and fires will not be just difficult but impossible. What is relief must be the first
lesson learned from the children. One of the most difficult tasks for them is to understand relief on a 2D map and to
visualize it over the real surroundings. To improve their orientation in the environment a comparison between the
representation of the relief on topographic map and on the AR sandbox is proposed. This will also include the
explanations of terms such as elevation, contours and hypsometric coloring which are also visualized over the sand.
Topics such as Where the relief is steep and where is flat? will be discussed. Presenting the landforms is another subject
which will be touched. This part of the training will include shaping different landforms in the sand based on prepared
in advance examples from real topographic maps. In order to understand the concept of relief, the experience with the
AR Sandbox will be enriched with other fun activities and even with easy mathematical calculations (Figure 10).

Module II: Hydrology - Theory and Activities
Together with the Relief, the Hydrology module explains how the water flows through the landforms on the Earth.
Discussions will be made over the important issues such as what is the presumable path of the water or where it will be
accumulated in case of rain. This is possible thanks to the AR Sandbox and the opportunity to create virtual rain. The
rain goes through the landforms according to mathematical equations driven by the software in order to represent
accurately its behavior in the environment. The watershed term will be explained to the children and demonstration of
how the surface drain after precipitation will be made via the Sandbox’s Drain function. The audience also have the
chance to create their own watersheds and water bodies in the sand filling them with virtual rain.

Module III: Disaster events - Theory and Activities
Once the main terms from geology, geomorphology and hydrology are briefly explained, it is time to continue with the
essential: the disaster training activities. It has already been said that AR Sandbox is a convenient tool for presenting
multiple kinds of disasters, especially for simulations of floods. This is the reason the proposed activities to be focused
on this type of emergency. The virtual rain plays a special role in Module III because it can visually explain the term
heavy rain. While controlling the intensity of the precipitation, the sandbox turns into a field where different types of
flood can be demonstrated e.g. flash floods or riverine floods. To enhance the realism, a requisite consisting small
houses and a dam wall is used. These scale models help to obtain close to reality flood or dam failure cases in a
settlement and give the opportunity various situations to be played. This activity is important part of Module III. The
reason is that Bulgaria suffers from incidents which are quite often a result of the combination of heavy rain and bad
infrastructure. The activities here include some demonstrations of floods, dam failure and discussions which will help
children to understand the nature of the these events and will incite them to take better decisions in order to save their
own or others’ life in case of such disaster. In order to give answers to questions like Where is the safest place? in such
emergencies, a simple 3D maze is built and will be used as a game for age Group I, II and III. The starting point is the
flooded home or school and the final is the highest point of the sandbox or in other words the highest place in the
settlement. Special discussions with Group IV will be focused on urban planning. The students will make proposals
where to place a settlement or where to build a house in order to find the safest place complying with the relief and the
flood potential.

Module IV: Disasters & Ecology
Module IV has one aim: to raise the children awareness of pollution and its connection with the disaster events. They
must be acquainted with the fact that although the natural disasters are unstoppable and under the control of Mother
Nature, the human acts can also be threads. For example sometimes the consequences by the heavy rain can be
enhanced by the lack of infrastructure maintenance and the accumulation of human waste in the riverbeds. In this
Module the activities are connected with demonstration of what happens when a riverbed is polluted in case of heavy
rain. The children will have the opportunity to put “waste” into a river and to see how the flooded area raise in real time.
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Module: Introduction to Augmented reality for Group IV and university students
The last module is additional and specially included for the youth audience. It is presumable that scholars from Group
IV and university students will be interested in the technical issues around the AR Sandbox. This is the reason to be

Figure 45. Planned activities with the AR Sandbox, according to the module and the children’s age.
made brief explanations of what Augmented Reality is, how it works and have they ever met before it in life. The
working principle of the AR Sandbox will be presented and discussions over the future use will be made. Fresh ideas
and proposals for improvement of the system will be gladly taken.

CONCLUSIONS AND FUTURE WORK
The technology nowadays is developing very fast so children of today and the future will be growing up and changing
with it. Although the Augmented Reality is invented in the last years of the 20 th century it is still meant to be a
856

Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konecny M.

technology of the future. Exactly this potential of AR is the reason for exploring ways to be included in the new
educational programs and activities. In this case was presented just one of the many opportunities through which this
innovation can become part of the modern lessons in school. The Augmented Reality Sandbox is an example that the
AR is a great tool for presenting specific information to children. Although the work done in this direction with the AR
Sandbox is just in the beginning, we are glad of the wide interest shown by experts and students. The listed activities are
just one of the many included in the proposal for Educational Disaster Centre which will be developed in detail with the
help of teachers and psychologists. After that the future work will be focused on pilot tests with children. In the near
future improvements on the hardware and the software of the AR Sandbox system are not planned but we hope that in
the process of work some ideas for development will come up and will be fulfilled.
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Abstract
During the last decade the interest of society toward natural destructive processes increasing considerably. These
processes constitute a giant mechanism of destruction witch cause a huge damage and often take people’s lives. The
risk management is a modus operandi of the society faced against disaster. Multyrisk (complex risk) is important part of
the risk and disaster management processes, which take into account all types of potentially damaging phenomenon.
The recent research is focused on the complex risk analysis. The main aim is to obtain multyrisk (complex) maps for
several hazards for the Northeast Bulgaria. Clear identification of the different hazards has been done, their
consequences, elements at risk, exposure and their vulnerability as well as the analysis of the triggered secondary
events investigated.
For the first time risk perception conception is taken into account and involved in risk assessment.
Keywords: complex risk analysis and assessment, risk perception

INTRODUCTION
In the present report a risk mapping methodology for environmental hazards is presented. Most popular European and
world practices for risk assessment are incorporated. The main topic of the report is to present an enhanced complex
method for risk (multyrisk) assessment for natural hazard which incorporates most useful applications and practices of
several developed and applied useful practices – the IADB, WB, UNISDR, etc.
The new developed and adapted methodology is applied to several areas using real data. The main aim is to obtain risk
levels for several hazards for the Northeast Bulgaria. Clear identification of the different hazards has been done, their
consequences, elements at risk, exposure and their vulnerability as well as the analysis of the triggered secondary events
investigated. For the first time risk perception conception is taken into account and involved in risk assessment.

THE „NATURE“ OF RISK - COMMON CONSIDERATIONS
The risk assessment (analysis) of natural hazards is a disaster preparedness activity including pre-disaster risk reduction
phase of the risk management process. Risk analysis is a base for decision making and the main tool for the risk
management and scenarios development about the risk reduction.

Natural
Phenomenon

Hazard identification
and analysis

Vulnerability
analysis
Coping capacity
analysis

Risk management
Risk assessment
Non acceptable

Acceptable

Figure 1. Risk assessment (UN,2004)
UN terms and definition are accepted and approved among risk management specialists. According that, risk
assessment includes three main activities shown on figure 1: vulnerability, hazard and coping capacity assessment.
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Risk – the probability of harmful consequences, or expected losses (deaths, injuries, property, livelihoods, economic
activity disruption or environment damaged) resulting from interactions between natural or human-induced hazards and
vulnerable conditions. The term risk refers to the expected losses from a given hazard to a given element at risk, over a
specified future time period. The first definition is given by (Blaikie et al. 1994)
Risk = Hazard potential x Vulnerability
Or
Risk = Hazard x Vulnerability / Coping capacity (UNISDR, 2002; UNDP, 2004)
It must be mention that these are not algebraic equations and only show the interactions between risk, hazard and
vulnerability.
Hazard potential is characterized by its probability (frequency) and intensity (magnitude or severity).
Vulnerability – the conditions determined by physical, social, economic and environmental factors or processes, which
increase the susceptibility of a community to the impact of hazards.
Vulnerability is determined by the potential of a community to react and withstand a disaster, e.g. its emergency
facilities, disaster organization structure, education rate, early warning system, etc (coping capacity).
The coping capacity expresses the suitability of the society to “stand against disaster” and is described by the
interaction of technical, organization, social and economic factors.
Table 1. Relationship between vulnerability and coping capacity (Frantzova, 2007)
Vulnerability/coping
capacity
Very high
High
Medium
Low
Very low

Very low

Low

Medium

High

Very high

Very high
High
Medium
Low
Very low

Very high
High
Medium
Low
Very low

High
Medium/low
Medium/low
Very low
Very low

Medium
Low
Low
Very low
Very low

Medium/low
Low
Low
Very low
Very low

Risk can be expressed by physical exposure which describes the people faced with hazards. Exposure represents the
number of people exposed per year to a particular hazard. Usually, physical exposure is expressed by the frequency and
severity multiplied by exposed population (UNDP, 2004):

Risk = PhExp x Vul
In additional physical exposures describes not only people, but also building and facilities, infrastructures, economic
activity etc. located in hazardous areas and exposed to a particular hazard.
Multi-risk or complex risk is the total risk obtained for all hazardous (disastrous) phenomena peculiar to certain area.
The main basis of the multirisk concept is the assumption that most hazards are not hazards per se and triggered by
other hazards (UNDP, 2004):

Milty  Risk   Risk floods   Risk eartquackes   Risk vilcano  .....   Risk nhazards
Risk assessment
Hazards assessment
Hazard assessment and the hazard analysis is the process of estimation, for selected areas, the probabilities of the
occurrence of potentially damaging phenomenon of given magnitudes (severity) within a specified period of time.
Hazard assessment involves analysis of formal and informal historical records, and scientific interpretation of all
existing and available data and information related to the particular hazards. Hazard is usually expressed by probability
of occurrence for the given period of time. (UNDP/DMTP, 1992; Reed, 1997).
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Different natural hazards are examined in different time scale, because of different return period. For instance –
geological hazards (earthquake, vocalic eruption, tsunami) usually are presented within 1000 year time scale, while
floods, storms, landslides could be assessed for about 20,30,50 or 100-year time scale, because they occurred more
frequent. The severity of natural hazards is measured for a specific location applying hazard specific scales (e.g. the
Richter magnitude for earthquakes, Beaufort wind strength, The Saffir-Simpson Hurricane Scale, Fujita scale for
tornado intensity, etc.). Frequently hazard assessment includes as well as the secondary effects, due to the main hazard
event’s realization. The results are most common presented as maps.

Vulnerability assessment
The consequences of a potentially damaging phenomenon may be computed as (WMO,1999):
n0

K   vi ki
i 1

where K is the total consequences summed over all people or objects affected, no is the number of elements (people or
objects) at risk, vi is the vulnerability of the i- th element to a given potentially damaging phenomenon, and ki is the
extreme consequence to the i-th element from a given potentially damaging phenomenon.
Vulnerability has the follow aspects: economic, social, environmental, physical and demographic.

Economical aspects of vulnerability
According to the (UNISDR, 1992), vulnerability is defined as the degree of loss resulting from a potentially damaging
phenomenon. As is stated above, these losses may include lives lost, persons injured, property damage and disruption of
economic activity. In the estimation of the actual or expected losses, three categories of damages (losses) are
considered: direct, indirect and due to the secondary effects (A.L.Vetere Arellano at all, 2003). Direct damages (losses)
are linked directly to disaster and include property damage, injuries and loss of life, whereas indirect damages refer to
the disruption of economic activity. The secondary effects are the short – and long-term impacts of a disaster to the
overall economy and socio-economic conditions (Vetere Arellano at all, 2003).

Social vulnerability
The social dimension of vulnerability acknowledges the vulnerability of people, and the emphasis is on the coping
capacity of different social groups. Many sociologists identify vulnerable groups as “children”, “female-mistress”,
“elders and disabled”. Blaikie et al. (1994) argue that the most vulnerable groups of people are those, who find it
hardest to reconstruct their livelihood after a disaster. He describes as a rule – “the poor suffer more from hazards than
the rich”. The time dimension is relevant, since reconstruction in poor areas can take longer time, which affects the
economy and livelihood of the area. The idea that “poor are more vulnerable” is widely spread and well adopted – the
risk analyzers used GDP per capita like comparative measure for poverty and people vulnerability.
However, the social science community has widely acknowledged some major factors that influence social
vulnerability: lack of access to resources (including information); limited access to political power and representation;
social capital (including social networks); beliefs and customs; building stock and age; frail and physically limited
individuals; type and density of infrastructure and lifelines, risk reception, physiological and physical recovery from last
disaster, etc. (ESPON, 2003).

Environmental aspects of vulnerability
Environmental aspects of vulnerability show in which extent the natural environmental may be affected by particular
hazards and/or in which extent the natural hazards can be exacerbated by the present environmental condition.
Usually environmental vulnerability is not included in risk assessment since there is no general agreement on how best
to define environmental properties, or how to calculate corresponding indicators (ESPON, 2002).
Currently are defined the following environmental indicators. Part of them may be included in risk assessment of
natural hazards: EVI (Environmental Vulnerability Index) – consist of 50 indicators for environmental and developed
by South Pacific Applied Geoscience Commission (SOPAC), UNEP (United Nations Environment Programme -
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UNEP) and their partners; and ЕЕA Core Set of Indicators (Indicators about Europe's environment- CSI) developed by
European Environment Agency.

Physical (constructional) vulnerability
Physical vulnerability is a measure for buildings and infrastructure resistance. It is dependent of constructional feature,
location, influencing force and many other factors. Physical vulnerability is usually not easy to assess. There are
different aspects and assessment methodologies applied by the different specialists to assess the vulnerability. There is
not a unified methodology about the vulnerability assessment as a homogeneous method.

Demographic vulnerability
Demographic vulnerability includes main demographic feature like population growth, people density, etc. It needs
frequent update of the data to the reliable assessment.

Coping capacity assessment
Vulnerability and capacity are closely linked and can in fact not be separated since an increase of capacity means at the
same time a decrease of vulnerability. Measures that reduce the vulnerability also reduce the disaster risk. While
Vulnerability focuses on the underlying factors of a community's vulnerability (inherent weaknesses, structural factors
etc.), the coping capacity are measures of prevention, mitigation, preparation, response and rehabilitation and
reconstruction. They reflect all policies, systems, kinds of public and private investment on community level that help
to prevent disaster, mitigate their effects, prepare society to cope with extreme events and assist victims to recover
(Wisner 2000). In this way coping capacity point to the risk reducing potential of a community, which is directly
addressable (IADB/GTZ, 2003).
Vulnerability increase
DISASTER
Root causes
Ideologies
Political
Economic
Social
Psychological

Dynamic
Pressures

Unsafe
conditions

RISK

Hazard

Figure 2. The „nature” of risk – disaster as interception between natural event and human activities (Blackie at
all,1994)

RISK ASSESSMENT METHODOLOGY
There are many models and methods for disaster and damage assessment caused by particular natural hazards. Each
methods or model for his own specific features. The differences in models very often lead to some disadvantages like:
different results, different scenarios with various initial and final data and results, incompatibility, inappropriateness,
etc. That’s why during the last years the efforts are directed to search complex methods including all factors and
parameters concerning risk assessment and analysis.
Basic methods and methodologies about the risk and multi-risk assessment are developed by:


United nations programs – ISDR, UNDP;



Inter-American Development Bank and Deutsche Gesellschaft für Technische Zusammenarbeit GmbH (GTZ);



World Bank;



ESPON 3.1.3. Project - The spatial effects and management of natural and technological hazards in general
and in relation to climate change;
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“Natural hazards” FP5 Project - Joint Research Centre (JRC), Institute for Environment and Sustainability
(IES).

The IADB methodology has been chosen for the purpose of the risk assessment and analysis. IABD uses four risk
factors (IADB/GTZ, 2003): hazards, exposure, vulnerability and coping capacity. The methodology is described in
detail in Frantzova, 2013.

Risk

Hazards

Probability
Intensity/magnitude
Building and facilities
Population
Economy activity

Exposure

Vulnerability

Demographic vulnerability
Social vulnerability
Economy vulnerability
Environmental vulnerability

Coping capacity

Physical planning and engineering
Societal capacity
Economic capacity
Management and Institutional capacity

Figure 3. IADB methodology
The main components (called risk factors) values are determined as follows:

H = w(H1) x H1 + w(H2) x H2 + w(H3) x H3 + …+w(Hn) x Hn
E = w(E1) x E1 + w(E2) x E2 + w(E3) x E3 + ... + w (En) x En
V = w(V1) x V1 + w(V2) x V2 + w(V3) x V3 + ... + w (Vn) x Vn
C = w(C1) x C1 + w(C2) x C2 + w(C3) x C3 + ... + w (Cn) x Cn
where H, E, V and C are the values of the Hazard, Exposure, Vulnerability and Capacity & Measures, respectively;
H1,H2…E1,E2…V1, V2….C1,C2….refer to the scaled values of the indicators; and wi are the weights. A total sum of the
weighting coefficients must be equal to 100.
The risk profile for the given selected area is expressed as:

R = (wH + wE + wV) – wC
where R is the overall risk index, H, E, V and C are the factors value of the hazard, exposure, vulnerability and coping
capacity, respectively and wi is the weighting coefficient.

The new developed and adapted methodology for risk and multi-risk assessment includes:


Risk perception as a part of the risk assessment.

This is an attempt to quantify psychological factor as a source of increasing risk and vulnerability. Considering the
models and research (presented in Frantzova,2013) risk perception can be accepted as a root cause related to the risk
management. Therefore, the inclusion in the risk assessment is imperative. The psychological variable "It won’t happen
to me" (fig.2) is associated with personal decisions. But the analogous psychological factors are the base of the human
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behavior and decisions. Risk perception as a key factor could be the main reason for maximizes vulnerability or its
reduction respectively.
Thereby, the risk profile for the given selected area is expressed as:

R = wH+wE+wV+wRP-wС
where H, E, V and C are the values of the Hazard, Exposure, Vulnerability, Coping Capacity and Risk Perception,
respectively; H1,H2…E1,E2…V1, V2….C1,C2….refer to the scaled values of the indicators; and wi are the weights. A
total sum of the weighting coefficients must be equal to 100.
The main feature of the methodology is the assumption that the coefficient w is not equal to the five factors; it is
assumed that various factors have varying weight and contribute in changing magnitude for the assessment of the risk
levels. The values of weighting coefficients are defined similar as it is presumed that all risk factors contribute equally
to the increasing or reducing of given risk. For the time being there are no scientific studies or technical methods which
are able to defined whether the factor "hazard" is more important than the factor "vulnerability" or “copping capacity”.
The risk factors are closely related to environment and the areas to be considered and thus their impact can range from
minimum to maximum.
Thus, we can accept the "risk perception" as the one of the core factors with the highest „weight" in the establishment of
the risk profile for the given phenomenon. The statement „It won’t happen to me” lead to „I won’t take any measures
because it merely won’t happen to me."


The total number of indicators used to assess the risk profiles are over 70, including climate change.



Five classification characteristics associated with risk perception are included as indicators for hazard
assessment.

These evaluation elements are derived from risk perception research. They have already been proposed as criteria for
risk evaluation procedures in a number of countries such as Denmark, the Netherlands and Switzerland (WBGU, 1996).
The following are particularly important:
Location - Spatial distribution of damage or of damage potential
Persistency - Temporal scope of damage or damage potential
Irreversibility - Non-restorability of the state that prevailed prior to occurrence of damage. In the environmental
context, this is primarily a matter of the restorability of processes of dynamic change (such as reforestation or water
treatment), not of the individual restoration of an original state (such as preserving an individual tree or extirpating nonnative plant and animal species).
Delay effect - The possibility that there is large latency between the cause and its consequential damage. Latency can be
of physical (low reaction speed), chemical or biological nature (such as in many forms of cancer or mutagenic changes).
It can also result from a long chain of variables (such as cessation of the Gulf Stream due to climatic changes).
Mobilization potential (refusal of acceptance) - The violation of individual, social or cultural interests and values that
leads to a corresponding reaction on the part of those affected. Such reactions can include open protest, the withdrawal
of trust in decision makers, covert acts of sabotage or other forms of resistance. Psychosomatic consequences can also
be included in this category.


Global Change Syndromes, specific to particular natural hazards for selected areas.

Global Change Syndromes are described in detail in WBGU, 1996.
“Utilization” Syndromes
1. Overcultivation of marginal land: Sahel Syndrome
2. Overexploitation of natural ecosystems: Overexploitation Syndrome
3. Environmental degradation through abandonment of traditional agricultural practices: Rural Exodus Syndrome
4. Non-sustainable agro-industrial use of soils and bodies of water: Dust Bowl Syndrome
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5. Environmental degradation through depletion of non-renewable resources: Katanga Syndrome
6. Development and destruction of nature for recreational ends: Mass Tourism Syndrome
7. Environmental destruction through war and military action: Scorched Earth Syndrome “Development”
Syndromes
8. Environmental damage of natural landscapes as a result of large-scale projects: Aral Sea Syndrome
9. Environmental degradation through the introduction of inappropriate farming methods:
Green Revolution Syndrome
10. Disregard for environmental standards in the course of rapid economic growth: Asian Tigers
Syndrome
11. Environmental degradation through uncontrolled urban growth: Favela Syndrome
12. Destruction of landscapes through planned expansion of urban infrastructures: Urban Sprawl Syndrome
13. Singular anthropogenic environmental disasters with long-term impacts: Major Accident Syndrome
“Sink” Syndromes
14. Environmental degradation through largescale diffusion of long-lived substances: Smokestack Syndrome
15. Environmental degradation through controlled and uncontrolled disposal of waste: Waste Dumping Syndrome
16. Local contamination of environmental assets at industrial locations: Contaminated Land Syndrome
The new developed and adapted methodology for risk and multi-risk assessment is applied for the Northern Bulgarian
Black Sea coast for geophysical hazards.
The risk profile is expressed as:

R = 0.27*H+0.23*E+0.23*V+0.27*RP-0.28*CC
where H, E, V, C and RP are the values of the Hazard, Exposure, Vulnerability, Capacity & Measures and Risk
Perception respectively; H1,H2…E1,E2…V1, V2….C1,C2….refer to the scaled values of the indicators; and wi are the
weights.

Results
For clearly presentation and visualization, the selected area is divided into three regions (AoI): from the border with
Romania (43044'N, 28034'E) to the cape Kaliakra (43021'N, 28028' E); from the cape Kaliakra to the Kranevo resort
(43020' N, 28003' E), and from Kranevo resort to Varna town (43013' N, 270 55' E). Risk profiles for each of the regions
(Region 1, Region 2 and Region 3) are presented in the graphs. Risk profiles have been calculated for the summer time
(tourist season), outside the tourist season and including concept of risk perception.
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Comparative risk profiles
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Risk profiles - AoI 2 (43021' N, 28028' E - 43020' N, 28003' E)
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Risk profiles – AoI 3 (43020' N, 28003' E - 43013' N, 270 55' E)
The presented charts show a significant increase in the risk levels because of risk perception. Risk levels are mapped by
GIS and presented in the attached map for the AoI 2.
The results indicated that regional risk profiles of the selected areas rises to very high - about 80% when concept of risk
perception is taking into account.
According to the classification, presented in the paper „Classifications and typology of the natural and triggered
technological risks according to the GDP and probability of occurrence” geophysical risk is located in the prohibited
area because of extremely levels. In the prohibited area, the expected consequences are so severe that risk reduction is
unconditional. In extreme cases, the proper response here is an immediate ban or moratorium (WBGU, 1998).
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CONCLUSION: WHY IS THE RISK PERCEPTION SO IMPORTANT?
The study of risk perception arose out of the observation that experts and people often disagreed about the risky various
technologies and natural hazards. Three major families of theory have been developed: psychology approaches
(heuristics and cognitive), anthropology/sociology approaches (cultural theory) and interdisciplinary approaches (social
amplification of risk framework).The earliest psychometric research was done by psychologists Daniel Kahneman and
Amos Tversky, who performed a series of gambling experiments to see how people evaluated probabilities. Their major
finding was that people use a number of heuristics to evaluate information.
Research within the psychometric paradigm turned to focus on the roles of affect, emotion, believes, etc, in influencing
risk perception. Melissa Finucane and Paul Slovic have been the key researchers here. Daniel Kahneman known for his
work on the psychology of judgment and decision-making, as well as behavioral economics, for which he was awarded
the 2002 Nobel Memorial Prize in Economic Sciences (shared with Vernon L. Smith).
Meanwhile, many different methods, methodologies and techniques have been developed to predict with the highest
accuracy relative frequencies and magnitude of natural events and possible damage.
Risk perception, by contrast is based largely on personal experience, mediated information, intuitive estimations,
cultural evolution, etc. As studies of risk perception have shown that people associate risks not only with physical
damage, but also violations of social and cultural values (Fischhoff et al., 1978; Covello, 1983; Slovic, 1987; Brehmer,
1987; Gould et al., 1988; Renn, 1989; Drottz-Sjöberg, 1991; Pidgeon et al., 1992; Jungermann and Slovic, 1993;
Rohrmann, 1995). The technical-scientific risk perspective has largely excluded this dimension of risk, restricting itself
essentially to damage to property, health and the environment (WBGU,1998). It was only psychological and
sociological risk research that then created a basis for sufficiently characterizing and largely explaining societal risk
experience. Besides underscoring non-physical risk dimensions, perception research has also shown that people base
their evaluations of risks on a series of contextual risk properties in addition to the probability and severity of damage.
On the basis of the knowledge of non-physical dimensions and contextual risk properties we can understand the human
behavior against natural events and threats. What a society defines or recognize to perceive as risk is thus not
necessarily in any direct relation to the magnitude of risk as defined by the two components of probability of occurrence
and extent of damage. (Slovak, 2000; Slovak, 2002; Fischoff at all,2000; Renn 1998).
It is very important for several reasons that a proactive and rationally structured risk policy addresses the issue of risk
perception. For one thing, the behavior of people is guided by their perceptions and not by scientific risk models. The
perception of risk is not independent of the „objective“ risk. Over the long run, only those risk perceptions will prevail
that tally with the experience of real damage. However, in rare cases, imagined risks can generate precisely those
symptoms that are in principle caused by the damage potentials of the risk sources in question. Psychosomatic reactions
are frequently the consequences of risk perceptions (Aurand and Hazard, 1992).
Secondly, in addition to severity and probability people also act on other risk properties that not only reflect their
personal preferences but should also be integrated in a rational risk policy on the basis of normative considerations
(Renn, 1998). Whether a potential damage is irreversible or not, or whether it may impact upon other people or upon
future generations, are dimensions that are usually excluded from classic risk assessments.
Thirdly, most people are not indifferent to distributional patterns of damage over time and space. The risk assessment
process is based by definition on relative frequencies, necessarily meaning that averages are formed over space and
time. However, in the perception of most people it is by no means the same thing whether a source of risk damages
1,000 people at one blow or continuously damages 1,000 people over a certain period (Jungermann and Slovic, 1993).
Moreover, people also link concepts of social equity and justice to distributional patterns. In most cultures, an
asymmetrical distribution of benefits and risks requires a particular social justification. Whether a risk is viewed as fair
or acceptable depends less upon the magnitude of the risk than upon an individual or cultural standard of equity. Classic
risk assessments do not inform us on this point (WBGU,1998).
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