
8th
International
Conference on
Cartography & GIS
20-25 June 2022
Nessebar, Bulgaria

PROCEEDINGS
VOL.2

INTERNATIONAL CARTOGRAPHIC ASSOCIATION
BULGARIAN CARTOGRAPHIC ASSOCIATION

UNIVERSITY OF ARCHITECTURE, CIVIL ENGINEERING AND GEODESY

iccgis2020.cartography-gis.com

Dedicated to the 80th Anniversary of University of Architecture, Civil Engineering and Geodesy
and 10th Anniversary of Bulgarian Cartographic Association



International Cartographic Association 

Bulgarian Cartographic Association 

University of Architecture, 
Civil Engineering and Geodesy 

8th INTERNATIONAL CONFERENCE 
ON CARTOGRAPHY AND GIS 

Nessebar, Bulgaria 

20-25 June 2022

PROCEEDINGS 
Vol.2 

Dedicated to the 80th Anniversary of University of Architecture, Civil Engineering and Geodesy 
and 10th Anniversary of Bulgarian Cartographic Association 

Editors: Temenoujka Bandrova, Milan Konečný, Silvia Marinova 

Reviewers: Temenoujka Bandrova, Milan Konečný, 
Silvia Marinova, Lyubka Pashova, Necla Ulugtekin 

Technical editor: Stefan Bonchev 



8th International Conference on Cartography and GIS 

Proceedings Vol. 2 
20-25 June 2022, Nessebar, Bulgaria

© Editors: Temenoujka Bandrova, Milan Konečný, Silvia Marinova 

© Publisher: Bulgarian Cartographic Association 
1, Chr. Smirnenski Blvd. 
Sofia, Bulgaria, 2022 

ISSN: 1314-0604

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

3



ORGANIZING COMMITTEE 

 
 
SILVIA MARINOVA 
 
President of the Scientific Organizing Committee 

Bulgarian Cartographic Association 

STEFAN BONCHEV 
 

Technical Secretary 

Vice-Chair ICA Commission on Maps and the Internet 
 
 

MILAN KONEČNÝ 
 
Honorary President 

ICA Past-President 
Masaryk University, Brno, Czech Republic 

TEMENOUJKA BANDROVA 
 

Honorary President 

ICA Vice-President 
President, Bulgarian Cartographic Association 

 
 
 
INTERNATIONAL MEMBERS 
 
 
DARIUSZ DUKACZEWSKI 

Head of Department of Geoinformation, 
IGiK – Institute of Geodesy and Cartography, POLAND 

PHILIPPE DE MAEYER 
ICA Vice-President, BELGIUM 

BASHKIM IDRIZI 
“Mother Teresa” University, Skopje, NORTH MACEDONIA 

MILJENKO LAPAINE 
Croatian Cartographic Society, CROATIA 

JIPING LIU 
Chair ICA Commission on Cartography in Early Warning 
and Crisis Management, CHINA 

TAKASHI MORITA 
Hosei University, JAPAN 

JOSÉ JESÚS REYES NUNEZ 
Vice-Chair ICA Commission on Cartography and Children, HUNGARY 

LYUBKA PASHOVA 
National Institute of Geophysics, Geodesy and Geography, 
Bulgarian Academy of Sciences, BULGARIA 

TOMÁŠ ŘEZNÍK 
Masaryk University, CZECH REPUBLIC 

CARLA SENA 
Chair ICA Commission on Cartography and Children, BRAZIL 

NECLA ULUGTEKIN 
Istanbul Technical University, TURKEY 

LYNN USERY† 
Chair ICA Commission on Map Projections, USA 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

4



DALIA VARANKA 
Chair ICA Commission on Geospatial Semantics, USA 

LÁSZLÓ ZENTAI 
ICA Vice-President, HUNGARY 

 
 
LOCAL MEMBERS 
 
ANGEL ANGELOV 

Geodetect Ltd. 

CHAVDAR DINEV 
DataMap – Europe Ltd. 

GEORGE GLADKOV 
Ministry of Transport, Information Technology 
and Communications 

EVGENIA KARADJOVA 
ESRI Bulgaria 

SVETLA KUTLEVA 
Agency for Geodesy, Cartography and Cadastre 

MARIAN MARKOV 
Military Geographic Service 

PETER PENEV 
University of Architecture, Civil Engineering 
and Geodesy, Sofia 

STEFAN PEYKOV 
Research Center ECOPAN, Burgas 

RUMYANA VATSEVA 
Geological Institute, Bulgarian Academy of Sciences 

GEORGI ZHELEZOV 
National Institute of Geophysics, Geodesy and Geography, 
Bulgarian Academy of Sciences 

 
 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

5



CONTENTS 

# Authors Title Page 

Temenoujka Bandrova 
and Silvia Marinova INTRODUCTION 8 

VOLUME 2 

1 Laszlo Zentai DOES CARTOMETRY STILL MATTER? 11 

2 Elzbieta Bielecka, Beata Calka
and Dariusz Dukaczewski 

TOWARDS INCLUSIVE AND SUSTAINABLE 
URBANIZATION. CASE STUDY OF LAND USE 
EFFICIENCY IN POLAND 

17 

3 
Elizabeta Babić Sever, Ilija Grgić, 
Martina Triplat Horvat, Mladen 
Zrinjski and Damir Šantek 

HISTORICAL MAPS IN THE FUNCTION OF 
IDENTIFIYING THE BORDER LINE 25 

4 Katerina Bortlova GIS IN REAL ESTATE INVESTMENT 35 

5 Edon Maliqi, Bashkim Idrizi
and Petar Penev 

GEOSPATIAL ANALYSIS AND GEOVISUALIZATION 
OF WATER POLLUTION IN THE ARTIFICIAL LAKE IN 
MITROVICA, KOSOVA 

41 

6 Georgi Zhelezov
and Velimira Stoyanova 

MODELING OF THE LANDSCAPE DIVERSITY IN THE 
LOM RIVER CATCHMENTS, NORTHWESTERN 
BULGARIA 

51 

7 Edina Hajdú and Márton Pál INSPECTING GEOTOURIST MAPS TO ENHANCE 
VISUAL GEOSCIENTIFIC COMMUNICATION 57 

8 Jiří Bureš, Radomír Havlíček, Ondřej 
Vystavěl and Otakar Švábenský 

DIGITAL TECHNICAL MAP AND BIM IN THE 
TRANSPORT CONSTRUCTION SPHERE IN THE CZECH 
REPUBLIC 

67 

9 Márton Pál and Gáspár Albert 
GEODIVERSITY ASSESSMENT OF THE EASTERN 
STYRIAN PREALPS AND ITS SURROUNDINGS 
(AUSTRIA-HUNGARY) 

74 

10 
Hristo Dechev, Lyubka 
Pashova, Borislav 
Alexandrov and Stiliana Lyubenova 

DEVELOPMENT OF A WEB-BASED INFORMATION 
SYSTEM 
FOR POLAR RESEARCH CONDUCTED IN THE REGION 
OF THE BULGARIANANTARCTIC BASE "ST. KLIMENT 
OHRIDSKI", LIVINGSTON ISLAND 

83 

11 Eva Dodsworth, Markus Wieland
and Aidan de Villa-Choi 

CREATING A SEARCHABLE DIGITAL ATLAS FROM 
100 YEARS OF VERNON CITY DIRECTORIES (1900 TO 
2000) 

95 

12 Denitsa Siteva and Silvia Marinova DISSEMINATING INFORMATION ON NATURAL 
DISASTERS THROUGH ATLASES 106 

13 
Nusret Demir, Maria Tsakiri, George 
Vergos, Öznur Özdemir-Akyıldırım 
and George Hloupis 

CAPACITY BUILDING IN EARTH OBSERVATION 
EDUCATION FOR DIGITAL ECONOMY ADAPTATION 
IN JORDAN AND ALGERIA 

114 

14 Sylwia Borkowska
and Krzysztof Pokonieczny 

ASSESSMENT OF OPENSTREETMAP DATA QUALITY 
IN SELECTED POLISH COUNTIES 119 

15 Aleksandar Todorov
and Georgi Zhelezov 

GEOINFORMATION TECHNOLOGIES POSSIBILITIES 
FOR WEB-BASED MAPS AND NAVIGATION 
APPLICATIONS DEVELOPMENT 

130 

16 Sergey Krylov and Dmitriy Mosolov ORGANIZATION OF SPATIAL DATABASES FOR 
MULTI-SCALE WEB MAPPING 143 

17 David Wortley GIS, COVID-19 AND THE METAVERSE 148 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

6



18 Hatice Atalay, N. Necla Ulugtekin 
and Filiz Bektas Balcik SMART CITY SERVICES AND RELATIONS WITH GIS 155 

19 Pavel Hájek, Hana Kubíčková,  
Karel Jedlička and Karel Bobek 

ACCURACY OF AN ECONOMICALLY AVAILABLE 
METHOD OF 3D DOCUMENTATION OF MOVABLE 
CULTURAL PROPERTY 

164 

20 Emilia Tcherkezova 

MAPPING WATER BODIES FROM SENTINEL-2A 
IMAGERY ON EXAMPLE OF OGOSTA RESERVOIR 
AND DANUBE RIVER (ARCHARO-ORSOYSKA 
LOWLAND, NW BULGARIA) 

174 

21 Maria Asenova  
and Milena Danailova 

AUTOMATED MAPPING OF FOREST TREE CROWNS 
VIA UAV IMAGERY 181 

22 Mila Atanasova-Zlatareva  
and Hristo Nikolov 

CREATION OF GLACIERS VELOCITY MAPS IN 
LIVINGSTON ISLAND USING SENTINEL-1DATA 191 

23 
Hédi Katreiner, Ákos Horváth, Fanni 
Vörös, Márton Pál, Szabolcs Tóth, 
András Várhegyi and Béla Kovács 

MAPPING GAMMA DOSE RATES OF AN AREA WITH 
ELEVATED NATURAL RADIOACTIVITY USING A 
DRONE-MOUNTED SAFECAST SENSOR 

199 

24 Zoé Jedlicska, Gábor Rozman  
and Fanni Vörös 

INVESTIGATION OF THE IDEAL GROUND CONTROL 
POINT QUANTITY AND DISTRIBUTION WITH UAV IN 
BAJNA (HUNGARY) SAMPLE AREA 

211 

25 Davis Dinkov and Lyubka Pashova 
COMBINATION OF GNSS AND UAV OBSERVATIONS 
FOR STUDYING LANDSLIDE PROCESSES – A CASE 
STUDY OF THE BOTANICAL GARDEN IN SOFIA 

220 

26 Marzieh Bodaghi, József Kránitz 
and András Jung UAV LIDAR IMAGING-BASED FOREST MAPPING 229 

27 

Ekaterina Podolskaia, Anastasia 
Nekrasova, Tatiana Prokhorova, 
Aleksey Trubenkov and Olga 
Selyutskaya 

WEB-GIS PROJECTS AT THE INSTITUTE OF 
EARTHQUAKE PREDICTION THEORY AND 
MATHEMATICAL GEOPHYSICS, RUSSIAN ACADEMY 
OF SCIENCES 

237 

28 Krzysztof Pokonieczny METHODOLOGY OF DEVELOPING THE DYNAMIC 
MAPS OF PASSABILITY 244 

29 Hristo Nikolov  
and Mila Atanasova-Zlatareva 

CREATING A LOCAL GEODATABASE FOR 
INVENTORY MAPPING AND RISK MONITORING THE 
LANDSLIDE PROCESSES OF THE LANDSLIDE “FISH-
FISH” 

253 

 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

7



INTRODUCTION 

Dear colleagues, 

The 8th edition of the International Conference on Cartography and GIS (8ICC&GIS) will take place in Nessebar, 
Bulgaria. It was postponed twice due to the Covid-19 pandemic. The conference is organized by Bulgarian Cartographic 
Association and University of Architecture, Civil Engineering and Geodesy (UACEG) in Sofia. The event is organized 
with the support of the Bulgarian Science Fund and Military Geographic Service. The 8ICC&GIS is dedicated to the 80th 
Anniversary of the University of Architecture, Civil Engineering and Geodesy and 10thAnniversary of the 
Bulgarian Cartographic Association. 

The conference was planned for 2020 and the pandemic was a serious obstacle for its realization. Nevertheless, the 
organizing committee decided Proceedings Vol. 1 to be published in 2020 and Vol. 2 in 2022. 

For the second time of the Conference’s history, the ancient seaside town of Nessebar will host the Conference from June 
20th until June 25th, 2022. It is one of the major seaside cities on the southern Bulgarian Black Sea coast. Due to the city’s 
abundance of historic buildings, UNESCO included Nessebar in its list of World Heritage Sites in 1983. 

The organizers aim is to share knowledge and experience regarding the latest achievements in Cartography and GIS with 
a special focus on the Balkan Peninsula, Europe and global affairs. In Volume 2, you could find various topics such as 
development of cartography as a science and practice: from special use of historical maps to sustainable development, 
from BIM to GNSS and Lidar technologies, from geoscientific communications and geodiversity to velocity and dynamic 
maps. You will find more topics related to the web-based maps and information systems, digital atlases, mapping for 
natural disasters, earth observation, GIS, Covid-19, 3D cartography, and smart cities. 

In the recent years marked by a pandemic, social and natural crises, these topics allow us to fulfill our users’ desire for 
cartography achievements. They also prove to businessmen, government representatives and scientists the need for real-
time cartographic representations and better SDI, GPS and GIS solutions. To deliver them, we need the support and 
cooperation of domain specialists in different branches of the Earth sciences. 

During the conference, three ICA commissions will have their annual meetings: 

• Commission on Cartography in Early Warning and Crisis Management
• Commission on Cartography and Children
• Commission on Maps and the Internet

A Seminar on Disaster Risk Reduction – Solutions and Innovations is organized by Prof. Dr. Milan Konecny, Vice-
Chair of the Commission on Cartography on Early Warning and Crisis Management and former ICA President. The 
Faculty of Science, Masaryk University, Brno, Czech Republic is a Co-organizer of the Seminar. 

A Workshop on the topic “Spatial information for Virtual Environments” is organized by ICA Commission on 
User Experience. 

A special ISDE Plenary Session is organized and supported by International Society for Digital Earth. 

The Conference is supported by different ministries and governmental institutions that expect significant results to be 
achieved and new projects to be started at the event. As a NATO member since 2004, and an EU member since 2007, 
Bulgaria welcomes all ideas for collaboration in the field of Earth sciences. An example for such cooperation is the 
above-mentioned Seminar that combined Bulgarian and Czech efforts and was recognized by the EU. 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 ESRI - a leader in geo-informatics and cartography domains - will 
participate as a platinum sponsor of the event. Nick Land from ESRI Europe, United Kingdom, will be one of the 
keynote speakers. He will hold a presentation on the topic: Geospatial Infrastructure for an interdependent world. 
HERE Technologies and DataMap-Europe Ltd. are also regular sponsors of the conference. 

The 8ICC&GIS media partners are GeoConnection, Coordinates, Remote Sensing Journal, and International Journal 
of Geo-Information.  
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The main international organizer of 8ICC&GIS is the International Cartographic Association (ICA) with the exclusive 
support from the President of ICA Mr. Tim Trainor, Vice-Presidents, and many Chairs of ICA Commissions. This 
cooperation draws interest among 400 authors and participants across 39 countries. 
 

We would like to wish all colleagues successful work, inspiring ideas for future projects about present issues and many 
new opportunities for improvement and collaboration in the near future.  

 

Prof. Dr. Temenoujka Bandrova and Dr. Silvia Marinova 
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DOES CARTOMETRY STILL MATTER? 

László Zentai 

László Zentai; ELTE Eötvös Loránd University, Budapest, Hungary; H-1117 Budapest, Pázmány 
Péter sétány 1/A; Tel.: +36-1-3722975, laszlo.zentai@elte.hu 

Abstract 
It is suspected that every cartographer has some knowledge of cartometry. Cartometry as a concept has existed in 
cartography for more than 100 years. It includes a set of procedures for measuring the quantitative components of the 
phenomena depicted on the map, including the analysis of the information they provide. Other disciplines of 
cartography, such as projection, surveying, and thematic cartography, are much better elaborated. The “neglect” of 
cartometry within cartography is well demonstrated by the fact that only five books were published specifically on 
cartometry. But how much do recent users know/understand this? Are the users aware of the accuracy of a length or 
area measurement? 

Keywords: Cartometry, area measurement, length measurement 

INTRODUCTION 

Cartometry as a concept has existed in cartography for more than 100 years. It includes a set of procedures for 
measuring the quantitative components of the phenomena depicted on the map, including the analysis of the information 
they provide. However, while other subfields of cartography, such as projection, surveying, and thematic cartography, 
are well elaborated, theoretical cartography is less concerned with this area. In 1977, Maling described the situation of 
cartometry as follows: “From the point of view of a scientist who wants to measure distance or area on a map, there 
seems to be no particular problem. Instruments have been edited for these purposes and their use is described in many 
elementary textbooks. The briefness of these descriptions is which may mislead the user as to how the data should be 
handled and why this important aspect of map use should be considered a neglected science, such as how to measure the 
length of an irregular line from all English textbooks. it is best known in only twelve lines.”  

The fact that cartometry is one of the most neglected areas of cartography is no better proof that the concept itself, the 
content of cartometry, is not really defined. Hake defines it as follows: “Cartometry is the measurement on a map that 
was originally a subfield of mathematical geography. In topography, cartometry is the measurement or calculation of 
angles, lengths, areas, and in thematic cartography the measurement or calculation of signals representing different 
quantities and values to create new maps. prepare.” In 1973, the International Cartography Association (ICA) defined 
cartometry as follows: “... measuring and calculating the numerical values that can be obtained from the map”. 
Although the English version of the definition is still ongoing, it is no longer included in the Multilingual Dictionary of 
Cartographic Terms. The definition of ICA cartometry mentions other information carriers in addition to the map, such 
as possible subjects of cartometric measurements: aerial photographs, space photographs [Maling, 1989].  

To summarize the various definitions, cartometry deals with the measurement of the following phenomena on a map or 
other medium (aerial photographs, space images):  

• determining the position (coordinates) of a point,  

• the distance between two points, resp. length of a given line,  

• area,  

• angle (direction),  

• the number of objects represented.  
Additional quantitative data can be calculated from a combination of these: volume, slope, etc. The cartometric 
significance of angle measurement (directional measurement) is relatively small, of special significance in only a few 
areas. The “neglect” of cartometry within cartography is well demonstrated by the fact that only a few pages are 
devoted to this area in the comprehensive cartographic literature, whatever the language (as evidenced by the earlier 
Maling quote). For further evidence, here is a list of books that are certainly complete on cartometry (in chronological 
order) [Maling, 1977]:  
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• Volkov, N.M.: Theory and methods of cartometry (1950), in Russian 

• Kuska, F.: Cartometry (1956), in Slovak 

• Libaut, A.: Les measures sur les cartes et leur incertitude (Map measurements and their uncertainty), Paris, 
1961. 231 pp., in French 

• Kishimoto, H.: Cartometric Measurements (1968), in English 

• Maling, D.: Measurements on the Map (1989), in English 
The real importance of these works is not only to list the possible measurement methods, but also to describe in detail 
the accuracy of each procedure, emphasizing that the characteristics of the phenomenon to be measured (e.g. size of the 
area to be measured, complexity) determine the most suitable measurement method. Although the last comprehensive 
cartographic works published in Hungarian contains chapters entitled “Measurements on the Map”, it is more of an 
educational nature, so much so that the word cartometry does not appear in these books. 

In Maling’s In Maling's voluminous 23-chapter book, he devotes one chapter specifically to computer procedures 
(Cartometry and the Digital Computer). The chapter concentrates on raster and vector data capture and storage, with 
some examples of how to determine the length of linear map elements in vectorised or raster maps. The chapter deals 
with the analysis and use of satellite images (raster files) for cartometric purposes, but of course in a software and 
hardware environment of the late 1980s [Maling, 1989]. 

I wrote my university doctor dissertation on cartometry just at that time. (I only found out about Maling's book shortly 
before I submitted my dissertation, so I did not get much out of it.). The main goal of my dissertation – mainly due to 
the shortcomings of the Hungarian language literature – was to describe the possible methods of measuring the 
individual map elements for cartometric purposes and their accuracy, and to briefly outline the role of cartometry in the 
process of map interpretation. Even then, I felt that the part of my dissertation presenting cartometric procedures was 
already of historical significance. In the case of digital maps and measurement procedures, we do not really need to 
know the principle of measurement itself. The exact position (coordinate) of each map object is regularly stored in a 
GIS system. With this, the role of the neglected discipline of cartometry has disappeared, because in fact classical 
cartometry itself has disappeared, at least for scientific and operational measurements, as the problem of selection and 
accuracy of cartometric procedures has been eliminated.  

CARTOMETRY TODAY 

Nowadays, the widespread use of computer cartography and geoinformatics means that users do not have to concern 
themselves with cartometry, as it is very easy to retrieve data on individual map objects (coordinates, length, area, 
angles, number of objects, etc.) from a geoinformatics database. It is another matter that users do not have much 
information on the method used to produce these values or on the accuracy of the results obtained. 

Location, coordinates 

Since nearly all topographic maps are provided with a coordinate network (km network or geographic coordinates, or 
both), determining the coordinates of a point was not a complicated task on paper maps. Of course, the accuracy of such 
cartometric measurements increases as the scale of the map increases. 

Among the various cartometric measurements, the determination of the coordinate of a point is an operation for which 
the use of the largest possible scale is not a problem, and in fact it is advisable, since in this case the measurement takes 
the same amount of time, regardless of the scale. The essence of the measurement is to determine the position of the 
point by means of the coordinate lines (interpolation). On maps at smaller scales, problems can arise because in most 
projections the geographic grid lines are not straight, or because simple interpolation between two adjacent grid lines is 
not accurate due to non-linear mapping. However, if a large scale map (1:10,000, 1:25,000) is used to determine the 
coordinates, this problem is not encountered. 

In digital cartography, the coordinates of individual map elements are of fundamental importance. In the case of manual 
digitisation (as probably all elements of a digital map were originally generated from a paper map, but in the last 
decades they were mostly generated using other remote sensing methods (orthophoto, lidar), the resolution of precise 
digitising tables used for cartographic purposes can reach 0.05 mm, i.e. about an order of magnitude higher than the 
positioning accuracy of the operator performing the digitisation [Zentai, 1991]. 

For a professional cartographer, it is self-evident that the same map object (e.g. a settlement) will appear as a point 
object or as an area object, depending on the scale of the map. In most cases the users do not even know which 
coordinates are representing an area feature (e.g. a city) in a smaller scale, where the feature is represented by a point 
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symbol only. This is the essence of the centroid function of GIS software: a point is assigned to the area of a city, whose 
coordinates represent the settlement. 

In global mapping services, it goes without saying that each point (point features, linear/area object polygon points) is 
stored with its geographic coordinates, for example. For the sake of simplicity, instead of degrees, minutes, seconds, it 
is preferable to use degrees or fractions of degrees. OpenStreetMap, for example, gives geographic coordinates to 7 
decimal places, which is perhaps unnecessary, as it can be used to give coordinates to an accuracy of less than one 
metre (Figure 1). 

 

Figure 1. Nessebar area on OpenStreetMap (Artium centre of culture and education is not marked on OSM, the nearest 
feature (a grocery) was used for demonstration)). 

Linear features, measurements the length of a line 

The various classical methods of cartometric length measurement can be divided into two groups. The classical methods 
usually require some special instrument (although often very simple, but even electronic instruments were developed 
some decades ago) and can be used to perform the complete measurement. Probabilistic methods did not require a 
special instrument, at most some kind of transparent cover, but the procedure is nothing more than an average of 
estimates, a statistical sample. But probabilistic methods are only of historical scientific importance. 

In almost all methods where some mathematical calculation is used to obtain the length of the line, the formula used for 
the calculation includes a factor that is difficult to define objectively, which is intended to characterise the sinuosity and 
complexity of the line. Therefore, however suitable the method or formula itself may be, the subjectivity which makes it 
possible to determine this factor (usually a series of specific measurements is required) calls into question the accuracy 
of the method. 

The French mathematician B. Mandelbrot is credited with a revolutionary new approach and solution to the problem. 
He used Richardson's earlier experiments [Richardson, 1963] to arrive at the world of fractals. Using the example of the 
British Isles, Richardson showed that as we refine our measurements, the area of the British Isles increases 
proportionally, i.e. if n is the unit of measurement, then the area is proportional to squared, i.e. the area of the British 
Isles has a limit. However, the same was not true for the perimeter. The measured perimeter did not increase linearly 
with the refinement of the unit of measurement, but by a factor of about n1.25, i.e. there is no limit to the perimeter of the 
British Isles. 

Mandelbrot therefore did not regard the coastline as a simple two-dimensional line, but instead described the number of 
dimensions by a fraction between 1 and 2, depending on the complexity of the coastline; the coastline of the British 
Isles is therefore a 1.25-dimensional fractal. Therefore, if we measure the coastline in this unit (km1.25), it will have a 
boundary value [Mandelbrot, 1967]. 

The users of GIS systems are not really aware of these curiosities, which are nowadays more of a scientific history. 
Which is understandable, since if we know the geographical coordinates of all map objects and all their polygonal 
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points, the calculation of the length of a line map object does not cause any problems for the computer software. Of 
course, the problem discussed by Mandelbrot may still affect the result, but this is more likely to be of minor 
importance. It is suspected that the magnitude of this effect dwarfs the effect that might be caused by the less than 
accurate digitisation of the line. Since map objects have been surveyed by lidar in recent years or decades, the accuracy 
of the polygonal points of the objects is certainly within the accuracy expected at the scale. 

When the distance between two points on the ground has to be determined, the question has already arisen whether to 
consider the surface as a plane and work with simple plane coordinates or to use geographic coordinates and spherical 
triangulation (taking into account the ellipsoid surface). The surface considered as a plane is only acceptable in good 
cases for cadastral maps. 

Another interesting question is whether, when we want to determine the distance between two points, we should treat 
the problem as a three-dimensional spherical-triangular problem. Today, in the age of digital elevation models, there 
should not be any particular computational problem in dealing with this, but the difference in magnitude between the 
difference in height and the horizontal distance is presumably not taken into account in the calculations. 

Measurements of area 

While the cartometric measurements were made on the basis of paper maps, it seems clear that the most suitable 
projections for measuring area are those that are equal-area projections. Topographic maps, on the other hand, are 
almost everywhere in the world conformal and only these maps are really suitable for measurements with high accuracy 
requirements. The problem was of course only apparent at the time, because at a scale of 1:100,000 the systematic 
errors in the measurement procedure (of any kind) on a quadratic projection exceed the extent of the area distortion. 

The best-known and most commonly used instrument in the analogue era was is the polar planimeter, which has one tip 
(the tip of the axis) fixed to the surface (a needle with a weight) during the measurement. The instrument moves around 
this tip as an axis. The measuring wheel is mounted on this shaft arm and its distance from the shaft tip is adjustable, 
depending on the size of the shape to be measured. The first such instrument was produced in the mid-nineteenth 
century and has not changed much in appearance since then, although a digital version now exists (although the digital 
instrument is also more likely to be used only in environments where paper maps are required (e.g. map libraries, 
archives)) (Figure 2). 

In the digital era, projection has no meaning in this sense, since the digital database works with geographic coordinates 
and projection is essentially only relevant in the display visualisation, rather only at a small scale. 

If the map area of a feature is measured, the result will not be the actual area value measured in the field, but the area of 
the image of the shape projected onto plane. In other words, the slope of the terrain, the topography, is ignored (as 
already mentioned for distance measurement). But if special needs arise, the terrain area can be calculated in this way, 
taking into account the third-dimensional data of the terrain model (this only makes sense and is relevant on a large 
scale). 

 

Figure 2. A digital planimeter made in the 1990s. 
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Other measurements 

In the case of maps, the measurement of angles is of more serious importance (this makes most sense for topographic 
maps used for field navigation). The determination of angular value, although possibly equally important to the user, is 
not nearly as important in cartometry as the measurement of length or area. The primary reason for this is that the 
(paper) map itself is only capable of measuring angles to an accuracy of 0.5 to 1 degree at most.  

If the exact value of a map (field) angle is required, it should always be calculated from the coordinates obtained during 
the survey. In the case of small scale maps, where the projection distortion can be considerable (especially if no 
conformal projection is used), the coordinates of the three points forming the angle must be determined and from these 
coordinates, using appropriate spherical triangulation relationships, the angle value can be calculated with a precision 
corresponding to the accuracy of the coordinates of the points. 

Cartometric activities also include quantifying the map occurrence of a given object, e.g. counting houses, rocks, lakes. 
Even Maling's seminal work treats this area rather casually, perhaps only Kishimoto has dealt with the subject in depth. 
Theoretically, the question of accuracy and precision of measurements does not exist in counting, at least not in the 
same sense as for other types of measurement. In the digital age, it is no longer necessary to mention this problem, since 
the number of objects can be determined from a wide variety of points of view by querying the GIS database. 

Other phenomena are e.g. slope angle, volume (these are more relevant for large scales). For these, it is necessary to 
take into account the third coordinate of the point, the altitude. 

 

Figure 3. Query data from GIS database (including numerical values, like an area of forestry section), Hungarian 
forests’ database (https://erdoterkep.nebih.gov.hu/) 

CONCLUSION 

It is not so easy to give a clear answer to the question in the title (Does cartometry still matter?). As a researcher 
previously involved in the subject, my answer is definitely yes. But it cannot be denied that today's users do not really 
have much knowledge (and are not aware of) of how a measurement result, a numerical value, is actually obtained or, 
more importantly, what its accuracy is. From this point of view, it is certainly useful for users of GIS systems to be 
aware of this problem. 

Research in this field is also very interesting and instructive from the point of view of the history of science, but it has 
to be admitted that it has no practical relevance nowadays, users trust that the GIS system or global map service they 
use handles the problem correctly. However, it is worth remembering that if knowing the accuracy is important, it is 
also important to dig deeper and understand how the measurement values are calculated by the computer application or 
digital service. 
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Abstract 
Identification of regions where land consumption prevails over demographic growth prompt public administrations to 
establish a recovery program. This paper took Poland as the research area, CORINE Land Cover and statistical 
population data to assess changes and regional diversity of land use efficiency status from 2000 to 2018. Land use 
efficiency was measured using SDG11.3.1 indicator – ratio of land consumption rate to population growth rate 
(LCRPGR). Results show that in 2006-2018 the land consumption was more diversified than in the 2000-2006. The 
differences concern both the value of the indicator and the spatial differentiation between regions. In the years 2000-
2006 more sustained population growth compared to built-up area expansion was observed in fourteen out of sixteen 
regions, while in 2006-2018 land consumption outweighed the demographic growth in as many as six regions. The 
changes in land consumption were influenced by the pursuit of the EU and Polish policies to achieve territorial 
cohesion and to increase the development of peripheral regions. 

Keywords: Land use efficiency, SDG 11.3.1, Population growth, Land consumption, Urbanisation, Spatial policy, 
Cartographic modelling, 2030 Agenda, Poland 

INTRODUCTION 

Sustainable development is a paradigm that shapes the development of many countries and regions in the 21st century. 
The idea of sustainable development is to think about the future environment, society and economy, which balance in 
the pursuit of development and improvement of the quality of life. In 2015 The United Nations (UN) member states 
established and adopted the seventeen interrelated and universal Sustainable Development Goals (SDGs) for well-being 
of all people around the World (UN 2015). The Goals addresses social, economic, and environmental objectives and are 
measured by 169 targets and 232 indicators. The SDG indicators are classified according to methodological 
advancement and data availability (UN 2017, UNSD 2020). The Tier I comprises the indicators that are “conceptually 
clear has an internationally established methodology and standards” but the data are systematically updated only for 
50% of counties. The Tier II indicators are also conceptually clear but “the data are not regularly produced by 
countries”. Indicators that are categorized as the Tier III are those with “no internationally established methodology or 
standards are yet available for the indicator, but methodology/standards are being (or will be) developed or tested” (UN 
IAEG-SDGs, 2020). It is assumed by the 2030 Agenda that the SDGs are achieved by the year 2030 (UN 2017, UNSD 
2020). Since 2015, many organizations, public bodies and scientists have made great efforts to measure and monitor the 
achievement of the goals. 

One of the biggest challenges of the 2030 Agenda is ‘Make cities and human settlements inclusive, safe, resilient, and 
sustainable’ formulated as the SDG 11. The observed unrestrained expansion of cities has serious implications for the 
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urban environment and economy (Bielecka 2020; Kocur-Bera and Lyjak 2021; Nowak et al. 2021). Uncontrolled 
development makes provision of housing, roads, water supply, and public services prohibitively expensive. 
Furthermore, cities are often built on productive agricultural areas and unguided growth results in the unnecessary loss 
of agricultural surfaces (Bielecka et al. 2020). Hazardous development also consumes forest and natural lands needed 
for city parks and recreational areas, thus making it difficult for residents to access green areas and active recreation. 
The greatest obstacles in monitoring towards the SDGs is availability of open and comparable geospatial data to support 
and track the progress in achieving SDGs. Scientists and the UN suggested that Earth Observation (EO) that provides 
reliable, updated, and cost-effective data resources to monitor SDGs’ indicators from local to global scales on a regular 
basis (Calka et al. 2022; Estoque 2020). The lack of data is particularly burdensome for the monitoring the target 11.3 
deals with “Inclusive and sustainable urbanization”. Dukaczewski and Markowska (2020, 2021) proposed a 
juxtaposition of Sentinel images, CORINE Land Cover data and statistical data to calculate the SDG 11.3.1 dasymetric 
index for the city level. Furthermore, the authors argued that utilizing Earth Observation (EO) data requires powerful 
computing capabilities and advanced analytical methods. 

This paper focuses on the calculation and analysis of the SDG 11.3.1 indicator, which is the "ratio of the rate of land use 
to the rate of population growth", referred hereinafter as LUE, in Poland in spatial reference to voivodships in 2000-
2006 and 2006-2018 periods. Identifying regions where land consumption outweighs demographic growth is of 
paramount importance as it prompts the public administration to establish a recovery program. Furthermore, the paper 
argues that the visualization of both processes, e.g. land consumption and population growth rates in the form of 
thematic maps and corresponding graphs are essential where the implementation of a national or regional development 
policy does rely on sustainable social, economic and environmental growth. Promoting coherence between population 
growth and built-up area growth is important as it can help leverage mutually beneficial connections and avoid 
problems with adverse environmental changes and their impacts on the biodiversity and climate at local and global 
scale. The remainder of this paper is structured as follows: the next section describes the methods, research area, and 
data used, followed by a description and discussion of the results, final comments, conclusions, and recommendations. 

METHODS AND MATERIALS 

SDG 11.3.1 calculation and mapping 

The SDG 11.3.1 indicator, denoted as LUE (or LCRPGR), measures how efficiently cities utilize land, which is 
determined as a ratio of the rate at which cities spatially consume land against the rate at which their populations grow 
(see Equations 1-3). 

LUE=LCR/PGR   (1) 

LCR= ln (Urbt+1/Urbt)   (2) 

PGR=ln (Popt+1/Popt)   (3) 

where: LCR is the land cover ratio and PGR is the population growth ratio. Popt denotes total population in the initial 
year for a spatial unit, Popt+n - the total population in the final year for a spatial unit and t is the number of years 
between the two measurement periods. Urbt indicates total area extent of the built-up area for a spatial unit for the initial 
year using CORINE Land Cover data (km2), while Urbt+n is the total area extent of the built-up area for a spatial unit for 
the final year using CORINE Land Cover data (km2) and t is the number of years between the two measurement 
periods.  

The LUE was computed for two periods, namely: 2000-2006 and 2006-2018. The reason for choosing such periods of 
analysis was Poland's accession to the European Union in 2004 and the possibility of using many EU funds including 
the Cohesion found, the European Regional Development Fund (ERDF), the Social Founds and Rural Development 
Programmes (RDPs). These funds ensured faster development of the country on many levels, which undoubtedly is 
reflected in the land use efficiency. A LUE value close to 1 implies a significant efficiency of land use, denoting a 
similar value of both LCR and PGR, while a value greater than 1 as well as below −1 indicate inefficient land use. The 
results of LUE analyses are presented in the form of thematic maps, mainly choropleth in three to five classes (Calka 
2021, Calka et al. 2022), sometimes supplemented with charts or graphs. To facilitate the understanding of land use 
efficiency values, we present multiple views on the LUE values assigned to voivodships as well as land consumption 
and population growth rates and their trajectories. 
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Study area 

This research focuses on Poland, the country located in Central Europe (Figure 1). Country is divided into 16 
administrative voivodeships (provinces), covering an area of 312,696 km2. With the population of over 38 million and 
is the fifth-most populous member state of the European Union. Cities are home to 61.5% of the country's population, 
with an average density of 1,105 people per km2. The population density in rural areas is 50 inhabitants per km2, with 
the national average of 123 people/km2 (GUS 2018). The capital, Warsaw, is the largest Polish city, with more than 
1.764 million inhabitants. In total, four other Polish cities have more than 500,000 inhabitants, and 16 where the 
population exceeds 200,000. In many regions, the population density far exceeds the Polish average, e.g., in the Silesian 
voivodeship the value is 372 people/km2, which is more than three times the national average. The population growth 
rate is negative now, below −0.08%. The most densely populated areas are found mainly in the southern and central 
parts of the county, due to significant economic development. The north-western and north-eastern terrains are the least 
populated due to vast, heavily forested areas and a small number of cities (GUS 2018, Calka and Bielecka 2019). 

 

Figure 1. Study area location (source: https://mapy.geoportal.gov.pl/imap/Imgp_2.html?gpmap=gp0) 

Data used 

Information on urban areas was derived from the CORINE Land Cover (CLC) datasets via Copernicus Land 
Monitoring services. CLC provides information on the Earth’s surface, both physical and biological, including land 
changed by human construction, agricultural land, woodland and water bodies (Bossard et al. 2000), based primarily on 
computer-assisted interpretation of satellite images. 

 

(a) (b) 

Figure 2. Poland, a) CORINE Land Cover level 1; b) population trend sine 1970 
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Anthropogenic surfaces, agricultural land, woodland, wetland and water bodies constitute the first level of the CORINE 
hierarchy, which, in turn, is divided into 15 classes constituting level 2; in comparison, level 3 is made up of 44 classes. 
Urban areas according to IAEG-SDGs group (2020) comprise all land cover types aggregated in CLC level one 
category “Anthropogenic surfaces” Five CLC inventories have been produced, for 1990, 2000, 2006, 2012 and 2018. 
The proposed analysis uses data from 2000, 2006 and 2018 (Figure 2a). Data on the population in cities, aggregated by 
voivodships for the reference years 2000, 2006 and 2018, were obtained from the Central Statistical Office (GUS 2019). 
Since 1995, the population in Poland is observed, also in urban areas. Population decline is generally related to the 
deterioration of the country's demographic situation, and a negative migration balance resulting mainly from 
suburbanization. The urban population oscillated from 61.5% of the total country population in the year 2000 to 60.6% 
in the 2018 (see Figure 2b). 

RESULTS AND DISCUSSION 

Between 2000 and 2006, according to the CORINE Land Cover data, the artificial areas expanded in Poland by 17.8% 
from 9,905.5 km2 to 1,2045.6 km2. The greatest increase in the built-up area took place in Świętokrzyskie and Łódzkie 
voivodeships, by approx. 2% of the voivodeship area. Simultaneously, population decreased by 1.23% at the country 
level, with the biggest shrink in Łódzkie voivodeship (3.08%). In 2006 only Mazowieckie and Podlaskie voivodships 
were characterized by a slightly increased population compared to 2006, by 1.26% and 0.23, respectively (see Figure 3). 

  

Figure 3. Poland – changes in urban areas (a) and population (b) 

Between 2006 and 2018 artificial areas have undergone significant unsustainable land use development, which have 
resulted in increased built-up area 12,045.6 km2 to 18,607.8 km2 (35.3%). The highest expansion was observed in the 
north-east and central regions of Poland, in Warmińsko-Mazurskie, Podlaskie and Kujawsko-Pomorskie voivodships. In 
these voivodships, the area of built-up areas in 2018 doubled compared to 2006, with a simultaneous decrease in the 
population by 3% and 1.5% in Kujawsko-Pomorskie and Warmińsko-Mazurskie, respectively. On the other hand, in 
Podlasie, the population slightly increased by 0.92%. In the period 2006-2018, there was a further decline in Polish 
population, although a slight increase was recorded in five voivodships. Changes in the built-up area and the number of 
people determine the values of the population growth rate (PGR) (see Figure 4), and land consumption rate (LCR) (see 
Figure 5), and finally land use efficiency (LUE) (see Figure 6).  
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a) 2000-2006 b) 2006-2018 

Figure 4. Population Growth Ratio (PGR) –2000-2006 (a) and 2006-2018 (b) 

In most voivodships, the PGR coefficient took negative values, indicating depopulation, while the population decline in 
2000-2006 was much greater than in 2002-2018, covering 14 and 10 voivodeships, respectively, as it is seen in Figure 5 
and Figure 6. 

  
a) 2000-2006 b) 2006-2018 

Figure 5. Land Consumption Ratio (LCR) –2000-2006 (a) and 2006-2018 (b) 

Land consumption, as shown in Figure 5, has resulted in increased soil sealing, more scattered settlement, increased 
mixed land use, and a loss of peri-urban agro-ecosystems. (Bober at al. 2016). These changes therefore affect the 
structure of urban green spaces and their ability to provide ecosystem services that for cities such as erosion control, air 
purification and outdoor recreation (Fayet et al. 2022). 

 

Figure 6. Poland - land use efficiency (LUE) values in 2000-2006 and 2006-2018 periods 
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The cartographic presentation of the LUE index, shown in Figure 6, made it possible to identify regions where the rate 
of urban area expansion was greater than the demographic growth (LUE > 1) as well as regions where demographic 
decline was simultaneous with spatial expansion (LUE < 0). Negative LUE values may indicate two opposite scenarios: 
population growth and a land use decrease or, inversely, a population decrease and a land use increase.  Similarly, when 
the LUE reaches positive values, it could correspond to two situations: an increase in the population and an increase in 
the land consumption or, inversely, a decrease in the population and a decrease in the land consumption. Nevertheless, 
LUE's interpretation may be ambiguous when land use and population remain unchanged, what was noticed by Calka et 
al. (2022).  

The comparison of the obtained results of land use efficiency due to the use of different data and research periods, but 
also other methodological approaches is only indicative. Nonetheless, study conducted by Nicolau et al. (2019) showed 
that most Portuguese municipalities in 2007–2011 and 2011–2015 had negative LUE values, what indicated that 
human-made surfaces grew, while the population decreased. These results are very similar to those presented in this 
study. Obviously, the obtained LUE results are subject to errors, carried over from the source data (Bielecka and Burek 
2019). Although the CORINE Land Cover data is highly reliable, their spatial coverage is limited to Europe only. OSM 
can be an alternative source of information about built-up areas and as found by Borkowska and Pokonieczny (2022). 
could be used to measure sustainable development goals, which mainly include goal 11. 

Finally, it is worth to mention over the last 10 years, the Polish government has developed two main strategic 
documents: Poland 2030 (2012) and the Strategy for Responsible Development (2017), in which attention was paid to 
the sustainable development of regions and assumptions for detailed programs aimed at responsible and sustainable 
development. 

CONCLUSIONS 

Results show that in 2006-2018 the land consumption was more diversified than in the 2000-2006. The differences 
concern both the value of the indicator and the spatial differentiation between regions. In the years 2000-2006 more 
sustained population growth compared to built-up area expansion was observed in fourteen out of sixteen regions, while 
in 2006-2018 land consumption outweighed the demographic growth in as many as six regions. The changes in land 
consumption were influenced by the pursuit of the EU and Polish policies to achieve territorial cohesion and to increase 
the development of peripheral regions.  

Rapidly growing populations or urban development increase the pressure on resources and slow any rise in living 
standards, thus sustainable development can only be pursued if population size and growth are in harmony with the 
changing productive potential of the ecosystem. Yet, in the end, sustainable development is not a permanent state of 
harmony, but a process of change in which the exploitation of resources and investment directions should be balanced 
in the interests of the present and future state of the environment, society and economy. 

It should also be noted that the LUE calculation methodology leads to some uncertainty when the population counts, or 
built-up area were stable in the studied area and period (PGR = 0 and/or LCR=0). 
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Abstract: Commonly the border line on topographic maps was not created by measurements but by the transmission of 
the border line and its further cartographic processing, thus the border line that is shown on topographic maps limits its 
ability to apply in the identification of the border line. It can serve as evidence in major border disagreements to show 
the tendency of the border lines on these maps is as shown in original cadastral plans (only documentation that can be 
used to accurately illustrate the border lines as seen by the parties in the dispute). The analysis of the presentation of the 
border lines on historical topographic maps produced by the MGI Vienna in areas of major disagreements, as well as 
other analysed historical topographical maps showing the current states of riverbeds in relation to the border line, can 
confirm the fact of how was the state border originally defined. 

Keywords: State border, Border line, Border disagreements, Disputed area, Historical maps and plans, Topographic 
maps, Cadastral plans. 

1. INTRODUCTION 

State borders as lines of separation of territorial sovereignty between neighbouring states, are international borders strictly 
bilateral in nature. This means that any border-related action requires the active participation or consent of both 
neighbouring states (Donaldson 2014). The interstate border is determined by members of a Joint Interstate Commission 
appointed by the highest authorities of neighbouring states. The process of reaching an agreement on demarcation is an 
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interactive process that can be slow and complex. It is generally characterized by three stages: delimitation, demarcation 
and maintenance. 

The delimitation of the state border is the procedure by which the stretching of the state border between neighbouring 
states is defined. The delimitation procedure involves identifying and establishing a border line i.e., procedures for 
determining and harmonising the stretch of unregulated national borders based on elements specified in international 
treaties (NN 2020). The process of delimitation is carried out by the principles of international law, and the result is an 
agreed line, which is described and depicted on the agreed cartographic bases that serve as the bearer of the information 
of its stretch. Cadastral plans and large-scale maps are the basis for delimitation. As a general rule, at this stage, the area 
of border stretching is divided into smaller parts (sectors) according to which negotiations are taking place, and in the 
next phases they are used as a basis for demarcation and drawing up border documentation. The demarcation of the state 
border is, the procedure for marking the border line on the ground with border markings (NN 2020). This is primarily 
fieldwork that includes several steps, after which the border line is described, i.e. border documentation is drawn up. 

By their characteristics boundaries are divided into natural and artificial ones. According to Cosquer and Hangouët (2003) 
by their nature there are four types of boundary lines: hydrographic features (river, lakes, ...), orographic features (basin, 
...), geometric features (meridian, parallel, segment, ...), other features (ethnic boundaries, railway, ...). Natural 
boundaries, such as rivers, streams, etc. they are not physically marked in the field, but demarcation rules must be agreed 
in the future (rivers meander, artificial objects can change and/or move in the middle of reconstructions) (Blake 1995, Al 
Sayel et al. 2009). Once the border is established, it must be administered. This procedure includes border administration, 
border maintenance (e.g., repair, replacement of border markings, clearing of averages, etc.) and cross-border cooperation 
(regular annual holding of Joint Expert Group meetings). 

The Law on State Survey and Real Estate Cadastre (NN 2018), the Law on Border Control (NN 2013 and 2016), the 
Ordinance on the Content and Manner of Keeping Records of the State Border (NN 2020) and the Ordinance on the Form, 
Content and Manner of Placing Prescribed Signs and Signalling at Border Crossings and along the State Border (NN 
2006) have been placed affairs related to the state border under the jurisdiction of the State Geodetic Administration. This 
legislative framework of the Republic of Croatia also obliges the State Geodetic Administration to cooperate with the 
competent state administration bodies in solving various border issues in professional and technical terms. 

This paper presents a brief overview of the state border of the Republic of Croatia and the role of maps and plans in the 
delimitation and demarcation process. In the last part of the paper, an analysis of the tendency of using the border line on 
the example of the state border of the Republic of Croatia was carried out in cases of major border disagreements using 
the topographic map of the Military Geographical Institute from Vienna. 

2. CROATIAN STATE BORDERS 

On June 25, 1991, the Croatian Parliament passed the Constitutional Act (NN 1991a) and the Declaration on the 
Establishment of an Independent and Sovereign of the Republic of Croatia (NN 1991b) which made the Republic of 
Croatia a sovereign and independent state. The state border of the Republic of Croatia becomes the former state border 
with neighbouring countries and republics of Yugoslavia. 

In the Constitutional Decision on sovereignty and independence of the Republic of Croatia, the previous international 
border between the Republic of Croatia and Hungary was confirmed, as well as the demarcations at sea between the 
Republic of Croatia and Italy. All other borders that had the character of a republican in the former SFRY (with the 
Republic of Slovenia, the Republic of Serbia, Montenegro and Bosnia and Herzegovina) have been turned into state 
borders. 

The process of demarcation of the borders between the Yugoslavian Republics was never carried out because it was not 
considered necessary during the existence of Yugoslavia. The demarcation procedure was carried out only at the external 
interstate borders. Former internal borders between states did not have the function of international borders, so there is a 
need to define them through bilateral agreements of border states. Therefore, the Croatian state border has its definition, 
but its marking will be possible after we conciliate and conclude border agreements with all neighbouring countries. The 
territory of each state is bounded by a line separating it from the territory of other states. 

The State Geodetic Administration, as required by the Law, performs tasks related to the state border on the mainland, 
related to the marking, maintenance and renewal of the state border with neighbouring states whose State Border Treaties 
have been ratified, and the tasks of preparing the foundations in negotiations with neighbouring states whose State Border 
Treaties are being prepared. 
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Croatian territory spreads over land and sea (Figure 1), covering an area of 87 661 km2 (Table 1). The distances of 
endpoints in the north-south direction and the south-west direction are approximately equal (Figure 1). The geographical 
coordinates of the endpoints are shown in Figure 1. 

Table 1 The area of the Republic of Croatia and the length of the land borders with neighbouring countries 

Area [km2] The length of the land border [km] 

Land Sea Total BiH Montenegro Hungary 
Republic 

of 
Slovenija 

Republic 
of Srbija 

56 594 31 067 87 661 1001,4 19,5 355,2 659,1 325,8 

 

Croatia on the mainland adjoins, the Republic of Slovenia in the northwest, Hungary in the northeast, the Republic of 
Serbia in the east, while the southern border consists of the border with Bosnia and Herzegovina and Montenegro (Figure 
1). These are the longest and the shortest state border with neighbouring countries. The official lengths of land borders 
with neighbouring countries (DZS 2019) are shown in Table 1 and Figure 1. 

Part of the land border of the territory of the Republic of Croatia is the natural border, while the other part is an artificial 
border, agreed upon between neighbouring states. 

 

Figure 1 State of regulated (green) and unregulated (red) mainland state borders of the Republic of Croatia with 
neighbouring countries 

Of the total of 2361 km of the mainland state border of the Republic of Croatia, the length of 2005.8 km is not yet 
bilaterally agreed. Of all land borders to neighbouring countries, only the state border to Hungary is established and 
marked. With the remaining neighbouring countries border lines have not yet been bilaterally agreed and ratified (Grgić 
et al. 2014). 

The border line with the Republic of Slovenia is unregulated. The Croatian-Slovenian border dispute was led by an 
Arbitral Tribunal, in 2017 rendered a Final Award, which is not approved by a Croatian Government due to certain 
circumstances. The border line, as it is kept in the evidence of the State Geodetic Administration, is vectorized based on 
detailed sheets of cadastral plans of edge cadastral municipalities of the Republic of Croatia. The border with Hungary 
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was determined based on the 1920 Trianon Peace Treaty. Croatia and Hungary have no border disputes, but there are 
areas that Croatia does not control (Grgić et al. 2018). Clear principles and jurisdiction over state border areas have been 
defined. The border line with the Republic of Serbia is unregulated and from the Croatian aspect was generated from the 
external borders of the edge cadastral municipalities. The border line with Bosnia and Herzegovina is temporarily 
regulated by the Agreement on the State Border between the Republic of Croatia and Bosnia and Herzegovina, signed in 
Sarajevo on July 30, 1999. The border line was identified on the topographic maps M 1: 25 000 which are an integral part 
of the Agreement. The border line, as kept in the evidence of the State Geodetic Administration, is vectorized from the 
topographic maps. The border line shown in that way does not coincide exactly with the borders of the cadastral 
municipalities of the Republic of Croatia, and to our knowledge, neither with the borders of the cadastral municipalities 
of neighbouring Bosnia and Herzegovina. In 2002, the Republic of Croatia and Montenegro signed a Protocol between 
the Government of the Republic of Croatia and the Federal Government of the Federal Republic of Yugoslavia on the 
Interim Regime along the Southern Border between the two countries, which temporarily regulates the border line. 

3. MAPS AS A SOURCE OF STATE BORDER EXTENSION 

When arranging an unregulated state border, maps and plans are one of the basic documents in the process of delimitation. 
In the preparatory phase of demarcation and during negotiations, the main working document is a topographic map of a 
suitable scale, showing administrative boundaries and the state border (OSCE 2017). The starting point in the process of 
demarcation of the Republic of Croatia with neighbouring countries is cadastral plans as the basic carrier of border 
information. On the cadastral plans, the border line was created by its direct measurement on the field within the accuracy 
of the measurement process. Comparing the cadastral records of the Republic of Croatia with neighbouring countries, 
results in areas with double records and areas without records and as such, they are the subject of a border dispute. In 
such cases, especially where border disagreements are large, other evidence of the border line must be reached out. In 
addition to the above, given the fact that Croatia and Slovenia were part of the same monarchy, a complete coincidence 
in cadastral records along the state border is possible and it is present in most of the border line, within the agreed criteria. 

Historical maps and plans are parts of cultural heritage. In addition, by showing the appearance of the landscape of a 
certain historical moment, they also present a historical source of information about the political context of the time of 
their creation (Kavalir 1985). As holders of historical information, historical maps, among other historical documents, are 
often used as a working document in the preparatory phase of demarcation during negotiations, especially in situations 
where the two sides in the demarcation process do not agree on the extension of the state border. Then they can serve us 
in analysing the factual situation in the border area as a strong and convincing argument for stretching the state border. 
Of course, we must pay special attention to the legal merits and reasons for potential changes and/or boundary 
modifications, the way the boundary shown on the maps is created and the accuracy of the depiction depending on the 
scale at which the map was created (OSCE 2017). Old topographic and cadastral maps have a big impact on resolving 
border disagreements, because the border between two countries is clearly shown, so the historical course can be seen. 
On the old cadastral plan, showing the peripheral cadastral municipality towards Slovenia (in this plan Kranjska), the 
extension of the border is shown by a cartographic sign where the content of the neighbouring cadastral municipality is 
not visible (Figure 2). It should be emphasized that the cadastral survey procedure was preceded by the formation of a 
commission that carried out field demarcations and prepared minutes and sketches of the demarcation (Figure 2). 

 

Figure 2 Demarcation of boundary between Croatia and Slovenia shown on the old cadastral map from 1860. 
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Topographic maps of the Austro-Hungarian Monarchy of the Military-Geographical Institute of Vienna were based on 
the following surveying: 

• First topographic survey or Jozefin survey (1763-1787) 

• Second topographic survey or Franciscan survey (1806-1869) 

• Third topographic survey or Francjozefin survey (1869-1887) 

• Fourth or precise survey (1896-1916) 

Topographic maps based on the Francjozefin survey, performed around 1910. were extremely detailed, and were carried 
out for the territory of the entire Habsburg Monarchy, covering the entire territory of the today's Republic of Croatia. 
During the third survey, the metre system was accepted, therefore the maps of the third military survey are available in 
scales of 1: 25 000 and scales of 1: 75 000 for the entire territory of the Habsburg Monarchy, shown in Figure 3. 

 

Figure 3 Maps from third topographic survey covering the entire Habsburg Monarchy (URL 1) 

The Third Military Survey was the first modern survey of the Austro-Hungarian Monarchy, which produced topographic 
maps on scales of 1: 25 000 and 1: 75 000. The first sheet of the map at a scale of 1: 75 000 in black and white print was 
published in 1880. Each map sheet is made individually, in a stereographic map projection with the origin of the projection 
in the intersection of the central meridian and the middle parallel of each sheet. Each map sheet covered the surface of 
the Earth, 25 x 40 km in size and has the shape of a trapezoid. Meridians and parallels are depicted as straight lines. The 
issuing year of each map sheet is listed in the lower right corner. The sheets of the topographic map show the entire 
territory of the Monarchy, which often reaches beyond its borders (e.g., in the direction of Switzerland, Germany, Italy). 
In the south it can be seen almost all of Montenegro and the north of Albania (Jankó 2007). On the topographic map 
borders between the states of the Monarchy are depicted. 

On the old topographical maps, borders are represented using various cartographic symbols, like lines and dots in various 
sizes and colours. By observing the old topographical maps from the 19th century on which the border of Croatia is 
depicted, the borders between states and municipalities are presented by using a combination of lines, and a combination 
of lines and dots. On the old cadastral maps, borders between states are mainly depicted by using a series of lines and 
dots and the boundaries of municipalities by a series of consecutive lines or by a thin red line (Figure 4). 
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Figure 4 A map legend of old cadastral plans (URL 2) 

4. HISTORICAL TOPOGRAPHIC MAPS OF THE THIRD MILITARY SURVEY OF THE 
HABSBURG EMPIRE IN THE FUNCTION OF THE STATE BORDER IDENTIFICATION – A 
CASE STUDY OF THE REPUBLIC OF CROATIA 

The border between Croatia and Slovenia was mostly formed from the 10th to the 13th century, and a smaller part in the 
16th century. On the Istrian peninsula, the situation is little different, it has been formed in the 20th century. Topographic 
maps of the 3rd military survey, in a scale of 1: 75 000 and 1: 25 000 can serve as additional evidence in resolving border 
disputes. The border line shown on topographic maps was not obtained based on measurements, but by rough transmission 
and its further cartographic processing, shown the border line as it is shown in the original cadastral plans. In the historical 
Kingdom of Croatia and Slavonia one cadastral municipality represent one tax municipality at the time, and by geodetic 
surveying of cadastral municipalities, they were established positionally and technically. The border line was obtained by 
the external borders of outskirts of cadastral municipalities. This also applies to the state border of the Kingdom of Croatia 
to the historic Austrian provinces of Styria and Kranj (today the largest part of the border between the Republic of Croatia 
and the Republic of Slovenia, extends from Gorski Kotar to the west and ends south of the village of Trnovec). Therefore, 
it is possible to show or reconstruct the border with sufficient accuracy. 

Most of the Croatian Slovenian border is marked by natural boundaries, hydrographic and orographic features, primarily 
rivers and mountains. By analysing the presentation of the Croatian Slovenian border line on the old historical maps from 
the period of the Austro-Hungarian Empire, on topographical and cadastral plans, it is evident that in the most part the 
Croatian border (in the pictures marked in blue) which is based on the border of cadastral municipalities is largely marked 
on the old maps and plans, which confirms the persistence of this border over a long period of time. 

It is also visible that on the topographic maps the border line is shown as on cadastral plans, for example, the area of 
Prezid, Figure 5. The left side of Figure 5 shows the disputed area between two countries, the Croatian border line marked 
in blue and the Slovenian marked in green colour (covering the area of approx. 62 hectares) on the topographic map of a 
scale 1: 75 000 and the right side shows the same area on the original cadastral plan Prezid from year 1860., according to 
which it is evident that the Croatian border line follows the historical border between the two countries. The cadastral and 
topographical maps in this article are views from online portal of historical maps called Arcanum Maps (URL 3). 
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Figure 5 Disputed area - Prezid on topographical map scale 1: 75 000 (left) and old cadastral plan from 1860. (right) 
(URL 3) 

By observing the state border, the major disagreement is located in the area of Sekulići, for which there are dual records 
of both countries, covering the area of approx. 337 hectares (Figure 6). Therefore, it is evident that Croatian border line 
follows the border line on historical maps. Left side of Figure 6 shows the disputed area on topographic map in a scale of 
1: 75 000 with border line of Croatia marked with blue colour and Slovenian border line marked with green colour which 
is crossing the border line shown on historical maps, and on the right side the same area with both border lines is shown 
on topographical map of a scale 1: 25 000. 

 

Figure 6 Disputed area - Sekulići on topographical map scale 1: 75 000 (left) and 1: 25 000 (right) (URL 3) 

By observing historical maps and today’s official position that the Croatian government states on the stretching of the 
Croatian and Slovenian border lines, it is evident that the Croatian border lines follows the line of the historic state border 
between the Kingdom of Croatia and Austrian provinces. That can be seen not only on old cadastral maps but also on 
topographical maps of both scales. In some parts it can be seen slight detachment that overlaps the Croatian state border 
to topographical map, quite possible it was caused by the process of digitalization of the topographic map. But it is evident 
that Croatian border follows the historic border line, like it is show in Figure 7, which gives an overview of the border 
line in the area of Kumrovec. The Croatian border follows the course of the Sutla River (marked in blue with a slight 
detachment), and the same course is visible on the topographic map of the scale of 1:75 000 (left side) and on the cadastral 
plan of the specified area (right side), while the Slovenian line does not follow the historical lines (marked with a green 
line). 
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Figure 7 Display of the boundary line in the area of Kumrovec, topographical map 1: 75 000 (left) and cadastral plan 
Razvor/Kumrovec 1861 (right) (URL 3) 

Part of the Croatian border line is the natural border, visible on the topographic map on which can be seen that despite 
the long time period it is visible that the border follows the natural border, the river. The Croatian border line (marked in 
blue) in the area Bregana follows the river Sava, and then continues to the north of the country following the river Sutla 
(Figure 8). On Figure 7 it follows the course of the river Sutla (both on the topographic map and cadastral plan) and in 
the Figure 9 it follows the course of river Drava. That proves that the Croatian state border was originally defined by 
natural borders, following the course of river, and despite long period the border has not changed. 

 

Figure 8 Display of the boundary line in the area of Bregana (URL 3) 

 

Figure 9 Display of the boundary line in the area of Drava (URL 3) 
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5. CONCLUSION 

Analysing the state border of the Republic of Croatia with the Republic of Slovenia it was noticed that its borders were 
formed at different times and in different ways of delimitation. The paper presents the use of historical maps on one part 
of the Croatian state border, in the case of the old historical border between the Kingdom of Croatia and Slavonia with 
the old Austrian provinces of Carniola and Styria, where the boundary is largely defined along natural boundaries.                                                                       
Cadastral municipalities can be taken as the basis for delimitation because the borders of cadastral municipalities are 
shown on a series of official military maps of the Austro-Hungarian Monarchy, thus proving stability between the two 
states. 

Based on the analysis of the border line of the Republic of Croatia and old historical maps and plans from the 3rd 
topographic survey the borders can be identified on the maps and can serve as a proof to show that the border lines on 
them are the same as it is shown on original cadastral plans. Therefore, they can serve in cases of large border 
disagreements, and confirm the fact of how was the state border originally defined. It is also shown that the border is 
shown on topographic maps of scales of 1: 75 000, but also in topographic maps of scales of 1: 25 000. 
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Abstract 
The paper deals with the possibility of using geographic information systems in the real estate market. Using these 
systems allows to simplify and accelerate plot analysis before the final decision about investicion. The solution allows 
to reduce the time-consuming data acquisition and its evaluation thanks to the automatic analysis of a plot togesther 
with the warning of risks in the location under consideration. In order to choose the most effective solution, an analysis 
of the real estate market and the current procedures for land analysis is necessary in all the phases of the project such 
as, in the investment, the project, the implementation and intermediation. The result is an automated system generating 
plot analysis report, including a list of risks in the location of the project area, with a link to current legislative 
restrictions. This solution saves time and resources for architects, developers, real estate agencies, but also for the 
general public, who often do not have sufficient skills to evaluate the qualities and risks of the area. 

Keywords: GIS, architecture, real estate, investment, spatial analysis, plot risk. 

1. INTRODUCTION 

Geographic Information System (GIS) is a system that enables storage, transmission and data processing creating 
information units for further use. GIS is mostly used in public administration, transportation, defence, crime mapping, 
climatology, landscape architecture, archaeology or regional spatial planning, etc. A publication [1] deals with the use 
of GIS in the civil engineering. 

Datasets are often used individually (crime map, map of undermined areas, geohazard map, flood map, etc.). In this 
case, individual maps can only provide one piece of information about a given location, not the overall plot information. 
For the overall plot information, it is necessary to analyse more than 30 map layers which are currently distributed on 
various websites. Geoportal, a unified website for the Czech Republic, tries to process this data centrally, but there is no 
detailed explanation of the overall information on the plot and its possible impact (limitations) on future land use (e.g. 
construction).  

The aim of the project was to create a functional web application that works in a query-response mode with a response 
comparable to real time and provides the user with information about potential restrictions and risks with respect to the 
selected property. This information is highly desirable at present, is not contained in available resources and is generally 
very difficult to obtain. 

In order for the data to be used in the private sector (real estate brokerage, development, architecture, planning, general 
public) it is necessary that the data is provided in a simple way, so the subject quickly understands the potential or site 
risk and the possibilities of dealing with it. 

2. RELATED WORKS 

The issues described in this article have been published in many publications, which can be divided into the following 
basic categories: 

• Valuation of the property (plot, building) according to the purpose of use (permanent housing, business, 
recreation, ...). In the paper [2], a method of evaluation based on multi-criteria analysis (MCA) in a GIS system 
is described. Among the MCA methods, the following methods were used: AHP (Analytical Hierarchical 
Process) and WLC (Weighted Linear Combination). ESRI ArcGIS was chosen as the GIS environment. The 
AHP and WLC methods were implemented in ArcGIS in the form of plug-ins created in the Jawa language [3]. 

• Adding specific information to the special purpose maps. An example is the addition of geographic objects and 
their attributes to maps for cycling in order to increase the user-friendliness of these maps. One possible 
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solution is in [4], where a special map symbols were proposed for the linear symbols (roads, cycle paths, ...) 
with information about surface type, difficulty, etc. 

• Another problem is the representation of real geographical objects (structures, buildings) into suitable software 
in the form of 3D models with the possibility of further use of the information stored in these models. The 
issue is addressed in the publication [5].  

• Problems of processing large volumes of data. Spatial data analysis involves massive computations that are 
memory and time intensive. However, the user expects results in an acceptable time. This disparity between 
the task assignment and result retrieval is addressed in [6] 

The next section presents a method that partially fills a gap in these areas and is a highly topical problemacy due to the 
growing interest in the real estate market. 

3. METHOD OF SOLUTION 

The solution is a map application combining all area data based on the view of cadastral maps with the detection of 
possible risks for the area. The risks are defined during cooperation with experts in their field. Thanks to developed 
automated solution a user gets an analysis of the selected location within 5 minutes. This solution saves time and 
resources for architects, developers, real estate agencies, as well as the general public, who often lack the ability to 
assess the properties and risks of an area. Manual plot analysis can take several hours. 

All data is collected from public servers (Open data) and properly cited e.g. [7], [8]. The data from these servers is 
processed before being stored into the database. Public servers are periodicaly checked and in case of data update, 
current data in the database is updated too. The conception of system solution is on Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Conception of system solution 

The user enters a spatial query for a specific parcel - see Figure 2. Based on the expert database, the system evaluates 
possible constraints and risks related to the selected parcel and displays the results in the form of an attribute table - see 
Fig. 3 and in graphical form - see Fig. 4. A description of the possible risks and constraints is given in the next section - 
see Fig. 5. 
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4. RESULTS 

In this section, the iParcely system is described [9]. It is a web application that works according to the diagram in Figure 
1: 

• Identification of the parcel by the user, 

• Display of possible constraints and risks, 

• Explanation of individual constraints and risks. 

4.1. Identification of plot risks by the user 

The aim of the map application is to provide the best user experience in order to be able to get the overall plot 
information as soon as possible. The plot can be found by address/location search or by zooming in the location of 
interest. The amount of plot risks is immediately displayed after cliking on the selected plot.  

 

 

 

 

 

 

 

 

 

 

Fig. 2 – iParcely.cz application, address search 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 – iParcely.cz application, identifying the number of potential risks 
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4. 2. Identification of specific plot risks  

The user can identify plot risks by plot risk report which can be generated for each plot of the land registry. The report 
contains an explanation of each risk and can be obtained by logging into the application. The risks are divided into 
legislative restrictions, natural risks, protection zones, pollutions and environmental burdens. 

• The legislative risks include a total of 14 risks: Easements, UNESCO Biosphere Reserves, Small-Scale 
Specially Protected Areas, Large-Scale Specially Protected Areas, Treaty Protected Areas, Monumental Trees, 
Natura 2000 - Bird Areas, Natura 2000 - Sites of European Importance, Territorial Ecological Stability System, 
Specially Protected Plants and Animals of National Importance, UNESCO World Natural Heritage, National 
Heritage Institute - Cultural Monuments, Vulnerable Water Areas and Protected Areas of Natural Water 
Accumulation. 

• Natural risks include a total of 4 risks: radon, retlands, floodplains and slope instability. 

• A total of 6 risks belong to the risks of the protection zones: Protective Zone of Small-area Specially Protected 
Areas, Protective Zone of Railway, Protective Zone of Road, Protective Zone of Forest, Protective Zone of 
Overhead Lines and Protective Zone of Water Sources. 

• Pollution risks include a total of 2 risks: air pollution and contaminated areas. 

• The environmental risks include 3 risks: noise, brownfields and undermined areas.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 – iParcely.cz, risk allocation 
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4. 3. Explanation of specific plot risks  

The individual risks are explained in the plot risk report, containing the value of the given location and linked to current 
legislation addressing the issue in more detail. 

 

 

 

 

 

 

 

 

 

 

Fig. 5 – iParcely.cz application, explanation of risks 

5. CONCLUSION 

The system was launched on 25th March 2022 and during the first month almost 250 reports were created. The system 
primarily saves time for real estate agents, developers, real estate investors, general public, as well as for architects and 
other professionals in the industry. The system will gradually implement additional data layers such as spatial plans, 
utility maps, price maps and other layers that will make the report of selected plots even more accurate. Compared to 
other projects in this area - see chapter 2 - the proposed solution is fast, the user gets the answer to the query almost in 
real time (within 5 min.). 
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Abstract 
Nowadays, policymakers are often faced with a question: "What is the quality of surface waters or are those waters 
suitable for life? Thus, the aim of this study was to assess pollutants and performing of geospatial analysis in the artificial 
lake in Mitrovica, Kosova. Due to the presence of heavy metals, six monitoring stations in the water have been distributed 
randomly and were collected on three-time series (April, June and September, 2019), as well as the water contamination 
degree was assessed by Heavy Metal Pollution Index (HPI) and Metal Index (MI). To provide a general overview for 
water pollution in the artificial lake in Mitrovica is applied an open source GIS software such as QGIS and spatial 
interpolation techniques were used into QGIS environment. A numerous time series water pollution maps were produced 
in raster model with 5m spatial resolution in full accordance with selected mathematical and artistic elements. As well 
as in this paper is included the designing of geospatial database for short term water monitoring, providing analytical 
tools for decision making by state authorities. 

Keywords: Artificial Lake, Geovisualization, Geospatial database, Geospatial Analysis, Policy-making. 

INTRODUCTION 

Without water, the life in our planet is impossible. In general, due to an increase in urbanization, the industrialization 
have impacted the entire ecosystem, including surface water. The presence of heavy metals and the antropothogenic 
activity have negative impact to the human lifes and the environment as well. The distribution of heavy metals in aquatic 
systems is very common in recent years, therefore estimation of heavy metal pollution in water is a necessity (Maliqi et 
al., 2020). Water quality parameters analyses are important process for regular monitoring and to understand the 
environmental conditions (Nagalakshmi et al., 2016). According to many studies in the previous years, the quality of 
rivers in Kosovo is a very big problem because of water pollution with heavy metals which is one of the biggest 
environmental problems (Maliqi and Penev, 2020). 

Most of the environmental data would be almost valueless without their spatial reference component (ESRI, 2010; Sanka, 
2015). Geospatial information has become an indispensable element in several studies related to monitoring, analysis, 
modelling, visualization, and mapping environmental parameters (Idrizi et al., 2021) including surface water pollutants. 
Geographic Information System (GIS) is a technology that provides an opportunity for ecological scanning and analysis 
of the environment and creating models for assessment and forecasting for its future state (Idrizi et al., 2021).  Referring 
the previous studies, GIS supports environmental data processing and improves management decision-making process as 
well. It deals with collecting, storage, retrieval, manipulation, updating, analysis, display, and disseminating spatially 
referenced data and information (Idrizi et al., 2021). 

In order to have geospatial analysis and to geovizualize the water pollution in the Artificial lake in Mitrovica, a useful 
tool seems to be GIS in conjuction with (non) geostatistical techniques. According the mentioned approach, the 
compilation of raster thematic maps of the present study area become easier. 

In many various studies, the surface water pollution were evaluated applying numerical models or indices  including the 
Heavy Metal Pollution Index (HPI) and Metal Index (MI). These pollution indeces (HPI and MI) have been calculated 
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based on the certified laboratory results obtained from six monitoring stations located in Artificial Lake. According Maliqi 
and Pepenv (2019), the threshold of warning or the critical value of HPI is 100, as well as the critical value of MI is 1. In 
general, in Kosova there are just a few previous studies at the same intention, therefore there are a lot of problems to 
answer on the spatial and temporal environemntal questions including surface qater quality or contamination. 

The present study focuses on geospatial analysis and geovizualization of water pollution in the Artificial lake in Mitrovica, 
the Republic of Kosova. The region has a long history of lead and zinc metallurgy productions, where, unfortunately, 
these mining operations have resulted in adverse environmental impacts (Dekonta, 2009; Idrizi et al., 2021). The natural 
environment in and around the industrial area is affected widely by heavy metals such as Arsenic (As), Chromium (Cr), 
Copper (Cu), Nickel (Ni), Lead (Pb), Zinc (Zn) and Cadmium (Cd) (Idrizi et al., 2021). The article starts with an 
introduction and continuous with a brief description of the study area. In section 2, was description study area. In the next 
section (Section 3)the process of collecting the input data and methodology was described. Three field work were carried 
out on three-time series (April, June and September, 2019). The monitoring indices were calculated, as well as the entire 
conceptual, logical and physical design phases of geospatial database were including in this section. In the Section 4, are 
presented the main achievements and their discussions and interpretations. The last section, some conclusions and 
recommendations are given. 

THE STUDY AREA 

The Mitrovica city is bounded in the north part of Republic of Kosova, only 40 km from the capital Pristina (Maliqi and 
Penev, 2018). The study region is located within 42°53'09’’N and 42°53'31’’N and 20°51'12’’E and 20°51'08’’E and has 
and altitude between 508m and 514m (Figure 1). The annual average precipitation is around 700 mm and moderate winds 
blowing predominantly from the northeast. Average speed ranges 20 m/sec to 4.4 m/sec. The winters are colder with 
medium temperatures above –10 °C, but sometimes down to –26 °C. on other hand, the summers are very hot with average 
temperatures of 20 °C, sometimes up to 37 °C. The landscape consists of a system of hills and plateaus of flattened 
surfaces. The area is situated in the Vardar zone of the dinaride alpine belt (Maliqi, 2020), consisting of palaeozoic 
basement rocks, jurassic-cretaceous sediments and rocks of ophiolitic affinities foliated during the early tertiary (Heinrich 
and Neubauer, 2002). The Mitrovica region has a long history of lead and zinc metallurgy productions where 
unfortunately these mining operations have resulted in negative environmental impacts (Dekonta, 2009). Pollution in this 
region comes from various sources but is mainly due to the industrial legacies, the influence of winds and water movement 
(Idrizi et al., 2021). Nearby the Artificial lake in Mitrovica are located two industrial tailings which have main influence 
on the environment, especially in surface water in this region. 

 

 

Figure 1. The study area map. 
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MATERIALS AND METHODS 

 Input data 

The present study was conducted by using primary and secondary data. In order to obtain the input data, a systematic 
approach was followed including (1) identifying the data needed in terms of surface water monitoring, (2) identifying the 
open-access geoportal and organizations of data collection, (3) searching the open-access geospatial databases and visiting 
the local organizations/institutions, (4) downloading and gathering available geospatial data (Maliqi, 2020). The lack of 
open geospatial data in the ecological context, the difficulties to have ecological data in digital formats, lack of 
systematized data in local/central institutions or agencies, lack of vision for such data from environmental monitoring 
institutions made to have difficulties in ensuring a large amount of needed ecological datasets (Idrizi et al., 2021) including 
here the surface water monitoring data in Mitrovica. Thus, the priority was given to environmental data available in the 
Republic of Kosova. So, the input data were obtained in full accordance with points (1) and (3). In the below table (Table 
1) have been listed the input data used in the present study.  

 

Table 1. The input data. 

Data Input data Format Type Description 

The study area Vectorization Shapefile (shp) Polygon The border of the study area 

Surface water samples Collected in the field Excel (xlsx) Point Y and X  

Chemical Analysis Certified Laboratory Excel Textual 

Numeric 

As, Cr, Cu, Ni, Pb, Zn and Cd 

Monitoring Indices Calculated Excel (xlsx) Textual 

Numeric 

HPI and MI 

 

 Monitoring stations and laboratory analysis 

In the present study, the primary data were considered data which were captured directly from the environment e.g. 
surface water samples (monitoring stations), location of monitoring stations, etc. The secondary data were considered 
data which are not captured directly from the environment e.g. chemical samples analysis, monitoring indices, etc. For 
the study purpose, randomly three field works were carried out during three monitoring months (April, June and 
September, 2019). The samples were taken in accordance with EN ISO/CEI 17025 standards (Heinrich and Neubauer, 
2002). The water samples conservation was done according to the American Public Health Association 2005 procedures 
(APHA, 2005) whereas the measurements of heavy metals were performed according to the EPA-6010C method. As well 
as, was used the atomic adsorption spectrometry (AAS) technique to measure the concentration of As, Cr, Cu, Ni, Pb, 
and Zn. The Leica GPS was used to map the location of monitoring stations based on KOPOS (Kosova Positioning 
System) as part of the GNSS family (Global Navigation Satellite System). The surface water samples were collected by 
pursuing the methods and recommendations of the American Public Health Association (APHA, 2012). 
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Table 2. Location of monitoring stations based in the field measurements (Leica GNSS). 

Monitoring 

Station 

Y X 

M-1 7486920.800 4748476.600 

M-2 7487345.600 4748931.100 

M-3 7487959.500 4749526.300 

M-4 7487771.200 4749389.700 

M-5 7487539.100 4749211.400 

M-6 7487104.400 4748540.900 

 

 

 Monitoring indices 

The pollution indices help to identify and map the level of pollution, to know the current and future adverse effects on 
human health and vegetation (Maliqi et al., 2020). 
In order to monitor the extent of heavy metal pollution in Artificial Lake in Mitrovica, two pollution indices known 
worldwide, were considered. These monitoring indices include the “Heavy Metal Pollution Index” (HPI) and “Metal 
Index” (MI). These two indices were calculated based on WHO (2017) permissible values, applying in Excel the known 
formulas given by Mohan, Nithila, and Reddy (1996) and Tamasi and Cini (2004). In the end, every monitoring station 
was classified according pollution degree as well as known categories including here: low, medium and high for HPI and 
pure, slightly, medium, high and very high for MI indice. 

 Software used and data processing 

The  QGIS is a free and open-source software, developed as part of the OSGeo family that contain all OGC standards and 
possibilities for integrating spatial data within the INSPIRE directive specifications for establishing the spatial data 
infrastructure. Nowadays, QGIS software  is  used  by  thousands  of  people  all  around  the  world  and  is  increasingly  
becoming  a  viable  alternative  to  proprietary  desktop  GIS  software. QGIS  can   be  downloaded  for  free  and  runs  
on  most  operating  systems (Osterman 2014). The QGIS provides the user with several functions, including both spatial 
dta models (vector and raster). Data harmonization process was used to make the multisource data of common scale and 
similar coordinate reference system (idrizi et al., 2021). For thematic maps in the present study, common map elements 
include the data frame containing map layers for a given extent plus a scale bar, north arrow, title, descriptive text and a 
symbol legend are designed in this software. The Kosova coordinate system known as KosovaRef01in Gauss-Krugger 
projection in ETRS89 datum with EPSG code 9141 was used, for processing the input data and results generating. The 
scale of thematic maps is calculated to be 1:8.000 based on paper format, map frame and the study area dimensions. As 
well as the spatial resolution of raster thematic maps is 5m. 

 Spatial interpolation techniques 

Spatial interpolation has continued to be an important tool for estimating continuous spatial environmental variables for 
effective decision making (Ikechukwu et al., 2017). Interpolation tools available in geographical information systems are 
useful and allow the operator to easily perform different kind of elaborations and to display them graphically in order to 
show the results in a way intelligible also to non-skilled subjects (Garnero and Godone, 2013). Spatial interpolation 
techniques are generally classified under (a) mechanical or nongeostatistical technique (Inverse Distance Weighted and 
Spline) and (b) geostatistical technique (Kriging) (Maliqi et al., 2020). In the present study were used both of them: Cubic 
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Spline and Ordinary Kriging (geostatistical &non-geostatistical techniques). The final goal of the geostatistical 
interpolation technique was to prepare the water pollution maps for Artificial Lake in Mitrovica. 

RESULTS AND DISCUSSIONS 

 Geovisualization of water pollution 

The process of geovisualization of the pollution degree in the Artificial Lake in Mitrovica includes a numerous serial 
thematic maps based on Heavy Metal Pollution Index (HPI) and Metal Index (MI). As well as, the process is supported 
by spatial interpolation techniques in QGIS environment. The importance has been given to mathematical and artistic 
elements in order to be accurate and easily readable the maps. In total 12 thematic maps for April, June and September 
2019, were produced in raster model with 5m spatial resolution in full accordance with selected mathematical and artistic 
elements. In order to classify and interpret raster thamatic maps, was used the ‘equal interval’ as unsupervised 
classification methodology. The geovisualization of water pollution in this lake has been the first attempt in terms of its 
monitoring and assessment. Thus, it could be used as zero series for further monitoring in the future. To undertake 
managing scenarios, the serial thematic maps in this study can be used by from local or central authorities. The 
geovisualized pollution level of Artificial Lake is used for applying geospatial analysis as well, which will be explained 
in detail in the section “spatial analysis”. Below, are presented the thematics of cartographic output, produced in this study 
in total 12 maps. As well as is given an example of thematic maps representing the water pollution in Artificial Lake for 
April 2019. 

• Four thematic maps of April (2019) using Spline and Ordinary Kriging (HPI & MI). 

• Four thematic maps of June (2019) using Spline and Ordinary Kriging (HPI & MI). 

• Four thematic maps of September (2019) using Spline and Ordinary Kriging (HPI & MI). 

     

Figure 2. Thematic maps of April (2019) using Spline (HPI & MI). 
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Figure 3. Thematic maps of April (2019) using Ordinary Kriging (HPI & MI). 

 

 Spatial database architecture 

Bowdoin (2008), pointed out that spatial data structures manipulate spatial data, data with geometric coordinates. GIS-
based environmental applications became prominent with shifting from static paper maps to dynamic digital maps and 
geographic databases (Idrizi et al., 2021). In the present study, in total four datasets were developed to achieve the 
monitoring process of Artificial Lake in Mitrovica, in terms of water pollution affected by heavy metals. The general 
schema of spatial data structure architecture for the Artificial Lake is given in Figure 4. This scheme includes datasets as 
follow: Basemap, April 2019, June 2019 and September 2019. Basemap layers are stand-alone layers directly linked to a 
database, while the other layers are grouped in appropriate datasets. Each thematic layer was developed in terms of map 
use, data source, spatial relationship, map scale and symbology. As well as, the topological rules were established between 
vector thematic layers in order to improve data consistency and facilitate data validation process. Key thematic layers are 
followed by metadata based on ISO 19115:2003 standard (ISO, 2021), including information on identification, categories, 
keywords, access, extent, contact, link, history and validation of the spatial data layers. 

 

 

Figure 4. The spatial data structure architecture 

A database is any information collected and organized into groups (Maliqi et al., 2015). The spatial database has been 
designed in full accordance with the Arctur and Zeiler (2004) approach. Referring this approach, there are three designing 
phases (I - conceptual, II - logical, and III - physical), which contains ten steps (I - 1. Identify the information products 
produced with the GIS system; 2. Identify the key thematic layers; 3. Specify the scale range and spatial representation 
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for each thematic layer; 4. Group representations into datasets; II - 1. Define the tabular structure and behaviour of 
descriptive attributes, 2. Define the spatial properties of the datasets, and 3. Propose a spatial database design; III - 1. 
Implement the design; 2. Design workflow for building and maintaining each layer, and 3. Design documentation). 
Creating an integrated unified database allows avoiding redundant data, reducing data volume, homogeneity data, easy 
finding and tracking of data, integrated spatial and attribute data, their use for GIS spatial analysis for decision making 
and development strategies (Idrizi et al., 2021). Developing a spatial database involves defining the key thematic layers 
regarding the usage, content, and representation of each thematic layer or defining how geographic features are 
represented (as points, lines, polygons or attribute and tabular data) (Sepehr, 2013). The spatial databse developed in this 
study (shown in figure 5) supports policy and decision making, so it allows to: (1) show the spatial-temporal distribution 
of water pollution in Artificial Lake in Mitrovica, (2) having such spatial data and attribute data as one helps identify the 
most polluted areas and (3) to compare the spatial and non-spatial data with national and international standards and 
directives. As well as, in order to undertake “what if” scenarios, can be used the present spatial database. At the same 
time it could be used for future analysis and studies. Furthermore, the developed spatial database in the present study will 
answer correctly to many questions for the Articial Lake monitoring and assessment in Mitrovica. 

 

 

Figure 5. Datasets and thematic layers in spatial database. 

 Spatial analysis 

The developed spatial database enables defining algorithms for performing spatial analysis for the study area and provided 
opportunities for periodic monitoring of water pollution in Artificial Lake. By performing spatial analysis in the present 
study, were achived to identify the most polluted area in the lake, transleted in percentage (%).  
In the April 2019, according to Cubic Spline and HPI indice the entire study area (100%) falls in “High” pollution level 
(HPI > 30). The situation is same using Ordinary Kriging.  Referring MI and Cubic Spline, the entire study area (100%) 
falls in “Slightly Affected” category (1 < MI < 2). In contrast to Cubic Spline, using Ordinary Kriging and MI, 90% of 
the study area falls in “Slightly Affected” category (1 < MI < 2), while 10% is in “Pure” category (0.3 < MI < 1). 

In the June 2019, the spatial analysis performed have shown that the situation is as follow: the conjuction of Cubic Spline 
and HPI, 100% of the Artificial Lake in Mitrovica is in “High” pollution level (HPI > 30). But the situation is different 
according the Ordinary Kriging and HPI, here the most of area (93%) is in “High” category, while 7% fall in “Medium” 
pollution level (15 < HPI < 30). Using MI indice and Cubic Spline, to the “Very Pure” category (MI < 0.3) fit 90% of the 
study area, whereas 10% is in “Pure” category (0.3 < MI < 1). Completely the same situation is based on Ordinary Kriging 
and MI. 
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In the September 2019, combining the Cubic Spline and HPI, the entire study area (100%) is in “High” pollution level 
(HPI > 30), but using Ordinary Kriging there is 2% that is in “Medium” pollution level (15 < HPI < 30). According MI 
and Cubic Spline, 89% of the Artificial Lake is in in “Pure” category (0.3 < MI < 1), while 11% fall in “Very Pure” 
category (MI < 0.3). While, using Ordinary Kriging and the same monitoring indice, the 83% of the Artificial Lake is in 
in “Pure” category (0.3 < MI < 1), as well as 17% fall in “Very Pure” category (MI < 0.3). 

CONCLUSIONS 

The short-term monitoring proccess of Artificial Lake in Mitrovica on three-time series data (April, June and September, 
2019) has shown a general overview of water pollution. Numerous serial thematic maps in raster data model with 5m 
spatial resolution were compiled based on geostatistical and non-geostaistical interpolation techniques supported by QGIS 
software. Furthermore, the water pollution was compared with World Health Organization (WHO) standards. The study 
demonstrated that water polution in terms of heavy metals on three-time series has been above the permissible values 
comparing of critical value of 100 for HPI and 1 for MI. 

In the present study, a theoritical and practical approach for implementing the spatial database structure and architecture 
design was giving in terms of monitoring and assessment of Artificial Lake. The spatial database was developed in full 
accordance with three design phases including conceptual, logical and physical design. 
It is essential to consider the spatial database developed in the present study as potential for decision and policy-making 
for managing the Artificial Lake in Mitrovica. 
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Abstract 
The aim of this study is GIS-based spatial modeling of the landscape diversity in the Lom river catchments, 
Northwestern Bulgaria. The investigation of the present status of the landscape diversity and the compilation of 
landscape maps of the studied areas have been a key problem in geographical and ecological research during the last 
decade. The research is based on the two classification systems of the landscapes applying in Bulgaria. The 
investigation results and generated landscape map give a basic structure of the landscape diversity in Lom river 
catchments. The landscape diversity differentiated on hydrophyte, plate, semi mountain, and high mountain landscapes, 
which are presented by the spatial model. 

Keywords: landscape, classification, modeling  

INTRODUCTION 

The study of the current state of landscape diversity and the compilation of landscape maps of the studied areas is a key 
problem in geographical and environmental research over the last decade in Bulgaria. To date, there is no generally 
accepted classification for the landscapes of Bulgaria, although there are several classification systems adapted to the 
conditions of our country. We are using two classification systems of landscapes are used: Petrov (1979, 1997) and 
Velchev, Todorov, Assenov, Beruchashvili (1989, 1992).  

In recent years, geographic information systems (GIS) in Bulgaria are increasingly used in various areas of physical 
geographic researches. Some of the presentative investiagtions are related to increasingly in assessing natural hazards 
(Nikolova, Nedkov, 2012; Nikolova, Nedkov, 2013); geomorphological research and dynamics of land cover (Vatseva 
et al., 2016; Dimitrov et al., 2019). 

STUDY AREA 

The Lom river catchments are the main object of study in the present study, it covers an area of 121636 ha with a mean 
altitude of 440 m and an average inclination of slopes of about 9.3̊. Lom river is part of the catchment area of the 
Danube river on Bulgarian territory and originates from the Stara Planina (Balkan) mountains in the land of the village 
of Gorni Lom (Figure 1). 
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Figure 1. Location map of the study area 

The main river system is formed by many smaller tributaries, starting with the springs of the Barza river (2100 m) at the 
foot of Midzhur pеаk (2168 m) in Chiprovska mountain, Western Stara Planina. In this part, these rivers have a 
mountainous character with very steep slopes of the riverbed and high flow velocities. The river flows to the village of 
Gorni Lom on a large slope. The afforestation in this area is low. Only certain parts of the catchment area are afforested 
mainly deciduous forests. The longitudinal slope of the river to the village of Gorni Lom is large - an average of 10% 
and the transverse profile of the valley is characterized by deep incisions and steep slopes. From the village of Gorni 
Lom to the village of Dolni Lom the river retains almost the same character. In the northern direction, it enters almost 
flat terrain (Dolnolomsko and Sredogrivski fields), where the slope of the river is small and has the character of a flat 
river. The river valley is surrounded by low hills. The riverbanks are low, and the bottom is covered with sand. Thus, 
the river continues to the Falkovets village neighborhood, where it receives its main left tributary Stakevska river, with 
its right tributary Chuprenska river. In this section the transverse profile of the valley becomes trough shaped. From the 
Falkovets village neighborhood, the river enters field terrain, where the valley and the riverbed widen, reaching 100-200 
m near the village of Drenovets. From the village of Ruzhintsi to the northeast, its valley has asymmetrical shores with 
well-developed terraces to the left of the riverbed and steep right slopes. The banks of the river in this section are very 
low and during torrential rains or intense snowmelt, its waters go out of the riverbed and cause floods. The bottom of 
the river is mostly covered with gravel. In small quantities of water, they flow in different directions. Sometimes after a 
flood, the river flows in the middle of the riverbed. The catchment area of the river is deforested and occupied by arable 
land. This character the river retains until its confluence with the Danube at 742 km, in the town of Lom. The estuary is 
known as "Limana". Characteristic of the river in its lower reaches is the splashing of its waters, which occurs due to 
the higher levels of the Danube. 
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METHODS AND MATERIALS 

Methodology 

Classification of landscape diversity of river Lom catchments is based on the classification of the landscapes in Bulgaria 
by Vechev et al. (1992). The process of differentiation of the landscape diversity determined one class, two types, and 
five genera of landscapes. The first level is determined by the specific macro relief – plain and mountains. The second 
level is based on the climate - temperature and precipitation conditions of the research region. The third level is 
differentiated and classified by the relief on the medium level – lowlands, slopes, plateaus, hills, etc.  

To generate a landscape map of the Lom River catchment, classification of the Digital Terrain Model (DTM) has been 
applied. The first step produces ecd. file with ArcToolbox tool - Spatial Analyst Tools - Segmentation and 
Classification - Train ISO Cluster Classifier. The second step of the processing is the classification of DTM with the 
tool ArcToolbox - Spatial Analyst Tools - Segmentation and Classification - Classify Raster.  

ESRI ArcGIS, ArcMap 10.6.1 software is used in this study GCS_WGS_1984 is applied as the Geographic Coordinate 
System and projected to WGS_1984_UTM_Zone_35N in all maps of this survey. 

Materials used 

The landscape map is derived from a digital terrain model (DTM) with a spatial resolution of 20х20m.  Additionally, to 
the terrain model, topographic maps on a scale of 1:25 000, a geological map on a scale of 1:500 000, and a map of the 
vegetation of Bulgaria on a scale of 1: 600 000 by Bondev(1991) are also used. 

RESULTS  

Two types of landscapes, three subtypes, and five genus are classified in the catchment area of the Lom River (Table 1 
and Figure 2). 

 
Table 1. Landscapes in the catchment area of the Lom River 

Landscape Code Area, ha Mean Elevation, m Mean Slope, degree 
Class Plains and hills 

Type Plain and hilly, temperate semihumid 
Genus Plain-hilly 
erosion-denudation with 
forest-steppes and rare 
oak forests 

1 56885.3 173.8 2.8 

Type Plain and hilly, temperate semihumid 
Genus Hilly and foothill 
hilly erosion-denudation 
with oak forests 

2 18321.2 426.2 10.6 

Type Hydromorphic and subhydromorphic 
Genus Lowlands and 
valleys, accumulative 
with riparian 
communities 

3 5682.6 185.7 3.5 

Class Mountain 
Type Mountain, cold temperate, humid 

Genus Middle Mountain 
(Srednoplanski) erosion-
denudation (slope) with 
coniferous forests 

4 34234.5 791.8 16.3 

Genus Middle Mountain 
(Srednoplanski) 
denudation-erosion 
(ridge) with coniferous 
forests 

5 6512.4 1424.0 23.1 
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Figure 2. Map of landscape diversity of the region of Lom River catchments 

Genus Plain-hilly erosion-denudation with forest-steppes and rare oak forests is in the Danube plain and occupies the 
largest area of 46.8% of the catchment area of the Lom River (Figure 3).  

Genus Hilly and foothill hilly erosion-denudation with oak forests cover the territory of the Fore-Balkans (Predbalkan) 
and occupy an area of 15.1% (Figure 3). 

Genus Lowlands and valleys, accumulative with riparian communities cover the valleys of the Lom River, Stakevska 
River, and Banska Bara River. It covers 4.7% of the study area. (Figure 3).  

Genus Middle Mountain (Srednoplanski) erosion-denudation (slope) with coniferous forests has an area of 28.1% and 
covers parts of the Fore-Balkans - Verenishko Burdo (hill) and Stara Planina. (Figure 3). 

Genus Middle Mountain (Srednoplanski) denudation-erosion (ridge) with coniferous forests covers the ridge of Stara 
Planina. It occupies 5.4% of the study area (Figure 3). 
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Figure 3. Area of genus landscapes (%) 

CONCLUSIONS 

The research process determined and classified one class, two types, and five genera of landscapes in the river Lom 
catchment on the medium level. The landscape analysis is based on the implication of two main components – relief 
and climate.  

The investigation results and generated model of landscape map give a basic picture of landscape diversity in the 
region. There are clear bordering and delineation of the landscape structures. The differentiation of hydrophyte, plate, 
semi mountain, and high mountain landscapes is also presented by the spatial model. 
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Abstract 
Geoheritage is becoming popular due to the wide range of educational and promotional opportunities. One way to 
promote geoscientific heritage is geotourism, which helps society to explore the values of the abiotic environment. 
Geotourism is linked to geoparks, where sustainable tourism, geoconservation, and geoheritage management are the 
most important tasks. The genre of geotourism maps is a suitable form of presentation and geoscientific dissemination. 
However, they do not always meet basic visual and cartographic requirements of effective communication. The 
European Geoparks Network (EGN) is made up of several European geoparks. In this study, we have collected 
geotourism maps from each member. The images were evaluated using a comprehensive method examining 
interpretability, map accessorial, topographic content, and visual attributes. Conclusions can be drawn on the quality 
of visual communication of each geopark by evaluating the results. We provide basic suggestions to improve visual 
communication, making scientific information more understandable to geotourists. 

Keywords: geodiversity, GIS, Austria, Hungary, geosciences 

GEODIVERSITY AND GEOHERITAGE 

Geodiversity is a term relating to the variety of inanimate geoscientific values (geological, geomorphological, 
pedological, hydrographical, mineralogical, and palaeontological) of the Earth. The concept of geodiversity was 
proposed in the 1990s. However, the use of the term is not yet widespread. The various methods of geodiversity 
assessment draw attention to these values and reveal areas that can be further investigated to identify geosites and 
determine geotourism potential. Being the ‘backbone of geoheritage’ (Gray, 2018), the investigation of geodiversity and 
its assessment is essential before any kind of tourism, conservational or infrastructural utilisation (Zwoliński, 2018). 

Geoheritage is a part of the Earth's identified geodiversity (Brilha, 2016; Zwoliński, 2018). This discipline includes the 
recognition, inventorying, management, and conservation of valuable and spectacular geoscientific objects, such as 
cliffs, caves, key sections, and outcrops (called geosites). It focuses primarily on the diversity of minerals, rocks, and 
fossils, but also incorporates historical, cultural, aesthetic, and religious values. The inventory of geoheritage includes 
globally, nationally, and locally important geoscience objects too – but their geotourism importance and potential are 
determined by the consideration of cultural and ethnographical additional values (Brocx & Semeniuk, 2007). 

WHAT IS A GEOPARK? 

A geopark is an institutional body responsible for the protection, management, and tourism utilisation of geoheritage 
values. It is established on the important geosites in a certain area having high scientific quality, assessed according to 
their rarity, aesthetic or educational attractiveness. Geosites in geoparks may also have archaeological, ecological, 
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ethnographical, historical, and cultural values too. Geoparks also have an important role in disseminating scientific 
information: their geoeducational activities help to understand the importance of geodiversity, geoheritage, and their 
conservation (Zouros, 2008). The international organization for UNESCO-recognised geoparks is the Global Geoparks 
Network (GGN) with 168 members worldwide (Global Geopakrs Network, 2022). 

The EGN (European Geoparks Network) is an organization including all 88 (2021) global geoparks in Europe (Fig. 1). 
Its main goal is to establish collaboration to protect and promote geoscientific and geotourism values of protected areas 
and to organise geoeducational activities (Zouros, 2008). 

 

Figure 1. The distribution of EGN members (as of 2020, source: europeangeoparks.org) 

GENERAL MAP USE AND READING 

One of the most common methods of communicating and displaying spatial information is mapping. These products are 
also an important tool for displaying scientific results, which can be used to further analyze data or present them 
directly. Within earth science, the meanings of maps can greatly vary. Maps related to different science fields have 
different meanings for users. The users do not see backround databases or the analytical processes when reading maps, 
only the graphical visualisation of the results. For this reason, it is important to make sure that the data displayed on the 
map is easy to understand for the reader as well. The finished product has to represent corresponding area realistically 
and in a well-interpretable way (DiBiase, 1990; DiBiase et al., 1994). 

Maps are not always made by cartographer specialists, which can be a problem in complying with basic cartographic 
considerations. Thematic data is not always properly communicated to users, so the map is difficult to read and 
interpret. Proper interpretation of maps requires basic map objects such as scale, legend, and orientation. In addition, to 
taking cartographic aspects into account, the basic graphic factors should also be observed, as the map is a graphic end 
product, either in printed or interactive form. Therefore, a properly constructed map brings the user (both in 
cartographic and graphic terms) closer to understanding the depicted phenomenon, so the processes can be easy to 
understand (DiBiase et al., 1992). 
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GEOTOURIST MAPS 

The use of geotourist maps is not yet widespread in Hungary. Geological maps in most countries are issued by 
geologists, edited, or derived based on field observations. An expert surveys geological formations with the help of a 
topographic map suitable for orientation and navigation. These maps include specific information, that is difficult for 
tourists to interpret. Due to the dense thematic content, these maps are not easy to use for field orientation, as they 
contain little additional information to help with field orientation and locating tourist destinations. Such maps were 
made primarily for desktop use. The number of symbols on the map is closely related to the size of the area and the map 
scale. 

Most of the used map symbols are coloured polygons referring to different lithological categories. As there are other 
line and point symbols to present (e.g. tectonic lines and boreholes), the map can become easily ‘overloaded’. This 
amount of scientific information is unnecessary for tourism purposes and cannot be disseminated easily. The spreading 
need for natural activities and geoscientific information also brought the development of tourist routes and educational 
trails, which should be depicted on maps, as they are essential for field navigation and finding geosites. 

However, geotourist maps usually contain a limited amount of geological/geoscientific information that helps the 
understanding of the evolution and processes of the corresponding area. In addition, geosites and other infrastructure 
elements can be presented in these publications and maps. However, this genre is not yet fully developed, as it is very 
difficult to find the balance between scientific and tourism content (Albert, 2004; Albert & Pál, 2018). 

COLLECTING GEOTOURIST MAPS 

The research is based on a database, in which the maps to be evaluated, the evaluation criteria (Table 1.), and the results 
were recorded. The first step during database building was to download the latest list of the members of the European 
Geoparks Network. We have also noted the country of each geopark, as this factor had a role later in differentiating the 
results. After these initial preparations, we have started to collect geotourist maps by looking through the official 
websites of the designated geoparks. We have downloaded the latest maps as raster image files (where these were 
available) in the case of each geopark with the best possible image quality. 

However, we noticed that there are also interactive maps on the websites of some geoparks (42 pieces), so we uploaded 
the link of these to the database in addition to the raster files. These web pages show data about geoparks and related 
services with varying data density and quality. In most cases, these are based on a vector background that can be either 
uniquely edited (e.g. Arouca Geopark [Portugal]) or open-source (e.g. OSM – Bergstrasse-Odenwald Geo-Naturpark 
[Germany]). Geosites and the presentation of hostelry, restaurants, and other services usually appear in the background 
with various thematic geotourist functionalities (e.g. geosites, visitors’ centers, and educational trails). Some 
information about the displayed features appear after a click, or the visitor is directed to a subpage, where additional 
materials can be found. 

In the case of some geoparks, no available raster-based or interactive maps were found on the Internet (16 geoparks). In 
such cases, we tried to contact the corresponding geopark’s staff for relevant geotourist maps. We were provided with 6 
maps this way. In the case of the Novohrad-Nógrád Geopark (Hungary), we used our physically available map that was 
scanned in high resolution and recorded in the database. A total of 78 maps of the 88 geoparks (one per each) were 
collected (Figure 1.). The images are mainly in raster formats (JPEG, PNG), but there are also some PDF ones in the 
inventory. 

EVALUATION METHOD 

After collecting the maps, we started processing them, which was done using the evaluation method presented by Pál & 
Albert (2021). The initial approach of this system examined the objective characteristics of geoscientific maps. Its core 
was worked out during the XX. Carpathian-Balkan Geological Congress in 2014 (Tirana, Albania), where the greatly 
varying quality of the presented studies’ map figures triggered the idea of a systematic analysis. Gáspár Albert collected 
some samples here and started to collect the criteria that can be evaluated. The main idea of determining the factors that 
makes a geoscientific map better or less interpretable was slightly modified by this paper to be compatible with 
geotourist maps. The first criterion of the evaluation is the visualization quality that characterizes each map as a 
synthesis of visual variables. Three groups are defined based on: 

- the use of colours and symbols and their placement, 
- the style and readability of text elements and toponyms (if they are present), 
- the balance between the thematic content and the base map, 
- and the overall visual quality of these components together. 
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An important evaluation criterion is the map type that is determined based on the functionality of each map. Three 
distinct types are defined: overview, main and detail maps. The map accessorial, topographic and thematic content as 
well as base map copyright issues were also analysed (Table 1). 

Table 1. The evaluation system criteria 
→ Visualisation 
• Excellent: The elements displayed on the map are balanced, and suitable for the purpose, making it 

easy for the user to read and interpret. The resolution in terms of image quality is good. 
• Medium: The resolution still meets the expectations, but the map is no longer easy to read and 

interpret due to inaccuracies or distortions. The elements used and the purpose of the map is not 
always harmonized, the thematic content and background do not precisely fit together. 

• Poor: The map content is difficult to read and interpret, and thematic content and symbols are not 
necessarily related to the target theme of the map. 

→ Map type 
• An overview map is for showing the location and the geographical context of a study area. These 

maps are often of a small-scale, solitary, or paired with the main map. 
• The theme and the area are usually presented on the main map on a large scale. It has a more 

elaborate symbol use and detailed content than the overview map showing the results of the research 
works. 

• The third category is the detail map, which is always closely connected to the main map. It presents 
a smaller area of the main map on a larger scale. The main map is always present together with a 
detail map. 

→ Map content 
• Coordinates: lines of the geographical degree network, degrees 
• Orientation: north direction marking 
• Scale 
• Legend: used symbols and signs are summarized separately and explained 
• Toponyms 
• English language: the text information displayed is in English in addition to the language of the 

country of the geopark 
• Descriptive texts/photos: any text descriptive with photos, such as geolocation 
→ Topographic content 
• Relief: presentation of topography in different forms (contour lines, hypsometry, shading)  
• Hydrography: water network represented byline and/or surface signs (watercourses, lakes, rivers, 

channels, springs, wells, marshes) 
• Road network: represented by a byline and/or surface signs (roads of international and local 

significance) 
• Administrative boundaries: state borders, borders of smaller administrative units 
• Settlements: representation of a settlement with a surface method or points 
• Toponyms: names of natural and manmade objects 
→ Thematic content 
• Geology: the geological composition of the area by any method 
• Geotopes/geolocation: mark geolocation with dots/point 
• Tourist trails: marking the tourist road network with signs 
• Geopark boundary 
→ Base map types – copyright issues 
• Copy ua means an unreferenced, scanned raster file that was used to create the base.  
• In the case of Copy a, the scanned raster is accurately referenced.  
• In the case of Edited, the topographic/thematic data used is referenced after some base map editing. 
• While Vector base maps also look to be edited, no reference can be found. If the base map exists, but 

we have no information about it. 
• Then the No data mark is applied.  
• The last category is the No base map when there is just thematic content without any basic 

background. 
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RESULTS 

The results are calculated based on pre-defined country groups instead of geoparks (Fig. 2). In this way, the various 
parts of Europe can be evaluated separately and specific recommendations and map quality conclusions can be drawn. 
The country groups are the following: 

• Southern Europe: Italy, Portugal, Spain 
• Southeast Europe: Cyprus, Greece, Croatia, Romania, Serbia, Turkey 
• Northern Europe: Turkey, Denmark, Finland, Iceland, Norway, Russia 
• Central Europe: Austria, Czechia, Poland, Hungary, Slovakia, Slovenia 
• Western Europe: Belgium, the United Kingdom, France, the Netherlands, Ireland, Germany 

 
Figure 2. Number of maps collected from each country group 

 
Thematic data representation 

Visualization 

According to the three visual categories (excellent, medium, and poor), Central Europe has reached the best results, as it 
has the highest proportion of excellent maps in thecountry groups, followed by Southern Europe and Southeast Europe 
(Fig. 3). In the latter group of countries, medium quality has the highest proportion. Surprisingly, Western Europe has 
the poorest map visualisations. The diagrams also show the proportion of the geoparks where no maps were available. 

Map types 

According to the results, main maps are the most common in all five country groups. In the case of Western and 
Southeast Europe, there is only one overview map next to the main maps, while in the other 3 cases (Northern Europe, 
Central Europe, and Southern Europe) an overview map and a detail map are also shown (Fig. 4). Most overview maps 
are present in the case of Southern European geoparks. 
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Figure 3. Visualization propotion by country group 

 
 

 

 

 
Figure 4. Map types by country groups 
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Figure 5. Map content by country group 
 

 

 

 
 

Figure 6. Topography content by country group 
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Map content 

In most cases legend and toponyms appear on the maps, in Southeast Europe, the scale and nomenclature are the vast 
majority. Orientation is almost the same in all 5 cases, and coordinates can be found in only one case, this map element 
appears the least often (Fig. 5). The English language is present in relatively few cases, which is surprising since the 
geoparks, that publish the map, are members of an international organization. 

Topographic content 

In all cases, the presentation of road network and hydrographic elements are the most common, followed by the 
representation of settlements with a smaller number (Fig. 6). Geographical names, topography, and administrative 
boundaries are shown in the smallest proportion. Maps of the Central European group show the smallest proportion of 
relief. Maps of Northern Europe contain the least toponyms. Administrative boundaries are rarely present in all 5 cases, 
only 2-6 maps. 

Thematic content 

The boundaries of the examined geoparks are marked on the map except for a few cases. In addition, to the 
representation of the boundaries of geoparks, the representation of geosites is present in an almost equally high 
proportion. The representation of geology and hiking trails network is far behind the other two thematic elements. In 
most cases, the proportion of these two topics is almost the same for groups of countries. The smallest proportion of 
tourist routes occur in Central Europe, while the lowest number of geological layers appears on the maps of Southeast 
and Northern Europe (Fig. 7). 
 

 

 
 

 
 

Figure 6. Thematic content by country group 
 

Geosites, geo-objects 
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Figure 7. Base maps type by country group 

 

Base maps type 

When examining base maps, Northern Europe does not fit into the data of the other groups of countries, as here most 
maps are in the Copy ua category (Fig. 7). For the other 4 groups of countries, there are mostly no base map. On the 
maps of Southeast Europe, we only find Copy ua and Vector types. In central Europe, where there is a base map, Copy 
is the category. 

CONCLUSION 

During the research, geotourism maps of EGN members were collected and examined. For this, we used a system of 
criteria taking visual and cartographic attributions into consideration. After the evaluation, we got a more 
comprehensive picture of each group of countries based on the different categories. Examining the visualization, we can 
state that Central Europe got the best results and Western Europe the worst (Fig. 2). For the map type, all three types are 
displayed for Central, Northern, and Southern Europe (overview, main, and detail map as well). In these three cases, the 
detail map is uniform in the smallest proportion. Examining the map content, it can be stated that the coordinates are the 
objects that appear in the smallest proportion in all 5 cases. For the groups of countries, the examined objects appear on 
the maps in a nearly similar proportion. Even for topographic content, there are only minor outliers between groups. 
The boundary representation of the geopark is the most prominent in the geotourism maps of Southern Europe. When 
examining the other components, we get almost similar proportions for each group of countries. The examination of the 
base map type revealed varied results. For geotourism maps of Western Europe and Southern Europe, no data is the 
most common.  

Thus, it can be stated that the geotourism maps of the EGN members differ only in some cartographic elements. 
Visually, Central Europe is the most prominent, and almost similar results were obtained for all other cartographic 
objects.  

It is a basic cartographic aspect to have orientation and scale on the map, as the lack of these can make it very difficult 
to read the map. The orientation is the lowest on the maps of Central Europe and Northern Europe, in almost the same 
number as in the other groups of countries. The scale is almost the same for all groups of countries. On geotourism 
maps, it may be a basic requirement to mark geotopes in some way. The maps of Central Europa also stand out on this 
basis. It appears on the maps of Southern Europe in the smallest proportion.  

All in all, most, but not all, geotourism maps belonging to the Central Europe group of countries are the most 
outstanding in terms of evaluation criteria.  

In order to show the land values accurately and to convey them in a clear and easy-to-understand way, it is 
recommended to prepare the geotourism maps by the basic aspects. For a more consistent display, EGN members may 
be encouraged to follow a jointly developed scheme when designing and editing maps. The common signal code would 
make it much easier for map users to get to know the area through the maps.  
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Abstract 
Digitization of construction processes is being introduced in the Czech Republic, an integral part of which will be a 
digital technical map and BIM of structures. The main goal is to increase the speed and efficiency of construction 
preparation and implementation processes, as well as their subsequent effective operation and maintenance throughout 
the life cycle. The implementation of digitization is based on modern technologies of mass data collection and 
construction information management tools (GIS, BIM). Subprocesses are standardized and data flows are controlled 
using machine-readable interchange formats and database-oriented information systems. Digitization of construction 
processes contributes to streamlining the administration of public construction contracts. Significant investments are 
mainly the constructions of transport infrastructure (roads, railways). The article includes selected examples from pilot 
verifications of digitization of transport construction processes, especially from the sphere of property preparation and 
implementation phase. 

Keywords: Digital technical map, BIM, traffic construction, GIS 

INTRODUCTION 

Digitization of construction processes is being introduced in the Czech Republic, an integral part of which will be the 
Digital Technical Map (DTM) and Building Information Management (BIM). Transport construction is one of the main 
sectors where significant financial savings are expected due to the introduction of digitization. The main goal is to 
increase the speed and efficiency of construction preparation and implementation processes, as well as their subsequent 
effective operation and maintenance throughout the life cycle. Implementation of digitization is based on modern 
technologies of mass data collection and construction information management tools based on GIS and BIM. 

DTMs are an important data base for a wide range of professional activities in public administration and the private 
sector. Act No. 47/2020 Coll. the amendment to the Surveying Act imposed on the sub-regions of the Czech Republic 
the obligation to build DTM of regions by 2023. State Administration of Land Surveying and Cadastre (ČÚZK) is  
obliged by the same Act to build a digital public administration map information system (IS DMVS), which will 
provide services for regional DTMs and their users, which should be operated centrally. DTM will move the Czech 
Republic among the countries that operate databases of transport and technical infrastructure networks and can work 
with this data in the processes of construction management and land use planning, construction design, property 
management and in a number of other engineering areas. 

Like many other fields, the construction industry inevitably faces digitization. The way to digital construction is the 
BIM method. This is part of a broader trend of digitization of state and public agendas summarized in the Digital 
Czechia strategy [1]. BIM is, and to an even greater extent will be, the driving force behind the much wider 
development of the entire construction sector. 
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BIM in the construction process is perceived as an intelligent process for creating and managing construction projects 
based on a digital model. It facilitates the exchange of information in the process of project design, construction and use 
of a structure. The BIM model can be created as multidimensional, where the sub-dimensions denote 3D (space + 
attributes), 4D (time), 5D (cost), 6D (energy),  7D (facility management), 8D (social aspect). The central source of 
information is the common digital data environment, the so-called CDE (common data environment), which is used to 
collect data, manage it and make it available to various users. The state of digitization of spatial information and its 
implementation in BIM at the Railway Administration are kept, for example, in [2] and [3]. 

The transport infrastructure is almost completely owned by the state and local governments. Only three state 
organizations are large investors - the Directorate of Roads and Motorways of the Czech Republic, the Railway 
Administration, and the Directorate of Waterways of the Czech Republic, which are financed by the State Fund for 
Transport Infrastructure, which is also responsible for implementing BIM in transport construction. The construction of 
transport infrastructure is therefore fully financed from public funds, and therefore it is desirable to seek financial 
savings in the entire process using BIM information technology tools. 

CONSTRUCTION LIFE CYCLE AND ITS RELATIONSHIP WITH DTM AND BIM 

The life cycle of a structure can be expressed as a sequence of sub-processes on a timeline, where the construction starts 
with the implementation of the investment intent and ends with the commissioning of the structure. This is followed by 
the phase of sustainability of the structure during its operation until the end of its life, while the requirement is the 
maximum extension of its lifetime while maintaining the parameters of its functionality and safety. In the Czech 
Republic, the average length of preparation for a large-scale transport structure is currently 13 years [4]. The service life 
of some building objects, such as bridges, is projected at 100 years. However, the reality is different and, for example, 
in connection with the reconstruction of the D1 motorway [5], some bridge structures are being demolished in the 
middle of their expected service life due to neglected maintenance during operation. 

The following Fig. 1 shows the partial phases of construction on the timeline in the context of the corresponding types 
of documentation and BIM. Also shown are the usual scales of graphic materials used and processed graphic drawings. 
In terms of geographic data homogeneity an important factor is also their accuracy, which in the preparation, design and 
operational phases is corresponding to the accuracy of the state map series of large scale, and to digital cadastral map 
standards and DTM. In the Documentation for assignment of the construction (TD) the parameters of the structure 
geometric accuracy are defined in terms of technical and qualitative conditions and it is then realized in the 
implementation phase. A more detailed description of partial types of documentation is in [6]. 
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Figure 1. Partial phases of construction on the timeline in the context  
of the corresponding types of documentation and BIM 
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From the point of view of BIM, there are levels of detail of objects parameters called LOD (Level of Detail) and LOG 
(Level of Geometry), which differ in the partial stages of the process of preparation and implementation of the 
construction. 

LOG 100 – Study/Investment Intend - elements can be represented in the model by a symbol or other placeholder. A 
graphical representation of an element indicates its existence, but not its shape, dimensions, or exact location. All 
information derived from these elements is only approximate. 

LOG 200 – Documentation for land decision (Preliminary Design) - a general model sufficiently modeled to 
identify the type and material of the component. Schematic layout with approximate dimensions, shape and location. 
All information derived from these elements is only approximate.  

LOG 300 – Documentation for permission of construction (Final Design) - a specific object, sufficiently modeled to 
identify the type and material of the component. Production or pre-production object, "processed" object representing 
the final stage of design. Construction - specified dimensions, shape, location, etc. The quantity, size, shape and 
location for these modeled objects can be measured and obtained directly from the model without the need to read non-
graphic information or descriptions in the drawing documentation.  

LOG 350  - Documentation for assignment of the construction (Tender Design) / Documentation for construction 
realization (Working Drawings and Documents) - detailed, precise and specific object with requirements for 
construction and properties of materials and building elements. It contains all the necessary parts in sufficient 
representation within the construction according to the technologies and execution procedures for the implementation 
and recording of the actual execution. Parts needed for coordination. 

LOG 400 – As-built documentation - detailed, precise and specific object with requirements for construction and 
properties of materials and building elements given according to the actual design. It contains all the necessary parts in 
sufficient representation within the construction according to the technologies and procedures of implementation into 
the production documentation. LOG 400 is identical to LOG 350 in many cases. 

STANDARDIZATION OF PROCESSES AND DATA 

In 2017, the Government of the Czech Republic, by its Decree No. 682, approved the material "Concept for the 
Implementation of the BIM Method in the Czech Republic" [7]. The Ministry of Industry and Trade (MPO), in 
cooperation with the Office for Technical Standardization, Metrology and State Testing (ÚNMZ), commissioned the 
implementation of the BIM method through the Czech Standardization Agency (ČAS). The aim is to prepare standards, 
methodologies, guidelines and recommendations for selected measures of the Concept of implementation of the BIM 
method [8].  

In addition to the Ministry of Industry and Trade (MPO), the Ministry of Transport (MD), resp. The State Fund for 
Transport Infrastructure (SFDI), as well as experts from the Expert Council for BIM (CzBIM) also took part in the 
elaboration of the Concept. At the same time, in 2021, the anchoring of BIM in the process of digitizing public agendas 
was strengthened. 

The National Geoportal of Spatial Planning is an information system of public administration and is accessible in a 
way that allows remote access. The Ministry may entrust the operation of the national spatial planning geoportal to an 
organizational unit of the State established by it.  

The National Spatial Planning Geoportal serves for 

a) publication of outputs from spatial planning activities of spatial planning bodies, 

b) ensuring access to records of spatial planning activities, 

c) providing spatial data on the topic of planned land use 

d) making available and providing other data related to spatial planning and spatial development to be determined 
    by the Ministry, and 

e) other activities arising from this Act or its implementing legislation. 

Selected parts of spatial planning documentation and spatial analytical documents are published in uniform standards on 
the National Spatial Planning Geoportal.. 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

69



Digital technical map is a database file containing data on transport and technical infrastructure and selected natural, 
construction and technical objects and facilities, which display and describe their actual state, and data on plans to make 
changes to transport and technical infrastructure. Subprocesses are standardized and data flows in them cotrolled using 
machine-readable interchange formats and database-oriented information systems. 

Data standard defines a uniform model architecture and defines the rules for writing and content of the construction 
model, i.e. determines the structure of the model so that the division of individual buildings across the construction 
industry is identical and individual elements have a uniform format, designation and accuracy, taking into account the 
degree of documentation. The purpose is to create uniform machine-readable data that is compatible with the IFC 
(Industry Foundation Classes) format. 

BIM Protocol is a contractual document that is part of the work contract and defines in particular the conditions and 
obligations of project team members, requirements for information models, obligations and restrictions related to the 
use of these information models, data intellectual property conditions and responsibilities in relation to the construction 
information model, priority of documents and admissible purposes of using information models. 

BIM Execution Plan is a methodology for using BIM for a project containing basic identification data, responsible 
persons and role definitions, rules for sharing project data, basic technical agreements, principles for model 
segmentation, principles for model creation and graphical detail of the model. 

SFDI Data standards [9] maintain the basic principles for individual elements or groups of elements and properties or 
groups of properties. They work with the international classification system CCI (Classification Construction 
International) and the link to the data-neutral standard format IFC. At the same time, the scope and content of the 
project documentation of transport constructions are respected and the link to the technical passport of infrastructure 
(TPI) and line objects (LInO) is ensured. In principle, the data standard is the same for building construction and 
transport engineering. 

BIM AND PUBLIC PROCUREMENT 

Use of information modeling of constructions for construction contracts financed from public sources and start of 
digital construction proceedings, are stipulated by the already valid Act No. 47/2020 Coll. [10]. The data from the 
construction information model can be used as one of the ways to very easily prepare documentation for individual 
phases of the construction procedure.  

From 2023, the obligation to use BIM for above-limit public contracts for design and construction work financed from 
public budgets will be introduced. Digitization of construction processes contributes to streamlining the award of public 
construction contracts. 

To verify the BIM method for design, several pilot projects were implemented by the largest investor organizations in 
the Czech Republic, namely the Railway Administration, the state organization managing railway infrastructure [11] 
and the Directorate of Roads and Motorways of the Czech Republic managing motorway infrastructure [12]. 

Fig. 2 shows an example of the pilot railway project "Modernization and completion of the Prague Masaryk Railway 
Station" [13] for the phases FD and PDPS in BIM mode. In Fig. 3 is demonstration of a pilot road project of the 
information model of the level of PDPS documentation of the project "I / 42 Brno, VMO Žabovřeská I. - stage I." [14]. 

 

Figure 2. Demonstration of a railway pilot 
project in BIM [13] 

 

Figure 3. Demonstration of a road pilot project in BIM [14] 
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BIM IN THE CONSTRUCTION AND COMMISSIONING PHASE  

Digitization and computerization in various phases of the construction life cycle are currently being addressed by GIS 
tools. Acquiring digital data or processing it into 2D or 3D models is also associated with problems [15]. Current 
measuring technologies of mass data collection, eg based on laser scanning or the use of image data, produce large 
amounts of data, which must usually be filtered, optimized, etc. before use and then extracted from them the necessary 
information in the form of vector data. Various approaches to data preprocessing and optimization are discussed e.g.in 
[16]. 

A demanding process represents the reworking of already existing digital As-built documentation processed according 
to the current methodologies of the Railway Administration or Directorate of Roads and Motorways of ČR in the 
standard of CAD drawings into the BIM model. In Fig. 4 is an example of a 3D As-built documentation in the form of a 
CAD drawing in DGN format created on the basis of the existing CAD data model. In Fig. 5 is an example of a 
remodeled bridge object and associated structures from a vector drawing to an Autodesk Revit or Autodesk Civil 3D 
BIM model and its output in IFC exchange format. In Fig. 6 is an example of the result of importing the IFC format into 
CDE - Bentley Projectwise with an example of the output of database stored attributes, including the possibility of 
attaching a PDF document. 

 

Figure 4. Example of As-built 
documentation in DGN vector 

format 

 

Figure 5. Example of 
remodeling into a 3D model in 

IFC format 

 

Figure 6. Example of transfer to CDE BIM 
environment 

 
The main benefit of the BIM method used since the beginning of the construction life cycle is primarily the usability 
and traceability of all data stored in the CDE. In the construction preparation phase, regulatory documents of the 
authorities are especially important, in the implementation phase the highest detail of technical data on sub-buildings is 
created according to the actual design and in the construction phase all information entered in the CDE in the past 
construction life. The selected BIM data will also be used to update the content of DTM [17]. 

CONCLUSIONS 

The expected benefits of the BIM method in the construction preparation phase are the use of more accurate documents, 
better cost planning, simplification of document transfer, analysis for selecting the most advantageous variant, project 
cooperation, visualization and public participation, creation of more accurate tender documentation, prevention of 
collisions and prolongation, and less expensive construction. 

The expected benefits of the BIM method in the construction phase are simplification of bid preparation, reduction of 
design and implementation costs, more efficient management and control of construction, monitoring of construction 
progress including cubature tracking, improvement of work quality, savings in preparation of as-built documentation, 
and easier provision of safety and health protection of the persons involved in the construction process. 

The expected benefits of the BIM method in the operation, management and maintenance phase of buildings are life 
cycle cost savings, information linking to management systems (easier warranty administration), availability of 
information entered into CDE during the life cycle, simplified commissioning and preparation of repairs or 
maintenance, cost planning for maintenance, analysis of the impact of repairs and maintenance, including streamlined 
options for evaluation and assessment of the condition of construction objects. 

The introduction of the BIM method raises the need for stakeholders to increase the requirements for knowledge 
development, interdisciplinary coordination based on electronic communication platforms. System process management 
contributes to increasing transparency, changing process approaches, team collaboration, assigning responsibilities, 
improving communication, system approach, automated control, data logging and decision-making processes. 

The BIM process will contribute to the development of innovations, automation of construction production, to more 
efficient spending of resources, higher quality and thus to higher competitiveness. 
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Abstract 
Geodiversity is the variety of earth scientific elements that can be distinguished from each other based on their unique 
characteristics. Examining the occurrence frequency of geological, relief, pedological and hydrological factors of an 
area relieves its geoscientific complexity and relates to the geotourism and geoheritage potential. Geosites, the most 
spectacular and interesting inanimate natural objects are the base elements of any geoconservational and tourism 
activity. Geodiversity assessment is the initial step of taking any nature protection measurements, as the mapping of 
geosites is based on this result. The evaluation of the surroundings of Sopron, Kőszeg and Eisenstadt aims to identify 
the ’hot spots’ where geoscientific attributes ’densify’. The GIS-based evaluation of thematic data highlighted the 
Sopron, Kőszeg (Güns), Rosalia, Leitha Mountains and the Bucklige Welt. These areas can be the subjects of further 
explorational research (e.g. geosite identification) and geoconservation works. 

Keywords: geodiversity, GIS, Austria, Hungary, geosciences 

INTRODUCTION 

The formation and evolution of the term ’geodiversity’ (Kiernan, 1996; Sharples, 1995, 2002) are closely related to the 
parallel definition of ’biodiversity’ that comprises all living natural elements of the environment (Wilson, 2001). 
According to current scientific approaches, geodiversity is the assemblage, connection set and natural variety of 
geological (rock types, minerals, building stones and fossils), geomorphological (relief types and their processes) and 
soil features (Gray, 2004). With the development of the geoscientific field of geoheritage and geoconservation, their 
connections to geodiversity also became clearer. According to Gray (2018), geodiversity is considered the ’backbone of 
geoheritage and geoconservation’: the determination of scientific and geotourism potential is needed to be preceded by 
a thorough and accurate geodiversity assessment. 

The terms geodiversity, geoheritage and geoconservation can be well delineated, although they are in a close 
relationship. Geodiversity examines and evaluates all abiotic natural elements of the environment, geoheritage is just a 
narrow set of these objects. These need to have tourism, educational, cultural or historic significance among their 
scientific peculiarities. Geoheritage objects are the subjects of geoconservation which is a toolset for evaluating, 
protecting and promoting geoheritage objects (Brilha et al., 2018; Gray, 2018, 2019; Pereira et al., 2013). 

Based on this theoretical background, national and international organisations of nature protection started to recognise 
the importance and values of the geoscientific elements of the environment. The institutional background of geoheritage 
and geoconservation has started to emerge: the networks of geoparks (on a regional and global scale) became the most 
important units of promotion, protection and tourism utilisation (Henriques et al., 2011; Pál & Albert, 2021; Zouros, 
2004, 2016). In some countries, the board of national geoparks also exists comprising values and services following the 
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international model (MGB, 2019). However, the establishment of these is preceded by thorough scientific investigations 
– with geodiversity assessment as the first step. Our paper aims to provide a scientific basis for validating the 
geoheritage and geoconservation potential of the designated sample area. Geodiversity assessment and the geodiversity 
map edited from the results (based on a GIS database) help to locate diverse areas that are supposed to be the key areas 
of geosite identification and further geotourism development. Pappné Vancsó et al. (2021) has pointed out that 
qualitative geosite assessment has already started around Sopron, and based on these results, the area is suitable for 
geotourism utilisation. The geodiversity assessment presented in this result is capable of validating the geosites 
designated already and delineating the extent of a possible geopark on the border of Austria and Hungary. We also try 
to introduce geodiversity as a quantitative variable of thematic cartography proposing a basic visual representation 
method. 

OUR SAMPLE AREA 

 

Figure 1. An overview map of the sample area and its surroundings 

The examined area (Fig. 1.) is mostly a part of the Styrian Prealps (Sopron Mountains, Leitha Mountains, Rosalia 
Mountains, Bucklige Welt, Kőszeg Mountains), the Eastern Alpine Foreland (Sopron Basin, Balf–Rust Hills, Kőszeg 
Foothills and Vas Hill), and the western borders of the Little Hungarian Plain (Fertő [Lake Neusield] Basin, Vas–
Sopron Plain). The 3,800 km2 evaluated area is divided between Austria (~65%) and Hungary (~35%). This is because 
of the similarities in geoscientific attributions, geological development, and geographical setting: the area is well-
distinguishable from the Eastern Alps and the Hungarian Little Plain in these aspects (Makádi, 2000). 
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The most important and known peculiarity of the area is the saline Lake Fertő (Lake Neusiedl) bordered by many little 
lakes and large reed masses, saline meadows along the shores. These geodiversity elements and the special richness of 
both flora and fauna are the reasons for establishing the Fertő-Hanság National Park (on the Hungarian side) and the 
Neusiedler See – Seewinkel National Park (on the Austrian side) managing the nature protection of the area. The 
significance of the mountains and hills of the Eisenstadt-Sopron-Kőszeg axis is accounted for the rare and old rock 
types such as Palaeozoic amphibolite, gneiss, mica schist (in the northern and central part, especially around Sopron) 
and Jurassic quartz phyllite (in the southern part, especially around Kőszeg). However, there are large quarries and 
surface mines of Neogene sediments in foothill or basin areas are also important such as the coal around 
Brennbergbánya, and the Leitha Limestone which has been a famous building stone in both countries (Gyalog & 
Síkhegyi, 2005; Makádi, 1997; Pappné Vancsó et al., 2021). 

METHODOLOGY AND EVALUATION 

Geodiversity assessment methods evolved continuously in parallel with the definition itself (de Paula Silva et al., 2015; 
Pereira et al., 2013; Serrano & Ruiz-Flaño, 2007; Zwoliński et al., 2018). The common feature of the quantitative 
methods is that they calculate with different earth science factors and variables (mainly synthetizing between distinct 
science fields such as geology, geomorphology, pedology, hydrography, mineralogy, and palaeontology) applying 
mathematical formulae and GIS-based analyses. They also use geoscientific thematic maps and databases that refer to 
the spatial inequality of geodiversity (Zwoliński et al., 2018). 

Geodiversity: a quantitative thematic variable 

Because of the quantitative features and spatial connections, geodiversity can be considered a thematic map variable. 
Most methods use analogue or digital cartographic data examined over unit-size areas – mostly grids with various 
resolutions. The spatial diversity of each geoscientific element can be determined this way in the grid cells. Recent 
quantitative studies apply GIS methods to calculate these thematic index values (Pál & Albert, 2021; Zwolinski et al., 
2018). 

Before geodiversity assessment, the quality of base data has to be taken into consideration. Detailed examinations of 
relatively small areas require large-scale base data (as small-scale materials do not differentiate geoscientific elements 
properly), while the detailedness of large-scale databases and maps is not suitable for regional and national evaluations 
(because they include lots of locally important categories that distort the evaluation). 

Pereira et al. (2013) assessed geodiversity over an area of 230,000 km2, applying 1:500 000 and 1:650 000-scale maps. 
Grid cells of 25*25 km size were laid over the region to be evaluated and the thematic variables were determined in 
each of them. This can be considered a regional-scale model. A much smaller area (285 km2) with subarctic features 
was evaluated by Hjort & Luoto (2010) over 500*500 m grid cells applying 1:20 000 topographic maps and 1:31 000 
orthophotos. This is a local scale model. An evaluation based on the presented theoretical background was conducted in 
the area of the Bakony–Balaton UNESCO Global Geopark in a transitional scale class between local and regional 
methods (Pál & Albert, 2021). 

Methodology of the assessment 

The presented assessment of the surrounding of Eisenstadt, Sopron and Kőszeg is conducted with the application of a 
quantitative model based on the methodology of the Portuguese school (Pereiras et al., 2013; de Paula Silva et al., 
2015). According to this, the process was built up of three main steps: 

• Defining a grid layer consisting of unit-size grids: the GIS evaluation of thematic data is conducted over these 
cells. The cell size has to be in balance with the resolution of base data. 

• The evaluation is based on the quantitative analysis of base data over every grid cell that results in thematic 
subindices (geological, geomorphological, pedological, mineralogical and palaeontological). The sum of these 
indices produces the geodiversity index of each cell. 

• The proper visualisation of the results is essential to draw conclusions and propose measures and plans for the 
evaluated area. In areas, where the overall geodiversity is relatively high, further examinations and analyses are 
suggested to initialise geoheritage and geoconservational work. If the evaluated area is active in this aspect, the 
identified hot spots and regions could be the subjects of short-term geotourism and infrastructural development 
because of their high geoscientific potential. 

The Portuguese model was slightly modified by Pál & Albert (2021). These modifications are also applied in this paper. 
The Bakony–Balaton UNESCO Global Geopark (3244 km2) was evaluated by using 1:50 000 and 1:100 000 base data 
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with the application of a grid with 2*2 km cells. Besides thematic maps of national sources, open-source data were also 
used to increase the possibility of wider application. 

Base data and evaluation 

The various base data analysed during the assessment are the following: 

• the 1:100 000 geological map of Hungary (Gyalog & Síkhegyi, 2005) and the 1:50 000 geological map of 
Austria (Geologischen Bundesanhalt, 2020); 

• the 1:100 000 soil map of Hungary (ATK TAKI, 2020) and the 1:750 000 soil map of Austria (Rieck, 1989); 

• a quasi-landform map (geomorphons, Jasiewicz & Stepinski, 2013) derived from a Digital Elevation Model 
(MERIT DEM – Yamazaki et al, 2017); 

• a watercourse network generated also from the MERIT DEM that was corrected based on topographic maps to 
filter mistakes connected to the automation; 

• a lake polygon set downloaded from OpenStreetMap that was filtered to eliminate artificial pools and other 
manmade objects; 

• mineral resource and building stone database of the European Geological Data Infrastructure (EGDI, 2021); 

• and the digitized database of the fossils of the Carpathian Basin (Főzy & Szente, 2007). 
The evaluation workflow took place in the open-source environment of QGIS 3.22. The geodiversity index was 
determined by determining each subindex and summing them (Fig. 2). The sample area was divided into 2*2 km grid 
cells based on the scale of base data. We determined each subindex for each distinct cell, mainly calculating the 
different thematic features in them. As geological and pedological data are different in the Austrian and Hungarian 
parts, these were unified on the border based on geoscientific attributions (Császár, 2000). 

The geological subindex (Fig. 2a.) was determined by the analysis of the 1:100 000 geological map of Hungary and the 
1:50 000 geological map of Austria. The thematic subindex, in this case, is the number of distinct geological formations 
in each cell. This can be determined with GIS methods: after assigning each formation a unique key value the dataset 
was converted to a raster image (with the key numbers as raster values). The QGIS ’Zonal Statistics’ tool can determine 
the different pixel values in each cell: it is the geological subindex. Its maximum value in the area is 15, while the 
minimum is 1. 

Pedological subindex values were determined similarly to geological ones, but applying the 1:000 000 (Hungary) and 
1:750 000 (Austria) pedological maps. The vector datasets were also rasterised with the help of a key value for each soil 
type and the ’Zonal Statistics’ Plugin was also applied. The subindex extrema are 1 and 5. 

The geomorphological subindex is built up of two parts: relief and hydrography. The relief subindex was determined by 
applying the ’r.geomorphon’ algorithm of QGIS and GRASS (Jasiewicz & Stepinski, 2013). This method can be 
parameterized depending on the resolution of the downloaded DEM and the desired complexity of the results (on a ~90 
m resolution DEM, we applied a 3-cell sized visibility neighbourhood). The final geomorphon map presents 10 distinct 
landform types (Fig. 2c): these were analysed also with the ’Zonal Statistics’ tool. Its ’Variance’ attribute gives the 
distinct landform types in each cell, the maximum value is 10, while the minimum is 1. 

The hydrographic subindex was determined by analysing the spatial distribution of lakes and watercourses. Cells 
containing lakes get a constant subindex value of 3. In the case of streams and rivers (Fig. 2c.) the Strahler value 
(Strahler, 1957) of the watercourses is divided by 2 and rounded up to the nearest integer – the maximum of this value 
in a certain cell is the subindex value (e.g. a cell with a 5 as the maximum assigned Strahler value gets 3 as 
hydrographic subindex). The maximum subindex value in the area is 5, while the minimum is 0. 

The evaluation of minerals and building stones was based on point feature data (EGDI, 2020). The number of different 
mineral and building stone types was calculated in each cell (the extrema are 0 and 2). The palaeontological subindex 
was determined similarly: each different fossil type was counted and their sum in each cell was considered as the 
subindex (the minimum value is 0, while the maximum is 4). 

Subindices were summed up in each cell (this is the final geodiversity index value) and classified by the ’Natural 
Breaks’ method (Jenks, 1967) which maximises the standard deviation between classes and minimises it between class 
members. Five value categories were determined, that were the base of cartographic visualisation (Fig 3). 
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Figure 2. Examples for subindex calculations. Figures a-d) cover the area of the green rectangle in figure e). 
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RESULTS 

The presented thematic map (Fig. 3) delineates areas with different geodiversity values. Hilly and mountainous areas 
got greater values due to their higher geological and morphological diversity (Sopron Mountains, Leitha Mountains, 
Bucklige Welt, Kőszeg Mountains). Basinal and flat territories got mainly lower values. Exceptions are the Pulya Basin 
(in the surroundings of Oberpullendorf, due to its volcanic and metamorphic rocks) and the surroundings of Rust (due to 
a large number of distinct geological formations). 

 

Figure 3. Geodiversity map of the examined area 

DISCUSSION AND CONCLUSION 

The larger emphasis on mountains and hills in a geodiversity aspect is a geoscientific specificity that can be explained 
by the more complex processes that led to the formation of these areas. This is also validated by the GIS-based 
assessment. Because of this, geological and geomorphological subindex values are mainly higher in these areas (due to 
the more diverse structure). However, this tendency can hardly be traced in the case of hydrographic, mineral and fossil 
subindices. The hydrographic subindex is connected to the spatial distribution of the natural linear or polygon water 
features, while the mineral and fossil indices characterize a certain geological formation. Because of these, their 
modificatory effect is usually significant regarding certain cells (based on unique characteristics), not larger territories. 

High geodiversity areas are mainly on the Austrian side, but there are significant objects and geosites in Hungary too. 
This validates the idea of establishing a cross-border geopark similar to the Novohrad-Nógrád UNESCO Global 
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Geopark (shared between Slovakia and Hungary). A short-term plan, that was already presented and validated by this 
study is to form a small, national geopark around Sopron as exemptional cultural, ecological, and historic values are 
also present. 

This study also examines the problem from a cartographic and GIS point of view. This kind of GIS-aided and 
cartography-based assessment is relatively new not just in Hungary, but also worldwide. The theoretical and visual 
basics presented in the study can give a basis for further assessments in Hungary and other countries. This visualisation 
of geodiversity index values with the cartogram method is the first occurrence in Hungary and a good example of 
reaching a balance between the thematic layer and the edited base map. 

Geoheritage and geoconservational works also benefit from this assessment, as this methodology is easily reproducible 
in many areas. The geoheritage research of the examined area has already started (Pappné Vancsó et al, 2021) – this 
study aimed to validate their results and give further ideas of geotourism-compatible and examinable territories. The 
initial idea of a national or international geopark in the area would effectively contribute to the protection, conservation 
and sustainable presentation of earth scientific values. 
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Abstract 
The article presents a test version of the Integrated Information Environment for Polar Research (IIEPR), developed 
under the Bulgarian Antarctic Institute’s "Polar Research - 2018" project. IIEPR is a web-based information system in 
Bulgarian designed to consolidate structured data from all polar expeditions conducted at BAB. It combines several 
components: i) a database of research projects implemented during the Bulgarian Antarctic expeditions, results, 
published articles and participation in conferences; (ii) a database of geological surveys, soil and vegetation cover, 
geochemistry and geodetic measurements; iii) developed software modules that ensure the integration of components 
and functionality of the web-based platform. The database is implemented with PostgreSQL, spatial data is entered with 
PostGIS geometry, and information is published with the Map server. All software products used are of the general 
public license type. In addition, a relatively independent module of the GIS interface of the web-based system of IIEPR 
has been developed, which is available at http://anta.nat.bg and is available after registration. 

Keywords: Integrated Information Environment, web portal, interdisciplinary research, Antarctica, Livingston Island, 
BAB "St. Kliment Ohridski" 

INTRODUCTION 

The visible signs of climate change in the Polar Regions have been particularly noticeable in recent decades. The 6th 
IPCC Report places particular emphasis on the cryosphere to better understand the extent and scope of the changes that 
have taken place and their impact on global social, economic and environmental systems (IPCC, 2021). Observations 
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show a clear warming trend beginning in the 1950s on the Antarctic continent, with some parts expected to be warmer 
than global warming. The massive losses of the melting ice shelf outpaced the increase in mass from the increased 
accumulation of snow in the 20th century. At warming levels between 2° C and 3° C, the West Antarctic ice cover is 
expected to be lost almost entirely and irreversibly in a few millennia. The scientific estimates for Antarctica show that: 
i) the average annual surface air and rainfall temperatures will continue to increase in the 21st century, with average 
rainfall and intensity rising above the coastal areas; ii) glaciers have lost mass since 2000 and will continue to lose mass 
for at least several decades, even if global temperatures stabilize; iii) Antarctica ice sheet has been losing weight since 
at least 1990, with the highest loss in 2010-2019, and this trend is expected to continue. 

The Bulgarian Antarctic Base, “St. Kliment Ohridski” at the Bulgarian Antarctic Institute (http://www.bai-bg.net/), is 
located in the eastern part of Livingston Island - South Shetland Islands. Polar research carried out since its construction 
in the late 90th contributes to acquiring new knowledge in various scientific disciplines. Building scientific 
infrastructure and conducting long-term observations in this polar region is vital to accumulating scientific evidence and 
assessing the anthropogenic impact on the global Earth systems. The research projects implemented over the last three 
decades aim to contribute to achieving the goals of the international research program in the polar regions. The 
activities that are carried out include building and maintaining research infrastructure, conducting campaign 
measurements of various environmental parameters used to analyze different parameters and their relation to the climate 
change, the interrelationships between other physical systems and human impact on different spatial and temporal 
scales, simulations of climate models and many more. 

A research project titled “Digital modelling and monitoring of the ice cover in the area of the BAB "St. Kliment 
Ohridski ” has been implemented under the BAI program "Polar Research - 2018" for one year (Dechev et al., 2019). 
One of the primary purposes is to systematize the data, scientific information and results of the implemented research 
projects in the area of BAB. This article presents a test version of the Integrated Information Environment for Polar 
Research (IIEPR). IIEPR is a web-based information system in the Bulgarian language designed to consolidate 
structured data from all polar expeditions conducted at the BAB. It promotes the research results and provides search 
services by various criteria, obtaining metadata for projects, specific measurements or results from their processing, 
design of new research, 3D visualization, use and provision of access to other similar systems for Livingston Island. 
The first version of IIEPR combines several components: i) a database of the research projects implemented during 
Bulgarian Antarctic expeditions, results, published articles and participation in conferences; ii) a database of geological 
surveys, soil and vegetation cover, geochemistry and geodetic measurements; iii) developed software modules that 
ensure the integration of components and functionality of the web-based platform. The database is implemented with 
PostgreSQL, spatial data is entered with PostGIS geometry, and information is published with the Map server. All 
software products used are of the General public license type. The platform allows using resources divided into four 
categories - PROJECTS, CATALOG, GIS, and REGISTRATION. In addition, a relatively independent module of the 
GIS interface of the IIEPR web-based system has been developed, which is available at http://anta.nat.bg and is 
accessible after registration. 

A CONCEPTUAL FRAMEWORK FOR CREATING AN INTEGRATED INFORMATION 
ENVIRONMENT FOR POLAR RESEARCH 

The concept of IIEPR as an Internet platform combines several components: 

• A database in which data and materials from the projects of the Bulgarian Antarctic expeditions are structured. 
The database is implemented with PostgreSQL. Preliminary questionnaires provided data and materials from 
some of the last Antarctic expedition projects. Data from some past expeditions have also been introduced. 
Data from geological surveys, soil and vegetation cover, geochemistry and geodetic measurements and 
processing are provided. Spatial data is entered with PostGIS geometry. An administrative scheme for the 
database is to be developed, which will allow control of access and provision of data. 

• The data is published with MapServer. All software products used are of the GPL (general public license). 

• Additional developed modules - software that ensures the integration of components and functionality of the 
platform.  

The platform allows using resources divided into four categories: "PROJECTS", "CATALOG", "GIS", and 
"REGISTRATION".  
The "PROJECTS" category allows searching by keywords for IBA projects. This part provides information about the 
project and shows the project's location on a map, the team, the date of the field research, methods used, etc. Specific 
project results can be selected, such as reports, articles and other results displayed on the screen or downloaded in an 
appropriate file format. This functionality applies to both spatial and non-spatial data. Registered users will be able to 
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create projects, enter data about them, mark which of the data are publicly available and which are not, to mark the 
locations of the measurements on a map.  
The "CATALOG" category has been created for quick search and access to specific information in the database. All 
system users, spatial data, projects, articles and reports are catalogued. Detailed information can be accessed very 
quickly through the catalogue. In this part, the user can connect to other similar systems of other polar explorers in the 
area if these systems use standard, affordable web services. 
"GIS" is an environment that can be used alone but is integrated into the other two components - "PROJECTS" and 
"CATALOG". The integration illustrates all the found results by showing the places and the research results on a map. 
The functions allow to load various base maps, satellite images, photos from drones, data from random projects, take 
measurements, obtain spatial data in appropriate file formats, etc. In addition, system users will be able to enter project 
data through the interface. 
The "REGISTRATION" category allows users to create their profiles on the platform. This category is related to the 
administrative part of the platform to be developed. User registration can be done in person or by an administrator. This 
part of the system will also control data access and receipt. 
Data collection for implemented projects 

The completion of the database was done by filling out surveys by research teams working on various projects in the 
database. The primary data are related to the project's name, manager, contract, participants, and meetings were 
organized with some of the participants in expeditions. As a result, three files were obtained with results from scientists' 
samples in the field of Biology and Ecology, results from the processing of geodetic measurements by a scientist in 
the field of Geodesy, Cartography and GIS and many articles from projects in various areas. Questionnaires provided 
by some participants were also used. A Google form survey was also created to facilitate participants in multiple 
expeditions and data structuring. The questions in the first part of the survey are asked so that a profile of each of the 
participants can be created (three names, short biography and participation in conferences), and the second part is 
responsible for participation in a specific project and the results achieved, published articles and participation in the 
conferences. Files in different file formats can be attached to the survey, distributed by e-mail, and the answers are 
received in the repository of the account that created the survey. There is an appendix to the questionnaire survey, 
which contains additional information about each research project, for example, name, expedition, data collected 
from field measurements, publications, conference participation, etc. Table 1 presents some projects included in the 
IIEPR platform. 

Table 1. Basic information about projects carried out at the BAB “St. Kl. Ohridski”  

N  Title Project Manager Years 

1 

Geochemical studies of soils from Livingston Island, 
Antarctica. Determination of toxic elements and compounds in 
the organic and inorganic matter of the soil cover and their 
impact on the various aspects of the environment 

 2015-2016 

2 Biomonitoring of the state of components of polar ecosystems 
on Livingston Island in conditions of global change 

Assos. Prof. 
Miglena Zhiansky 

2018-2019 

3 Study of toxic elements and nematode diversity in soils from 
different habitats on Livingston Island, Antarctica Prof. Vlada Peneva 

2018-2019 

4 Digital modelling and monitoring of the ice cover in the area 
of the Bulgarian Antarctic base "St. Kliment Ohridski" 

Assos. Prof. Hristo 
Dechev 

2018-2019 

5 
Creation of a large-scale topographic map of the region of the 
Bulgarian Antarctic Base "St. Kliment Ohridski ”and part of 
the water area in front of the base 

 
2015-2016 

Structuring polar data and results 

The data from the survey contain information about the projects that have been conducted at BAB "St. Kliment 
Ohridski”. After the analysis of the content of the information, the following structures are created: 

Project structure. The structure contains primary data on the projects presented in the table below. 
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Table Project 
prjid(integer) Project ID. The identifier is a numeric type internal to the system that is unique 

and is the primary key for the table. It is used to connect to the other tables in the 
database. 

Projectid(text) Project identifier approved by the commission - official project code. The 
identifier is a text; for example, "70-25-55" is a project code approved under the 
program "Polar Research - 2018". 

Projectname(text) Name of the project approved under the respective program 
Begindate(date) Start date of the project in YYYY-MM-DD format. The project’s starting date is 

entered according to data from a survey or the respective date under the contract. 
Enddate(date) End date of the project in YYYY-MM-DD format. The final date of the project is 

entered according to data from a survey or the respective date under the contract. 
Category(text) Project category. Each project falls into one of the following seven categories: 

            1. Earth sciences; 
            2. Biology and ecology; 
            3. Medicine; 
            4. Geodesy, cartography and GIS; 
            5. Oceanographic sciences; 
            6. Engineering sciences; 
            7. Humanities 

Programid(text) Code of the scientific program according to which the project was developed. 
Currently, data are provided under the Polar Research Programs 2018 and the 
Polar Research Programs 2015 

Leader(text) Data for the project manager - name, title, position, etc. 
Description(text) Text containing a short description of the project, conducted experiments, used 

methodology, etc. 

Table Location contains data on where field measurements were performed, data on the results, dates of measurements, 
methods, etc. Project sites are defined as a polygon spanning the Bounding Box (BBOX). When the locations are points 
determined by the observer's coordinates, the BBOX geometry is a rectangle measuring several meters, indicating the 
location of the observation. Example of determining BBOX is: 

          a rectangle measuring 4 x 4 m around the point indicated by the observer. One example from the project 
"Biomonitoring the state of components of polar ecosystems on Livingston Island in the context of global change" is 
shown in fig.1. The places of observations and their results for larger areas, such as surveying by UAV and creating 
orthophoto plans, geodetic measurements, mapping, etc. 

Table Location: 
 Results of project observations and data on their locations. 
prjid(integer) Project ID. The field is not unique - in one project, there can be many places of 

observation and many results. Each observation/result is a row of the table 
associated with a specific project in this field. 

Id(integer) Primary key, internal, system field, unique identifier of observations. 
Geom(geometry) Geometry, polygon (BBOX), showing the range of observation. 
Aloid(integer) Identifier / number of observation. Introduced by the observer. In structuring, the 

data were obtained from a survey.  
Aloname(text) Name of the place of observation. The observer introduced it. In structuring, the 

data were obtained from a survey. 
Date(date) Date of the observation. The observer introduced it. In structuring, the data were 

obtained from a survey. 
Result (JSON/text) Description of the project results in JSON format. The data and the results of the 

field measurements are heterogeneous, depending on the measurement methods, 
the project topic, tools and many other factors.  

Record format in the Result field of the table (JSON format). The records are text with the following content: 

{"result":{"resultid":"number/identifier of result", 
                      "gps":{"B":...,"L":...., "Elevation": ...},                                        
                  "values":[{"valuename":“…“",“value":“…“, „dimension“:”…”}], 
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                      "description":"short description of result, methods, instruments, etc. ",  
            "URI":{"mapfile": "path to MAP file","products": 
                    [{"product_name":"product’s name", 
                      "url":"path to file","product_type":"... PDF/TXT/JPG/TIFF ..."}]} 
            } 
} 

 

Figure 1. Locations where measurements have been made 

Each object consists of pairs of values "key": "value"}, which describe the type of result (key) and the resulting value 
"value". With more results, the value pairs are listed. The name of the study, as well as the result of it, can be varied 
depending on the type, methodology, tools, quantitative characteristics, research environment, purpose and others. Each 
measurement result is an object in the sense of JSON. The format allows recording of the following results: 

• Results in text form. They are written with three values "valuename": type of measurement, "value": specific 
value, "dimension": dimension of the result. For example: 

{"valuename": "Total organic content", "value": "4.55", "dimension": "%"} 

• Results are spatial objects defined in a coordinate system and saved in the database or as files outside the 
database. In this case, the “mapfile” attribute records the name of a file that links the spatial data and the result 
of the object. 

 

MAP file is a text file with a description that meets the specification of MapServer (https://mapserver.org/). Using the 
description in the MAP file, the server publishes the data on the Internet. 

• Results that are not spatial - tables, charts, scanned copies of documents and others in various file formats JPG, 
TEXT, TIFF, PDF. In these cases, in the attribute "product_name" the name of the result is written; in the 
attribute "URL" - the path and name of the result file, and in the "product_type" - type/format of the data. 

The other data structures concerning the table of Contracts concluded under the polar research programs, the 
Participants in the individual projects and the Publications related to the projects are presented similarly, as the tables' 
content is given in (Dechev et al., 2019). A full description of the JSON results format is shown in the table below: 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

87

https://mapserver.org/


Result - main object in the form. There is one object for each allocation record entry „result“  
„resultid“ Identification number of the result given at the time of measurement or after processing 

the results. 
“gps” Coordinates in WGS’84 were obtained by GNSS measuring the observation site and the 

ellipsoidal height. The "gps" object has three attributes - latitude B in degrees, longitude 
L in degrees and elevation height in m for measurement objects 
Example:"gps":{"B":"62°38‘07.8‘‘","L":"060°21‘22.5‘‘","Elevation":"13m"} 

„Values“ List of values for monitoring results presented in text form:  
“valuename”, “value”, “dimension”. Allows entering more than one measurement result 
per location. 

„description“ Short description of the measurement and the result. 
„URI“ Attributes: 

„mapfile“; 
 “products” list of “product_name”,„url“ and „product_type“. Allows entering more than 
one result / product with the specified 3 attributes: 
[{"product_name":"…","url":"…","product_type":"…"}] 

CREATION OF THE IIEPR’S DATABASE 

The PostgreSQL, an open-source product with a license similar to a BSD license, was used to implement the IIEPR 
database (Berkeley Software Distribution) https://www.postgresql.org/about/licence/. Open-source software allows the 
use of the server on different machines without increasing the cost of implementing and using the system. The current 
version of the installed database server is PostgreSQL 11. A database extension provides the geometry of the objects 
with POSGIS 2.5.1, open-source software with the General Public License type (GPLv2 https://postgis.net/). Two 
schemes have been developed in the database; one (public) corresponds to the described structuring of the data in the 
system, and the other represents a catalogue of the data. All spatial data have coordinates in a projection coordinate 
system WGS’84 UTM 20S EPSG:32720. A summary diagram of the public scheme is shown in fig. 2. 

 

Figure 2. Summary diagram of the IIEPR database, scheme public 

Data catalogue 

The "catalog" scheme provides a search of data in the database by various criteria (fig. 3). The arrangement of the 
information is hierarchical, based on a specific polar expedition. According to the year they were conducted, the polar 
expeditions are in order. In each expedition, several projects are implemented, which are the next level in the hierarchy. 
The choice of a specific project makes it possible to review detailed data about the project and reach each of its results. 
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To perform a quick search for individual keywords in the database, an interface has been created that allows searching 
in the result field of the Allocation table. Finding records that match the search criteria leads to specific projects. 

ProjectCatalog

+ PolarExpedition: int

Allocation

+ geom: Geometry
+ Result: JSON

«interface»
Search

Търсене в записите в 
Allocation, поле 
result

1..*

polarexpedition_prjid

0..*

1

prjid

1..*

 

Figure 3. Diagram of scheme „catalog“ in the database 

Initial loading of the data in the database and their updating 

In the current version of IIEPR, all data is entered into the database manually using SQL procedures, QGIS, ArcGIS or 
other auxiliary software. No user interface for data entry and validation has been developed. The restructuring of project 
data is done in a text file in JSON format, which details are given in (Dechev et al., 2019). In the catalogue, it is 
possible to enter categories in which the projects are divided; Basic data about the project: name of the project, 
category, start and end date of the project, scientific program under which the project is implemented, number of the 
project contract, short description, link to the project annotation and tags, coordinates of the project location, design and 
epsg code, the project team - manager and members, for each team member - name, photo, CV, publications – the 
publication title, authors and where it is published, project results - data from the processing of samples/measurements, 
maps with coordinates of the places where measurements were made, publications, to store a gallery of photos. The 
database version contains data on five projects implemented in recent years. 

Basic map 

The high-resolution satellite image of the Airbus satellite from February 2019 is used as the basic map. The satellite 
image with production data 2019-05-15T06:46:15.345 covers an area of 25 sq. km, shown in fig. 4. The orthophoto 
image DS_PHR1A_201902281350023_FR1_PX_W061S63_0811_00777 created by satellite image is a 4-band TIFF 
format image in Projected Coordinate System EPSG(6.3):32720; Geoposition: Upper - Left Map X Coordinate 
632305.25;  Upper - Left Map Y Coordinate 3056163.75 with image sampling 0.5 x 0.5. 

 

Figure 4. Orthophoto range of the satellite image 
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REALIZATION OF INTEGRATED INFORMATION ENVIRONMENT FOR POLAR RESEARCH 

The IIEPR is a web-based information system (fig. 5) designed to: 

• Consolidation of structured data from all polar expeditions conducted by IBA. Determining the location of the 
results and displaying them on a base map so that it is possible to illustrate the places with conducted research 
and design the sites for new research; 

• Promotion of the results of the conducted research - raw data from measurements, results of their processing, 
articles and publications related to the projects; 

• Provide services: 
- Search by different criteria and access/visualization to the found results, regardless of their format and 

type; 
- Obtaining data from raw measurements and/or processed results (download); 
- Obtaining metadata for the projects - year, type of research, type of result, coordinates of the field in 

which they were performed, the accuracy of the results, etc.;  
- Design of new surveys and their territorial scope, measurement of lengths, areas and volumes, as well as 

loading of new data; 
- 3D visualization of objects and measurement results. 

• Use and provision standard web services to and from similar operating systems in Livingston’s island area. 

• To provide access to the IIEPR, a website has been created that allows access to the services described above 
through the following methods/sections: 

"CATALOG" provides customers of the system access to IBA expeditions, sorted by year, as well as projects for them, 
"GIS" is the primary environment for illustrating the results, data sharing, measurement, etc., and "PROJECTS allows 
to search for projects, developments, measurements and metadata about them. The unique ways of accessing data and 
services in IIEPR are integrated, allowing access to each section (CATALOG, GIS and PROJECTS) from any interface 
point. For example, when choosing an expedition for a specific year, you can go from the CATALOG to the 
PROJECTS section. If a particular project is specified, view the data or display the project results on a map in the GIS 
section. The transition between the individual sections allows the user quick and efficient access to the data structures in 
the database. 
 

 

Figure 5. The main page of the IIEPR site, from which one of the sections "CATALOG", "GIS", "PROJECTS" is 
selected 
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IIEPR GIS module interface 

GIS is a relatively standalone module of ISIS, which has its user interface. Below are some of the main GIS moduls of 
the developed IIEPR.  

At the entrance to the GIS module of IIEPR, a base map and the project scope layer (in red) are loaded. On the left is 
a panel that gives the user information about the legend of the layer, information about selected objects, and more, 
depending on the specified functions. In this case, the information panel shows the legend of the "projects" layer. 
The default base map is the orthophoto map from the satellite image with a pixel of 50x50 cm. 
Base maps can be changed by selecting some of the possible ones listed on the right.  

 
When selecting another base map, in the example below, a satellite image from an ESRI provider, it is necessary to 
change the scale of the image.  

 
When selecting the "Information" button and specifying an internal point in one of the project ranges in the left 
panel, the name of the chosen project is loaded. Information about the result/name is displayed under the project 
name. In this case, the name is "Iris", a development of the project "Digital modelling and monitoring of the ice 
cover in the area of the Bulgarian Antarctic base" St. Kliment Ohridski ”and elaboration of an integrated information 
environment for polar research”. The scope of the selected project is highlighted in yellow. 

 

Basic map selection 

Legend of layer  

Selecting a satellite image (ESRI) 
for a base map requires scaling 

Name of selected 
project and its result 
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By specifying the name of the result, the user can view the metadata about it and load it on the map. In this case, the 
orthophoto map will be added to the map, resulting from a UAV (drone) shooting at the Iris Glacier. 

 
When more than one range, multiple selected projects are selected, the names of each of them are visible in the 
information panel. When the user selects a specific project, the results are loaded, and it is possible to add the result 
to the map. In this case, the project "Creating a digital topographic map" was selected. 

 
The results of this project are vector data for the horizontals in the specified range. The next slide shows the added 
data on the map. 

 

Metadata for the result and 
the ability to add it to the map 
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Ability to measure distances and areas. When selecting "Measurement", the information panel shows the possibility 
to choose a measurement method. The next two slides show the results of measuring length and area. 

 
Area of measurement 

 
When the selected projects do not have a geometric expression, and the result does not need to be added to the map, 
the information panel shows the results of the measurements. The slide below shows the results of the measurement 
of toxic elements at a selected measurement point. 

 

Measurement 
button 

Method of 
measurement 

Location of 
measurement 
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CONCLUSION 

The current version of IIEPR can be viewed at http://anta.nat.bg. The environment is a test version and was created for 
project purposes. It is assumed that the whole project should be transferred to the server/servers of the Bulgarian 
Antarctic Institute. In the IIEPR database, only one Postgres user is entered. When deciding to install in a productive 
environment, it is necessary to specify users' rights. At present, the user registration module has not been developed. 
The future development of IIEPR is envisaged, in which other functionalities of the platform can be added. 

REFERENCES 

Dechev, H. et al. (2019) Digital modelling and monitoring of the ice cover in the area of the Bulgarian Antarctic base "St. Kliment 
Ohridski ”and development of an integrated information environment for polar research, Final Report, BAI, 38p. (In Bulgarian) 

IPCC (2021): Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report 
of the Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. 
Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. 
Yelekçi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press. In Press. 

BIOGRAPHY 

Hristo Dechev is an associate professor in the Department of Geodesy and Geoinformatics at 
the University of Architecture, Civil engineering and Geodesy. He holds a master's degree in 
Geodesy, Photogrammetry and Cartography and a doctorate in Geodesy. His research and 
publications are in Geodesy, Cadastre and Geoinformatics. 

Lyubka Pashova is an associate professor in the Department of Geodesy at the National 
Institute of Geophysics, Geodesy and Geography of the Bulgarian Academy of Sciences. She 
holds a master's degree in Geodesy, Photogrammetry and Cartography and a doctorate in 
geodesy. Her research and publications focus on statistical methods for processing geodetic 
data, coordinating reference systems, processing and analysing geospatial information, and 
others. He is a member of the Bulgarian Cartographic Association and the editorial boards of 
three journals. Leads and participates in several projects in geodesy and geodynamics at 
national and international levels. Since October 2014, she has been the GEO Principal 
Alternate of Bulgaria in the Earth Observation Group. 

Borislav Alexandrov is an associate professor in the Department of Geodesy and 
Geoinformatics at the University of Architecture, Civil engineering and Geodesy. He holds a 
master's degree in Geodesy, Photogrammetry and Cartography and a doctorate in Geodesy. 
His research and publications are in Geodesy, Sea level, Marine geodesy and Polar research. 
He is a member of the Bulgarian Antarctic Institute, the National center for polar research, and 
the Sea-level group in SCAR. 

Stilyana Lyubenova is a senior assistant in the Department of Geodesy and Geoinformatics at 
the University of Architecture, Civil engineering and Geodesy. She holds a master's degree in 
Geodesy, Photogrammetry and Cartography, specialising in Geographic information systems. 
Her research interests include geodesy, marine geodesy and underwater archaeology and their 
relationship to GIS. 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

94



CREATING A SEARCHABLE DIGITAL ATLAS FROM 100 
YEARS OF VERNON CITY DIRECTORIES (1900-2000) 

Eva Dodsworth, Markus Weiland, Aidan de Villa-Choi 

 
Eva Dodsworth 
Geospatial Centre, University of Waterloo Library 
Address: 200 University Ave. W, Waterloo, Ontario, N2L 3G1, Canada 
Email: edodsworth@uwaterloo.ca 

Markus Wieland 
Geospatial Centre, University of Waterloo Library 
Address: 200 University Ave. W, Waterloo, Ontario, N2L 3G1, Canada 
Email: markus.wieland@uwaterloo.ca 

Aidan de Villa-Choi 
Geomatics Co-op Student, University of Waterloo Library 
Address: 200 University Ave. W, Waterloo, Ontario, N2L 3G1, Canada 
Email: adevillachoi@uwaterloo.ca 

Abstract 
The translation of people and business directories from paper to global access platforms has been a goal of libraries, 
archives, and historians since the invention of the internet. This goal to store, present and analyze the movement of people 
and businesses through the years, simply, with access by anyone, is central to socioeconomic and historical research. 
This project is designed to take 100 years of directory entries of people and businesses (names and addresses) for the 
City of Kitchener, Ontario, Canada and make it available as a website with search and download capabilities. This paper 
covers the history of the Vernon city directory, the initial use case of the project, its development, and geocoding and web 
mapping methodologies. The authors will expand on the hurdles overcome, the management, computer code, and quality 
assurance tools that were created.  Part of the goal of this paper is to educate and prepare others on the myriad of ways 
technology can bring historical data stored on paper to not only be easily accessed in a database format but to be able 
to also visualize it on a web map. The result of the team’s work is a Leaflet map displaying inhabitants and businesses in 
the City of Kitchener spanning from 1900 to the year 2000.  

Keywords: GIS Data, City Directories, Business Directories, Data Transposition, Leaflet, Postgres, Python 

INTRODUCTION 

The socio-economic and cultural history of a city can be portrayed visually through postcards, photographs, 
advertisements and through stories written and shared with others. Building exteriors often provide clues to the age and 
era they were erected. Numerous additions, transformations, and fading paint colours will also reveal a glimpse of the 
past. Was the building once a general store, or a pharmacy? Was it a barbershop transformed into a candy store? Was it a 
factory, and is now a school? These types of questions can be answered with the same resource that will explain the 
modern streetscape: the remnants of old streetcar tracks, the renumbering of street addresses, the 200-year old tree that 
stands seemingly out of place. Evidence from the past helps explain the present, paving the way to plan for the future, 
and offering data about the “where” and “when”. Information about people and businesses helps planners, historians, 
environmentalists, entrepreneurs and residents understand the heart of the city, as well as encourages new questions to be 
asked.  

Historical city directories provide a simple, yet an extremely thorough annual account of the residents, businesses and 
their employees in each city. Transcribing, geocoding and mapping the entries invites opportunities to link the primary 
resources visually, not only over a span of several decades, but also geographically, across space. The combination of 
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time and place creates an interactive platform that displays human and spatial relationships, narrating how businesses and 
communities evolved over time.  

This paper will describe the development of the historical digital atlas and offer use cases for combining historical primary 
records with GIS technology.    

BACKGROUND 

The city directories are a rich source of information for anyone looking to learn about city life throughout the years. What 
appears to be a simple list of people and businesses and their associated addresses, however, becomes a lot more intricate 
once that list is converted into databases populated with geographic coordinates. Not only can users visualize where 
people lived and worked, but they can see more than one row of information on a map. Where did other family members 
live? How far was work? Are there any spatial patterns that may explain why a business has moved multiple times? Was 
the industry close to a water source? Could there be contamination issues? Who used to live where you’re currently 
standing? What businesses occupied that parking lot?  Is this building the original one? It is a snapshot in time, uncovering 
clues about today. 

For centuries, maps have been used to tell stories, and have been valued as an alternative to text due to their ability to 
provide a large amount of detail in a small amount of space. Today, geographic tools, data, and multimedia on the web 
expand the ability and audience for storytelling through maps (Kerski, 2016). Additionally, in an online format, mapping 
applications enable the analysis of entries based on visual clusters, density, proximity and inter-connections among 
community members, their occupations and businesses, revealing stories of urban morphology over time.  

Traditionally, historical scholars have concentrated on developments over time, and geographers have concentrated on 
developments across space. The last ten years or so have seen an increased interest in combining the two fields, by 
coalescing the use of Geographical Information Systems (GIS) with historical research, leading to a field that is known 
as ‘historical GIS’. Engagement with historical sources and their geographical context has led to interesting discoveries 
and new scholarship. With the use of GIS technology, thousands of interrelated historical datasets can be analyzed, 
revealing spatial relationships that is beyond the human cognitive capacity (Arnold, et al, 2009). As Lancaster and 
Bodenhamer (2002) exclaimed, “The most exciting thing about historical GIS is often the “eureka’ moment when 
someone sees data mapped for the first time”. 

Today, in the era of digital scholarship, researchers are finding new ways to ask questions, conduct research, preserve, 
display, and publish their work. The digital atlas draws on the ideas and findings of several researchers who have used 
GIS technology to analyze the historical evolution of city landscapes. Susan Wardwick (1990) created a classroom 
assignment in her geography class having students use city directories to trace historic ethnic residential and commercial 
districts. Using the city directory of Sacramento, California for the year 1940, students collected the information and used 
GIS to create a map, displaying the location of residences, food businesses, gas stations, barber shops, churches and 
schools. More recently, Jennifer Brackhan (2009) used GIS at ten-year intervals to study and display changes in restaurant 
types and their geographic patterns. Using city directories, Brackhan studied restaurant growth and diversity in ethnic 
restaurants. M. Hayek, et al (2010), studied abandoned and contaminated sites, collecting abandoned building information 
from city directories, and using GIS to display the location and possible contaminant based on spatial proximity to 
brownfield land. For many years now, researchers have depended on city directories for population-based and business-
related studies. P. Rosenbaum, et al (1993) used city directories to collect occupational data for a cancer study. Richard 
Still (1953) studied mortality rates of Seattle Grocery Wholesalers and obtained grocery listings from the directories, and 
Sidney Goldstein (1954) used city directories as sources of migration data.  

PROJECT DESCRIPTION 

The idea for this project emerged after completing an initial project related to mapping historical buildings and roads. 
Using Fire Insurance Plans, historical buildings in Kitchener were digitized and mapped over a 30 year span, including 
building uses (residential vs business) - https://tinyurl.com/yc9cndq2. Initial analysis revealed that building use had 
changed throughout the thirty year span, and there was interest in learning more about the businesses that occupied the 
buildings. Because the businesses were displayed spatially, it was quickly apparent that certain buildings that were on 
major streets had much less turnover than those further away from the “business district”. Visualizing the data was key 
in asking further questions. To fill in the thirty year gap, the researchers dug through the annual city directories, and after 
an initial exploration, discovered interesting businesses, high levels of business mortality, as well as rich details about 
residential life. The great length of time it took to look up individual addresses in the directories, however, could be 
considered to be a potential deterrent for researchers and therefore it was felt there had to be a way to make this incredible 
resource much more accessible.  
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The digital atlas is a data transformation and visualization project aimed at providing scholars, researchers, and the public 
with a visual directory, index and account of city of Kitchener’s residential, business and industrial development. This 
project takes decades of digitized Vernon city directories (years 1900-2000), cleanses, collates and geo-locates over a 
million searchable individual entries using an online map platform, Leaflet.  

The searchable interactive online map organizes the advertisements, household and business entries by street address, 
enabling query and location specific searches, allowing researchers to conduct spatial analysis, gain new insights, ask 
new questions based on geographic proximities, and transform their research and teaching as it relates to urban structure 
and population geography. Logan, et al (2011) write, “Much recent effort has been given to sophisticated methods of 
spatial analysis that use information about where people live or events occur. For researchers who are familiar with these 
methods, accurate GIS maps…of individual household locations, will be invaluable. For geographers, historical and 
otherwise, the geocoded data for individuals offer a unique opportunity to explore issues of scale”. 

OBJECTIVES 

The overall goal of this initiative is to support deep learning and enhance critical thinking and geospatial skills by 
creating, disseminating and mobilizing new research using modernized accessible historical primary resources. The 
objectives of this project are as follows: 

1. To provide researchers and the general public with an easily-accessible online tool that will allow local historical 
research to be conducted visually, in a map format, modernizing traditional research methods 

2. To promote geospatial literacy and offer researchers experience using Geographic Information Sciences (GIS) 
technology, along with analytical tools to ask and answer questions around data distribution.  

3. To study and analyze local business and residential information found in city directories, and share findings with 
academic researchers, community organizations and the general public 

4. To outreach and work with organizations in sharing this resource locally and abroad 
5. To develop best practices for geocoding city directories and share them, along with source codes, with librarians 

and archivists to encourage similar project developments 

METHODOLOGY 

Data Collection: 

The original Vernon dataset is a collection of yearly directories starting in the late 1800’s spanning to the early 2000’s. 
These documents were scanned into .pdf page file format by the Kitchener Public Library and provided to the team for 
use in this project. The scanning of the pages were completed using scanner based optical character recognition software 
(OCR).  

This process is indiscriminate and picks up many print artifacts that are translated into odd characters. Secondly the quality 
of the ink and printing affects the outline of the letters so that the OCR software makes the incorrect choice as to what a 
character is. These ill-interperated letters and indiscriminate characters create a large amount of variation in the scanned 
text in the .pdf’s created. The variation is compounded year on year and at times from page-to-page due to changes and 
advances in printing and layout. This was especially present in the 1900-1930 volumes of the directory. These variables 
created by the OCR software greatly impacted the conversion of the data from pdf to an organized and database-structured 
Comma Separated Value (CSV) format. 

Data Cleanup:  

The first step in data cleanup was the transposition of the names, descriptors and addresses from the directory .pdf’s to 
the organized row and column format of CSV’s. In this transposition the business addresses and descriptions were 
separated from the residential (people) addresses and occupations into two separate CSV’s, one for businesses and one 
for people. There were many attempts at automation using Python, VBScript, Excel formulas and NotePad ++ text editing 
tools, however because there were so many variables created by the OCR software automation code, to correct the artifacts 
became a longer process than manually transposing the text line by line. These various automation tests were adequate 
for the specific years they were built in but since there was so much variation in character artifacts and layout these efforts 
proved very difficult to take advantage of over subsequent directories. The resultant best course of action was transposing 
the directory pdf’s into CSV’s line by line. The advantage of this was that it was straight forward and easily trainable. 

Once the initial data was transposed, the next steps were the quality assurance (QA) phases. Five distinct phases were 
required to clean the data and have it in a database structured format that would be easy for a database to ingest and for 
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the geocoding software to add co-ordinates to the addresses. These phases are a combination of manual QA and custom-
built conversion software. 

The first phase was to go through the transposed CSV’s row by row, visually checking the data was correct for each row, 
ensuring that there are no businesses in the people dataset, that the address format was correct, that there were not any 
empty rows or missing addresses, and finally check for correct spelling. 

The second QA phase was to run the transposed people CSV through the first Python custom conversion code. This script 
checks abbreviations of certain words and updates them to full words. Eg. Saw to Sawyer or Sec to Secretary. This is an 
effort to update old language to a modern equivalent and/or change the abbreviation to the full word for easier reading. 
The abbreviation check Python script created is the first of two uses of the Levenshtein Distance algorithm. In this first 
case the Levenshtein Distance was used to read a column in the people CSV and compare the selected abbreviated words 
to the list of modern equivalents. 

 

 

 

 

 

  

 

 

 

 

 

The third QA phase is a repeat of the first QA phase with particular attention paid to the Historical Address column.  The 
format of the address column is crucial to the rest of the project’s success. Without this the addresses either cannot be 
geolocated or are placed in the wrong location. The fourth QA phase was updating the addresses to modern ones. Since 
cities change significantly over the span of a hundred years, address changes need to be accommodated so that they can 
be geolocated in the correct position on the map. This process is more involved than the second QA phase because the 
address dataset needs to be broken up into its constituent components (Street Number, Street Name, Street abbreviation, 
and cardinal direction). The Levenshtein Distance algorithm in the Python code is only used on the street name part of 
the string. The rest of the string must be parsed and reassembled with either the same street name (if not changed) or the 
updated street name (if it is changed). Along with the Levenshtein Distance algorithm there are many checks and changes 
in this code to assemble the correct address for the geocoder. This Python code reads from the transposed CSV and an 
updater CSV. The transposed CSV gives the historical address and the updater CSV gives the Levenshtein Distance 
comparator addresses along with address not found flags and x and y coordinates. These flags and x and y are for addresses 
that don’t have modern equivalents and have coordinates for where the buildings used to be. This is to minimize the repeat 
of mismatches in the geolocator for future years. Having the x and y coordinates or nearest modern addresses greatly 
reduces the rework needed to ensure all the historical address points show up correctly on a modern map. 

In Figure 2, below, the historical address (1908 ) was passed through the Levenstein Python code, parsed and compared 
to the Updater CSV resulting in the Current Address column being generated. 

 

Figure 1. People CSV (left), Python code snippet (centre), CSV with updated abv (right) 
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Figure 2. Resultant dataset from the historical address run through address checker and outputting Current Address  

Within the Address Updater Pythion code is also a check for addresses that do not have a modern equivalent or the 
location of the nearest modern address is far from where the historical address was. This check adds a flag (OANF – 
Original Address Not Found) in a Note column. This flag is a statement that the modern geocodable address is close to 
the original for some cases or if it is accompanied by X and Y coordinates the address was created by staff to accommodate 
the lack of a modern location. These flags were created to automate the avoidance of mismatches in the geocoding process. 

The fifth and final QA phase is a repeat of the first on a cursory level to check that the database structured format is being 
maintained. The business and people CSV’s are passed on to the next stage of the process - geocoding. 

Geocoding: 

Once the addresses are updated to their modern equivalents, they are then geocoded – the process of pairing each address 
to a point that can be displayed spatially. All geocoding processes need a locator and an algorithm to run, where the 
locator connects the input addresses to a point in space and the geocoding algorithm determines if the input address 
matches a point in the locator and “match” the two if close enough. When geocoding, priority was placed on correctness 
of the point placement temporally and spatially. Points from an early year could have an address of 54 Queen St S, but 
would be at 94 Queen St S today and not be at the modern 54 Queen St S. The updater was responsible for placing points 
correctly on the temporal level, thus a suitable locator was needed to place points correctly on the spatial level. 

The first attempts at geocoding were done using a Canada-wide locator from DMTI Spatial, chosen for its wide coverage. 
However, it was not suitable for a detailed large-scale project. The tolerance parameters were too low and some of the 
base data was incorrect compared to other sources, resulting in many incorrect matches. Cardinal directions were flipped 
where a “North” address would be matched to an address on the “South” counterpart, or the street names would be similar 
in spelling but the incorrect address. Attempts to fix these problems by decreasing the tolerance for error resulted in too 
few addresses being matched once the geocoding was done, resulting in too much manual work for it to be worthwhile.  

Fixing the DMTI locator was no longer an option and a new one was needed. Other pre-built locators were options, but 
there were problems with each. Firstly, ESRI provides a world locator with all their GIS software. It fully covers the 
entire city of Kitchener, matching addresses to their modern counterparts should they still exist and interpolates everything 
in between. However, it is costly and required paid credits to use, which was not feasible for the number of addresses that 
needed to be geocoded. The next best option was to use the base data ESRI sources their locator, which were the address 
point and road centerline shapefiles from the City of Kitchener. These would need to be built into a locator by the end 
user, as they are only available as shapefiles. 
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Locators can be created from a feature class - containing address data in points or lines - using ArcMap or ArcGIS’s 
Create Locator tool. Similar to DMTI’s locator, these created locators would have the problem of mismatched cardinal 
directions but responded far better to zero-tolerance for incorrect address matching. The shapefiles could be specifically 
chosen and edited without much difficulty, so an in-house locator seemed like the best option. 

The address points would use the “Single House” style locator which is designed for points with a single address per 
point. Addresses from Kitchener were attached to the centroids of buildings and were extremely accurate temporally and 
spatially, especially with no tolerance for spelling errors. However, the buildings had its fair share of problems. Many of 
the points could not account for lost addresses, which could be large buildings taking up where smaller buildings stood 
or empty lots. This also meant it could not fill in between each building accurately, so as accurate as it was, the result 
ended up with a low match rate.  

Street centerlines use the “Dual Range” style locator which is designed to take a range (ex. 1-21) for both sides of a street 
and place the points along the respective side, equidistant from each other. The “Single Range” locator would have been 
used for a file of lines with a line for each direction on the road. Streets from Kitchener are placed in the center of the 
street, but the points would be placed to the side of the street. This would sometimes be close to the buildings, but it 
lacked the accuracy of the centroids that addresses provided. However, the ranges allowed for previously unmatched 
addresses to have an approximate placement along a range. For example, a street with two buildings, 1 and 21, could only 
match those two if using just the address locator. The range locator, on the other hand, could match 1 and 21, but also 
every address in between. Ultimately, the match rate was 2 to 3 times higher compared to address points alone but the 
accuracy for the points that still had the buildings around was far lower than buildings. 

Neither of the above locators worked well on their own, so it was suggested to try and combine the two as a “Composite 
Locator”, which runs the locators in the user-specified order. The accuracy was deemed more important than the total 
overall matches, so the locator would run the buildings first, then fill in the missing address with the interpolated points 
along the streets. The next step was to tune the locators by experimenting with shapefiles for each of the components, 
which were chosen from 2019-2021 from both Kitchener Open Data and the Regional Municipality of Waterloo. Some 
of the test results are shown in Figure 3 below. 

Locator Type 
% 
M 

# 
M 

% 
UM 

# 
UM 

% 
T 

# 
T Total 

ESRI 99% 578 0% 0 1% 7 585 

Kitchener Add. 36% 212 61% 354 3% 19 585 

Kitchener St. (Uncorrected) 97% 569 2% 10 1% 6 585 

Composite Version 1 83% 486 12% 69 5% 30 585 

Figure 3: Composite locator breakdown 

The locator could also speed up the updater process faster with the ranges - large sections of OANFs could be filled in 
with a range on the streets instead. This, combined with expanding certain ranges for increased coverage made an 
extremely accurate locator that could match large numbers of addresses without sacrificing accuracy.  

However, the locator data was not perfect. Many of the line features would not be in the right direction so the odd and 
even sides were flipped and/or in the wrong order, which required manual correction using the Edit Vertices function in 
ArcMap. Another issue that arose was the data to be geocoded was not perfect either. Some addresses would not have a 
suffix that denotes the road type (St, Av, Rd, Ln, Blvd) so the base locator files had to be modified to allow for a “suffix-
less” version of the locators run afterwards. This would check the incorrect address against the point with proper street 
formatting first (King St E) and then check the same point without the suffix afterwards (King E).  

Once the work on the locator was complete, the geocoding process could be started, and it was far simpler than the process 
to build the locator. The locator automatically geocoded the addresses, the user would subsequently match any unmatched 
addresses manually, and update the locator and updater with the changes afterwards. In many cases, there would be a few 
problems that would emerge from the geocoding process that would all be fixed after the year is geocoded to reduce any 
human error from the manual geocoding process. 

One problem that had occurred multiple times was streets were set in the wrong direction. This was mentioned earlier, 
where the odd and even sides would be flipped, and the addresses would increase in the wrong direction. These were not 
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caught by the test dataset in the locator testing phase and would be resolved later. Another problem was with address 
ranges not covering enough on a block because the original buildings would be completely gone. This would either be 
resolved by adding a new point to the street, updating the range in the locator if there were enough missing points on that 
street, or matching the points to a large building that stands where the old ones used to be.  

Fully geocoding a year usually catches the aforementioned problems. The locator is iteratively built upon with the 
newfound knowledge to run far smoother, build upon the extensive updater, and ultimately minimize the manual work 
done. As the years progress and Kitchener begins to resemble its present state, the geocoding process gets much easier.   

RESULTS 

Data Visualization: 

The current visualization and interactive component of the Digital Atlas Project is developed in a standard Web Stack 
format. It is currently hosted on Amazon Web Services (AWS) on an Advanced RISC Machines (ARM) based service in 
a Linux operating system. It is made up of Postgres database backend, MongoDb administration backend, React, NodeJS 
and Nginx middleware, and leaflet web API components.  

 

Figure 4: Web stack design layout 

The backend consists of two databases. The first is a MongoDb NoSQL database that is only for authentication for the 
administration portion of the site. It only holds the user name, password and tokens. This is a light database that is easy 
to install and maintain on a cloud service. The second is a PostgreSQL database that consists of two tables, Business and 
People, that contains all the transposed and geocoded rows from the Vernon Directories. The tables designed as organized 
data storage and are not related as there is no need. This database handles fetch requests and search filtering. The filter 
queries come from the find popup on the main site and uses a trigram-based search functionality to search by name, 
historic address, current address, occupation, business name, business type and year or any combination of these. 

Since image storage is difficult and consumes large amounts of space in databases, the solution was to have an image 
folder on the server that is linked to by individual paths in the business table. In the frontend on the business page web 
map markers with advertising images are represented by a yellow marker.  
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Figure 5: Sample of a business address with image 

The middleware is a web framework developed in React and compiled by NodeJS. Below are examples of code and what 
they represent on the web frontend. 

Search filter request to the PostgreSQL database: 

  

Figure 6: Web frontend database search/filter interface and React code 
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Custom Marker in the leaflet API: 

 

Figure 7: Leaflet marker (business with image) and React code that calls it 

Marker popup and population in the leaflet API: 

This creates the space to present the fetched row data from the PostgreSQL database.  

 

 

 

 

Figure 8: leaflet marker popup with fetch code that populates it from the people table in the database 

The frontend visualization and interactive part of the web stack is made up of JavaScript components, HTML elements, 
CSS (Cascading Style Sheets), and the Leaflet Map API (Application Program Interface). These pages are visually split 
between an interconnected map and table component. The map and table are Leaflet components that are connected to 
the tables in the PostgreSQL database. The X and Y coordinates are interpolated by the Leaflet API creating the geolocated 
address markers on the web map. These markers have descriptors from the rows in the database that are also represented 
in a table below the map. 

The search filter functionality of the site allows searching the database by Name, Description, Historical Address, Current 
Address, year range, images and Original Address Not Found. This search also has features such as Order By (organizes 
the return from the database) and Search Accuracy (is a range that starts at 3 letters to exact spelling). 

CONCLUSION 

The website Visualizing Historical Kitchener is the culmination of the team’s work collecting, cleaning, geocoding and 
web site development. These processes required the management of the skills and talents of many different people. While 
this site isn’t a conclusive outcome of research it is a launching point for future research with clean concise data. The 
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processes developed can be used for other directories and other cities and the cleaned datasets are already being used to 
update historical information for the City of Kitchener. 

REFERENCES 

Arnold, M., Berner, K., Gietz, P., Schultes, K., & Wenzlhuemer, R. (2009, December). GeoTwain: Geospatial analysis and 
visualization for researchers of transculturality. In E-Science Workshops, 2009 5th IEEE International Conference on (pp. 175-179). 
IEEE. 

Arreola, D. D., & Burkhart, N. (2010). Photographic postcards and visual urban landscape. Urban Geography, 31(7), 885-904. 

Basar, I. (1999). Directory publishing in Canada: the last hundred years. The Serials Librarian, 37(1), 59-82. 

Brackhan, J. L. (2009). Restaurant growth in Lawrence, Kansas, 1950 to 2007 (Doctoral dissertation, University of Kansas). 

Goldstein, S. (1954). City directories as sources of migration data. American journal of Sociology, 60(2), 169-176. 

Gregory, I. N., & Healey, R. G. (2007). Historical GIS: structuring, mapping and analysing geographies of the past. Progress in human 
geography, 31(5), 638-653. 

Hardwick, S. W. (1990). Using city directories to teach geography. Journal of Geography, 89(6), 266-271. 

Hayek, M., Novak, M., Arku, G., & Gilliland, J. (2010). Mapping industrial legacies: Building a comprehensive brownfield database 
in geographic information systems. Planning Practice & Research, 25(4), 461-475. 

Kerski, J. J. (2015). Geo‐awareness, Geo‐enablement, Geotechnologies, Citizen Science, and Storytelling: Geography on the World 
Stage. Geography Compass, 9(1), 14-26. 

Knowles, A. K., & Hillier, A. (Eds.). (2008). Placing history: how maps, spatial data, and GIS are changing historical scholarship. 
ESRI, Inc. 

Kwan, M. P. (2004). GIS methods in time‐geographic research: geocomputation and geovisualization of human activity 
patterns. Geografiska Annaler: Series B, Human Geography, 86(4), 267-280. 

Lancaster, L. R., & Bodenhamer, D. J. (2002). The electronic cultural atlas initiative and the North American religion atlas. na. 

Logan, J. R., Jindrich, J., Shin, H., & Zhang, W. (2011). Mapping America in 1880: The urban transition historical GIS 
project. Historical Methods, 44(1), 49-60. 

Osterhus, G. (1939). City Directories Tell the Story of South Bend. The Indiana Magazine of History, 261-281. 

Rodger, R., Fleet, C., & Nicol, S. (2010). Visualising urban geographies. e-Perimetron, 5(3), 118-131. 

Rosenbaum, P. F., Vena, J. E., Zielezny, M. A., & Michalek, A. (1993). Use of city directories as a source of occupational data in a 
case‐control study. American journal of industrial medicine, 24(4), 499-505. 

Rose-Redwood, R. S. (2008). Indexing the great ledger of the community: urban house numbering, city directories, and the production 
of spatial legibility. Journal of Historical Geography, 34(2), 286-310. 

Shaw, G. (1982). Nineteenth century directories as sources in Canadian social history. Archivaria, 14, 107-121. 

Still, R. R. (1953). Mortality of Seattle Grocery Wholesalers. The Journal of Marketing, 160-165. 

Tufte, E. R. (1990). Envisioning information. Cheshire, CT: Graphics Press. 

FUNDING AND ACKNOWLEDGEMENT 

This project has been funded in part by the Social Sciences and Humanities Research Council, as well as the University 
of Waterloo. We would like to acknowledge support from Karen Ball-Pyatt, from the Kitchener Public Library, Darryl 
Bonk, from Waterloo Region Generations, Waterloo Regional Heritage Foundation, and the Waterloo Region Branch 
Ontario Genealogical Society who have generously provided us with scanned versions of the city directories.  

  

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

104



BIOGRAPHY 

Eva Dodsworth is the Geospatial Data Services Librarian at the University of Waterloo library where she specializes in 
teaching GIS and map-related content to the university community. Eva's interests include historical cartographic 
research, teaching geoweb applications and historical GIS. Eva is also a part-time online instructor for a number of library 
schools, and continuing education organizations where she teaches the uses of GIS technology in libraries. Eva’s list of 
publications are available from: http:www.evadodsworth.com 

Markus Wieland is a GIS Specialist in the Geospatial Centre at the University of Waterloo where he consults researchers, 
staff and students on spatial data analysis best practices. Markus’ interests include learning and teaching advanced spatial 
software workflows and designing/administering GIS infrastructure. He has contributed to several papers, changes in 
government policies and updates to the Canadian building code.  

Aidan de Villa-Choi is a Geomatics undergraduate student at the University of Waterloo. Aidan’s interests include spatial 
analysis and data engineering, with focus on optimizing locators for geocoding historical addresses. 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

105



DISSEMINATING INFORMATION ON NATURAL DISASTERS 
THROUGH ATLASES 

Denitsa Siteva, Silvia Marinova  

Eng. Denitsa Siteva 
University of Architecture, Civil Engineering and Geodesy 
1, Hristo Smirnenski Blvd., 1164 Sofia, Bulgaria 
e-mail: d.siteva@gmail.com 

Eng. Silvia Marinova, PhD 
University of Architecture, Civil Engineering and Geodesy; Laboratory on Cartography 
1, Hristo Smirnenski Blvd, 1164 Sofia, Bulgaria 
e-mail: marinova_silvia@abv.bg 

Abstract 
How many natural disasters, Where, Of what type will happen this or next year. No one can say. It is important that 
people are aware of the great power of natural disasters, and that everyone must be prepared as well as possible for 
them. The clearest way to transmit information about a disaster, during and after its occurrence, is to map it. This 
paper discusses the benefits and needs of creation of atlases of natural disasters that pass through the world. It presents 
“Atlas of significant natural disasters around the world, for 2019”. As the technological development of nations 
increases, the creation of electronic atlases for the same purpose, can facilitate access and reduce the time required to 
obtain information on a natural disaster. Turning the Atlas into a digital version, it becomes a powerful information 
weapon in dealing with natural disasters, which is just a click away. 

Keywords: atlas, natural disasters, design of  atlas, electronic atlases 

INTRODUCTION 

Natural disasters are here to stay, they come and go and there is no corner of the World, that remains untouched by 
them every year. Some of them are unpredictable, it is hard to tell how strong they will be, or how long they will last. 
But our mission is to spread the importance of the preparation. A lot of researchers work on disaster management and 
timely intervention to reduce the disruption and loss of life (Kaur and Sood, 2019). The role of cartography and spatial 
information for emergency response and disaster risk reduction is described by Zlatanova and Li (2008), Konecny et al. 
(2010). During a disaster, a lot of information is collected fast and the goal is to be spread as quickly as possible, so the 
so-called fast maps are used. But the whole data that has been collected should not be used only to inform the 
population during the disaster, it is important that it be preserved and disseminated afterwards.  

Disasters do not choose the territory they will hit, it does not matter to them rich or poor country, educated or not 
population will be affected, they just happen. Therefore, it is very important that the information presented can be 
understood by all. And how many of the affected people had access to information about natural disasters happening at 
their location, in addition to what was reported on the news? Many times the maps that are created during and after the 
disasters, are made difficult to read, and so a lot of people are left without the ability to understand and use this 
important information. This paper presents the “Atlas of significant natural disasters, around the world, for 2019” and 
its purpouse to provide easily accessible and understandable information on significant natural disasters and their 
power. In this case it is a collection of information and maps of disasters worldwide, but it can be created as well of 
disasters for a specific place, country or continent. It was chosen for the atlas to present the maps of 7 natural disasters 
that occurred in 2019, which left a big mark behind, and most of them can easily be called anomalies (Siteva and 
Marinova, 2021). Each map is accompanied by an information page that contains images, scientific and statistical data. 
The atlas is designed so that made to be easy to read by a large group of people, no matter the age, education or 
profession of the users. 

It’s not shocking to say that we live in an age of rapidly growing technology that changes the way we live, we learn, and 
the ways we receive information. Almost everyone holds a smartphone in his/her hands and owns or has access to a 
computer. And striving to reach everyone with information about natural disasters that is so important to us, we thought 
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that the mission of the paper “Atlas of significant natural disasters, around the world, for 2019”, and others of the same 
kind that will be created, could be extended even to a wider range of people, by turning it into a digital version by 
making it an electronic atlas. We will talk about the benefits of cartographic products published both on paper and in 
digital form. What will be able to be improved in the information from the atlas and why it is important to have 
knowledge on the topic of natural disasters, response and preparation. 

ATLAS OF SIGNIFICANT NATURAL DISASTERS, AROUND THE WORLD, FOR 2019, PAPER 
VERSION 

It has happened to everyone at least once, to hold a map in their hands, which not only does not answer their questions 
and does not give the necessary information, but also makes things even more unclear. Therefore, when creating the 
“Atlas of significant natural disasters, around the world, for 2019” we tried, no matter who open it, to be able to 
immediately understand the content, providing cartographic, visual, statistical and scientific information. Adhering to 
the definition of an atlas, everything is interconnected and follows the same order.  

Classification 

As a collection of maps, this atlas includes 7 natural disasters and information about them presented through maps and 
information pages. These natural disasters are picked, after studying and comparing a number of statistics and 
databases. They are called significant natural disasters because they have caused the worst consequences, such as the 
largest number of people affected, the largest territorial scope, the largest damage. Most of them lead the statistics on 
devastating natural disasters, surpassing previous records of natural disasters of the same kind. To separate the different 
types of disasters, the very basic classification is based on whether the event is natural or man-made. Natural disasters 
can be grouped based on the origin namely: biological, geophysical, hydrological, climatological and extraterrestrial 
events. Further classification into main type, sub-type, and sub-sub type divides broad disaster groups to specific 
disaster types. And this is based on one of the most popular classifications for disasters made by EM-DAT (2021) - 
Figure 1.. 

 

Figure 1. EM-DAT General Classification for natural disasters (EM-DAT, 2021) 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

107



This is the classification used to distinguish the five types of natural disasters, that are presented in the “Atlas of 
significant natural disasters, around the world, for 2019”: 

• Meteorological: 
- Tropical Cyclone Idai  “The third deadliest tropical cyclone in the Southern Hemisphere”; 
 - Hurricane Dorian  “The most powerful hurricane recorded in the open region of the Atlantic Ocean, outside 
the Caribbean Sea”. 

• Hydrological: 
- Floods from monsoon rains in India “The monsoon season of 2019 has the highest recorded rainfall in a 
quarter of a decade”. 

• Climatological: 
- Wild fires in Australia “The fire season 2019-2020 in Australia is considered the worst in the history of the 
New South Wales Fire Service”. 

• Geophysical: 
- Earthquakes in Peru and Abania “The magnitude 8Mw earthquake in Peru has been declared the strongest 
for 2019” and “A magnitude 6Mw earthquake in Albania has been declared the deadliest for 2019”. 

• Biological: 

  - Epidemic of Ebola in the Democratic Republic of the Congo “The second largest recorded Ebola  
epidemic”. 

Design of an atlas of significant natural disasters in 2019 

While creating the atlas design, our thoughts were focused on making it easy to read, using the help of  visual variables, 
simple symbols, pictures and figures. At the beginning of the atlas there are two pages which present the content and 
general information about the purpose of atlas mapping and the benefits of disaster mapping. These pages are followed 
by the first two maps - world maps. The first one shows the location of all natural disasters for 2019 (Figure 2.), and 
according to the classification, the five types of natural disasters are marked with symbols in different colors, through 
which a color combination is created for the types of disasters, which is observed until the end of the atlas (Figure 4.). 
The next world map shows the locations of the seven natural disasters that have been selected as significant for 2019. 
Again, the different types of natural disasters are represented by separate symbols, but this time they are much more 
graphic and visual (Figure3.) (Siteva and Marinova, 2021). 

 
 Figure 2. Map “Natural disasters in 2019” 
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Figure 3. Map “Significant natural disasters for 2019” 

 

 

Figure 4. Color choices 

 

The world maps are followed by separate maps for each disaster, and accompanying them pages with additional 
information. Due to the variety of disasters during the creation of the maps, attention was paid to the selection and 
design of the cartographic symbols and colors. Figure 5 and Figure 6 present the “Hurricane Dorian” and the “Ebola 
epidemic in the Democratic Republic of Congo” maps. 
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Figure 5. Мap “Hurricane Dorian” 

 

Figure 6. Мap “Ebola epidemic in the Democratic Republic of Congo” 

Design of the pages with additional information 

The additional sheets of information are one of the parts that distinguishes the “Atlas of significant natural disasters, 
around the world, for 2019”. It is certain that the user, in addition to cartographic information, will also receive visual, 
statistics and scientific information. Each component included in the pages is relevant and carries separate information. 
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At the top of the page several features are presented (Figure 7.). The title is presented in the middle. In the right corner, 
next to the title, an image of the globe indicationg the location of the disaster is shown. Below this is a scientific 
description of the disaster, accompanied by an image. Then there is a text box entitled "history of the disaster", it 
describes the development of the disaster from its first day of occurrence to the last, with dates, affected areas and 
consequences. And behind the text, there is a backgound graphic image, describing the disaster. 

 

Figure 7. Top of the information page 

The consequences of the disaster are shown at the bottom of the page (Figure 9.).  Two types of statistics are added. 
Оne of them presents the effects by numbers, supported by specially selected and colored symbols (Figure 8.), the 
purpose of which is to graphically represent the data. And the other data are presented in text, making it easy to 
understand why these disasters can easily be called significant. And to complete the design, and because it is most 
clearly to present something by showing it visually, real images of the consequences of disasters are included.  

 

Figure 8. Graphic symbols representing the statistics 

 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

111



 

Figure 9. Bottom of the information page 

And even if this atlas covers the topic of natural disasters on a global scale and only for significant ones, we strongly 
believe that this is a very comprehensive and good way to disseminate information. Such kind of atlases can easily be 
created, for specific areas suffering from natural disasters annually. Young and old must be aware of the forces of 
nature and know that they cannot resist it but only learn how to deal with it. Information is power, information can 
reduce damage, help us react quickly and even save lives. 

DIGITALIZATION 

We live in 21st century, computers and smart devices have taken over almost the whole world, they are involved in the 
atlas mapping as well. Atlases, defined as systematic collections of maps with a uniform formal structure and design 
(Penev, 2013), have undergone dramatic changes over time. Not only the production and presentation of atlases have 
changed, recent developments in digital technology have also affected the way atlases and their maps are used to 
communicate geographic knowledge. Today, atlases are increasingly produced as digital or electronic versions, which 
range from low-level view-only atlases to online high-quality analytical atlas information systems (Siemer, 2020). The 
production of maps has become a digital process too, as can be the case for map use. In its present form, map use has 
been extended into spatial data use, and takes place in digital geographical information systems (Ormeling, 2009). 

It is important for us that information about natural disasters reaches as many people as possible. Paper atlases and 
maps are mainly used in the education system and this is great because the “Atlas of significant natural disasters, around 
the world, for 2019” has the potential to reach many young people who may not have encountered natural disasters yet, 
but will be informed and better prepared. But of course we do not forget the power of digitalization and the Internet, so 
future plans are being considered to create a digital version of the atlas, as well as its variants. In which, in addition to 
the information obtained from sources, people will be able to share and supplement data based on their experience and 
knowledge. Knowledge on the subject of natural disasters must be multiplied, taken and passed on so that we can help 
both ourselves and others. It doesn't matter if it's through a paper atlas in a school or a village, or in a modern society 
through a digital version. Information helps, unites and saves. 

CONCLUSIONS 

The main focus in this paper is to draw people's attention to the important dissemination of information about past and 
future natural disasters. We believe that if more accessible information reaches people, the better prepared they will be 
and the easier it will be for them to cope with future disasters. This will lead to a reduction of the human and financial 
losses caused by disasters. “Atlas of significant natural disasters, around the world, for 2019” is an example of how 
important information can be conveyed in an easy and accessible way. Our task is to promote and encourage creation of 
such atlases, whether in digital or paper form. It is very important that people do not underestimate disasters, and this 
happens when they have not known their power. We would like to spread knowledge through maps and descriptions 
that are publicly available, easy to understand and use. The flow of information must not be stopped or obstructed, 
everyone deserves to know everyone must be prepared. 
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Abstract 
The findings of an ongoing Erasmus+ project called "Earth Observation Tools for The Promotion of Digital Economy 
(ERODITE)" which focuses on capacity building in higher education in Jordan and Algeria, are reported in this paper. 
Both countries technical progress has expanded in recent years, resulting in the digital economy as a new method of 
growth. Earth observation data is one of the most significant components for industrial advancement, with geospatial 
data accounting for 8% of all data worldwide. This instance emphasizes the importance of geospatial data in a variety of 
industries. The geospatial industry will play an essential role in creating possibilities as digital technologies alter our 
environment. In the Arab world, the digital economy's contribution to GDP has just surpassed 4%. However, this is still 
lower than the rest of the world, where the number ranges from 4.5 to 15.5 percent. In Algeria, Even though Algeria has 
the greatest number of female engineers in the world, IT engineering graduates are in short supply. Indeed, Algeria scores 
low on the Enabling Digitalization Index, which is based on "regulatory and business climate, education and research 
facilities, connectivity, logistical infrastructure, and market size," as do the other North African countries. In this paper, 
we focus on the specifications of curricula to adapt to the digital economic needs of these two countries. 

Keywords: Earth Observation, Education, Capacity Building, Digital Economy 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

114

mailto:nusretdemir@akdeniz.edu.tr
mailto:vergos@topo.auth.gr
mailto:hloupis@uniwa.gr


 

INTRODUCTION 

Jordan is a country in the Middle East that is upper middle-income, with a population of roughly 10 million people. It has 
a per capita GNI of around 4210 USD. Agriculture accounts for 4.5 percent of GDP, industry for 28.8%, and services for 
66.6 percent (CIS, 2021). Inflation in 2018 was reported to be 4.462 percent. As of 2021, the unemployment rate is 24.8 
percent (Times, 2021). 

Tourism, information technology, apparel, fertilizer, potash, phosphate mining, medicines, petroleum refining, cement, 
inorganic chemicals, and light manufacturing are the major industries). Jordan was one of the first countries in the region 
to seek digital transformation. Perhaps because of its limited natural resources, the government sees the digital economy 
as a way to diversify its economic activities while raising GDP. 

The Royal Jordanian Geographic Centre (RJGC) is the country's major centre for Earth Observation Activities. RJGC 
provides all institutions in the public and private sectors with geospatial products such as maps, charts, aerial and satellite 
images, and high precision point coordinates, in addition to training technicians, university and college students on 
geomatics sciences with the most advanced surveying and mapping software, particularly those related to GIS and 
geospatial data, in the face of the challenges of the digital era's rapid change and development. 

Algeria is a North African country with a lower-middle-class economy with a per capita income of 3.364 USD. The 
economy is primarily dependent on oil and natural gas, and the young unemployment rate exceeds 22%. For the year 
2020, the economic proportion of the sectors is 48% services, 34% industry, and 14% agriculture (Statista, 2021). Algerian 
manufacturing has been strangled by oil and natural gas in two ways. First and foremost, the hydrocarbon sector is the 
most significant. Second, funds earned from the trade of oil, gas, and related goods have been the most important source 
of funding for other businesses. Petrochemicals, Fertilizers, Electronics & Household Goods, Steel and Steel Products, 
Pharmaceuticals, Water and Energy, Construction Materials, Minerals, Automotive industry. 

In the Arabian region, the digital economy's contribution to GDP has just topped 4%. However, this is still lower than the 
global average, which ranges from 4.5 to 15.5 percent. Despite the fact that data flow from the MENA region to the rest 
of the globe has increased 150-fold in the last ten years and that digital transformation is a goal for MENA countries, 
digital development remains inadequate and is mostly driven by consumers. In terms of digitalization, the corporate 
environment still has to change. Small and medium-sized businesses, for example, have a limited web presence. 

This paper summarizes the outcomes of an ongoing Erasmus+ project named "Earth Observation Tools for the Promotion 
of Digital Economy (ERODITE)," which focuses on capacity building in Jordan and Algeria's higher education systems. 
The main goals of ERODITE are to use an educational environment platform to promote and improve EO/geospatial 
education in partner HEIs, as well as to propose a methodological approach that allows interdisciplinary organization and 
semantic connection of EO knowledge in order to raise their level of competence and socio-economic-technical awareness 
of the digital economy.Its aims include developing new and creative education programs in the field of EO to improve 
the quality of higher education in EO, expand its relevance for the labor market and society, and boost the level of 
competences and abilities in HEIs. These goals are well aligned with the Erasmus+ program's Capacity Building activities. 
The project's specific goals include developing, testing, and adapting new curricula, courses, and learning environments.     

ADAPTATION OF THE CURRENT CIRRICULA 

The domain-specific adaptation should consider the foundations and include the new information into the curriculum of 
the collaborating HEIs In Jordan and Algeria . The three HEIs in Jordan are namely Jordan University of Science and 
Technology (Department of Civil Engineering), Jadara University (Department of Civil Engineering),  Al- Balqa' 
Applied University (Department of Surveying and Geomatics Engineering). The three HEIS in Algeria are namely 
University of Ouargla (Department of Earth Sciences and the Universe), University of Tlemcen (Institute of Sciences and 
Applied Technology), Centre of Space Techniques CTS. The broad overview of the partner institutions for domain-
specific adaptation is shown below. 

The Department of Civil Engineering at Jadara University  is working on obtaining ABET certification and modernizing 
its curriculum structure. The staff does extensive research and publish in renowned indexed journals, keeping the 
department up to speed with current EO and related literature advancements. Their educational curriculum includes a 
variety of civil engineering courses that provide students with the necessary knowledge, skills, and ethics to meet future 
problems. Graduates specializing in Transportation, Structure, Water Resources and Environment, and Geotechnical 
Engineering as general Civil Engineers. 
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Al- Balqa' Applied University (BAU) as a Geomatic Engineering department, has the benefit of focusing on EO far more 
than any other field in their education and research operations. As a result, there are existing courses that have a direct 
link to the EO. The laboratory personnel is sufficient, which speeds up the instructional operations. All parts of EO are 
covered in the tools that are being taught. There are several laboratories available for application-based courses.   

Jordan University of Science and Technology (JUST) with its  Civil Engineering department, has ABET accreditation, 
therefore the vision, mission and objectives of the program are well-defined.  Their research performance is significant 
during last five years in terms of publishing and receiving funding. The number of EO-Related staff is limited.   

The University of Tlemcen's Institute of Sciences and Applied Technology, or ISTA, was established in response to a 
protracted debate on the professionalization of university education in light of job opportunities, technical advancement, 
entrepreneurship, and business creation. Because the department concentrates on practical education rather than scientific 
research, students have an edge in terms of technical skills while looking for work. The occupations are well defined. 
Although it is cited as a plus that technical skills are strong, EO-related abilities are dependent on high-tech development 
skills that are mostly absent from the curriculum. 

The National Technology Institute of Ouargla established the Department of Hydraulics in 1990. In comparison to 
instructional activities, their research performance is poorer. The open-source tools are not covered by the program being 
taught. There are several courses that can help students if they are supplemented by EO material. 
 

The training at the Centre des Techniques Spatiales (CTS) focuses on a subject that employs science and technology to 
assist the collecting, processing, and administration of geographic data, generally known as "Geographic Data." Graduates 
are given professional titles by the department, allowing them to work directly in the sector. The number of educational 
professionals is sufficient to meet the burden of any future courses that may be offered. The tools presented are all 
commercial, which may be advantageous for participating in the industry, but open-source alternatives might be a good 
fit for lab classes. 

The courses are being updated and adapted through theoretical instruction, laboratory work, and self-study hours, all of 
which will be carried out using the Projects' principal outputs, namely the Curriculum, the EO toolkit and its contents, 
and the fully equipped EO Laboratories. 

Earth Observation related fields are classified in domains in other European universities, mainly as; 

• Remote Sensing,  

• Geodesy and Surveying,  

• Photogrammetry and Computer Vision,  

• Geospatial Information, GIS, Cartography, 
Through this project both Partner countries (Jordan and Algeria) are expected to: 

- Strengthen academic staff's ability to create and execute cutting-edge EO and geospatial information curriculum by 
organizing technical training, online training, expert analysis, and the creation of course material standards (thus, 
addressing the National Priority on Curriculum Development). 

- Interdisciplinary and transdisciplinary training should be encouraged (thus, addressing the National Priority on 
Curriculum Development). 

- Establish a structured relationship between each Partner and local organizations. 

- Meet the demand for cutting-edge knowledge transfer in EO/geospatial information into engineering and engineering 
trades. 

Based on extensive questionnaires and analysis, it was determined that a number of competencies are required for the 
adapted curricula in the collaborating HEIs  to support domain-specific improvements. The skills are listed as follows: 
Competencies in Conceptual Foundations(e.g. geometrical and topological objects and relations), Geospatial Data 
Competencies (e.g. earth geometry, geo-referencing systems, map projections, data collection methods), Cartography and 
Visualization Competencies (e.g. map design, map production, graphic representations), Analytical Methods 
Competencies (e.g. queries, spatial analysis and geo-statistics methods, data mining), Design Aspects Competencies (e.g. 
database design, application design, database design), Data Modelling Competencies (e.g. database management systems, 
vector and object data models), Data Manipulation Competencies (e.g. data transformation, data model conversion, 
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database versioning), Infrastructure and Platforms Competencies (including metadata, standards, services), Society 
Competencies (e.g. Legal aspects, relevant EU-policies, economic aspects). These elements for improvement and 
inclusion of these capabilities in the course material are all connected to the adaptation of certain domains. Some courses 
in the partner universities' curricula are connected to and may cover the skills. For example, no partner universities teach 
R, a strong large data analysis tool, and most curricula do not include data modeling. In addition, the use of 3D digital 
data, such as point clouds, is not widely employed in teaching and research.   In fact, the stakeholders described it as the 
dataset of the next generation surveyors, yet  point cloud processing is only offered to one partner (ERODITE 
Stakeholders Meeting, 2021). 

The specific goals for the Jordanian HEIs in the framework of the project are in the short term to supplement the three 
organizations' current curricula (JUST, BAU, and JADARA), which promote engineering studies by providing a platform 
and tools for EO/geospatial data. This platform/toolkit will be available to the public and will include a number of 
instructional resources on EO as well as digital skills connections (thus addressing New Technologies in Higher Education 
as a priority in Jordan). The project also encourages stakeholders, such as teachers and students, to mobilize across partner 
nations, therefore promoting internationalization.   

The specific goals for the Algerian HEIs in the framework of the project are in the short term toto strengthen and 
supplement the existing curriculum of Algeria's major organization that provides specialized geospatial education (CTS) 
and to bring a new viewpoint to the curriculum of a non-engineering department that offers earth science studies (UABT). 
The advantages of the EO platform in dealing with emerging technologies are the same as those mentioned in Jordan. 
Another project consequence will be the development of international relations skills, which will be aided by the mobility 
of students and staff (thus addressing the Internationalisation of higher education institutions).A long-term result that 
contributes to the capacity building is that fact that the project will generate awareness of the benefits of EO and geospatial 
information science. In Algeria, like most countries of the continent, a weak link or communication gap exists between 
policy level and geospatial information expertise due to inappropriate strategy for generating awareness of the benefits to 
be derived from geospatial information science and technology application, resulting in a low level of political will, 
inadequate funding and poorly executed development projects. The advantage of this project is that the major high-quality 
national capacity-building institution of Algeria in EO (CTS) is member of the project’s consortium thus, offering great 
input in the capacity utilisation for other Algerian organizations. 

Overall, as a result of the ERODITE project, an essential feature of the developed standards and good practices of the EO 
toolkit will be to encourage the increased enthusiasm among students in participating in exchange programs. There will 
be a dedicated portion for building international competencies and abilities via practical work in pilot case studies in 
various parts of Europe as well as, to a greater extent, between Partner Countries. Tools for measuring the academic 
quality of these practical study abroad sessions, as well as safety and wellbeing, will be defined. Guidelines for adapting 
mobility initiatives (which do not achieve the full potential of each institution) to particular pilot cases, workshops, 
seminars, or international week sessions will be developed as additional help. 

CONCLUSIONS 

Within the ERODITE framework, the participating departments in the HEIs from Jordan and Algeria will  adapt their 
curricula so that to place EO/geospatial knowledge at the heart of engineering sector involving staff, students and potential 
stakeholders eg professionals.  This joint work will help to formulate integral training pathways adapted to different 
student profiles (undergraduates, post graduates, life-long learning) that give response to the real needs of the engineering 
sector. The methodology that will be implemented is a mixed one, focused to work the soft and hard skills connected with 
curriculum development. This methodology will have a clear impact on the change of mentality among the trainers 
(academics, technicians) and among students.  The updated courses will implemented the so-called EO toolkit which will 
take into account the learning from pilot training experience.  
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Abstract 
The aim of this paper was to evaluate the spatial data quality elements of OpenStreetMap in relation to the official data 
- the national database of topographic objects at a scale of 1:10 000 (BDOT10k). The main elements of spatial data 
quality such as geometric accuracy and data completeness were analyzed. In the OpenStreetMap data quality research, 
objects consisting of the basic elements of land cover with polygon geometry type were used, which included 3 classes: 
buildings, surface water and forests. The test area for OSM data quality was three counties in Poland, differentiated by 
land cover and urbanization development. The highest OSM data quality indices were obtained for objects of quite 
easily recognizable and interpretable character and shape. The best results of OSM spatial data quality were noted for 
highly urbanized areas with developed infrastructure.  

Keywords: OpenStreetMap, open data, data quality. 

INTRODUCTION 

The evaluation of spatial data quality has been the focus of research by many users and researchers. The importance 
of data quality in science is well recognized and widely described [1-3]. In ISO (the International Organization for 
Standardization) normative documents, quality is defined as a comprehensive set of characteristics and features of 
datasets and services that affect the ability to satisfy current and future user requirements [4]. The features and 
characteristics mentioned in the standard, with regard to spatial data sets, are defined by a dozen of quantitative and 
qualitative indicators. Whereby, the most commonly used and applicable, among others, also for INSPIRE 
(Infrastructure for Spatial Information in Europe) data sets include: 

• Geometric accuracy - this parameter describes the accuracy of determining the coordinates of the object. In 
practice, the preferred method of checking this parameter is comparison with an independent source of higher 
accuracy. 

• Thematic accuracy - describes the accuracy or certainty of the acquisition of an attribute value. Estimating the 
accuracy of a quantitative attribute is analogous to location accuracy (comparison to a more accurate data 
source). 

• Currentness - describes the point in time or moment in time when the contents of the database match reality.  

• Completeness - determines how exhaustive a set of objects is. It may refer to: ex-cess, missing objects, their 
attributes or the relationships between tchem. 

• Logical consistency - describes the consistency of the relationships recorded in the spatial database structure 
(conceptual, domain and topological). 

With regard to data collected voluntarily and free of charge by a very large number of volunteers, referred to as 
Volunteered Geographic Information (VGI) or crowdsourcing geodata, the application of the above mentioned 
indicators becomes problematic. The reason for this is the lack of detailed technical specifications, only providing rules 
and guidelines for providing data, and the frequent lack of formal verification of all data entered into the database. 
Volunteers are usually left with a lot of freedom in terms of the accuracy of the data entered and the detail of their 
descriptive characteristics. Data verification is generally performed by other users, potentially more familiar with the 
area or willing to use community data for specific tasks. The most studied and evaluated for data quality is 
OpenStreetMap (OSM). When analyzing the quality of OSM data, many researchers around the world mainly focus on 
the completeness and accuracy of the location of roads [5-7] or buildings [8-10]. These studies show that OSM 
information can be quite accurate, but its value depends on the areas for which it was acquired. The aforementioned 
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studies clearly show that the best spatial data quality results were achieved for urbanized areas and those of interest to 
OSM users. Based on the statistical results of the research, the authors have inferred that the experience levels of 
contributors determine the contribution type and level of object detail. 

The quality of OpenStreetMap data, and in particular its quantitative elements such as completeness and geometric 
accuracy, is of broad interest to potential users worldwide. The method of data collection used in OSM makes it 
impossible to apply directly the principles of geographic data evaluation contained in ISO 19157, which refers to the 
comparison of data with technical specifications. Goodchild [11] listed three alternative approaches to assessing the 
quality of geographic data acquired by projects such as OpenStreetMap: 

• crowd-sourcing approach – based on the assumption that redundant data will be detected and corrected by 
users. 

• social approach – assuming minimal data validity checks by administrators. 

• geographical approach – involving the use of GIS-type programs for data quality control by checking the 
correctness of topologies and logical rules. 

Such approaches to assessing the quality of VGI data are gaining popularity, although external assessment is still 
commonly used, requiring access to other, usually more accurate and reliable data. Such an approach was used in this 
research because it allows for a comprehensive assessment of data quality, which is crucial from the perspective of 
potential users. 

Taking into account the above fact, this paper presents a comprehensive quality assessment of volunteer 
OpenStreetMap data, paying attention to the aspect of imperfect findings and quality assumptions. The aim of the 
conducted research was to assess the completeness and accuracy of the location of the main land cover classes 
(buildings, forests, surface waters) of OSM objects in relation to the national official data, collected in the database of 
topographic objects, which was the reference base in the conducted research. Analyses were made for three selected 
counties in Poland, taking into consideration their diversity in terms of terrain and urbanization level, which allows 
them to be treated as representative samples. Reference data used for OSM analysis were official Polish data of 
BDOT10k (Polish National Database of Topographic Objects). The study complements the previous research results in 
the field of quantitative and qualitative analyses of OSM data, especially in relation to the Polish territory, taking into 
account the diversity of land cover of the test areas. 

MATERIALS AND METHODOLOGY 

Source Data 

Area of reasearch 

The study area consists of three counties located in the territory of Poland - Nowomiejski, Otwock and Ząbkowicki 
Counties. Counties were selected in such a way that they are diverse in terms of location, relief, area, degree of 
urbanization, and land cover, so that they can be representative samples. Location of the analysed test areas is shown in 
Fig. 1. 

 

Figure 1. Location of analysed counties. 
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Nowomiejski County is located in the northern part of Poland in Warmia and Mazury Province. The total area of the 
county is 694 km2 [12]. Population density is 64 people per km2. The degree of urbanization in Nowomiejski County is 
25.6%. The economy of the county is represented by agriculture and industry. The dominant branch of industry is wood 
industry, mainly furniture and woodworking products. The area of the county is characterized by a great diversity of 
terrain: hills, lakes, rivers and forests dominate here. Within the administrative borders there are two landscape parks: 
Brodnica and Wel, as well as areas of protected landscape and numerous nature reserves. The Drwęca River, the longest 
and largest right tributary of the Vistula in northern Poland, flows through the county. 

Otwocki County is located in Mazovia Province, in its central part, in the immediate vicinity of Warsaw. The total area 
of the county is 616 km2, and the population density is 202 people per km2 [12]. The degree of urbanization in the 
Otwocki County is 61.7%. It covers vast areas of the South Masovian Plain and its constituent regions: The Valley of 
the Central Vistula and the Garwolin and Wolomin Plains. Among the districts near Warsaw, Otwocki has high forest 
cover (40.5%). 

Ząbkowicki County is a county located in southwestern Poland, in Lower Silesia Province. It covers an area of 802 km2 
and has a population density of 81 people per km2 [12]. The degree of urbanization is 45%. The county lies between the 
Bardzkie, Sowie and Złote Mountains and the Niemczańsko-Strzelińskie Hills, crossed by the Nysa Kłodzka River. Its 
convenient location makes the county of Ząbkowice an important element in the system of European connections: the 
distance from Warsaw and Berlin is about 350 km, from Prague and Dresden about 280 km, from Brno and Krakow 
about 250 km. The geographical and historical region located in the Sudeten Foreland has a very rich history and is 
popular among tourists.  

OpenStreetMap Data  

OpenStreetMap (OSM) is an online community project to create a free, freely accessible map of the entire globe. It is 
editable by registered users. The maps are mainly created using data collected from portable satellite navigation 
receivers and other geographical data sources with a sufficiently free license. 

OpenStreetMap uses a data structure consisting of [13]: 

• Nodes - points with a geographical position. 

• Lines - lists of nodes that represent lines and polygons. 

• Relationships - groups of nodes, paths, and other relationships that can have certain values. 

• Tags - applied to nodes, roads or relationships and consist of key=value pairs. 
A label, also called a tag, consists of a pair of expressions: “key = value” which can be equated with an attribute. Most 
features can be described using only a small number of tags, such as a path with a classification tag such as 
highway=footway, and also a name using name=*. 

In the conducted study of OpenStreetMap data quality, 3 main land cover classes were used, which included polygon 
objects: buildings, surface water, forests. The OpenStreetMap data was obtained from the OSM Geofabrik service [14]. 
The validity of the OSM data studied is January 24, 2022. Table 1 presents a description of the data used. 

Table 1. Characteristics of the OSM data analysed with the distinguishing "tag" [13]. 

Object of 
land cover OSM Tag Description 

Buildings building=* Single building outline 

Water surface 
natural=water 

landuse=reservoir 
water=reservoir 

Unspecified bodies of water. Typically lakes, but can also be larger rivers, 
harbours, etc. 

Forest landuse=forest, 
natural=wood 

Forest or woodland. Sometimes considered to have the restricted meaning 
"Managed woodland or tree plantation maintained by humans to obtain forest 

products". 
 

OSM data are characterized by heterogeneous accuracy and level of detail, depending on the acquisition technique and 
object contour detailing, which, in turn, depend on the skill and experience of the observer. The means of obtaining 
OSM data are primarily measurements from handheld GPS receivers, aerial photographs and other available data 
sources. OSM data timeliness varies depending on volunteer activity. 
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BDOT10k Data 

In the conducted analyses of OSM data quality, the official spatial data of the Database of Topographic Objects 
(BDOT10k) was used as the reference dataset. BDOT10k is a vector database containing the spatial location of 
topographic objects along with their basic descriptive characteristics. The content and detail of the BDOT10k database 
corresponds, in simplification, to a traditional topographic map in a scale of 1:10 000. The detailed scope of information 
collected in BDOT10k, organization, mode and technical standards of creating, updating, verifying and making data 
available are specified in the legal act [15]. Updating of the BDOT10k database takes place on an ongoing basis after 
reliable data are obtained from the feeder sets. Data downloading is possible free of charge using the Geoportal Service 
[16]. The timeliness of available BDOT10k data used in this analysis is March 2020.  

Objects from the BDOT10k reference database, belonging to the same land cover classes as the OSM data, were used 
for the OSM data quality analysis (Table 2). 

Tabela 2. Charakterystyka analizowanych danych BDOT10k [15]. 

Object of land 
cover 

Designation 
BDOT10k Description 

Buildings BUBD Buildings permanently connected to the ground with foundations 
Water surface PTWP Areas occupied by the waters of rivers, canals, reservoirs 

Forest PTLZ Densely wooded areas: forests, wooded parks and other wooded 
areas 

 

BDOT10k data are acquired through: geodetic survey, land and building registry, orthophoto vectorization or other 
official state registers. BDTO10K quality control is performed in accordance with the control system for data submitted 
to the BDOT10k resource (topology and geometry checks, semantic, syntactic and attribute checks, etc.) and is carried 
out in significant detail. 

Methodology 

Analysis of geometric accuracy of OSM objects 

In order to obtain statistical information about the geometric accuracy of OSM surface objects in comparison to the 
reference database BDOT10k, homology points were used. Accuracy analysis was based on automatic measurement of 
corresponding corners of OSM surface objects against BDOT10k (Fig. 5). The analyses described were performed 
using GIS software - ArcGIS Pro. 

 

Figure 5. Homologous points semi-automatically detected between the OSM buildings (red) and the BDOT10k 
buildings (blue). 

The measurement was conducted for all analyzed counties, taking into account analyzed surface objects - buildings, 
forests and surface waters. Measurement of homologous points was performed by comparing X and Y coordinates of 
corresponding corners (vertices) in OSM and BDOT10k databases. In order to maintain the accuracy of the 
measurement, both sets of data were defined in the PUWG 1992 (Państwowy Układ Współrzędnych Geodezyjnych) 
rectangular coordinate system, which is a coordinate system based on the Gauss–Krüger mapping for the GRS80 
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ellipsoid in one ten-degree zone for Poland (EPSG: 2180). The PUWG 1992 is intended for maps with a scale of 
1:10,000 and smaller. 

The accuracy of the location of OSM surface objects is presented in terms of Root Mean Square Error (RMSE). RMSE 
is a commonly used measure of the difference between values (sample or population values) predicted by a model or 
estimator and observed values. RMSE is the standard deviation of the residuals (prediction errors). Residuals are a 
measure of how far from the regression line the data points are. RMSE is a measure of how spread out these residuals 
are. In other words, it tells you how concentrated the data are around the line of best fit. Root mean square error is 
commonly used in climatology, forecasting, and regression analysis to verify experimental results [17].  

The RMSE error value for the determined homology points in OSM and BDOT10k datasets was calculated according to 
the formula: 

 
 
(1) 

 

(2) 
 

 

(3) 

Where:  
,  - coordinates of a point from the OSM database. 

,  - coordinates of a point from the BDOT10k database. 
 - number of observations (homology points). 

Analysis of completeness of OSM objects 

The completeness of OSM surface objects was assessed using a method based on arearatio units, which calculates the 
completeness C as a percentage ratio between the total area of an OSM object and the total area of the corresponding 
object from the BDOT10k database within a certain spatial unit (e.g. administrative or geometric) [8]. For this purpose, 
the area of the analyzed counties was divided into sub-areas according to a regular grid of hexagons with an area equal 
to 1 km2. The area ratio method may introduce an overestimation of C due to the excess data available in OSM against 
BDOT10k data [18]. For this reason, further studies are recommended in which three additional indices are calculated: 
true positive (TP), false positive (FP) and false negative (FN) indicators. 

According to Figure 6, the TP indicator represents overlapping building areas between OSM and BDOT10k, i.e., 
common areas between datasets .The FP indicator represents OSM surface objects that do not exist in the BDOT10k 
dataset, and the FN indicator considers BDOT10k surface objects that do not exist in the OSM dataset. 

 

Figure 6. Characteristics of TP, FP and FN indicators. 
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To assess the completeness of OSM surface objects, C, TP, FN and FP values were calculated for each hexagonal grid 
cell. The obtained results were related to the total area of objects in the reference base, which is the BDOT10k 
collection.  

RESULTS  

Geometric accuracy of OSM objects 

Using the methods described in an earlier subsection, the accuracy of surface object locations was calculated separately 
for each of the 3 counties studied. The obtained results of the accuracy of the location of OSM objects based on 
homologous points are presented in Table 3. 

Tabela 3. Statistics on the homologous pairs detected in the considered test areas. 

County OSM object 
Number of 

homologous point 
pairs 

RMSEX [m] RMSEY [m] RMSE [m] 

Otwocki 
buildings 416,177 2.07 2.15 2.99 

forests 32,995 4.38 4.50 6.28 
surface waters 23,940 3.56 3.61 5.08 

Nowomiejski 
buildings 159,218 0.90 1.01 1.35 

forests 27,451 4.38 4.39 6.20 
surface waters 12,661 3.63 3.64 5.14 

Ząbkowicki 
buildings 164,473 1.46 1.52 2.10 

forests 30,630 4.23 4.25 5.99 
surface waters 10,309 3.64 3.56 5.09 

 

According to the results presented in Table 3, it can be noticed that the smallest values of the RMSE error were 
obtained in all the counties for objects of the building type. The smallest RMSE was noted in Nowomiejski County - 
1.35 m (159,218 homological points). On the other hand, the highest value of RMSE was obtained in Otwocki County - 
2.99 m (416,177 homological points). Objects of the forest and surface water types obtained significantly higher values 
of the RMSE error in the analyzed areas. The lowest RMSE values were obtained for objects of the forest type at quite a 
similar level (from 5.99 m for the Ząbkowicki County to 6.28 m for the Otwocki County). Similarly, the RMSE values 
for surface waters were slightly lower than those for forests - from 5.08 m for the Otwocki County to 5.14 m for the 
Nowomiejski County. 

Completeness of OSM objects 

The results of the analysis of the completeness of OSM surface objects in relation to BDOT10k data in the analysed 
counties in relation to buildings, forests and surface waters are presented below. The analyzed area was divided into 
basic fields in the form of a hexagonal grid with an area of 1 km2. Finally, 36 thematic maps were developed visualizing 
spatial distribution of C, TP, FP and FN indices in analyzed counties. Completeness results of OSM objects refer to 
Otwocki County (Fig. 7), Nowomiejski County (Fig. 8) and Ząbkowicki County (Fig. 9). 

A)   Buildings 

    

B) Forests 
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C) Surface waters 

    

Figure 7. Analysis of the completeness of OSM objects in Otwocki County, taking into account indicators C, TP, FP and 
FN. 

A) Buildings 

    

B) Forests 

    

C) Surface waters 
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Figure 8. Analysis of the completeness of OSM objects in Nowomiejski County, taking into account indicators C, TP, 
FP and FN. 

A) Buildings 

    

B) Forests 

    

C) Surface waters 

    

Figure 9. Analysis of the completeness of OSM objects in Ząbkowicki County, taking into account indicators C, TP, FP 
and FN. 

The set of maps presented in Fig. 7 - 9 presents the spatial distribution of the calculated completeness indices of OSM 
objects in comparison to the BDOT10k reference base in the three analyzed counties - Otwocki, Nowomiejski, and 
Ząbkowicki. The ranges of values for each indicator were determined according to the Natural Breaks algorithm. Jenks 
Natural Breaks Classification (or Optimization) system is a data classification method designed to optimize the 
distribution of a set of values into "natural" classes. The range of classes consists of elements with similar 
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characteristics that form a "natural" group in the data set [19]. This classification method aims to minimize the average 
deviation from the class mean while maximizing the deviation from the means of the other groups. This method reduces 
the variance within classes and maximizes the variance between classes. 

The average values of the anazilated C, TP, FP, and FN completeness indices of OSM surface objects for all analyzed 
counties with respect to the base field of the hexagonal grid are presented below in Table 4. 

Table 4. Average values of OSM objects completeness indices in the analyzed counties. 

OSM object class Index Average value of the indicator in a given county [%] 

Otwocki Nowomiejski Ząbkowicki 

building 

C 108.4 107.2 125.1 
TP 81.1 95.1 84.7 
FP 27.3 12.1 40.6 
FN 21.2 5.09 16.2 

forest 

C 102.9 84.5 119.1 
TP 79.6 77.4 83.0 
FP 24.7 8.1 42.2 
FN 28.2 39.9 26.8 

water surface 

C 170.0 81.7 121.8 
TP 67.6 61.3 81.8 
FP 108.5 24.5 46.3 
FN 57.6 70.3 37.4 

Index C in all analyzed counties reaches values above 100% for buildings obejcts. The highest average values of index 
C are seen in Ząbkowicki County - on average, index C here is 125%, and in some grid cells reaching values above 
500%. The lowest value of the C index for buildings was observed in Nowomiejski County - about 107%. The total area 
of the TP index for buildings (i.e. buildings found in both the BDOT10k and OSM datasets) is approximately 95% of 
the total area of BDOT10k buildings on average in Nowomiejski County with the highest index. The lowest value of TP 
index for buildings was recorded in Otwock County: 81%. In most cases, the highest TP values are achieved for 
urbanized areas, for which high C index values (close to 100%) were obtained. In the case of the FN index (i.e. 
buildings mapped in BDOT10k, but not in the OSM dataset), the highest value was obtained in Otwock County - on 
average 21% of the total BDOT10k area. The lowest value was obtained in Nowomiejski County: 5% of the total 
BDOT10k area. On the other hand, the total FP area (i.e. buildings mapped in OSM but not in the BDOT10k dataset) 
averaged 40% of the total BDOT10k area in Ząbkowicki County (the highest value) and 12% in Nowomiejski County 
(the lowest). 

For forests, the highest C index was recorded in Ząbkowicki County: 119%. A similarly high C index was calculated for 
Otwocki County: 103%. The lowest C index was obtained in Nowomiejski County: 84%. In all analyzed poviats the 
indicator TP was at a fairly similar level, but the highest value was obtained in Ząbkowicki County: 83%, and the 
lowest - in Nowomiejski County: 77%. The FP indicator reached the highest value for the county of Ząbkowicki: 42% 
A much lower value of FP indicator was achieved by Nowomiejski County: 8%. The highest value of FN was obtained 
by Nowomiejski County: 40%. On the other hand, the counties of Otwocki and Ząbkowice obtained a value at a 
relatively high level - 28% and 27% respectively. 

The completeness index C for surface waters obtained the highest value for Otwock County: 170%. The lowest value 
was achieved by Nowomiejski County: 82%. The TP index obtained the highest value for the county of Ząbkowicki: 
82%, while the lowest for the county of Otwocki 67% and Nowomiejski 61%. The value of the FP indicator was 
significantly differentiated for the analyzed districts - the highest value was obtained by the countyof Otwocki - 108%, 
while the lowest value was obtained by the Nowomiejski County - 24%. The indicator of FP for the Ząbkowicki County 
amounted to 46%. The FN index for the analyzed districts was also at a quite diverse level - the highest value was 
achieved in Nowomiejski County: 70% and the lowest for Ząbkowicki County: 37%. The FN index for the county of 
Otwocki was 57%. 

DISCUSS AND CONCLUSION 

In the conducted research on the quality of OSM data, the accuracy of location and completeness of OSM objects, 
which are the main elements of land cover - buildings, forests and surface waters in three selected counties in Poland: 
Otwock, Nowomiejski and Ząbkowicki, were analyzed.  
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Analysis of geometric accuracy of surface objects showed that the highest accuracy of location is achieved by buildings 
- on average in this group the value of RMSE was 2.15 m. The best results were achieved for Nowomiejski County 
(1.35 m). In case of Otwocki County achieved accuracy of RMSE of homological points in comparison with other 
results are lower, but it should be emphasized that number of investigated pairs of homological points in this county 
was the highest - more than twice bigger than in other counties, what could influence obtained results. The lowest 
accuracy results of OSM surface objects location were achieved for forests - on average value of RMSE was 6.16 m. 
The most accurate mapping was done for forests in Ząbkowice County(5.99 m). Surface waters were mapped in OSM 
with the average value of RMSE  equal to 4.72 (the smallest RMSE was obtained in Otwock and Ząbkowice counties - 
5.08 m and 5.09 m respectively).  

In case of OSM data completeness analysis, the obtained results were quite diverse and depended on the type of object 
and analyzed county. The spatial distribution of the completeness index C for buildings in the analyzed counties reaches 
the highest values in the built-up areas of the studied counties with a higher degree of urbanization. The lowest values 
of building completeness were recorded on the outskirts of the counties and in areas with a low degree of development. 
In case of buildings in built-up areas, over-completeness was often recorded - the number of OSM buildings 
significantly exceeded the number of BDOT10k buildings. Additionally, the calculated TP index, showing the degree of 
the overlapping of the area of the OSM and BDOT10k buildings, reached the highest values for the areas with the 
degree of completeness oscillating around 100%. The FP index, which informs about the OSM buildings that do not 
exist in the BDOT10k data set, reached the highest values for built-up areas, which directly resulted from the high over-
completeness of the OSM data. In contrast, the highest values of the FN index were achieved for areas with the lowest 
degree of data completeness. In these cells, the majority were objects existing in the BDOT10k database that were not 
present in the OSM database. In the case of forest and surface water completeness, the highest values of index C and TP 
were achieved in areas with large forest complexes and large water bodies, and in areas with additional buildings. The 
highest values for FP index were recorded on the outskirts of forest complexes and areas with small water bodies. For 
FN indicator the highest values for forests and water were observed mainly outside built-up areas. 

The obtained results confirm that the best quality indicators of OSM data were obtained for objects of quite easily 
recognizable and interpretable features and location - buildings. On the other hand, the lowest values were obtained for 
objects for which defining the range and type may be a problem for a non-professional user of spatial databases - these 
are mainly forests. Additionally, the results were influenced by the characteristics of the studied area. The best results of 
spatial OSM data quality were obtained for highly urbanized areas with developed infrastructure, and the least for urban 
outskirts and low urbanized areas. This is mainly due to the interest of users in a given area and the frequency of 
introducing new OSM spatial objects. It is also worth noting that in the case of highly urbanized counties, which include 
the county of Otwocki and Ząbkowicki (urbanization rate of these counties is 62% and 45%, respectively), there was 
often an over-completion of data (the number of OSM data significantly exceeded the number of BDOT10k data). In 
less urbanized areas and less "popular" among OSM users, there are gaps in the OSM database and "white spots" 
resulting from lack of objects entered there. 

This study complements the OSM data quality assessment conducted for counties in Poland. Obtained results of OSM 
data quality analysis indicate that OSM data can provide strong support for other spatial data, including official and 
state data. Additionally, OSM data are mapped by users and appear in the OSM database on an ongoing basis, which is 
not the case with the BDOT10k database, the updating of which is much more time-consuming and involves many 
additional units and institutions. Due to the voluntary character of the OSM data and the work of the OSM database 
users, it should be emphasized that the database requires systematic control and supplementation with new objects and 
information. 
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Abstract 
At present geoinformatics usage has got global penetration in many industries and areas, including, spatial and 
environmental modeling, urban planning and land use management, agriculture, healthcare, insurance, military sector, 
automotive sector, transport and logistics, telecommunications and media, economic and business analysis, and many 
others. However, navigation systems developments are one of the benchmark aspects of the geoinformatics, used by 
billions of peoples every day via different apps and screens. At the very core of a navigation system stays a digital map. 
Focus of the article is the map making process in digital environment by the example of HERE Technologies, as well as 
and the digital maps usage as a base for some of the HERE Technologies derivative products in the areas of 
automotive, transport and logistics, supply chain and infrastructure planning. Special attention is given to the initial 
source of information and data quality.Separately it will be presented the HERE Bulgarian map in the context of the 
HERE global map. 

Keywords: geoinformation, digital maps, navigation systems  

 

INTRODUCTION 

The scientific problems related to organization and understanding of space are developed during the last fifty years. The 
process started with classical mapping and cartographic modeling and develop with the integration of the technologies 
in geographical knowledge and spatial modeling. In theoretical aspects it is projected in the works of Salistev (1982), 
Robinson et al. (1984), Berliant (1986, 1988), Aronoff (1989), Bartels, Ketellapper (1979), Konecny, Rais (1985), 
Burroughs, Macdonell (1998), Foote, Lynch (1990), Kirkley et al. (1987), Knox (1964), Smyth (1998), Tomlin (1990), 
Ziegler, Kim. (2000) etc. The natural evolution of this process is the interaction and implementation of remote sensing 
and web-based technologies. 

The other aspect related to the models and modelling in geography and optimization of the spatial analysis is based on 
the research of Haggett, Chorley (1967), Haggett (1990), Harvey (1969, 1996), Hägerstrand (1967, 1983). 
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GEOINFORMATION TECHNOLOGIES AND WEB-BASED MAPS 

Geoinformation technologies and web-based maps 

One of the challenges of classical cartography is the transition from analogue to digital or web maps.  With the 
development and ubiquity of geoinformation technologies in the scientific, socio-economic and social world, this 
transition is a natural consequence and development in the creation of cartographic products.  Geoinformation 
technologies allow the collection, processing, and visualization of huge data sets obtained from different sources. 
Nowadays, there are many open-access web-based programs for adding, processing, and sharing information of 
different nature on a cartographic basis.  Crowdsourcing, or in the context of cartography, volunteered geographic 
information (VGI), which falls under the Big Data phenomenon and with the help of geoinformation technologies, leads 
to the creation of new spatiotemporal patterns in web cartography in both quantitative and qualitative aspects.  Such 
models are web maps with different thematic focuses and various mobile applications.  Participants in crowdsourcing 
are both information providers and users of the added information, and geoinformation technologies enable this to 
happen in real-time.  On the other side, business organisations, public and non-governmental sectors, use 
geoinformation technologies, through the so-called Application Program Interface (API), and allow the connectivity of 
mapping platforms with providers of other types of processed information, again in real-time.  For example, real-time 
information on the weather, traffic, the concentration of people in certain places, air pollution, the level of water bodies, 
the stage of development of agricultural products, etc.  At the height of the Covid epidemic, many mobile applications 
were developed to locate Covid-19 vaccination centers and hospitals with vacant beds for treatment.    Within the 
widespread use of geoinformation technologies, one of the most used applications are web-based maps.  

HERE Technologies is a global leader and pioneer in the production and delivery of mapping databases, Location-based 
products and services (LBS) for a variety of industries, and public and non-government sectors.  The main thematic 
focus of the maps is related to the development of navigation applications for the automotive industry.  In 1985 the 
company was established under the name Karlin & Collins, Inc. as a small start-up providing "door-to-door" maps 
through kiosk utilities for specific areas in San Francisco, California in the USA.  The company later grew and changed 
its business model from one for end users to a business model aimed at hardware manufacturers. In the early 1990s, 
Philips Electronics acquired Karlin & Collins, Inc., and together the two companies began developing map databases 
for embedded navigation systems for automobiles.  This led to the development of the first navigation system for the 
BMW 7 Series in 1994 and the first web-based map in 1995. In the meantime, the company's name changed to NavTech 
and later to NAVTEQ.  In 2000 NAVTEQ provided map databases to 2/3 of the automotive industry.  In 2007 NOKIA 
acquired NAVTEQ.  A new era in the development of maps for cellular and smartphones has begun.  The name of the 
company changed to HERE.  In 2015 followed a new acquisition by a consortium of German automotive companies - 
Audi, Mercedes & BMW. 

Methods and technologies in HERE map development. 

From the very beginning and to this day, the primary method for collecting baseline data for the development of the 
HERE map has been the field method.  Initially, field data were collected manually on paper plates.  Later, data 
collection was done using portable hardware devices connected to GPS, of the personal navigation device (PND) type.  
As a result of the increasing spatial coverage, data collection requires the use of more efficient technologies.  In the 
1990s, the first NAVTEQ field cars were developed, equipped with a GPS receiver, a front camera, and a computer 
with special software that controls the peripherals or a so-called single-camera kit Fig. 1. 
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Fig. 1 Vehicle equipment for terrain data acquisition.  Top left PND 

Specially trained employees describe additional environmental information.  The additional information includes data 
on street names, addresses, adjacent objects, and horizontal and vertical road markings.  The volume of GPX and MP4 
data collected by this type of vehicle, over an 8-hour working day amounts to approximately 10-12 GB.  The next 
generation of data collection vehicles is the so-called multi-cam vehicles.   What is new about these is the presence of 4 
to 7 cameras mounted on the roof of the car that capture the surroundings up to 315°, as well as a more powerful 
computer and server in the trunk of the car (Fig. 2).  

 

Fig. Multi-camera equipment of a terrain vehicle - server on the left, set of cameras mounted on the roof of a car on the 
right 

In 2010 NAVTEQ, being a part of NOKIA, developed together with Microsoft the technology for NAVTEQ True cars, 
fig.  3.  
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Fig. 3 NAVTEQ True vehicle exterior view 

The equipment includes one set of 6 high-resolution front cameras that capture 270° in front of the vehicle and 1 rear 
camera.  The second set of 8 cameras captures 360° horizontally and two vertical cameras (Figure  4). 

 

Fig. 4 Sets of 8 and 6 cameras 

LiDAR sensor containing 64 horizontally positioned lasers with a laser radius range of 100 m, which collect 1.3 million 
points per second from the surrounding environment (Figure  5).  
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Fig. 5 LiDAR sensor 

Z-coordinate precision distance measurement unit (internal measurement unit, IMU), GPS receiver, etc. Figure 5 
illustrates the elevation variation in road gradient processed from the IMU data.  Fig.  6 illustrates processed data from a 
fragment of terrain captured with the HERE True car. 

 

                                        Fig. 5      Fig. 6 

Today, the HERE True fleet consists of over 400 vehicles.  On an average day, the vehicles drive over 100,000 km on 
pre-planned routes in different countries and cities and collect 28 TB of LiDAR data, with centimeter accuracy.   

 

Fig. 7 View of processed LiDAR data 
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Maintaining an up-to-date digital map with global coverage is an ambitious and resource-intensive task.  The length of 
all classes of roads suitable for road transport around the world is estimated at just over 64 million km. In the HERE 
map, the road length is 63.7 million km.  If we assume that a HERE True vehicle can travel and capture per day an 
average of 300 km, then it would take 640 days to fully capture the world's roads with the available fleet.  The very next 
day, however, there will have been changes on the earth's roads that will not be registered and the information on the 
map will not fully correspond to reality.  This means that the capabilities of the field method alone are currently too 
limited to maintain an actual map of the world, even just the roads.  

Remote sensing method 

The possibilities of the remote sensing method for capturing the territory of the earth compared to the field method are 
incomparably greater.  According to the Union of Concerned Scientists (UCS), in 2022, there are over 4,850 satellites in 
orbit around the earth, imaging the earth's surface for various purposes, 150 of which are navigational. For example, 
according to the European Space Agency (ESA), the two satellites of the Sentinel-2 mission, located in a polar orbit at 
180° to each other, can cover a 290 km wide area at the equator in 5 days and at mid-latitudes in 2-3 days.  This 
undeniably proves the advantage in scale and time of the remote method compared to the field method. 

Maxar Technologies is HERE's partner in providing satellite images.  Satellite images have global coverage without 
Antarctica. Processed in WGS84 projection with a resolution of 50 cm, with 30 cm resolution for certain areas, such as 
larger cities. Deviation in these images is between 3 and 5 meters.  Loading a high-resolution layer on a cartographic 
substrate allows the addition of roads, including markings, the addition of 2D and 3D polygons of buildings, and the 
detection of incompleteness and gaps in the map content, especially in a park and suburban terrain where access to 
motor vehicles is prohibited.  (Fig. 8). 

Key study areas 

To achieve better generality of the methods applied in this study, two key regions for modelling, evaluation, and 
analysis have been identified. 

Both regions are in urbanized areas.   

In the first case, a park area with close parameters to natural landscapes was selected, including forest formations, grass 
formations, wetlands, etc. - the region of the South Park of  Sofia City (fig. 8). 

The second territory is defined because it has a long historical period of anthropogenic impact - the town of  Nessebar 
(fig. 9). 
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Fig. 8 WeGo HERE view of added pedestrian routes in South Park, Sofia, using a satellite image 

Third-party data 

Despite the great opportunities provided by field and remote methods, a global map cannot be kept sufficiently up-to-
date by collecting data from the field using remote methods.  Data from the public sector and other data providers are an 
integral part of the content in the HERE map and the volume and type of data are continuously expanding.  Examples of 
public sector data are cadastral data, data from post offices, national road maintenance agencies, data from various 
ministries and institutes, municipal data, and data from academic institutions and business organisations.  Most of this 
type of data, e.g. administrative boundaries, postcodes, building plans, etc., cannot be collected by field or remote 
methods (Fig. 8) 
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  Fig. 8 The administrative boundary of the Sofia city region is outlined with a white and blue dotted line.  In the 
centre is the enclosed Sredets district.  In the upper right, the postcode 1000 is visible. 

In addition to data from the public and non-governmental sectors, the HERE map also contains data from providers of 
various types of real-time information.  The capabilities of geoinformation technologies to share, process, and display 
data in real-time is what builds on and defines the direction of development of end products and mobile and web-based 
maps in particular. Such data are, for example, data from car navigation or mobile applications connected with GPS.  
During movement, the devices emit a signal and leave a trace with geographic coordinates, the data are stored on a 
server or in a cloud, they are processed by software and made available in real-time via API connectivity at intervals 
between 30 and 60 seconds to HERE servers.  The processed data provides real-time traffic information as an additional 
layer in the map content (Fig.   8)  

 

Fig. 8 WeGo HERE fragment of the web map, Sofia City, business day, about 9:00 a.m. with a loaded real-time traffic 
layer       
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The information contained in the data from the related attributes such as the direction of travel, speed, etc. are further 
analysed and processed and are also used to build and maintain the content in the map (Figure  9).  

 

Fig. 9 HERE Map Creator, map fragment,  town of Nessebar with loaded data layer from connected GPS devices   

VGI / Crowdsourcing 

Voluntary provision of map information (VGI) is a widespread phenomenon in the context of web mapping on the 
Internet.  The contribution of end-users is enormous and growing.  Thanks to geoinformation technologies, end users 
are providers and, depending on the platform used, could also be users of map content, almost in real-time.  For the 
efficient use of VGI for HERE map maintenance, a dedicated web-based open-access program was developed - HERE 
Map Creator.  In HERE Map Creator users can add and make changes to some of the attributes of the map content.  
These are:  roads, objects, street names, addresses, attributes of the vertical and horizontal road markings, 2D polygons, 
etc. The specificity of HERE Map Creator to maintain the highest possible data quality in HERE end products is based 
on the fact that before being integrated from HERE Map Creator into HERE WeGo every change is subject to a strict 
quality control system and is integrated only after successful validation.  For this reason, there is a time lag between 
adding data to HERE Map Creator and it appearing or not appearing in HERE WeGo. 

HERE WeGo web map and mobile application 

The collected output date are processed on an ongoing basis in the production centres and in over 50 representative 
offices of HERE Technologies in different countries. The map provides different degree of coverage for over 200 
countries (fig. 10)  
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Fig. 10 The HERE web map 

Every day more than one million changes are made in the HERE map. Implicitly, the map content, arranged in a 
hierarchic structure, includes almost 1000 attributes and more than 120 categories of objects (fig. 11 and 12) 

 

Fig. 11 The HERE web map, a part of the downtown of Sofia City. On the map base is loaded a layer of satellite images 
and a layer of addresses. 
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Fig. 12 The HERE web map, a part of the downtown of Sofia City. On the map base is loaded a layer of satellite images 
and a layer of objects. 

In addition to the map content can also be loaded layers of satellite images, real-time traffic and weather information 
(only for the mobile application). 

HERE WeGo web map of Bulgaria 

In  2009 the content of the HERE map for Bulgaria included a part of the National road netwrek, the first and the 
second class of roads and partial coverage of the road network in Sofia and in other regional cities. The Bulgarian 
branch of HERE was established in 2010 with main business activities related to development and maintenance of the 
data in the map. Today, the HERE map for Bulgaria is the web navigation map with the richest content (fig. 13). Some 
of the content is:  

 

Fig. 13 HERE WeGo web map of Bulgaria. Zoom level 8, 1 cm = 20 km. 

- National and municipal road network - 110 000 km. 

- Addresses – 620 000 
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- Streen names in 2500 settlements 

- Horizontal road marking on the National road network plus all cities  

- Attributes designated for truck navigation 

- Advanced Driving Assistance Systems (ADAS) on the National road network 

- Digital Terrian Model (DTM) 

- Hydro layer 

- Forest polygons 

- Real Time Traffic 

- Etc. 

 

CONCLUSIONS 

For the development and maintenance of web maps, the key methods for extracting output data are the field method and 
the remote method, as well as the use of data available from third-party – public sector and private sector. VGI has 
supplemental effect with a huge potential. The quality of the output data rather than the technology used is the key 
component of developing the end products. The human factor still plays a key role in data processing and collection; 
however, the increasing use of artificial intelligence, 5G technologies for data exchange from connected devices and 
communication through a cloud space, soon will reduce to the minimum the human participation in the digital 
cartographic process.  
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Abstract 
Multi-scale web mapping is one of the priorities of the cartographic industry. The basis of cartographic visualization is 
interactive multi-scale maps, in which the display of objects varies depending on the scale, while topological and 
meaningful connections between objects must be retained. Coordinated and correct selection of objects at different 
scale levels of the map is provided by previously developed technology and created GIS modules. The article discusses 
the features of using the PostgreSQL DBMS for storing and visualizing spatial data at different scale levels, defines the 
main stages of database creation. The proposed organization of spatial databases ensures the efficiency of creating 
multi-scale web maps, making changes to the map, interactive user interaction with records in the database, the ability 
to build thematic and general geographic maps. Approbation of the proposed approaches and solutions was carried out 
when creating multi-scale interactive maps for the regions of the Russian Federation.  

Keywords:, cartographic database, multi-scale web mapping, spatial databases 

INTRODUCTION 

Currently, multi-scale web mapping is one of the priorities of the cartographic industry. Geoportal solutions are actively 
used in the visualization of spatial data, atlas information systems, GIS atlases are being introduced, multifunctional 
cartographic web resources are being developed. A significant number of articles are devoted to the creation and design 
of multi-scale maps, from which works can be distinguished [1,2,3,4]. 

An important step in creating interactive multi-scale maps, in which the display of objects varies depending on the 
scale, is not only the correct selection of objects, but also ensuring the storage and visualization of the results of the 
selection of objects at different scale levels. To do this, it is necessary to develop the principles of organizing a spatial 
database and a methodology for automated creation of multi-scale web maps. It should be borne in mind that the 
development of topologically consistent content at different scale levels is a rather time-consuming process and it is 
advisable to use the functionality and additional software modules of geoinformation systems to perform it. 
Visualization of the content of scale levels is proposed to be performed in the form of web maps, while the process of 
both loading vector information into a spatial database and creating web maps should be performed promptly and do not 
require additional actions. 

SOLUTIONS FOR AUTOMATED CREATION OF MULTI-SCALE WEB MAPS 

For the automated creation of multiscale web maps, a method is proposed (Figure 1). 

Formation of a cartographic database 

To automate the process of creating multi-scale interactive web maps, it is proposed to use a cartographic database as a 
data source, which is a set of layers (hydrography, settlements, communication routes and borders) containing metric 
and semantic information. It is advisable to form a cartographic database on the territory of the Russian Federation 
based on the use of a Unified electronic cartographic basis 1:100 000, 1:1 000 000, 1:2 500 000. Previously developed 
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methods and technologies [5,6], as well as GIS software modules created, allow you to create derivative digital 
cartographic bases for a user-defined territory at any scale and cartographic projection. At the same time, a consistent 
selection of objects and optimal graphic load is ensured, depending on the symbols used. The main stages of creating 
derived cartographic bases are: calculation of thresholds for the selection of objects (rivers, roads, settlements); 
automatic formation of tables for the selection of objects; interactive selection of objects, placement of names on the 
map. 

 

Figure 1. Method for automated creation of multi-scale web maps using PostgreSQL DBMS 

This approach is important in multi-scale mapping, where two basic principles of the process of forming a large-scale 
series of electronic maps can be applied:  

1. The preservation of continuity from the already existing large-scale series of traditional general geographic 
maps. 

2. The formation of a series based on the principle of twofold reduction. It should also be noted that web maps 
use not a scale, but a level of detail (from 1 to 20). 
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Cartographic web services use the normal equiangular cylindrical Mercator projection (EPSG:3395, EPSG:3857). In 
this case, the main scale exactly corresponds to its level of detail only at and near the equator, and in the north and south 
directions from the equator, there is an increase in the private scale. For example, at latitude 60 degrees level #9 of 
detail corresponds to level #10 at the equator. 

Table 1 shows the contents of the zoom levels of a multiscale map. The correspondence of the scales to the zoom levels 
of the web map (for central Russia), the source data used in the creation of derivative digital cartographic bases, 
cartographic generalization methods are indicated. 

Table 1. Contents of the zoom levels of a multiscale map  

Zoom level Map scale Source data Methods of cartographic generalization 
13 1:100 000 Unified electronic 

cartographic basis 
1:100 000 

 

Full data set 

12 1:200 000 Geometric generalization,  
selection by threshold values of graphic load. 

11 1:400 000 Geometric generalization,  
selection by threshold values of graphic load. 

10 1:800 000 

Geometric generalization,  
selection by threshold values of graphic load,  

exclusion of some object classes 
Unified electronic 
cartographic basis 

1:1 000 000 

Generalization quality control,  
selection of objects required for display on the map. 

9 1:1 600 000 Geometric generalization,  
selection by threshold values of graphic load. 

8 1:3 200 000 Unified electronic 
cartographic basis 

1:2 500 000 

Minor generalization: selection by threshold values of 
graphics load. 

7 1:6 400 000 Geometric generalization,  
selection by threshold values of graphic load. 

 

Development of a PostgreSQL spatial database for the territory of mapping 

It is proposed to develop a remote spatial database on the territory of mapping in PostgreSQL [7]. PostgreSQL is an 
object-relational database management system with open source and a free license, so that any user can use it for free, 
modify and distribute it for any purpose [7]. The main language for working with this system is the SQL programming 
language, which is designed for writing functions, queries and data processing rules. Today, PostgreSQL is a worthy 
alternative to most commercial products, providing a wide range of tools for working with spatial data, and in terms of 
price/functionality, it is the undisputed world leader. In addition, developers pay a lot of attention to the development of 
the product and constantly update it, adding new features. 

Creating a spatial database in PostgreSQL consists of several stages: creating a database host (owner); initializing the 
connection; forming a user and setting access parameters; adapting the database to use spatial information by installing 
the PostGIS extension [8]. 

The filling of the PostgreSQL database with cartographic information takes place in the geoinformation system in 
which the layers of the cartographic database are stored. So in QGIS, initialization of a remote connection to the 
database occurs using the PostGIS tool, files are downloaded using the database manager. In GIS MapInfo Professional, 
connection to the created database is made using the installed psqlODBC driver, which is a software interface designed 
to receive and send information to the database. Data is imported into the PostgreSQL database in MapInfo Professional 
using the built-in MapInfo EasyLoader program. You can also use the PostGIS Bundle software to download data in 
shape format. Depending on the selected software, there are some features of data import. 

Development of a multi-scale web map 

To create a multi-scale general geographic web map, the following are used: Leaflet js library for displaying 
cartographic information in the user's browser, https protocol for data transmission, php server programming language, 
a file server for storing tile layers and a PostgreeSQL database with the PostGIS spatial extension for storing vector data 
[9]. To standardize the process of creating a map, the structure of its file system was developed (Figure 2). 
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Figure 2. Multiscale Web Map File System 

CONCLUSIONS 

The proposed organization of spatial databases will ensure the efficiency of creating multi-scale web maps, making 
changes to the map, interactive user interaction with records in the database, the ability to build thematic and general 
geographic maps. This method of creating multiscale maps does not require much time to change the source data, for 
example, the geometry of the object or its attribute information. To do this, you just need to add or change an object in 
the database, and not do it at every scale level. Using the principles of constructing multiscale maps based on databases 
allows, depending on the purpose of the projected map, to provide the user with the ability to edit records in the 
database by working directly with the map. For example, when creating an information map that displays information 
about any work being carried out in real time, it is possible to add an element to the map in which the user can specify 
the stage of these works. 
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Abstract 
The Metaverse is a concept with related technologies that has been the subject of massive interest and investment in 
from industry giants such as Facebook (now Meta), Google and Microsoft. Emerging disruptive enabling technologies 
such as 5G, mixed reality, big data and IOT have made it possible to work and socialise in virtual world environments. 
The creation of a “virtual universe” that can be built, visualised, explored and navigated has significant potential for 
both the application of cartographic and GIS expertise to the metaverse and the use of the metaverse for supporting GIS 
“real-world” applications for GIS data visualisation and collaboration.  

COVID-19 has accelerated the use of digtal technologies in medicine and healthcare and, with global travel 
restrictions, has arguably had a positive impact on the environment. In the case of digital earth applications designed 
to raise awareness of environmental issues and build an understanding of global challenges such as pollution, 
environmental disasters such as earthquakes and flooding, the metaverse has already demonstrated  its potential value 
for data visualisation and collaboration. This paper explores metaverse GIS application in the past, present and future. 

Keywords: metaverse, GIS, simulation, collaboration, visualisation 

INTRODUCTION AND BACKGROUND 

 

Fig 1. Screenshots of Second Life Metaverse Applications circa 2007 

The Metaverse has attracted a good deal of publicity in recent months, not least because of Facebook’s decision to 
rebrand their core business as “META”[1] – an indication of the importance the Metaverse is likely to play in their 
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business development strategy. Their acquisition of the Virtual Reality (VR) Headset company Oculus in 2014 was an 
indication was, in retrospect, an early indication of their plans. 

Fig1. Shows a selection of screenshots from Linden Labs Second Life Virtual World which, in the author’s opinion, 
was the very first genuine Metaverse and, in terms of functionality, is probably still the most complete platform 
available today, based on the following Metaverse characteristics :- 

• An immersive 3D virtual environment which can be accessed and explored using digital communication 
technologies 

• A virtual world in which activities which mirror those in our physical world can be carried out including 
business and social events, trading, collaboration, visualisation and control of artefacts 

• A bridge between the Arts and Sciences 
These screenshots were taken between 2007 and 2010 and illustrate different types of Metaverse activities which both 
mirror and interact with “real-world” physical activities. 

When considering the relationship and relevance GIS has to the Metaverse, it may be useful to think of the Metaverse as 
a newly discovered planet which is already inhabited by different tribes in different continents, just as our own planet 
has different continental tribes with different cutures and ambitions. In the case of the Metaverse, the “tribes” relate to 
the different technology drivers which have been and are still shaping the future of the Metverse. 

 

Fig 2. Metaphorical “tribes” shaping the Metaverse 

METAVERSE TECHNOLOGY DRIVERS 

The Metaverse technology drivers which have evolved in the 21st century are:- 

1. Video Games Technologies 
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Video games technologies which use avatars within a virtual world environment actually pre-date Second Life. Early 
“first-person-shooter” games like Doom[2] were capable of running on desktop computers and these types of games have 
gained cult following, becoming ever more sophisticated, including functions which allow for designing and 
constructing digital artefacts (like Minecraft) and social interaction (like Fortnite)[3]. The technology platforms used to 
access these virtual worlds include desktop computers, games consoles and VR headsets, 

2. Desktop Virtual World Technologies 

Downloadable virtual world platforms like Second Life[4] connect to a network of remote servers to provide a massive 
network of “islands” and virtual properties which inhabitants (subscribers) can develop and carry out a wide range of 
activities which mirror real-world communities. Within Second Life, there are a host of examples of sites created to 
replicate real physical locations.  

3. Web 3.0 Technologies 

The demand for ever richer and more immersive experiences on the internet has led to the evolution of Web 3.0[5] 
technologies for internet browsers such as Google Chrome. These technologies provide low cost tools to build 
Metaverse style environments based not only on synthetic computer graphics but also on panoramic photos and videos 
shot in the real world using consumer cameras 

4. Virtual Reality Headset Technologies 

For many people, including Facebook Meta, the true Metaverse involves the use of a virtual reality headset like the 
Oculus range of products. The Metaverse which uses Meta’s Horizon Worlds[6] platform is designed to encourage 
creative developers to build portfolios of different virtual environments that can be used to mirror the range of human 
activities previously covered by Second Life but with a focus on social end business events. 

5. Non Fungible Token Technologies (NFTs)[7] 

A fairly recent development is the exploitation of digital assets as investments. Blockchain technologies have made it 
possible to validate ownership of digital artefacts. This has led to Metaverse applications which mirror the ownership of 
property in the real world. One of these new platforms, Earth2[8], has effectively created a virtual mirror image of earth 
and is essentially running a real estate business where people can buy land and eventually build their own virtual 
properties on sites which already exist in the real world. 

GIS AND THE METAVERSE 

There are two different approaches to understanding how the discipline of GIS relates to the Metaverse. 

1. GIS applied to the Metaverse 

 

Fig 3. The Earth 2 web site 
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The challenge when applying GIS to the Metaverse is the fact that, with the exception of Earth 2 shown in Fig 3, the 
Metaverse effectively has no geography or real spatial data other than what is visible on screen. Metaverse “locations” 
are not mapped in a way which gives a “birds eye” view because these locations are essential bits of data scettered 
amongst powerful computer servers all over the planet. The Metaverse overcomes the barriers of space and time with 
the ability to almost instantly teleport from one location to another and even to re-live past experiences and events. 
Earth 2 is based on mapping land parcels on planet earth with geolocation which matches the real world but the moral 
and ethical implications of buying and selling these virtual plots of land are questionable. 

The other challenge is that artefacts designed and built in the Metaverse need not be constrained by the laws of physics 
– if you can imagine it, you can build it. 

The one area where GIS has a strong potential for a variation of the Metaverse in the use of Augmented Reality, 
overlaying GIS data on real world environments using special glasses. 

2. The Metaverse applied to GIS 

 

Fig 4. Daden Datascape[9] ocean temperature demonstrator 

When it comes to applying Metaverse “tribes” to GIS, there are a multiplicity of potential applications. 

a) Environmental Data Visualisation 

Fig 4 is a screenshot taken over a decade ago illustrating a Metaverse virtual control room with GIS feeds from a variety 
of sources. Some of these sources are shown on the screens around the 360 degree environment whilst the globe and the 
map on the floor show ocean temperatures using near real time data. This demonstration application was developed 
using the Second Life Desktop virtual world and is just one of many potential applications. 

b)  Disaster Simulations using video games technologies 
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Fig 5 Floodsim video game for Birmingham City 

Fig 5 shows a screenshot example of a disaster simulation game called Floodsim[10] which was developed by a small 
creative company in London called Playgen. This simulation was one of a number of environmentally related video 
games that used Metaverse like techniques to simulate the impact of different types of scenarios. When combined with 
the video game elements in which players are required to make investment decisions on protection strategies, the 
Metaverse can support GIS in this very important area. 

c) Education and Collaboration 

 

Fig 6 Rooms3D Metaverse meeting space 
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Whilst COVID-19 has increased the use of webinar and virtual meeting technologies significantly, it has also opened up 
the potential of the Metaverse as a virtual education and collaboration space providing the equivalent experience of 
classrooms, meeting spaces and even full scale conferences where participants normally are represented by their avatar 
but in the example shown in Fig 6, it is now possible to incorporate desktop webcams used for Zoom and Teams to 
show live video of the participants. 

d) Culture and Heritage 

 

Fig 7 Panoramic 360 degree image shot in Sozopol at a cultural event 

Consumer 360 degree cameras are now able to capture panoramic photos and videos for use in the Metaverse. This 
provides an opportunity to capture and share real-word locations experiences which can be shared globally in ways 
which allow both on-demand access and guided tours. 

CONCLUSIONS 

Whilst the nature of the Metaverse does not really facilitate GIS practices, especially cartography, it does present many 
potential uses for GIS professionals to collaborate, simulate, engage and motivate and share their expertise in innovative 
new ways. The Metaverse is still embryonic and the technologies used in VR headsets today are a potential block to 
realising the full potential of the Metaverse. 

It is likely that the technologies used in both VR & AR glasses and headsets will develop significantly over the coming 
months and years so that the Metaverse becomes more of an ambient component of everyday life. 

The challenges of pandemics and climate change now and in the future are likely to further encourage further 
development of Metaverse applications and environments that could play an important role in the future of GIS. 
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Abstract 
Today, with the increasing data volume coming from different sources, the data and information shared with the citizens 
have also increased. Municipalities, public institutions, and organizations share a huge volume of data and big data and 
information with citizens. Sharing the information and knowledge needed by citizens is an issue that is worked on jointly 
by different science and social science disciplines. Although technological and scientific developments have increased, 
the cartographic geovisualization part is not concerned enough. To consider the geovisualization part, one should 
examine the geospatial data. First of all, it is necessary to consider with a cartographic approach in which data will be 
used and visualized to create the earth’s reality. Thematic cartography offers the opportunity to examine single/multiple 
phenomena and also the relationship of various phenomena with each other. Due to carto-democracy, anyone can 
produce maps with inaccurate cartographic design. That’s why poor maps can mislead citizens and decision-makers. 
This problem arises in the information-sharing service of smart cities. To prevent this problem, in the case of smart city 
services and relations should be created in a GIS environment. At the same time, the cartographic geovisualization of 
these services should be considered. Smart city services are related to smart economy, smart people, smart living, smart 
mobility, smart environment and smart governance. In this study, all mentioned smart city services and their components 
are integrated. As a case study, based on a designed epidemic scenario, necessary service components and relationships 
are created and alternative cartographic geovisualization solutions will be discussed. 

INTRODUCTION 

According to the United Nations, it is predicted that 68% of the world's population will live in cities by 2050 (United 
Nations, 2018). This means significant challenges to environmental and social sustainability. Cities are major consumers 
of energy resources as they consume about 70% of the world's resources. The needs of future generations should be 
protected by considering the lack of capacities and designs of urban systems as a result of urban growth, increased air and 
water pollution, hazardous waste disposal, depletion of resources, and increase in greenhouse gas emissions. (Sachs, 2015; 
Bibri & Krogstie, 2017). Cities that benefit from the internet of things, big data, and cloud computing technologies to 
solve urban problems, ensure the sustainability of natural resources, provide resilience against disasters and economic 
crises, and increase the quality of life of citizens are called smart cities. 

Cities are complex systems that use spatial and non-spatial information. An effective platform should be designed for 
real-time spatial/non-spatial data acquisition, storage, query, and analysis for monitoring and management. Thus, urban- 
related data can be shared with city planners, decision-makers and citizens. If cities are created in a virtual environment, 
this virtual twin information can be used for decision-making analysis and to inform citizens. Spatial data infrastructure 
constitutes the base layer of the platform to be created. Spatial/non-spatial data from institutions and organizations, 
personal devices, sensors, smartphones, social media, citizens, crowdsourced data, and volunteered geographic 
information are semantic data for the platform. Among the listed data, citizens are also a producer of spatial 
data/information such as sensors in the city. Thus, smartphones and wearable technologies generate some of the citizen- 
sourced data. Crowdsourced data and volunteered geographic information are also citizen science topics that need to be 
studied on. Citizen science topics comprise studies conducted totally or in part by amateurs or non-professional scientists. 
Therefore, data accuracy and data quality issues should be considered in these studies. 

Both geometric and semantic information derived from data sets such as maps, satellite images, aerial photographs, and 
sensors can be used to contribute to decision-making, information-service sharing, and the solution of management 
problems. How to extract accurate and reliable information from sensor datasets is one of the most researched topics in 
cartography and other spatial information communities (ICA Sensor-Driven Mapping Commission, 2020). The important 
thing in the concept of a smart city is not to obtain a lot of data, but to produce accurate information and knowledge. Maps 
and diagrams will help both the state, institutions and citizens to better understand and evaluate the services related to the 
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user since the majority of the data are related to the space. Maps are very important spatial communication tools. The main 
problem is that there are problems in information communication with the users due to the production of 
incorrect/inaccurate maps. For this reason, the importance of the design of the maps to be used by the citizens in the smart 
city application should be addressed. 

SMART CITIES AND SPATIAL RELATIONS (GIS) 

Establishing relations and providing services within GIS enables the concept of the smart city. The services that will be 
explained in the following part of the study reveal the open data issue. Governments provide more transparency for 
citizens by providing datasets about urban processes with an open data policy. Maps are the most efficient way for GIS to 
share information with citizens. Besides, smart city data can be shared with users through infographics, diagrams, charts, 
geospatial dashboards, open city portals, or digital twins. Maps are key components of understanding the environment and 
related statistical data. Existing maps are not designed to be reused with new spatial datasets that are gathered from 
different sources such as sensors, citizens, etc. Spatial data infrastructures define data standards for ensuring the reuse of 
spatial data. However, today there are many unstructured data resources that are hard to integrate into different applications. 
Maps reveal hidden spatial patterns by reducing complexity in data, thus supporting the decision-making stage by local 
and national authorities. In the design process of maps and diagrams, the same subject can be mapped or graphed in 
several different equally convenient ways. However, some design technics may be insufficient for communication with the 
user. Problems are often caused by incorrect data processing, distracting symbols and text, confusing map object selection, 
and incorrect use of the software's default settings (Kraak et. al., 2020). With the development of technology, the 
knowledge and experiences of cartographers are transferred to geographic information systems software, helping the 
democratization of cartography, that is, the production of maps by non-experts. 

There are too many resources in the developing world that make it difficult for people to obtain information. It is also 
important to examine the relationship between various urban datasets and prepare action plans accordingly. Keeping data as 
interoperable parts of a system makes people's lives easier by protecting them from potential dangers (air pollution, 
infectious disease, flood, etc.). Although studies on smart city data have been studied separately, such as traffic and air 
pollution, no study covers all smart city components in the literature. However, some events trigger or effects each other 
such as earthquake and flood or landslide. For this reason, it is necessary to create an effective platform that covers all 
smart city components. This platform consists of high temporal resolution (streaming data) data. Data sources may be 
stationary or mobile and should be evaluated (analyzed) simultaneously. In this study, the complex conceptual design of 
the platform is created based on the main topics proposed by Cohen’s Smart Cities Wheel. This conceptual design involves all 
spatial data in smart cities (Figure 1). Smart Cities Wheel defines smart cities with six components: “smart economy, smart 
people, smart living, smart mobility, smart environment, and smart governance” (Cohen, 2012). In order to create the 
platform, Cohen's smart city components and the indicators are utilized (Table 1). In the table, subcomponents and 
elements (which are given detailed in figure 1) are created by the writers for designing the mentioned platform. 
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Table 1. Smart city components and indicators according to Cohen. (Subcomponents and elements are developed by the 
writers.) 

 

Components Smart Government Smart People Smart Living Smart Economy Smart Mobility Smart Environment 

 ICT&e-Government, Embrace Creativity, Safe, Healthy, Entrepreneurship& Mixed-Modal Green Urban 

 Transparency&Open Inclusive Society, Culturally Innovation, Access, Prioritizes Planning, Green 

Indicators Data, Enabling Supply- 

Demand Side Policy 

21st Education Vibrant&Happy Productivity, Local 

and Global 

Clean& Non- 

motorized Options, 

Energy, Green 

Urban Planning 

    Interconnectedness, Integrated ICT  

 Disaster Management, Social Services, Health Services, Business Support Transportation Park, Garden and 

 Zoning and Urbanization, Education Services, Protection and Services, Urban History Services Afforestation 

 Science Affairs- Faith Centers Security Services, and Tourism  Services, 

 Infrastructure,  Youth and Sports   Agricultural 

Subcomponents Information 

Technologies, Cemetery 

 Services, Cultural 

and Social Activities 

  Services, Energy, 

Environmental 

 Services, Justice Services,     Protection and 

 Government, Buildings     Control, Waste 

      Services 

Elements and Fire Management, Services for Hospitals, Gyms, Markets, Small- Traffic Signaling Irrigation Services, 

Data Demographic Disabled, Elderly Pharmacies, Law Medium Services, Logistic Agricultural 

 Information, Property and Needy Citizens, Enforcement…etc. Enterprises…etc Services Lands…etc. 

 Management, Private     

 Municipalities…etc. Courses…etc.     
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Figure 1. Smart City Services and Spatial Relations- (Version 1: under development) 
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For mentioned conceptual design study Cohen’s smart city components form the main structure of the system (Figure 1). 
Cohen also defines these six components with three different indicators for each component. Accordingly, subcomponents 
and elements are determined based on the indicators to see the relationships between the spatial data. After spatial data 
relations are determined (which is still under development), and also visualization options can be considered. 

“Smart government” refers to governments sharing open data with citizens through web portals and mobile applications to 
increase transparency and accountability. Smart City 3.0 "Citizen Co-Creation" is based on public requirements, user 
needs, user experience and the idea of co-creation. With e-government applications, citizens will be included in urban 
processes by governments. The European Union's ELISE (The European Location Interoperability Solutions for e- 
Government) Project is also based on this purpose. However, a very diverse, multi-format, multi-variable, and unstructured 
big/huge dataset has to operate as part of a system on a common platform. “Smart government” indicators are expressed as 
ICT (Information and Communications Technology) and government relationship, transparency and open data, enabling 
supply-demand policy. Subcomponents such as disaster management, zoning and urbanization, science affairs 
infrastructure, information technologies, cemetery services, justice services, government and buildings have been added to 
the smart government component to better define it and examine its spatial data (Table 1). In the conceptual scheme of 
“Smart City Services and Spatial Relations” given in Figure 1, smart city components are grouped and shown in different 
colors. In Figure 1, smart government components, subcomponents, elements and data are shown in green. 

“Smart environment” is about waste management, ensuring the sustainability of resources, and managing climate change 
related issues with ICT tools. Indicators related to smart environment are determined as green building, green energy and 
green urban planning. Within the scope of smart environment, subcomponents such as park, garden and afforestation 
services, agricultural services, energy, environmental protection and control, and waste services have been created. In 
Figure 1, smart environment components, subcomponents, elements and data are shown in red. 

“Smart people” concept is encouraged in participation, open-mindedness, and lifelong learning. Smart people - smart 
society indicators are defined by Cohen as education, inclusive society and promoting creativity. Within the scope of smart 
people, subcomponents are created such as social services, education services, and faith centers and detailed with elements 
and data. In Figure 1, smart people components, subcomponents, elements and data are shown in dark blue. 

“Smart mobility” is expressed with integrated information and communication technologies, clean-non-motorized options, 
and mixed-modal access. Within the scope of smart mobility, the transportation services subcomponent is detailed with 
elements such as traffic signaling services, logistics services, etc. In Figure 1, smart mobility components, subcomponents, 
elements and data are shown in blue. 

“Smart living” indicators are defined by safety, health, and cultural vitality. Smart living related to the quality of life is 
divided into subcomponents such as health services, protection and security services, youth and sports services, and 
cultural and social activities. In Figure 1, smart living components, subcomponents, elements and data are shown in 
yellow. 

One of the factors that ensure the resilience of cities is the economy. Smart economy indicators are defined by Cohen as 
entrepreneurship & innovation, productivity, and local and global connectedness. Within the scope of “smart economy”; it 
has been handled with subcomponents such as business support services, urban history and tourism. In Figure 1, smart 
economy components, subcomponents, elements and data are shown in gray. 

DEVELOPING STANDARDS FOR SPATIAL RELATIONS IN SMART CITIES 

Spatial data infrastructure studies such as INSPIRE (Infrastructure for Spatial Information in Europe) and Turkish National 
Geographical Information System (TUCBS in Turkish) aim to establish the system given in Figure 1. Service- based 
visualization of spatial data is expected to be created within the scope of spatial data infrastructure research. INSPIRE has 
an application scheme related to human health and safety. Human Health and Safety application scheme is also associated 
with other INSPIRE application schemes such as Administrative Units, Geographical Names, Statistical Units. Human 
Health application scheme consists of classes such as Health Statistical Data, General Health Statistics, Disease, Health 
Services Statistics, Biomarker, Environmental Health Factor Measurements (air quality, water quality, etc.), Noise 
Measurements. Diseases are classified internationally and include processes and situations determined by ICD 
(International Classification of Diseases) code values. After the coronavirus pandemic, ICD codes related to Covid- 19 
have been added. The human health application scheme introduces some statistical data related to the theme to be 
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reported on statistical units. General thematic map rules should be followed for the visualization of statistical data on 
administrative units. It is stated in Data Specification on Human Health and Safety – Technical Guidelines (2013) that it is 
necessary to provide a tool for INSPIRE geo-portal to create simple online thematic maps (URL 1). However, it is stated 
that such a tool is already available on the Eurostat (European statistics) website (proportional symbol maps, choropleth 
maps a region level) (URL 2). Though, it is not an adequate tool for presenting urban data. The INSPIRE Drafting Team 
(2014) and INSPIRE Drafting Team (2008) only provide general cartographic advice such as using traditional colors (URL 
3; URL 4). Yet, prepared catalogs are available for visualization of some data. (U.S. Environmental Protection Agency- 
Noise Maps-Color Pallets). Many spatial data infrastructure policies such as INSPIRE Drafting Team (2014) recommend 
using OGC (Open Geospatial Consortium) standards Styled Layer Descriptor (SLD) and Symbology Encoding (SE) for 
cartographic portrayal. Bocher and Ertz (2018) addressed the deficiencies of spatial data infrastructures and OGC. 
Mainstream cartographers have recommended considering visual variables and the statistical nature of the data 
(qualitative, quantitative, continuous, discrete, abrupt, smooth…) in terms of aesthetics and effectively conveying a 
message for years (Slocum et al., 2008). The functional design of these theories of cartographers can be used to define a 
standard style language for spatial data infrastructure (Bocher ve Ertz, 2018). OGC published the cartographically 
developable/improvable symbology standard in 2020 (URL 5). This standard allows editing of all elements of the 
symbology model; rules, symbols, and visual variables. It is necessary to combine the cartographic rules, conventions, 
traditions, and visual variables used by cartographers in the production of thematic maps with standardization. Spatial data 
infrastructures (INSPIRE, TUCBS), OGC, and ISO (International Organization for Standardization) define standards 
related to spatial data and services to make spatial data reusable and interoperable. 

COVID-19: CASE STUDY WITH SMART CITY APPROACH   

Maps are used to share spatial information with citizens. It is also possible to create a comprehensive mental map for the 
user by using the power of geovisualization. Since the movement of people on the earth determines the spread of infectious 
diseases, epidemics and pandemics maps have been widely used to determine, follow and prevent pandemics from past to 
present. Pandemics are defined by geometric (geodetic), temporal and thematic information. In the prevention, 
preparedness, response, and recovery phases of pandemics, it is necessary to manage geometric, temporal, and thematic 
data and share it with citizens and decision-makers as accurate and reliable information. In order to minimize the risk of 
exposure to the virus in pandemics, it is important to keep transmission under control through early detection, contact 
tracing and limiting human mobility. Spatial interfaces help users protect themselves from dangers with analytical 
reasoning. It also provides a decision-support mechanism to decision-makers on issues such as distribution of critical 
supply chain, quarantine plans and restriction of flights. Citizens and decision-makers have benefited from maps such as 
trace-tracking, learning the number of cases and deaths, vaccine application points and following the quarantine processes 
during the pandemic. 

The data must be findable, accessible, interoperable, and reusable. Unstructured data is difficult to reuse. For this reason, 
during the Covid-19 pandemic, there have been problems with the elimination of data inconsistency and quality problems, 
the data storage, sharing, updating and visualization. Hence, OGC has started an initiative to build a broader spatial health 
data infrastructure covering all possible infectious diseases (OGC, 2021). Therefore, there are problems with the 
simultaneous visualization of data from different country institutions in different formats. 

In this study, a conceptual design study is conducted to show spatial data relations are carried out from the smart city 
general conceptual model to struggle with the Covid-19 pandemic (Figure 2). The data given in pink color has been added to 
the smart solutions regarding the Covid-19 pandemic. As a result of the pandemic, many people lost their lives all over the 
world. Due to the sad reality of the pandemic, cemetery services are added to health services. In the hospital attributes, 
hospital resources such as the number of beds with intensive care units, the number of normal beds, bed occupancy rate, 
and the number of personnel have been indicated. Information such as drug use, medical condition, and pregnancy status 
change the vulnerability levels. Age, race, ethnicity, gender, marital status, income, education and employment 
information should be indicated in demographic information. Crowded, poor families would be more vulnerable to Covid- 

19. Since poor families can be dismissed in this pandemic period, financial support should be given as required by the 
social state. Pathogen samples should be taken from the sewer system. Therefore, these elements have been added to waste 
management. The critical supply chain should be ensured in the pandemic period. Distribution centers for personal 
protective equipment, vaccines, drugs, antibiotics, and test kits should be established. This information should be shared 
with citizens through open data portals. Cold chain logistics is necessary for Covid-19 vaccines. Transfer and transport 
centers can be found shortest distance analysis. 
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Figure 2. Pandemic Scenario Service Components and Relationships (under development). 
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All the information given above can be shared with decision-makers, but not all with citizens. In this case, it is necessary to 
make different cartographic generalizations in the information shared with the citizens. In other words, the information 
access level of decision-makers and citizens will be different on the mentioned platform. Decision-makers need to 
implement transportation-related restrictions in time and citizens need to follow the restrictions. Citizens can follow 
restrictions about buildings and facilities on this platform as well. Components related to disaster management and 
transportation are also added to the conceptual design. By considering the possibility of multiple disasters, digital solutions 
should be considered and the system should be designed for possible threats. 

As a result, information needs to be shared with citizens and decision-makers via Web or mobile applications, through 
maps, charts and graphs. Although the disease information of individuals cannot be shared regarding Personal Data 
Protection Law, density maps shared from anonymous data will enable citizens to protect themselves. As in natural 
disasters, early detection is important in epidemics. Early warning will prevent further life loss. The situation of 
immigrants and tourists should also be considered. Moreover day/night, seasonal differences, meteorology, topography, 
etc. situations need to be evaluated. The conceptual design of spatial data relationships created for only the Covid-19 case 
alone is very complex. These all are multidisciplinary problematic issues. People from different disciplines should come 
together to determine the information to be produced and shared with citizens. In this case, cartographers should assist in 
the cartographic visualization of spatial data for different presentation environments. 

RESULTS AND SUGGESTIONS 

Smart cities benefit from information and communication technologies to improve people's living conditions, ensure the 
sustainability of our limited natural resources, and create resilient cities against disasters, epidemics and economic 
uncertainties. It is necessary to manage the data/information in a system in order to both manage the decision support 
processes and inform the citizens. In this study, a general “Smart City Services and Spatial Relations” conceptual design 
study (given in Figure 1) is carried out with a multi-disciplinary team consisting of city and regional planners, 
environmental engineers, geomatics engineers and architects. Since it is a multi-disciplinary subject, constituting a multi- 
disciplinary study team with master’s and Ph.D. students has been benefited. The study team should also include 
multidisciplinary science and social researchers working on database design and visualization which are including future 
smart city services. In the study, elements are developed and detailed based on Cohen's smart city components. Smart city 
information can be shared with citizens, decision-makers and planners at various levels of accessibility through the 
platform to be created based on this conceptual design. In this study, all data coming from sensors, IoT devices, citizens, 
public and private sectors are considered available and interoperable. 

Pandemics require the collection of data held by municipalities as well as data held by other state institutions. After 
identifying the information which the municipality wants to share, the cartographers should study how this information 
should be visualized for citizens. After that, cartographers should consider quick and easy-to-understand visualization 
options based on spatial relationships. Generalization for different scale levels, symbolization rules, presentation screen 
size, and user characteristics changes visualization properties. Since user priorities and requests are important today, user 
experience and user interface design should be studied. Different interfaces can be designed for children, young people, 
old people, immigrants and tourists. In addition, different levels of access permissions can be granted to decision-makers, 
planners, engineers, related disciplines and citizens. The use of products should be increased produced discussing with the 
experts on the subject in a multi-disciplinary manner and giving more importance to map design. The writers’ research 
continues on the cartographic visualization of smart city spatial information. 

ACKNOWLEDGMENTS 

“Smart City Services and Spatial Relations” given in Figure 1 is prepared with the students of Istanbul Technical 
University, Geographic Information Technologies Program, 2021-2022 Urban Information Systems Course. The students’ 
names are given below. 

Açar Yağmur (City and Regional Planner), Coşkun Melis (City and Regional Planner), Doğan Tevfik Furkan (City and 
Regional Planner), Eroğlu Zeynep (Geomatics Engineer), Karabulut Berfin Nur (City and Regional Planner), Kaynarkaya 
Sena (Architect), Sağdıç Zeki Samet (Geomatics Engineer), Tokmak Özge (Geomatics Engineer), Turan Ayşe Cansu (City 
and Regional Planner), Öztürk Abdulkadir (Environmental Engineer), Usal Cahide (Geomatics Engineer), Yaramış Kezban 
Ekin (City and Regional Planner), Yaşin Çisem (City and Regional Planner, Architect, Urban Design Master’s) 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

162



REFERENCES 

Bibri, S. E. & Krogstie, J. (2017). Smart sustainable cities of the future: An extensive interdisciplinary literature review. Sustainable 
cities and society, 31, 183-212. 

Bocher, E., & Ertz, O. (2018). A redesign of OGC Symbology Encoding standard for sharing cartography. PeerJ Computer Science, 4, 
e143. 

Cohen, B. (2012). What Exactly is a Smart City? Retrieved from http://www.fastcoexist.com/1680538/what-exactly-is-asmart-city ICA 
Sensor-Driven Mapping Commission, (2020), https://uwaterloo.ca/geospatial-sensing/ica-commission. 

Kraak M. J., Roth R. E., Ricker B., Kagawa A. & Sourd G. L. (2020). Mapping for a Sustainable World, The United Nations: New 
York, NY (USA). 

OGC. (2021). Health SDI, retrieved from <https://www.ogc.org/projects/initiatives/healthsdi> Sachs, J. D. (2015). The age of 
sustainable development. Columbia University Press. 

Slocum, T. A., McMaster, R. M., Kessler, F. C., Howard, H. H. & Mc Master, R. B. (2008). Thematic Cartography and Geographic 
Visualization. (3rd ed.) Prentice Hall. 

United Nations, (2018). 68% of the World Population Projected to Live in Urban Areas by 2050, Says UN. retrieved from 

<https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html.> 

URL 1: INSPIRE Data Specification on Human Health and Safety – Technical Guidelines, retrieved from 

<https://inspire.ec.europa.eu/id/document/tg/hh> 

URL 2: Eurostat Website retrieved from <https://ec.europa.eu/statistical-atlas/viewer/ > 

URL 3: INSPIRE Drafting Team. (2008). Drafting Team "Data Specifications" Methodology for the development of data specifications. 
retrieved from <https://inspire.ec.europa.eu/reports/ImplementingRules/DataSpecifications/D2.6_v3.0.pdf> 

URL 4: INSPIRE Drafting Team. (2014). INSPIRE Generic Conceptual Model retrieved from 

<https://inspire.ec.europa.eu/documents/inspire-generic-conceptual-model> 

URL 5: OGC Symbology Conceptual Model: Core Part. (2020) retrieved from 

<https://hesso.tind.io/record/7097/files/published%20version.pdf> 

 

BIOGRAPHY 

Hatice ATALAY (Geomatics Engineer Ph.D. Candidate) is a research assistant in Geomatics Engineering Department of 
Istanbul Technical University (ITU) in Turkey. She received her BSc. degree from Kocaeli University in 2011 and her MSc. 
degree from Izmir Katip Celebi University in 2018. Her main research areas are cartography, visualization, GIS, web-
mapping, 3D modeling and the concept of smart cities. 

Prof. Dr. N. Necla ULUGTEKIN (Geomatics Engineer and Cartographer) is a senior lecturer in the Geomatics 
Department of Civil Engineering Faculty at Istanbul Technical University (ITU). Her main research interests are 
cartography, visualization, GIS, and small display cartographic design. She received her BSc. and MSc. degrees from ITU in 
1983 and 1985 respectively. In 1987, she was awarded a fellowship from the Netherlands for Post Graduated Education on 
Cartography at ITC. She received her Ph.D. degree in ITU in 1993 and after Ph.D. study, she visited Germany/Bonn 
Cartography Institute and participated in common projects. In addition to teaching cartography and GIS, she has been 
participating in activities by the Chamber of Surveying Engineers (CSE). She has been assigned as the Chairman of the 
Commission on Cartography and Spatial Informatics, one of the Standing Scientific and Technical Commissions in CSE. 
She has been the ICA representative of CSE since 2003. She is also a founding member of the Spatial Informatics Initiative in 
Turkey since 2007. 

Assoc.Prof.Dr. Filiz BEKTAS BALCIK (Geomatics Engineer) received Ph.D. degree in Geomatics Engineering from 
Istanbul Technical University, in 2010. She did a part of her Ph.D. research at International Institute for Geo-Information 
Science and Earth Observation (ITC), Natural Resource Department, in the Netherlands while she was a Huygens Nuffic 
Ph.D. Scholar (2 years). Currently, she is an associated professor at the Department of Geomatics Engineering at ITU, 
Istanbul Technical University. Her research interests include remote sensing applications on land use land cover change 
detection, urbanization, agricultural mapping, biophysical and biochemical characteristics of savanna vegetation, land 
surface temperature determination, air quality mapping using global-scale remote sensing data, geographic information 
systems, and geostatistics. 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

163

http://www.fastcoexist.com/1680538/what-exactly-is-asmart-city
https://uwaterloo.ca/geospatial-sensing/ica-commission
http://www.ogc.org/projects/initiatives/healthsdi
http://www.ogc.org/projects/initiatives/healthsdi
http://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://inspire.ec.europa.eu/id/document/tg/hh
https://hesso.tind.io/record/7097/files/published%20version.pdf


ACCURACY OF AN ECONOMICALLY AVAILABLE METHOD 
OF 3D DOCUMENTATION OF MOVABLE CULTURAL 

PROPERTY 

Pavel HÁJEK1; Hana KUBÍČKOVÁ1; Karel BOBEK2; Karel JEDLIČKA1 

Affiliations:  
1Department of Geomatics, University od West Bohemia, Univerzitní 8, Plzeň, Czechia, 
gorin@kgm.zcu.cz; hana.kubickova@gmail.com; smrcek@kgm.zcu.cz 

2National Heritage Institute, Valdštejnské náměstí 162/3, 118 01 Praha 1, Czechia, 
bobek.karel@npu.cz  

Abstract 
The paper investigates the potential of an economically available method of reconstruction of three-dimensional shape 
of the object in the digital environment, based on cross-sectional photogrammetry from the perspective of registration 
of movable cultural property. It first places the method under investigation in the context of current and historical 
methods of recording movable cultural property. It then briefly describes the principles of its operation and compares it 
with the highly accurate method of documentation in the form of laser scanning. The comparison is based on the 
evaluation of volume differences and shows that in terms of accuracy, the SfM method has its place among the methods 
of documenting the shape of the object of interest. The study concludes by discussing the limitations of the method, 
especially for shape-complex and/or non-contrasting objects. 

Keywords: Documentation, movable assets, 3D, model, scanning, SfM 

INTRODUCTION 

The aim of the paper is to investigate in detail the potential of an economically available method of reconstruction of 
three-dimensional shape of the object in the digital environment, based on cross-sectional photogrammetry from the 
perspective of documentation and registration of movable cultural property.  

The documentation of movable cultural property is undoubtedly of fundamental importance both for cultural and 
historical research and for preserving information about objects of interest for future generations. Modern technologies 
have enabled a shift from written descriptions of the object and analogue documentation to its electronic form, but still 
in a two-dimensional form of capturing the shape and appearance of the documented object, i.e. drawings, sections or 
photographs. The dimensions and shapes of the objects of interest were mainly obtained using analogue measuring 
instruments, however, even when using computer technologies for the creation of two- and three-dimensional drawings 
of objects, it was in the vast majority of their manual creation. Moreover, the presentation of culturally valuable objects 
in the form of two-dimensional drawings may not lead to increased attractiveness and interest in cultural heritage as a 
field. Therefore, in this article we want to focus on the presentation of selected methods that allow the creation of 
relatively fast, but sufficiently high-quality three-dimensional documentation of movable cultural property of interest, 
along with an attractive form of its virtual 3D model, taking into account the time and financial complexity of using 
such methods.  

To create a virtual 3D model, it is necessary to obtain data on the size and shape of the documented object. This paper 
will discuss two methods of data collection allowing both the measurement of the object and the software-controlled 
creation of its 3D model based on the measured data. These are the laser scanning method and the photogrammetric 
method of data collection with a measuring camera using Structure from Motion (SfM) technology. The aim of this 
article is to present the possibility of making 3D documentation of movable objects, which is relatively simple and 
cheap, but nevertheless provides sufficient quality results when other, more sophisticated methods are not available at 
the moment. In order to achieve this goal, the method is first placed in the context of existing methods for the 
documentation of objects of heritage value, and then an experiment is designed, described, implemented and evaluated 
to determine the accuracy of the volume calculation of the object under study. 
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HISTORY OF MOVABLE CULTURAL PROPERTY IN THE CZECH REPUBLIC 

The origins of cultural heritage care in the sense we understand it today date back to the 18th century, when 
Enlightenment absolutism created a platform for the establishment of generally binding rules for heritage care at that 
time. The Austrian-Hungarian monuments institutions were the most modern in Europe at the time, as evidenced by the 
fact that the so-called Central Commission for the Protection and Preservation of Building Monuments was established 
by a supreme decision of 31 December 1850 at the Ministry of Trade, Industry and Public Works. However, it was not 
until 1872 that its remit was extended to movable monuments. 

In 1918, the newly established Czechoslovakia adopted the standards of the Austrian-Hungarian monarchy and 
supplemented the monument regulations with the National Committee Decree No 13/1918 Coll. on the prohibition of 
the export of artistic and historical monuments. After the end of the Second World War, Decrees of the President of the 
Republic (the so-called Beneš Decrees) No 108 and especially No 12 were of fundamental importance for conservation 
and its subsequent regulation.  

Technically, therefore, the first funds were taken into the administration of the state after 1918 when the property was 
confiscated from members of the Habsburg family, the objects were designated as movable property or inventory. They 
were used to equip government offices, foreign embassies, and some items were transferred to the collections of public 
institutions. After the Second World War, the National Cultural Commissions took over the most important castles and 
chateaus as state cultural property and participated in the sorting of cultural furnishings in the buildings that had passed 
into state ownership.  

The term 'furniture fund' itself first appeared in the Instruction on the Management of Cultural Monuments Intended for 
Cultural and Educational Use, issued by the Ministry of Culture in January 1974. The Instruction introduced the Basic 
Register of the Mobile Fund, which consisted of basic and intermediate records. The records included an inventory 
book, which consisted of record sheets of movable cultural monuments - bound in a hardcover, as well as a card 
catalogue of inventory sheets and a location catalogue. Ongoing records were kept by keeping records of loans and 
borrowings. 

The records also included the so-called black books – original inventory books acquired by the National Cultural 
Commission in the post-war period, containing an inventory of the furnishings or library of the historic building. There 
was no pictorial documentation in these black books or in previous inventories. Pictorial documentation appears for the 
first time in the Basic Register of the Furniture Collection in the form of a 6 × 6 cm black and white photograph, where 
both photographs and their negatives are archived.  

In 1989, the records of the mobile collections were transferred to the MobSys software system, which was deployed as 
the only recording tool in the field of management of state heritage objects. In 1991, the mobile collections were 
declared cultural monuments by the Ministry of Culture as a whole, as were the individual library collections at the 
monuments. In 1992, through a research task at the state-managed monuments, documentation of individual objects was 
made on colour film slides, which were subsequently digitised.  

A further improvement of the image documentation – still only visualisation – was the so-called virtual movement, 
where the object was scanned in twelve shots according to a selected axis, and using a software tool these shots were 
combined into a continuous cylinder, allowing the object to be viewed continuously from all sides, with photographic 
quality image output possible at each point. This procedure was first implemented in 2006 during the inventory of the 
furnishings of the state Chateau Kozel. 

In 2010, the 3D documentation of a mobile object was experimentally tested and incorporated into the registration tool 
for movable cultural property called CastIS [1] (which was a follow-up to MobSys in the second half of the 1990s). 3D 
capture of individual mobile objects allows – unlike previous methods of image documentation or mere visualization – 
complete documentation of the object in space and the creation of a possible replica of the object in case of loss or 
destruction. In the practical presentation of movable cultural property in exhibitions of accessible monuments, the data 
acquired by the 3D documentation method can be used to print replicas as souvenirs and thus use this documentation for 
commercial purposes. 
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SELECTED DATA COLLECTION METHODS FOR 3D DOCUMENTATION OF MOVABLE 
CULTURAL PROPERTY 

The suitability of three-dimensional documentation of movable and immovable cultural property has been further 
explored in a number of literary sources, which are cited in this thesis in turn. The authors agree that the use of 3D 
documentation has its advantages but also its limitations. It is not only the preservation and accessibility of cultural 
property that is at stake, but the cost of any documentation is a crucial aspect of its acquisition. [1, 2] 

There are a number of methods for 3D documentation of assets of interest, ranging from stereophotogrammetry, 
holography to manual model creation. However, this paper focuses on a comparison of a method already quite widely 
used for digitizing cultural property, namely laser scanning, with a method of obtaining a three-dimensional model of an 
object based on a photogrammetric method that uses image correlation, called Structure from Motion (SfM, also 
referred to as Image-Based Modeling and Rendering IBMR). The principles of both of these methods are described in 
the National Heritage Institute’s methodology [2], but its authors focused on immovable cultural property. This article, 
on the other hand, turns its attention to movable assets and compares the two methods not only from the financial point 
of view, but above all from the point of view of the accuracy of both methods, which it demonstrates with a practical 
study, and also from the point of view of concrete applicability.  

The two methods chosen have much in common. They are non-contact, providing a large number of detailed points for 
creating the most detailed 3D representation of objects. As mentioned above, the SfM method has the advantage of 
significantly lower hardware and software costs. The method is fairly well accepted, but mostly only on the basis of the 
visual fidelity of the result, not on the basis of the accuracy of the capture of the master [3, 4, 5]. In this paper, we 
therefore focus on verifying the latter quality. We capture one particular object using both the laser scanning method 
and the SfM method, and then compare the two methods with each other and with the analytically computed shape of 
the master. 

Data acquisition by terrestrial laser scanning 

From a range of laser scanning methods [2], we select short-range ground systems using a laser scanner. A laser scanner 
consists of a laser rangefinder and a scanning mechanism.  The rangefinder incorporates a pulsed laser that emits flashes 
of infrared light. The beam emitted by the rangefinder is reflected from the surface of the object to be scanned and 
returned. The sensor is used to record the time of flight converted into laser-object distance (time of flight) or to 
determine the phase shift of the transmitted beam. Phase scanners are up to an order of magnitude more accurate and are 
suitable for scanning objects, such as sculptures, where details need to be documented.  

The point cloud thus obtained represents the shape of the object to be measured and is successfully combined with 
a photographic record of the object to be measured, which allows RGB values, i.e. colour, to be assigned to the 
individual points of the cloud, thus providing a colourful three-dimensional point representation of the object. 

For a complete 3D model of a movable object, it is usually necessary to scan from multiple positions around the object 
to be measured. By combining the overlapping individual scans, a complete 3D model of the object of interest is 
subsequently created in the appropriate program. An example of an object orientation can be the diagram (Figure 1), 
where the object to be scanned (purple needle), the positions from which the scan of the object was taken (tripods with a 
total station equipped with a laser scanner) and two reflecting prisms (points TPS0001 and TPS0002) defining the line 
to which the measurement from each position was related are in the middle. This method is typical of the chosen 
multistation apparatus. In laser scanning using (auto)correlation of scans, no additional aids are needed or spherical 
signals are used to automatically connect the scans, positioned around the object and acting as insertion points [6]. 

 

Figure 1. Example of a site configuration for ground-based laser scanning data collection (adopted from [7]). 
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Non-measurement camera data acquisition using SfM technology 

During the actual data collection, i.e. the imaging, several principles must be followed. Firstly, it is necessary to take 
pictures under suitable lighting conditions with diffused light, i.e. avoid direct sunlight or artificial light, so that the 
object is not overexposed or shadowed, which would have an undesirable effect not only on the reconstruction of the 
3D model itself, but also on its resulting texture. It is also advisable to limit the appearance of unwanted foreground and 
moving objects within the scene. It is important to use the same focal length setting to take the images of the object, as 
changing it also changes the internal orientation elements of the camera used. The actual imaging should be done 
systematically, around the subject at approximately the same distance and from different levels, so as to create a kind of 
sphere around the subject (Figure 2).  

In general, the more images we take, the better. They should be composed so that the desired object occupies as much 
of the image as possible. In case there is a situation where it is not possible to capture the whole object, the missing 
parts can be recorded in the next frame. For example, when capturing images of a dimensionally large object, not only 
overview images of the whole or part of the object are recorded, but also individual parts of the object where the 
captured images overlap each other, so that it is possible to find the same parts of the object in at least two of them and 
to create a complete three-dimensional model of the object from the images captured in this way. 

In order to reconstruct the actual size of the object at a later stage, it is necessary to take a length standard together with 
the object or to measure the distances between well identifiable points on the object. This can give the emerging model 
a scale. [7] 

 

Figure 2. Imaging scheme in the case of an isolated movable (adopted from [7]). 

COMPARISON OF SELECTED METHODS FOR DATA COLLECTION TO CREATE 3D 
DOCUMENTATION OF THE OBJECT OF INTEREST 

This chapter focuses on the experimental verification of the accuracy of selected methods for the same object, carried 
out in 2016 at the Faculty of Applied Sciences of the University of West Bohemia in Pilsen by [7]. This object was 
selected so that its actual volume could be analytically calculated and at the same time it contained the necessary 
texture. Thanks to this, it will be possible to verify not only the visual satisfaction but also the accuracy of both 
methods. Therefore, a not quite typical representative of movable cultural objects, a transport box for a theodolite 
(Figure 3) in the shape of a conical needle, was chosen for the purpose of the experiment. Its dimensions were 
determined by repeatedly measuring the lengths of all sides and averaging them. In future studies, which will advance 
the verification further, it would be advisable to focus also on objects with more complex shapes, as the surface texture 
and texture of objects of movable cultural property may affect the fidelity of the representation of the resulting 3D 
model.  
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Figure 3. Object of data collection - transport box for theodolite. 

A detailed description of the creation of a virtual 3D model using the selected software not only from the point of view 
of the processing of the acquired data is available in the manufacturer's manual [8], in the following subsections the 
procedures for targeting the selected object by both methods mentioned above will be presented with examples of the 
resulting virtual 3D models. The last subchapter then compares the 3D models based on their volumes. 

Measuring an object with a terrestrial laser scanner 

To acquire the point cloud by terrestrial laser scanning, a Leica Nova MS50 MultiStation (Figure 4) was used, which 
combines the function of a total station (a geodetic instrument for digital measurement of angles and lengths) with a 3D 
laser scanner. With a maximum range of 300 m and a scanning speed of 1000 points/s, the 3D scanner shows the 
following parameters according to the manufacturer's information: the noise in the measured length data under ideal 
conditions (overcast sky, shadowed object, direct visibility, static target object) is 1 mm per 50 m. The absolute 
positional accuracy of scanning up to 500 m is, according to the manufacturer, 2 mm + 2 ppm [9].  The first step in data 
acquisition was to design a suitable configuration of the instrument sites. The stations should be at least two, but better 
certainly three, at a minimum distance of about 1.5 m from the object to be scanned (the specific spacing value is given 
in the manual of the instrument used) and spaced so that the entire object of interest is scanned.  

 

Figure 4. Leica Nova MS50 MultiStation, subject of data acquisition and display of scans on the instrument display 
(adopted from [7]). 

After preparing the instrument at the first station, setting up a new order in the instrument and orienting the 
measurement to a straight line, the actual scanning setup was proceeded with. The advantage of this instrument is the 
possibility to define an irregular area of the scanned grid. This fact facilitated the work of processing the scanned point 
cloud, since the laser beam moves only in the area defined by us, thus reducing the redundant number of points in the 
cloud (Figure 5). Once the scanned area is defined, an image of it is taken, from which the colours are assigned to the 
individual point clouds after scanning the object. 
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Figure 5. The definition of the scanned area shown on the display of the instrument used (adopted from [7]). 

The next step was to define the scan resolution, either based on length or angle. In our case, the option of defining the 
spacing of the cloud points based on length was chosen. The spacing between registered points, i.e. points representing 
the whole scanned cloud combined from measurements at all sites, was set to 0.005 m in both horizontal and vertical 
directions to obtain a dense cloud of points. With this setup, a number of more than 16,000 points from a single position 
was achieved. 

Measuring an object with a non-measurement camera 

When selecting a camera for taking pictures, the main priority was its availability (both in terms of hardware and price) 
and also the current situation regarding the already owned suitable hardware, and therefore one that is part of mobile 
phones was selected. The choice of the mobile phone depended on compliance with the recommended camera 
parameters specified in the user manual of the PhotoScan Pro software, where the stated conditions for the camera used 
are its minimum resolution of 5 MPix and a lens focal length ranging from 20-80 mm [10]. The mobile phone used for 
imaging was an Apple iPhone 4, which has a camera with a resolution of 5 MPix and a lens focal length converted to a 
full-frame equivalent of approximately 30 mm. Cameras of this type are generally available in mobile phones and it can 
be assumed that their quality will continue to improve. They can be counted on for use in model making. 

As far as a benchmark for determining the size of the resulting model is concerned, a tiled floor was photographed 
together with the transport box on a theodolite and its dimensions were measured after the images were taken. 

In order to obtain a sufficient number of images, imaging was carried out from 3 horizontal planes, at a height of 
approximately 20 cm, 40 cm and 100 cm from the floor, without using digital or optical zoom, to keep the same 
chamber parameters. A total of 86 JPEG images were obtained in this way. The Agisoft PhotoScan software, now called 
Metashape, can only work with the original images, which have not been modified in any way (cropping, geometric 
adjustment of the photographs - especially rotation). If this were to happen, it could lead to inaccurate results in the 
subsequent creation of the 3D model, or the images could not be processed at all. 

COMPARISON OF THE RESULTING 3D MODELS BASED ON THEIR VOLUMES 

In this part of the paper, we focus on the comparison of volumes and surface deviations of the selected movable object. 
These are representative and comparable properties of the created 3D models. From our point of view, it is the volume 
of the models that is crucial for the correct representation of the investigated object in 3D. 

To compare the experimental results, the volume of the modeled object was first calculated analytically1, assuming that 
it is a comoving needle, the formula for calculating the volume of a comoving needle is given in (1):  

 (1) 

The next step was to calculate the volumes of the created 3D models in the programs Meshlab (using data from laser 
scanning, i.e. point cloud) and Agisoft Metashape (using a set of photos taken with any digital camera to create a 3D 
model). The resulting model created from the laser scanning is shown in Figure 6 on the left, the model created from the 
photographs is shown in the same figure on the right. 

 
1 The measurement of the lengths needed for the volume calculation was performed by a graduated surveyor, each edge was determined five times, 
for a detailed description of the procedure and the determined values see [7] Table 6.1. 
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Figure 6. Resulting 3D model with assigned texture from Meshlab (left) and Agisoft Metashape (right) (adopted from 
[7]). 

In order to obtain the most reliable results, it was necessary to remove the points that made the model jagged during the 
data processing in Meshlab and Agisoft Metashape. An example are the points representing the handles of the 
theodolite box or the clips for its closure (see the yellow marked parts of the object of interest in Figure 7), which were 
not taken into account in the analytical calculation. Thus, the aim was to obtain only the general shape of the object, 
whose volume was calculated analytically from the gauge lengths.  

 

Figure 7. Parts of the modelled object highlighted in yellowthat had to be removed from the data. 

The two software programs in which the virtual 3D models of the object of interest were created have the function of 
calculating the volume of the models, and their results, together with the analytical calculation of the volume of the 
comole needle and the calculation of the volume from the raw point cloud obtained during the scanning, are shown in 
Table 1. The compared models were composed of on the order of 4 × 103 points for the laser scanning model and on the 
order of 5 × 103 points for the non-laser camera model, respectively. The number of these points from which the models 
are constructed and on the basis of which their volumes were calculated and compared are of the same order of 
magnitude and can be compared in this way. The detail of the resulting model depends primarily on the chosen 
accuracy of the measurements and the quality of the resulting product, especially in terms of the number of points or, 
finally, triangles representing the object. It is advisable to keep the physical conditions constant throughout the 
measurement and to follow certain geometric rules (orientation of control lengths, appropriate configuration of the 
locations from which the images are taken – defining the overlay, taking a record of the whole object, etc.). 
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Table 1. Resulting comparison based on volumes for selected methods of volume calculation (adopted from [7]). 

 Analytical 
calculation 

Laser scanning 
SfM with a non-

measurement 
camera 

Point cloud calculated 
directly in MS50 

3D model 
Meshlab 

3D model Agisoft 
PhotoScan 
Metashape 

Volume [m3] 0,08750 0,08763 0,08664 0,08650 

Absolute deviation from analytically 
calculated volume [m3] 0 0,00013 0,00086 0,00100 

Relative deviation from analytically 
calculated volume [%] 0 0,15 - 0,98 - 1,14 

 

For the purpose of comparing individual volumes, the analytical calculation was chosen as the reference (see calculation 
method described above). From the above table it can be seen that the analytical calculation is very close to the volume 
from the laser measurement calculated directly in the instrument after obtaining the scanned point cloud. The deviation 
of the volume obtained from the SfM in Metashape software is an order of magnitude worse: 0.001 m3.  

DISCUSSION 

During the acquisition of data with a mobile phone using the SfM method and processing of the images in Agisoft 
Metashape, surface deviations between the resulting 3D model and the pure point cloud were detected. In our opinion, 
the percentage deviation of 1.14% (0.001 m3) from the analytically calculated volume was due to the fact that the 
modelled object did not have a very rich texture in some places, and the quality of the camera and the distortion of the 
lens certainly played a role. Comparing the volume from the SfM with the volume from the laser scanning determined 
directly by the instrument, we find that the volume determined by the SfM method is an order of magnitude less 
accurate. On the other hand, the advantage of the technique of collecting data with a non-measurement camera using 
SfM technology is undoubtedly the affordability, speed of data collection, automation and simplicity in processing the 
acquired images. In addition, it allows to take pictures of even small movable objects, because with a mobile phone it is 
possible to take pictures from a short distance. Another advantage is the highly realistic appearance of the 3D model, as 
the resulting texture is taken from the captured images (a suitable surface texture is a prerequisite, which not all objects 
have, e.g. plaster busts, glass or metal objects, etc.). This can on the other hand be counterbalanced by the potentially 
lower accuracy of the resulting 3D model and the required computational requirements, which entails longer processing 
times. In our case, the hardware used had the following parameters – 1.8 GHz CPU, 2 GB GPU, 6 GB RAM and the 
processing of 86 captured images took approximately 4 hours. 

This inexpensive method has recently been widely used in the field of management, care, and especially presentation of 
cultural monuments. For example, a three-dimensional model of the sculpture of Spejbl and Hurvínek in Pilsen obtained 
using three different mobile applications or technologies: Google Tango, Matterport Scenes and Open Constructor 
(from left in Figure 8) was used in Hana Kubíčková's paper at the Geomatics in Projects conference [11], a replica of 
Michelangelo's Head of David in publication [12], or various 3D models of cultural and historical objects ranging from 
small seals, clocks, dresses, statues to models of horse carriages in the 3D Collections project [13]. 

 

Figure 8. 3D model of the sculpture of Spejbl and Hurvínek in Pilsen (adopted from [11]). 
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As for the second method, static terrestrial laser scanning, its advantage is undoubtedly the accuracy of the data taken 
over a relatively long distance, as the laser beam has a range of up to 1000 m. The disadvantages of this data collection 
technique compared to non-survey camera scanning using the SfM method are primarily the cost of the laser scanner, 
the necessary degree of erudition of the meter and the fact that it is not suitable for scanning very close or small objects, 
as the minimum distance of the device from the scanned object is 1.5 m. Such a minimum distance may also pose a 
problem when scanning in small spaces. Furthermore, in the case of 3D shape reconstruction of excessively rugged or 
richly textured movable objects, the visual quality of the resulting 3D model generated from data obtained by laser 
scanning alone cannot be found to be sufficient. This is due to the fact that the texture color of the resulting 3D model is 
taken from the acquired point cloud and subsequently assigned to the individual polygons forming the model surface, 
which may lead to visual ambiguity of the model surface. Furthermore, unlike the SfM method, laser scanning is not 
suitable for small movable objects where the potential number of points scanned from a minimum distance of the 
instrument from the object would be too low to obtain a representative 3D model of the object of interest. 

Therefore, the aforementioned disadvantages of laser scanning suggest cases in which laser scanning could be replaced 
by a data acquisition technique using commonly available hardware using the SfM method. This means in cases where, 
due to the small space in which the object of data acquisition is located, it is not possible to keep the minimum distance 
of the laser scanner from the scanned object at 1,5 m. Furthermore, in cases where it is not possible to use a laser 
scanner due to the possibility of damage to the object by the laser beam, and finally in cases where we require excellent 
visual quality of the resulting 3D model. 

CONCLUSSIONS 

The purpose of this paper was to conduct our own experiment regarding the suitability of the selected methods of 
collecting and processing 3D documentation of movable cultural property based on the comparison of volumes and 
surface deviations of the selected movable object, as one of the representative and comparable properties of the created 
3D models. From our point of view, it is the volume of the models that is crucial for the correct representation of the 
object under study in 3D; another possible property to be compared could be the colour fidelity or the fidelity of texture 
capture, but this was not the subject of investigation in this paper. 

After an introductory section dealing with the history of movable cultural property registration in the Czech Republic, 
the methods chosen for this experiment and their results were described. The methods chosen for collecting data 
suitable for the creation of a virtual 3D model of the object of interest were laser scanning using a ground-based laser 
scanner (using a total station with laser scanning) and the Structure from Motion (SfM) method using a non-
dimensional camera (smartphone). By comparing these two methods based on the detection of deviations between the 
volume and the surface of the created virtual 3D model, a clear table depicting the difference of the compared values 
was produced. Subsequently, a discussion of the suitability and limits of the two chosen methods for the processing of 
3D documentation of movable cultural property was carried out. 

Based on the evaluation of both techniques and the cited sources, it can be concluded that laser scanning could be 
replaced by data collection with commonly available hardware using the SfM method in cases where the object of data 
collection is located in too small spaces and also in cases where we require excellent visual quality of the resulting 3D 
model. We are aware that there are scanning devices that are suitable for scanning even smaller objects.  

The suitability of a commercially available phone was deliberately investigated, as it is often available at times when 
other options for acquiring a 3D model of the object of interest are not available, and to experimentally demonstrate the 
accuracy of the resulting model for documentation purposes. 
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Abstract 
The spatial distribution of trace metals and metalloids in surface water bodies and  their sediments caused by natural 
processes and human activities is a complex problem, due to the water importance for drinking water, irrigation, and 
industry. For this reason, the accurate mapping of those water bodies is from great importance. In this work, we used 
optical Sentinel-2A image data from 2021 (Copernicus European Union's Earth observation programme) to extract 
water bodies in two case study areas – the Ogosta Reservoir (Ogosta River) and the Danube River (Archaro-Orsoyska 
Lowland) based on the following water indices: second normalized water body index (NDWI 2), modified Normalized 
Water Body Index (MNDWI), Re-NDWI, AWEIsh and AWEInsch, as well as object-based image classification (OBIA). 
One of the challenges were to define threshold values of the water indices layers for binary maps creation to generate 
realistic water bodies maps. The obtained results were compared to the obrained data from OBIA analysis and high-
resolution data. 

Keywords: water bodies, Sentinel-2A imagery, Copernicus European Union's Earth observation programme, (NDWI 
2), modified Normalized Water Body Index (MNDWI), Re-NDWI, AWEIsh and AWEInsch,  OBIA 

INTRODUCTION 

The spatial distribution of trace metals and metalloids (TMM) in surface water bodies such as lakes, reservoirs, dams 
and rivers and their sediments caused by natural processes and human activities is a complex problem, due to the water 
importance for drinking water, irrigation, and industry (e.g., Varbanov, et al. 2015; Osmi et al. 2016; Georgieva et al., 
2018; Yotova  et al. 2021; Radeva and Seymenov 2021, etc.). For this reason, in recent years, the remote sensing (RS) 
and geoinformation technologies (GIT) have been used increasingly for mapping water bodies developing, improving 
and applying different approaches and water indices for mapping of water bodies. McFeeters (1996) introduced a 
second normalized difference water index (NDWI 2) to delineate open water features using reflected near-infrared 
radiation and visible green light to enhance the presence of such features and to eliminate the presence of terrestrial 
features (e.g., soil, vegetation, etc.). Frazier and Page (2000) assessed the usefulness Landsat 5 TM data for extraction 
of water extends on riverine floodplains quantifying the classification accuracy of simple density slicing of Landsat 5 
TM data (mid-infrared) in comparison to a 6-band maximum likelihood classification and to water bodies, which were 
delineated from colour aerial photography acquired on the same day as the TM5 data. They found that the Landsat TM 
imagery is suitable for identification and mapping of water bodies. Xu (2006) proposed modified normalised difference 
water index (MNDWI) on the basis of NDWI that improve the urban water identification. Ji et al. (2009) used spectral 
data obtained from a spectral library to simulate the following satellite sensors: Landsat ETM+, SPOT-5, ASTER, and 
MODIS to calculate simulated NDWI from different band combinations [visible, near-infrared, or shortwave-infrared 
(SWIR - the shorter wavelength region (1.2 to 1.8 mm)]. They found that the NDWI calculated from (green – 
SWIR)/(green + SWIR), has the most stable threshold for water bodies mapping. Klemenjak et al. (2012) designed an 
index for river detection in optical RS-images based on  red edge and green band and tested von RapidEye data (Red 
Edge Normalized Difference Water Index, RE-NDWI).  Feyisa et al. (2014) developed two variants of a new 
Automated Water Extraction Index (AWEI): AWEInsh (suitable for areas with an urban background) and AWEIsh – 
suitable for removing shadow pixels. The found that this method improves mapping accuracy through stable optimal 
threshold for accurate classification and by enhancing spectral contrast. Jiang et al. (2014) proposed an automated 
method for extracting rivers and lakes (AMERL). In this method the pure water bodies were extracted using a selected 
threshold while the mixed water pixels at the edges of lakes or wide rivers were determined applying a segmentation 
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approach, and the narrow rivers – using method a linear feature enhancement. Du et al. (2016) utilized Sentinel-2 
imagery for mapping water bodys by producing MNDWI image at 10-m resolution and comparing four pan-sharpening 
algorithms: Principal Component Analysis (PCA), Intensity Hue Saturation (HIS), High Pass Filter (HPF) and À Trous 
Wavelet Transform (ATWT). They find out that the MNDWI and ATWT are more suitable for this purposes then 10-m 
NDWI image and 20-m MNDWI. Li et al. (2021) developed an automated water extraction model in complex 
environment (AWECE) based on Sentinel-2 and Google Earth Engine images. Its accuracy and the calculated NDWI, 
MNDWI, and MuWi-R indexes were accessed through visual interpretation and quantitative analysis. Zhang et al. 
(2018) introduced a modified histogram bimodal method (MHBM) for automatic extraction of water bodies. This 
method focuses on an automatic calculation of a dynamic threshold and was applied to MNDWI indices calculated from 
Landsat 8 OLI images.  

Motivated from a long term interdisciplinary research of the contaminated landform-soil-water system in the upper part 
of the Ogosta Valley using different methods, e.g. field work, laboratory analysis, geostatistics, RS and GIS techniques 
and analysis (e.g., Jordanova et al. 2013; Mikutta et al. 2014; Benderev et al. 2015; Tcherkezova, 2015; Simmler et al. 
2017; Antonov et al., 2019; Tchorbadjieff et al., 2019; Tcherkezova et al., 2019; Aydarova et al.; 2020; Dinkov et al. 
2021, etc.) and from a research of the relationship between the landforms and spatial distribution of trace metals and 
metalloids in the Archaro-Orsoyska Lowland (Northwestern Bulgaria), the aim of this study is to test previously water 
indices using Sentinel-2A images. 

STUDY AREAS 

The study areas are located in Northwest Bulgaria: Ogosta Reservoir (OR) has the following coordinates: 43° 21' 12.93'' 
- N  / 22° 54' 02.38'' - 22° 13' 96'' E and covers an area of 56.1 km2, while the Archaro-Orsoyska (AO) Lowland (a 
former floodplains of the Danube River) has an area of 147.6 km2 and is situated between 43° 45' 49'' - 43° 47' 54.14 '' 
N and 22° 54' 02.38'' - 23° 07 ' 37'' E (Fig. 1). The Archar Lowland is located in the area of the village of Archar at an 
altitude between 30 and 36 m a.s.l. Its border is clearly delineated by the Danube River bank and by colluvial-landslide 
slopes, especially well expressed in its southwestern part. It is crossed by the Archar River in its lower course.  

 
 

Figure 1. Location maps of the study areas: a) Ogosta reservoir and b) Archaro-Orsoyska Lowland 

The Orskoyska Lowland stretches to the east from it with a maximum width of up to 3 – 3.5 km between the villages of 
Dobri dol and Slivata. It is built of  Pliocene clays and sands in its southwestern part and loess and loess-like formations 
with Quaternary age approximately along the strip between the villages of Slivata and Orsoya and the Danube River. In 
its upper part, the lowland comprise Quaternary alluvial and recent alluvial deposits: sands, clays and gravels (Mishev, 
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1959). The floodplain is crossed by the Skomlya River in its lower course. The climate is temperate continental and in 
the Archaro-Orsoyska Lowland is characterized by cold winters and hot summers, winds with mostly west and 
northwest direction, and annual mean precipitation between 560-580 mm (Georgiev, 1979).  

The case study areas belong to the Danube River Basin Directorate (https://www.danubegis.org/). 

DATA AND METHODS 

Data 

The standard Sentinel-2 Level 2A product was used in this study. It was obtained from Copernicus Open Access Hub 
(https://scihub.copernicus.eu/dhus/#/home). This product is available in 100 x 100 m2 tiles in UTM/WGS84 projection 
and provide Bottom-Of-Atmosphere (BOA) reflectances in cartographic geometry, an Aerosol Optical Thickness 
(AOT), a Water Vapour (WV) map and a Scene Classification Map (SCM) together with Quality Indicators (QI) for 
cloud and snow probabilities at 60 m resolution. The Sentinel-2A image has the following main characteristics: date - 
2021-10-05, MultiSpectral Instrument (MSI) sensor, cloud cover percentage 0.019539, and is in format SAFE.  

Methodology 

The pre-processing and resampling to 10 m was done with SNAP software (ESA, version 7.0). The methodological 
framework is presented in Figure 2.  

 

Figure 2. Workflow 

Object Based Image Segmentation: After the pre-processing, using the Seeded Region Growing Algorithm, an Object 
Based Image Segmentation of the RGB composite (bands 4,3,1 – bathymetric) was performed. The observed segment 
map (vector) was used for Object Based Image Analysis (OBIA). 34056 seed points were created and classified into the 
following subclasses: pure water, mixture of water and terrestrial features. 

Water indices classification: The following water indices (WI) were calculated according to the authors cited in the 
introduction of this paper: NDWI 2, MNDWI, Re-NDWI, AWEIsh, and AWEInsh. For each WI was calculated a 
histogram to find the best threshold for water body delineation. On the basis of thus, the WI stack layers were 
reclassified and then converted to polygon features. 
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RESULTS 

The obtained segments by applying the Object Based Image Segmentation in the both case study areas were classified 
into water and mixtures of water and terrestrial features. The delineated water bodies maps were compared to Google 
Earth images and orthophotoimages of Archaro-Orsoyska Lowland. The results showed a very good matching. For this 
reason, they were reclassified into water and no water areas and have been used as a reference maps for assessment the 
water bodies maps created with the classified water indices.  

A histogram analisys was performed for each water index image to define the suitable threshold value for water bodies 
delineation. On the basis of those thresholds, the WI were classified in two subclasses: water body and terrestrial 
features. The obtained results show that for the each water index in the both study areas different threshold values (t) 
were suitable for mapping of water bodies. The thresholds (t) are the following: t for NDWI 2 (OR: 0.171140892; AO: 
0.186195), t for MNDWI (OR: 0.043431206; AO: 0.186195), t for Re-NDWI (OG: -0.127553; AO: 0.057092), t  for 
AWEIsh (OG: 2 384.097877; AO: -2369.066667), and t for AWEInsh (OR: -3 910.322266; AO: -2393.179946). They 
were used for water bodies mapping (Fig. 3). 

 

Figure 3. The water body of Ogosta Reservoir and Archaro-Orsoyska Lowlan delineated from a) NDWI 2, b) MNDWI, 
c) Re-NDWI, d) AWEIsh and e) AWEInsh water indexes 

The correlation matrix of the water indexes in the Ogosta Reservoir shows that the best correlation have the WI AWEIsh 
and AWEInsh, followed by AWEIsh and AWEInsh with NDWI 2, and MNDWI (Table 1). 

Table 1. Correlation matrix of water indexes in the area of Ogosta Reservoir  

Water Indices NDWI 2 MNDWI Re-NDWI AWEIsh AWEInsh 

NDWI 2 1.0000     

MNDWI 0.9796 1.0000    

Re-NDWI 0.9461 0.9414 1.0000   
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AWEIsh   0.9834 0.9823 0.9504 1.0000  

AWEInsh 0.9834 0.9823   0.9504 1.0000 1.0000 

 

For the Archaro-Orsoyska Lowland, the correlation matrix of the water indexes shows that the best correlation have the 
WI AWEInsh and AWEInsh with MNDWI, followed by MNDWI and NDWI, and AWEIsh and AWEInsh with NDWI 2 
(Table 2). 

Table 2. Correlation matrix of water indexes in the area of Archaro-Orsoyska Lowland  

Water Indices NDWI 2 MNDWI Re-NDWI AWEIsh AWEInsh 

NDWI 2 1.0000     

MNDWI 0.9714 1.0000    

Re-NDWI 0.9651 0.9585 1.0000   

AWEIsh   0.9116 0.9808 0.8917 1.0000  

AWEInsh 0.9670 0.9832   0.9486 0.9346 1.0000 

 

The accuracy assesment for the all of the used water indexes was done using the  and Cohen’s Kappa coefficient (Table 
3 and Table 4). Accoring to Landis and Koch (1977), the obtained results represent almost perfect strength of the 
agreement. 

Table 3. Accuracy assessment. Comparison to the object-based result (Ogosta Reservoir area) 

 NDWI 2 MNDWI Re-NDWI AWEIsh AWEInsh 

Overall Accuracy 97.16% 96.64% 95.58% 97.11% 97.11% 

Cohen’s Kappa 0.927 0.913 0.888 0.925 0.925 

Table 4. Accuracy assessment. Comparison to the object-based result (Archaro-Orsoyska Lowland area) 

 NDWI 2 MNDWI Re-NDWI AWEIsh AWEInsh 

Overall Accuracy 98.34% 98.34% 97.79% 98.11% 97.54% 

Cohen’s Kappa 0.930 0.930 0.905 0.925 0.939 

 

The obtained water bodies extends can be used further for landcover and land use mapping on the basis of the Sentinel-
2A data used in this study. 
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CONCLUSIONS 

The results of this study indicated the potential of Sentinel-2A imagery as well as the application and/or adaptation of 
the threshold method for mapping of water bodies using water indexes and OBIA analysis. It was observed that for the 
diferrent water indexes are suitable different threshold values. In this work the NDWI 2 water index with threshold 
values 0.171140892 for Ogosta Reservoir and 0.186195 for Archaro-Orsoyska Lowland area generated the best result 
for water bodies mapping.  
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Abstract 
Photogrammetry and remote sensing provide methods for mapping boundaries of forest stands and tree-crown 
coverage. The aim of this study is to extract accurate data about tree crowns by processing images obtained from 
UAVs. The practical tasks include identifying individual tree locations and delineating the tree-crown contours. The 
specialized software ERDAS IMAGINE provides tools for automated analysis and mapping of boundaries, individual 
tree crowns, and gaps between the trees. Automated tree-crown delineation consists of preprocessing, images 
segmentation, line extraction, contour generation and post-processing. IMAGINE Objective module is used to define 
the model of individual trees, which enables geospatial data layers to be created and maintained. The object-oriented 
method has higher accuracy than other pixel-based classification techniques. 

Keywords: thematic mapping, object-oriented image classification, IMAGINE objective, UAV imagery. 

INTRODUCTION 

The significance of the problem is in expanding the methodology and approaches for automated and object-oriented 
classification of images in the study of the structure of forest stands (Asenova et al, 2019). The specification of the 
parameters when working with large-scale images obtained from UAVs is important for the next stages of automating 
the processes of forest mapping and extraction of structural data (Gulbe, Mednieks, 2013; Lim et al., 2020). The aim of 
the study is to do the experiment with methods for mapping automatisation of the tree crowns in the forest stands using 
ERDAS modules and other tools. 

The parameters describing the stand structures were obtained by mapping the projections of the tree crowns and the 
spaces between them in a GIS environment (Asenova, 2017). These are the complexity of the forest stands, crown 
closure, density (number of trees per unit area) or average distance between trees, etc. The parameters’ determination 
was based on the area and the number of crowns, the size of the spaces between the crowns (gaps), and areas affected 
by natural disturbances. A disadvantage is that the images do not allow identification of the objects covered by other 
objects located above them (higher or tangential tree crowns, terrain forms). The object-oriented approach can be used 
for automatic mapping of individual tree crowns and in the study of the state of the forest (Li et al., 2022; Onishi et al. 
2021). The base process includes filtering and segmentation of orthoimages to obtain a model of tree crowns and the 
distances between them. 

MATERIALS AND METHODS 

Study sites  

The study was conducted in areas with old-growth forests in Bulgaria within the Steneto Reserve, Central Balkan 
National Park (sites STE1 and STE2) and Parangalitsa Reserve, Rila National Park (PAR site) (Figure 1). The sites in 
both reserves have been the subject of extensive long-term research from 2008 to the present (Panayotov et al., 2011).  
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The Steneto Reserve preserves primary forest systems typical of the middle part of the Balkan Mountains, 79% of 
which are pure beech forests about 150-180 years old. Sample plots (28 points-circular sample areas with a radius of 22 
m) are selected and measured in the field. The Parangalitsa Reserve is dominated by pure spruce forests (75%), but 
there are also mixed spruce-macedonian pine forests and spruce-beech-spruce forests. It preserves some of the oldest 
and best-preserved spruce forests in Europe, with an average age of 160–200 years (Panayotov et al., 2011). In the 
reserve "Parangalitsa", 14 points have been selected, which are terrain test areas. Most forests are mixed with fir-beech-
spruce. Large trees are mostly fir and spruce, and beech is located between them. Some of the sample plots (for mixed 
fir-beech-spruce forests) are circular with a radius of 20 m, and the others are rectangular with a size of 40 x 50 m.                    

 

                 

STE1  STE2  PAR 

 

Figure 1. Study sites in the Steneto Reserve (Central Balkan National Park) and the Parangalitsa Reserve (Rila 
National Park) 

The old-growth forests are suitable for remote sensing and automated mapping (Shashkov et al., 2022; Li et al., 2020). 
The structure of old-growth and primary forests in the reserves is natural, as there is no economic activity in them. Due 
to their great age, the density is relatively low, the crown closure is medium to low, and there are relatively large spaces 
between them. Three approaches have been applied in our development: computer-aided mapping technology, 
automated classification, and an object-oriented approach for mapping the crowns of trees and the spaces between them 
in order to determine the structural elements of the studied forests. The methodology and the technological scheme are 
presented in Figure 2. 

 

Figure 2. Research methodology 

Computer-assisted mapping using open source satellite data 

An analysis and deciphering of the studied primary forests was performed with satellite data. Structural elements of the 
old-growth forests were measured within the boundaries of the sample plots. In the environment of the platform Google 
Earth Pro, the crowns of the trees and the gaps between them are mapped on the satellite images from Landsat 8 for the 
creation of a model of the crowns (Figure 3). 

 

Figure 3. Computer-assisted mapping of the sample plots using open-source satellite data and tree crown models 
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Computer-assisted mapping provided data on the projections of the crowns and the gaps for the three objects STE1, 
STE2 and PAR. The polygon tool is used to create objects (crowns, gaps), which are assigned an identifier, calculated 
area (m2), and the perimeter of the crowns (m). We accept that the minimum value of a mapped unit should be five m2. 
The vector layers for the mapped tree crowns and the spaces between them (gaps) have been created. The received 
vector data was processed using the GIS software MapInfo Professional 15.2 (Asenova et al., 2019). The parameters 
describing the structure of the forest stands were calculated, and a statistical analysis of the data was performed. Based 
on the measurements in the sample plots, the following were calculated: site area, area and perimeter of measured 
crowns; number of crowns, density, and crown closure; minimum, maximum, and average value of crown area and 
perimeter, and others. 

The areas S of the mapped crowns (Figure 3) are obtained by the function Area (analytically by the coordinates of the 
points from their contours). The perimeter P of each crown with the function Perimeter was also obtained. Attributes for 
crowns include object name, sample plot number, perimeter, and crown area, to which the location of the center of the 
crown is added and the X and Y coordinates are written in m using the X centroid and Y centroid functions (Figure. 3). 
The relationship between Dk and the perimeter P is used to determine the diameter Dk of each mapped crown, and the 
relationship between Dk and the area S can be applied. When calculating the crown diameter Dk, it is assumed that the 
projection of the crown is circular and its irregular shape is not taken into account. The obtained results for Dk are the 
basis for the subsequent processing and obtaining the average values in the sample plots through the aggregating 
functions: number (Count), minimum value (Min), maximum value (Max), average value (Avg) and sum (Sum). The 
summary indicators by sample plot and for each study site were obtained through SQL queries to the GIS database. 
After the automated extraction of the crown data, the crown closure and density of the forest stands are calculated. The 
crown closure is determined by the ratio of the sum of the areas of the crowns S for a given sample plot relative to its 
total area Sо (Figure 3). To determine the density (number of trees per unit area), we used the number of crowns, which 
is automatically determined by the Count function in the GIS aggregating functions. 

UAV data and processing 

Survey of objects with an unmanned aerial vehicle  

The study area was surveyed with a WingtraOne unmanned aerial vehicle. The software, Wingtra Pilot, is used to plan 
the flights and calibrate the cameras. Air flights were processed in October 2019 with two types of high-resolution 
cameras. The first camera is a RGB color camera Sony RX1RII 42 MP with GSD (Ground Sample Distance) resolution 
of 4.68 cm/pixel and the second is a MicaSense RedEdge M multispectral camera with NIR (Near Infrared channel) and 
GSD of 8.2 cm/pixel. The air flights are from an altitude of 120 m, over an area of about 230 ha, with a duration of 52 
min. The output coordinate system is WGS84/UTM zone 35N. The images are suitable for studying vegetation and 
extracting accurate geometric and qualitative information about the structure, vitality, and health of forest stands 
(Asenova, 2018; Tubau, Comas et al., 2019; Asenova, Danailova, 2020). 

Image data 

The software products Pix4D Mapper and Pix4D Fields were used for the initial processing of the obtained images and 
the creation of georeferenced orthomosaics. As a result of the processing, high-resolution spatial images (356 RGB 
images and 1055 NIR images) were obtained. The images from the color RGB camera allow the generation of a 
detailed 3D model and orthomosaics. Images from the Sony RX1RII 42 MP are processed into orthomosaics using 
Pix4D Mapper. 

Automated mapping using UAV data  

Image processing and analysis using software ERDAS IMAGINE 

Image pre-processing stages include scaling, analysis and stretching of histograms within the sample plots. This helps to 
decipher the individual trees, the composition of the forests and the tree species. Image quality is suitable for 
interpretation purposes (Tahar et al., 2021). After stretching the histograms with bilinear interpolation, the contrast in 
the free spaces between the crowns is enhanced and this is used in mapping the spaces between the crowns and the 
projections of the crowns. Nest steps are:  

• Visualization of the images and the field sample plots (Figure 4 and Figure 5); 

• Sensor selection and channel combination; 

• The ISO and K-means algorithms, as well as the NDVI vegetation index, were used in the processing;  
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• Vectorization and obtaining a model of the projections of the crowns through polygons. 
 

  

Figure 4. Terrain sample plots and raster data visualized with ERDAS IMAGINE  

 

Figure 5. Visualization of old-growth beech forest (left) and mixed fir-spruce-beech forest (right)  

The identification of the trees by location, tree species, crown parameters (area, perimeter, and diameter), and distances 
between the trees are determined after a process of automated vectorization (raster to vector menu) and the extraction of 
vector data from the orthoimages. For this purpose, direct vectorization and subsequent processing are used to obtain 
the projections of the crowns, their centroids, and other parameters. In the analysis of the input orthomosaics and 
visualization of the studied sites, a color composition of channels 3, 2, 1 and a combination of 4, 3, 2 with the infrared 
NIR channel in false colors was used. The NDVI algorithm was used for analysis of vegetation. We chose a factory-set 
sensor in ERDAS IMAGINE with channels close in range to those of our multispectral camera (Table 2). In this case, 
the best match is Spot XS (http://learningzone.rspsoc.org.uk/index.php/Datasets/SPOT/Characteristics-SPOT). For the 
purpose of the development, algorithms for automated processing of ISO and K-means were applied and the NDVI 
index was used (Figure 6), and the results were vectorized. 

Table. 1. Spectral range of the channels 

Sensor Blue Green Red Near IR 

SPOT XS 450 - 520 520 - 600 630 - 690 760 - 900 

MicaSense RedEdge M 465 - 485 550 - 570 663 - 673 820 - 860 

 

 

Figure 6. Automated image processing and vectorization 
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Processing with GIS software MapInfo Pro  

Figure 7 and Figure 8 show an example of processing through MapInfo Pro of a PAR site, a sample plot N10_5 of a 
vector layer and the resulting thematic map and legend with 5 classes. Classes 1 and 2 have been merged into a new 
layer called "Crown projections", and classes 3, 4 and 5 form a layer called "Gaps" (Figure 8). The processing of the 
vector layer through GIS aims to separate them into vector layers (Figure 9), obtain a model of the crowns (polygon and 
point), extract statistical data for crowns and gaps on sample plots and summarize the data of study sites (Asenova et al., 
2019). 

 

Figure 7. Thematic map by classes - PAR study site, sample plot N10_5 

 

Figure 8. Combining classes 1 and 2 in the "Crown Projections" layer and classes 3, 4 and 5 "Gaps" 

 

Figure 9. Vector and raster data – layer crown projections and sample plots 

CLASSIFICATION OF INDIVIDUAL TREES USING MODULE IMAGINE OBJECTIVE 

This method applies image filtering in order to obtain a more even transition in the values of illuminance, which erases 
the differences inside the tree crowns and avoids their separation into parts - as polygons of tree crowns, parts of them, 
and clusters of trees. One characteristic of this software application is the ability to set the minimum size of the polygon 
from the crown model, to avoid unnecessary division of one crown into a large number of small parts. 
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Stages in image processing and analysis through IMAGINE Objective 

This module IMAGINE Objective provides automation of the process of extracting the characteristics of objects - the 
projections of the crowns of trees and the gaps between them on their images (https://www.hexagongeospatial.com). 
The process is modeled with the participation of the interpreter and the visual system for image interpretation. The 
characteristics of the objects are determined by the operator through training samples for tree crowns (Figure 10) and 
other objects and various parameters, through which the analysis software components are trained for automated 
processing and classification of tree crowns. Then these learned characteristics and models are applied to images to 
extract data on the model of tree crowns. The preparation of the tree crown model from UAV orthomosaics follows this 
order:  

• Variable Setup and Feature Model; 

• Raster Pixel Processor - Choose SFP (Single Feature Probability), draw polygons with AOI (Area of Interest), 
and training samples; 

• Raster Object Creators - Select Threshold and Clump, Delate; 

• Raster Object Operators - Add the Dilate operators, Choose Size Filter, and enter the Minimum Object size in 
pixels; 

• Raster to Vector Conversion; 

• Vector Object Operators – Select Island Filter, the Generalize operator, and the Split operator; 

• Object Classification - Vector Object Processor, Enforce Distribution (min, max), Select Geometry: Area; Tree 
crown - Select training samples as samples for both Pixels and Objects, select Area Object Cue node, 
Distribution statistics (Min, Max, Mean and Standard Deviation (SD) values); Values are proven effective - 
Select Geometry: Circularity, Linear Distribution, Min-Max (Figure 11); 

• Vector Cleanup Operators – Select Min Probability, Convex Hull. 
 

 

Figure 10. Creating of training samples for trees and gaps 

 

Figure 11. Automated object classification  
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RESULTS AND DISCUSSION 

The final data and products from the UAV shoot are high-quality images (color and multispectral) and orthomosaics of 
the entire captured area for each study site (Figure 12), 3D models, and projects ready for visualization and analysis in 
the Pix4D mapper and ERDAS IMAGINE environment. 

 

Figure 12. Orthomosaics of Steneto Reserve (STE1 and STE2) and Parangalitsa Reserve (PAR) 

Statistical data of remote mapping in sample plots is summarized for three study sites: STE1 includes 14 sample plots, 
STE2 includes 14 sample plots, and PAR includes 11 sample plots. For each of the three study sites, the average 
indicators are calculated with GIS modules and are given in Table 2. 

Table. 2. Statistical data for the measured crowns in the terrain sample plots (TSP) 
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Name 
N sample 

plots ha m2 m2 n n/ha m2 m2 m2 m m m 

STE1 № 302_1, 302_2, 303_1, 303_2, 304_1, 304_2, 362_1, 362_2, 363_1, 363_2, 364_1, 364_2, 422_1, 422_2 

  44.4 1519.8 803.0 22 145.2 14.6 86.5 39.7 14.5 35.5 23.4 

STE2 № 426_1, 426_2, 427_1, 427_2, 428_1, 428_2, 429_1, 429_2, 487_1, 487_2, 488_1, 488_2, 547_1 547_2 

  51.4 1519.8 762.8 13 83.2 31.1 145.3 72.3 20.7 46.8 31.7 

PAR № N1_1, N2_1, R1_1, R1_2, R1_3, R2_1, R2_2, R2_3, W1_1, W3 

  13,1 1594.2 681.4 29 186.0 8.3 55.0 23.4 11.0 29.2 18.5 

 

The results of the automated analysis and mapping by ERDAS Objective include a model of tree crowns; a model of 
gaps; models of the location of the stems and the distances between them (Figure 13). Vector layers obtained by 
segmentation consist of multiple polygons, and virtually every crown of an individual tree is divided into numerous 
polygons of different shapes and sizes. This is especially true for orthomosaics from test areas with beech and oak 
forests, where tree crowns are larger and have more shades of green within a tree crown.  
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On the other hand, in the ornaments of test areas in coniferous forests, unification of one-color or similar-in-color 
neighboring crowns is often observed in one polygon, most often in areas with higher density, where the crowns touch 
or overlap. In both cases, a process of processing the polygon layer to a model is required, in which only one polygon of 
the model corresponds to each crown of a tree. The tools used in the study for segmentation of orthomosaics do not give 
quite satisfactory results, as each model requires adjustments. 

 

Figure 13 Results of the mapping – canopy map and tree crowns model 

The use of large-scale UAV images and the application of object-oriented analysis have a significant impact on the 
quality of the process. New options should be sought for the use of different software products and tools for the 
automated delineation of tree crowns within the modeled area. The result of the performed segmentation of the 
orthomosaics, after processing and verification of the polygon layers, are models of the tree crowns. 

CONCLUSIONS 

With the advancement of geospatial technologies, the work processes of digital image mapping are successfully 
automated. Traditionally used automated classifications (unsupervised and supervised with training samples) have been 
developed to extract information from satellite images and are limited in terms of their resolution. Modern high-
resolution satellites and UAV imagery analysis techniques are object-oriented and useful for creating and maintaining 
large-scale cartographic and geospatial databases. In the present study of primary forests, the classic mapping methods 
were compared with the newer technologies via images captured by UAVs. 

IMAGINE Objective software provides tools and systems for building and implementing special methods for image 
processing of specific groups of objects such as buildings, roads, various types of land cover and, in particular images 
of vegetation and old-growth forests. Through the user interface, models of functions necessary for extracting 
projections of tree crowns from old-growth forests on large-scale and high-resolution UAV images have been 
experimented. 

Factory models and functions are used, which are improved and perfected through the user interface and which are 
applicable to other types of images. We used computer-assisted analysis of satellite images and automated methods for 
classifying UAV orthomosaics to test whether this approach could be used to complement classical field measurements 
to detect and describe old-growth forests. This type of forest has lower crown closure and density compared to other 
forests, the distances between trees are greater and, therefore, the free areas are  more, which allows more reliable 
identification and more reliable results in automated crown mapping and the creation of the tree crown model. 
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These approaches allow automated mapping and statistical GIS analysis of the distribution and parameters of the tree 
crowns and the spaces between them, which are key characteristics of old-growth forests. The applied part of the study 
shows several main advantages of using remote sensing data and UAV imagery: 

• Due to the efficiency of the technology, it provides access to actual data about the forests obtained from UAVs; 

• In the event of natural disturbances, there is the possibility of rapid mapping and remote assessment of the 
condition of old-growth forests; 

• It provides the calculation of many statistics on the structure of forests in the GIS environment, which can be 
integrated with field data and other data; 

• Allows users to easily access and retrieve forest data via free satellite data; 

• A wider range of users can apply compiled tree crown processing and mapping models to their own raster data. 
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Abstract 
Livingston Island is an Antarctic island in the Southern Ocean, part of the South Shetlands Archipelago. The Bulgarian 
base "St. Kliment Ohridski” is located on the Hurd Peninsula some 130 m from the shores of the inner bay Emona. In 
this study we use data from the Sentinel-1 satellite constellation to produce velocity maps, covering few key outlet 
glaciers. During this research used were Sentinel-1 data in GRD format with HH polarisation. We followed the 
processing workflow described by international scientific community to derive ice velocity maps from pairs of SAR 
images using the SNAP software. In this paper are presented results for glaciers found in Livingston Island and the ice 
velocity extracted along the two flow line transects/longitudinal and transverse profiles. This study provides a first 
demonstration by authors of the operational radar satellites capacity to map and thus providing frequent and timely 
monitoring of the ice sheet flow as well as to monitor the dynamic evolution of the glaciers around the Bulgarian base 
"St. Kliment Ohridski” 

Keywords: glaciers velocity, Livingston Island, SAR 

INTRODUCTION 

In recent years remote sensing takes up more and more space for mapping and this gave us the confidence to present 
this new opportunity to monitoring glacier dynamics evolution and map the ice velocities of the glaciers around the 
Bulgarian base “St. Kliment Ohridski”. Remote sensing is becoming an increasingly important tool in climate change 
research the Synthetic Aperture Radar (SAR) being one of the techniques that has experienced a faster growth offering 
the advantage to deliver data regardless of the weather conditions. The European Space Agency (ESA) has long 
supported various satellite Earth Observation missions with SAR sensors onboard satellite missions such as the 
European Remote Sensing (ERS-1 and ERS-2) and ESA EnvironmentalSatellite (ENVISAT) satellites and continuing 
this long-term policy of providing continuous and consistent observational data. In 2014Sentinel-1A was successfully 
launched followed by its twin satellite Sentinel-1B launched in 2016. Both satellites are equipped with a C-Band radar 
sensor. 

SAR data is used in a variety of techniques to estimate surface movements, including radar interferometry (InSAR) and 
offset-tracking methods. The main difference between those two methods is that InSAR uses information about the 
phase of the radar signal (Hanssen 2001), while the offset-tracking technique is based on intensity information. 
Application of the InSAR method in regions where dynamic movements of Earth’s’ surface occur may lead to a loss of 
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coherence. Wherefore, the offset-tracking method is mainly used in ice-covered areas, where velocities are significant 
and major displacements appear in the horizontal plane. This technique is widely used to obtain glacier surface 
velocities (Łukosz et al., 2022) 

In this study we analyze the results of the dynamics from changes of several glaciers of the Livingston Island, namely 
Kamchia, Pimpirev, Perunika, Huntress, Macy, Prespa, Huron and Kaliakra, occurred in the summer of 2021. Satellite 
radar observations and the available database were used for this.  The velocities computed from Sentinel-1 data and the 
offset-tracking technique was compared with archived GNSS velocities of the Perunika Glacier. In order to study in 
detail the dynamics of the movement of Perunika Glacier systematic monitoring of the position of representative points 
on its surface by means of precise GNSS measurements was initiated in 2015 by Vasil Gurev.  GNSS measurements 
were carried out in five points on glacier and later the velocity in cm/day was computed. In (Georgieva et al., 2019) are 
presented the initial results from seismicity study of the generated by the dynamic processes in the Perunika glacier 
recorded from Bulgarian broad band seismic station LIVV and their relationship with the measured GNSS 
displacements on the glacier’s surface. The seismic and GNSS data in the mentioned study were registered in January 
2018.  

One of the most researched sites in the island Livingston is the Johnsons glacier who was studied by various 
technologies. For this purpose, terrestrial photogrammetry (Pala V.at.al., 1999) was applied. The glacier’s surface 
velocities were estimated based on repeated differential GNSS measurements in a network of stakes deployed on 
Johnsons and Hurd glaciers. The network of stakes consisted of 22 stakes for Johnsons and 30 stakes for Hurd Glacier 
(Machío et al., 2016) Other method applied to research them was based on Synthetic aperture radar (SAR) data in which 
case they were used to derive the surface ice velocities and to compile a new DEM. In this case time series from the 
PALSAR-1 imaging system on board the Japanese Advanced Land Observing Satellite (ALOS-1) satellite for period 
Nov2008-Feb2011 were included   (Osmanoglu et al., 2014) 

The systematically monitoring of glaciers is central for understanding how their flows evolve and what their 
contribution to the sea level was change is and this is the reason why the web portal "Center for Polar Observation and 
Modelling "(CPOM) was created and since then it distributes updated maps of ice velocity for key outlet glaciers of the 
Antarctic and Greenland ice sheets in near real time. The velocity maps are produced by tracking moving features in 
synthetic aperture radar data acquired by the European Space Agency's Sentinel-1 satellite (Hogg, et al., 2015.; Lemos, 
et al., 2018) and specialize in processing data from ESA's dedicated earth explorer polar mission CryoSat. But 
unfortunately the glaciers on Livingston Island are not included in this web portal. 

In the (Spasova, 2019) trace the use of different satellite data and approaches to track the dynamics of the development 
of short-lived snow coverage and its seasonal dynamics around Livingstone Island. Natural objects like water, snow and 
wet snow was analyzed and mapped according to the European Space Agency data (ESA) Copernicus program 
(Copernicus Scientific Data Hub). Results have been obtained for quantitative changes of wet snow and its dynamics. 
The sea ice was analyzed and mapped according to the European Space Agency data (ESA), acquired by sensors of 
Sentinel-1 SAR (Synthetic Aperture Radar), Sentinel- 2 MSI (Multi Spectral Instrument), Sentinel- 3 in GIS 
environment. In the (Spasova et al., 2020) it was demonstrated the dynamics during the summer season from 2015 to 
2019 around the coastline of Livingston Island. Changes in environmental objects are indicated by radar images through 
different processing approaches. The results clearly show that sea ice melting can be best recorded by using SAR data 
using radar instrument in C-band. The results obtained from the data used are in form of thematic maps showing the 
spatial reflectance of sea ice and its dynamics over time.  

STUDY AREA 

This study is to examine the movement of the glaciers close to the Bulgarian base “St. Kliment Ohridski” Perunica 
glacier being the nearest glacier. In this study we map the ice velocity of the Kamchia, Pimpirev, Perunika, Huntress, 
Macy, Prespa, Huron and Kaliakra Glacier (see the map in the fig. 1) which any the largest marine-based ice streams in 
Livingston Island. 

We use the maps in Livingston Island to create polygons (define points with coordinates) describing the boundaries of 
glaciers, so that they can be identified on the SAR images, because currently we do not have in-situ measurements and 
in some cases it is difficult to obtain such. 

The Bulgarian Antarctic cartography started in 1996 with a topographic plan of the Bulgarian base territory at the scale 
of 1:1000 made by (Ivanov, 1996). He was also the main author of the first Bulgarian map of Livingston and Greenwich 
Islands at scale of 1:100000 published in 2005. In 1999 the surveyors B. Aleksandrov and D. Dimitrov made a 
topographic plan of the Bulgarian base area at scale 1:2000. The Geodesy, Cartography and Cadastral Agency of 
Bulgaria published a topographic plan at 1:2000 scale of the entire Bulgarian Beach in 2016. A comprehensive 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

192



1:120000 topographic map of the five islands in the South Shetlands archipelago – Livingston, Greenwich, Robert, 
Snow and Smith (the first ever map of the last island) was made by Ivanov and the Military Geographic Service of the 
Bulgarian Army in 2009. This map was created using data from the Bulgarian topographic survey Tangra 2004/2005. 
Along with mapping, work in the field of Antarctic geographic information includes also the identification and 
standardized description of significant nameless geographical features to be named after well-known Bulgarian places 
or persons. Since the first two names given in 1989 over 1,400 Bulgarian names of mountains, ranges, peaks, glaciers, 
lakes, islands, peninsulas, bays and other geographical features have been accepted for international usage and 
incorporated in the authoritative Composite Antarctic Gazetteer of the Scientific Committee on Antarctic Research 
(SCAR) (Ivanov, 2020).  

 

Figure 1. Overview Map of Livingston Island (Ivanov 2012) 

The Bulgarian Antarctic Institute included in its 24th program of the Bulgarian Antarctic Expedition on Livingston 
Island the project commissioned by AGCC for conducting geodetic measurements and mapping the area of the 
Bulgarian base in Antarctica “Kliment Ohridski” on the island of Livingston, the surveyors managed, with the help of a 
drone, to survey inaccessible sections as a basis for compiling an accurate topographic map. They were surveyed by 
drone and mapped hitherto unvisited areas of the continent. 

METHOD AND DATA 

The goal of this article is to provide information based the used of remote sensing approach to generate glacier velocity 
maps from Sentinel-1 Level-1 products in Ground Range Detected (GRD) format. Few pairs of Sentinel-1 IW GRD 
products were formed the original data being downloaded from ESA hub or Vertex/Alaska. The input products for 
making a velocity map are two GRD products over the same area acquired at different times. The time interval should 
be as short as possible and to study this site we used few GRD products acquired 12 days apart in the period 04Nov – 
10Dec 2021.  

ESA Sentinel-1's mission consists of two satellites A and B flying at identical altitude with a 180° orbital phase 
difference. The orbit itself is quasi-polar, solar synchronous with a repetition cycle of 12 days and 175 orbits per cycle 
for each satellite. For two satellites, the repetition cycle is six days on the same area of the earth's surface.  
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The glacier’s velocities were calculated by the offset-tracking technique using Sentinel-1 SAR acquisition and open-
source SNAP (SeNtinel Application Platform) software. The first step of the processing procedure for each Sentinel-1 
image was to apply a file containing information about precise orbits. 

Polarization of radar signals Regardless of the wavelength, radar signals can be emitted with electric field vectors 
horizontally (H) or vertically (V) and horizontal (H) or vertical (V) or both can be recorded. The main physical process 
responsible for polarized (HH or VV) reflection is quasi-mirror surface reflections. For example, calm water appears 
black in SAR data. For cross-polarized signals (HV or VH), the recorded signal is usually weaker and is often 
associated with different reflections due to, for example, surface roughness. During this study we used SAR data with 
HH polarization.  

Co-registration of the image pairs was performed using orbital information only. Where available, the orbit information 
provided in the Sentinel-1 satellite metadata has been updated with precise orbit ephemerides provided by the Sentinel-
1 Payload Data ground Segment (PDGS). Gridded ice speeds are produced in GeoTiff format from a smaller extracted 
area across the central trunk of each ice stream, with a 100 meter by 100 meter grid spacing.  

The co-registration step is essential as it ensures that each element of the earth's surface corresponds to the same pixel 
(in range and azimuth) in both the master and slave image. Ideally, co-registration should only compensate for the 
different geometry due to the different viewing angle (parallax effect), which can be compensated by the correct 
transverse stretching of one image. 

One of the main procedures in the processing of GRD products is ''Coregister the Images into a Stack using DEM". In 
this case we faced a problem since the default DEM is SRTM, which covers most area of Earth’s surface between -60° 
and +60° latitude. However, it does not cover the higher latitude area where Livingston Island is located. Therefore, 
GETASSE30 DEM could be selected and used. Areas outside of the DEM or in the sea may be optionally masked out. 
(Vertex, 2021) 

Since the image covers a large area of the part of the South Shetlands Archipelago and we are interested only in the part 
of the Livingston Island area, we created a subset of the co-registered stack that contains the glaciers area only. 

The Offset Tracking operator estimates the movement of the glacier’s surfaces between master and slave images in both 
slant-range and azimuth direction. It performs cross-correlation on points in master and slave images. Then the glacier 
velocities on the points are computed based on the offsets estimated by the correlation. Finally, the glacier velocity map 
is generated through interpolation of the velocities computed on the grid. The Offset Tracking is a technique that 
measures feature motion between two images using patch intensity correlation optimization. It is widely used in glacier 
motion estimation.  

RESULTS 

To produce the results six SAR images were used for velocity calculations. The data were collected for the summer 
periods 2021. Calculations were performed in intervals with the 12 day baseline for each period.  To implement the 
offset-tracking method the Ground Range Detected (GRD) products were used with a pixel spacing of 10 × 10 m and a 
resolution of 20 × 22 m (ESA). The GRD products are preprocessed SAR data that has been multi-looked and projected 
to the ground range using an Earth ellipsoid model (Łukosz at. al., 2022)  

The results of this research are in form of 5 velocity glacier maps obtained by the offset-tracking for period 04Nov – 
10Dec 2021 and different combinations between dates. Maps for this one month period were created containing the 
velocities calculated over a three short and one long time interval. The obtained results differ not only by the magnitude 
of the calculated velocity, but also in the spatial extent where it was possible to locate glacier’s movements. 

The results contain the time series of SAR derived ice velocities for Livingston Island glaciers saved in GeoTiff files 
generated from SNAP and can to be used in GIS software. Also in the geocoding procedure one of the standard map 
projections can be selected. In our case we generated a KMZ file in the WGS84 system and subsequently it imported in 
Google Earth for visualization. Figure 2 shows glacier’s velocities map of Livingston Island from three periods. 
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Figure 2. Glaciers velocities Map of Livingston Island  

For all the above-mentioned glaciers an analysis was made based on the created ice velocity maps for every 12 days of 
the formed time series. The ice velocities were extracted along the two flow lines forming longitudinal and transverse 
profiles. Similar profiles were analyzed for velocities are composed for different time periods Longitudinal profiles 
have been created showing the change in velocity in the direction of glacial flow. The velocity value of movement of 
the glacier is different in different parts. Similarly and visible from the transverse profile in figure 3 the ice velocity of 
the middle of the glacier is a higher value. 

 

 

 
 

b) longitudinal profile 
 

a) Pimpirev Glacier photographed from the 
Bulgarian coast, with Emona Bay.Its 

coordinates are: 62°36′25″ S.  60°25′00″W 
https://bg.wikipedia.org/ 

 
 

c) transverse profile 

Figure 3. Pimpirev Glacier photographed. The ice velocity of longitudinal and transverse profile on glacier  
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The Pimpirev Glacier in Antarctica is 5.5 km west-southwest east-northeast and 1.8 km north-northwest south-southeast 
on Livingston Island. It is located eastward of the Kamchia Glacier, southeast of Tundzha Glacier, southwest of 
Saedinenie Glacier and west of Perunika Glacier. It flows south-southeast into the South Bay along Pimpirev Beach 
between Cape Ereby to the west-southwest and the northern corner of Emona Bay to the east-northeast. 

Glaciers are sensitive to climate change. The fluctuation of the temperature affects the behavior of the glacier and 
particularly its flow and seismic activity was investigation in the (Georgieva et al., 2021). In their study based of 
activity of glacier Perunika was using data from seismic station LIVV, GNSS data from point measurements on the 
surface of the glacier and meteorological data. Perunika Glacier is the closest one to the Bulgarian Antarctic Base.  

The results obtained in our study from the SAR data on the velocities of the Perunica Glacier are comparable to one 
order of magnitude with the velocities obtained from GPS in astral summer of 2015 ( Georgieva et al., 2018) Two types 
of GNSS measurements on the glacier’s surface were carried out: 1) 8 days long continuous recordings of the 
coordinates of one point which was situated close to glacier terminus; 2) measurement of the coordinates of 15 points 
which were spanned on the upper part of the glacier. Joint analysis of the GNSS and meteorological data shows 
correlation between air temperature and the change in the surface velocity of the glacier. A change in the seismic 
activity of the glacier is also observed. The number of the registered ice quakes decreases as the astral winter 
approaches. The observed features of the glacier's behavior can be explained by the melting of the deeper part of the ice 
with increasing of the temperature. Thawed water flows close to the contact plane of the ice with the earth's surface, 
reducing friction and changing the velocity of the glacier and the number of ice quakes (Georgieva et al., 2021)  

CONCLUSIONS 

This study presented the produced glaciers velocities and outlet area changes from two initial months of the summer 
November and December 2021 using SAR data. In the future the time frame of the observation will be expanded and 
using the archived SAR data along with the proposed methodology will create a number of maps of the velocities of 
glaciers. They will provide a better picture concerning the dynamics of the ice cover on Livingston Island and a good 
basis for monitoring climate change. The demonstrated results are a representative sample of the last two months of 
2021, but the study can be based on a longer period and the focus on comparison between summer and winter data. The 
presented monitoring methodology and mapping technique is financially affordable irrespective from difficult access 
regions on the place of research. 
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Abstract 
Several studies are concerned with assessing radiation contamination from accidents such as Chornobyl and 
Fukushima. However, radioactivity can also come from natural sources, either terrestrial or cosmic. These natural 
sources have not been properly surveyed and documented at some locations yet. The low-cost Safecast sensor used in 
our research was mounted on a UAV to investigate the possibility of mapping larger anomalies this way. One of the 
many advantages of drones is that the survey can be carried out without endangering human life. The aim of our 
research is to demonstrate the mapping capabilities of a cost-effective radiation detection sensor combined with a UAV 
in a presumably contaminated area. We also identify the optimal flight parameters for the drone and study the variation 
of radiation levels with altitude. 

Keywords: Safecast, gamma dose rate detection, drone, radioactivity, remote sensing, radiation  

INTRODUCTION 

The importance of mapping radiaoctivity of a larger area became important after the Fukushima accident.In 2011, when 
the Fukushima Dai-ichi accident occurred, a huge data blackout was established (Oshima et al., 2012). Initially, a 
survey was started on the contaminated area with Geiger-Müller (GM) tubes, NaI scintillation detectors and ionisation 
chambers mounted on cars, but this was a very hazardous and slow process (Povinec et al., 2013). The terrestrial survey 
was followed by several conventional aerial surveys (Terada et al., 2012; Torii et al., 2013) and further by a drone 
(Reavis & Hem, 2011). This small unmanned aerial vehicle (SUAS) was known as the Honeywell T-Hawk. The idea 
that drones could be used for radiation mapping was already a 'hot topic' before the Fukushima accident, and studies on 
the subject were published as early as 2009 (Pöllänen et al., 2009). The disaster highlighted the shortcomings of the 
technology, and since then, there have been many studies on radiation mapping with drones. In these studies, several 
methods have been described, some of them using a simple radiation sensor such as a GM counter or a scintillation 
detector attached to the drone (Gong et al., 2019; Molnar et al., 2021; Pöllänen et al., 2009) or using a Compton camera 
(Sato et al., 2020). Studies have also explored the use of both multi-rotor (MacFarlane et al., 2014) and fixed-wing 
drones (Connor et al., 2020). Detecting and mapping gamma radiation are not only crucial in the event of a nuclear 
accident. Some areas are important due to their geological features or their use. One such area is our research site, 
which is a service road within a decommissioned uranium mine used to transport uranium ore. 

RADIOACTIVE RADIATION IN NATURE 

Radioactive radiation occurs everywhere in nature. This background radiation can come from natural and artificial 
sources, but the majority come from natural ones. Natural radiation can come from cosmic or terrestrial sources. The 
primary cosmic radiation occurs in the upper atmosphere when heavy ions react with atmospheric gases. One isotope 
that is a consequence of this process is 14C, which is used effectively in radiometric dating. The radiation dose from 
cosmic rays depends on the altitude. The 'shielding’ effect of the atmosphere decreases with increasing altitude. The 
dose from cosmic radiation at sea level is about 0.26 mSv/year (Eisenbud & Paschoa, 1989). Radioactivity from the 
crust is due to three elements: Potassium (K), Thorium (Th) and Uranium (U). A study from 1965 (Heier & S Adams, 
1965) shows that the crust is more radioactive than the mantle and that the continental crust has a higher U, Th and K 
content than the oceanic crust. Natural radioactivity in rocks increases in direct proportion to the Uranium, Thorium and 
Potassium content of the soil above. Acidic igneous rocks such as granite and rhyolite show higher activity than 
sedimentary or basic rocks (Evans & Goodman, 1941). Among the environmental radioactive radiations, gamma 
radiation is the most difficult to protect against, as it has high penetrating power. The natural gamma background 
radiation measured at the surface is due to a combination of the radiation from rocks, soil (depending on U, Th, K 
concentration values) and cosmic gamma radiation. The background radiation is variable, influenced by altitude, soil 
type, weather conditions and their variations. According to the hungarian National Directorate General for Disaster 
Management, in Hungary the dose intensity of the average natural background radiation is 50-180 nSv/hour. 

Instruments for radiation measurement 

The most commonly used detectors for measuring ionizing radiation are semiconductor detectors, scintillation detectors, 
and Geiger-Müller counters. Semiconductor detectors are diodes made mainly of single crystals of semiconductors. 
These crystals are mostly silicon and germanium (Ahmed, 2007). Scintillation detectors consist of two main elements; a 
crystal and a light detector. Some crystals emit light every time they interact with a gamma-ray. If these crystals are 
isolated from all other light sources and connected to a sensitive light detector, the flashes can be detected as electrical 
pulses. Several types of scintillation crystals can be distinguished, the most commonly used being thallium-loaded 
sodium iodide Na (TI) (Panikkath et al., 2020). This crystal has an extremely high water-binding capacity, and its 
efficiency deteriorates with water binding, so these crystals must be hermetically sealed (Molnar et al., 2021). The 
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Geiger-Müller counter is also often referred to as a particle counter because the device associates electrical pulses with 
each photon it detects. The Geiger-Müller counter is an electrically charged discharge tube filled with a low-pressure 
gas mix, with a negatively charged wall and a positively charged metal filament in the middle. When radioactive 
radiation enters the tube, the incoming electron collides with molecules of the gas and knocks an electron from shells. 
After the collision, the electrons collide at high speed with other atoms, from which more electrons are torn off and 
together they move towards the positively charged metal filament (anode). These electrons are transported to an 
electronic counter. 

SURVEY AREA 

We have chosen the village of Kővágószőlős (Hungary) as the location for our research. Uranium ore mining started in 
1957 and continued in this area until 1997. Due to its geological characteristics, the area is rich in uranium ore. The 
geological environment of the village is characterised by the Permian Sandstone (Kővágótöttös, Tótvár and Cserkút 
sections of the Kővágószőlős Formation), and the Triassic Jakabhegy Sandstone Formation. The Permian formations 
alternate conglomerate, mudstone and aleurolite (Gyalog and Síkhegyi, 2005). During the mining and transporting of 
uranium ore, several routes used for the transport were possibly contaminated. The investigated area was a 294 m long 
section of an asphalt service road and a junction (Figure 1). The road descents in a southerly direction, giving an 
elevation difference of 16 m between its two ends. 

 

Figure 1.Survey area: asphalt road (red rectangle) with a junction (yellow rectangle) 

EQUIPMENT 

The drone 

The drone used for the survey was a DJI Matrice 210 V2 RTK UAS quadrocopter (Figure 2). The unmanned aerial 
vehicle system consists of several main components; in addition to the flying device, a remote controller and an external 
Stonex RTK (Real-Time Kinematic) GPS unit for precise positioning. This drone, with landing gear, measures 
883x886x427 mm and weighs 4.91 kg with two TB55 batteries. Its maximum take-off weight is 6.14 kg, thus it can 
carry a payload of 1.23 kg. It has a hovering accuracy of ±0.1 m in both the vertical and horizontal directions (when 
used with RTK). It can travel vertically upwards at 5 m/s and downwards at 3 m/s speed. It can fly more than 30 
minutes without payload and around 25 minutes with maximum payload. The flying time depends on the weather and 
other conditions too. It can fly vertically up to 3000 m altitude. Its horizontal range is up to 8 km. 
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MAIN SENSORS AND INSTRUMENTS 

• RTK antennas 

• Dual IMU (Inertial Measurement Unit) 

• barometer 

• Flight safety sensors: AirSense 

• Telemetry sensors 
o Infrared sensors 
o Downward and Forward Vision System 

• TimeSync 

• optional hi-res RGB sensor 

• FPV (First-person-view) camera 

 

Figure 2. DJI Matrice 210 V2 RTK UAS with the attached Safecast sensor 

The Safecast sensor 

The Safecast bGeige Nano Kit (Figure 3) is a lightweight, easily portable radiation monitoring device with built-in 
autonomous GPS and logging capability. In this logging mode, the device takes measurements with an integration time 
of 5 seconds, then transverses and stores them on a microSD card with a timestamp and coordinates.The bGeige Nano 
uses an LND 7317 ’Pancake’ Geiger Müller counter. It is capable to measure the number of interactions with the 
gamma radiation and calculating the corresponding dose rate. This GM tube is a recessed cylinder filled with Neon and 
halogen gases, approx. 1 cm thick. The Safecast device can operate in three measurement modes; the first is the ’bGeige 
mode’, which returns a CPM (counts per minute) value and a dose rate value (microSv/h) every 5 seconds and then 
calculates a 60 second average from these. The second measurement mode is the ’xGeige mode’, which returns a dose 
rate in µSv/h, but does not log. The third mode is ’iGeige’, which is compatible with iPhone phones and can display the 
measured dose rate in real-time via an application and then transmit it in real-time to the Safecast API website. These 
data are also displayed on the graphical OLED display on the instrument, firstly the CPM value (a), then the calculated 
dose rate (b), distance travelled (c), date and time (d), followed by the time since switch-on (e) and the number of 
tracked satellites (f). The microcontroller timestamps the number of hits and dose rate measurements, and transfers 
them to a microSD card with GPS coordinates. From the microSD card, a log file containing the measurements can be 
retrieved by a computer. A record represents a measurement control point. The elements of the device are enclosed in a 
waterproof polycarbonate case, which strongly resembles Japanese lunch boxes. Thus, the ’b’ in bGeige Nano stands 
for the Japanese word ’bento’, which is the name of the Japanese lunchbox (Brown et al., 2016). The function of the 
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case is not only to form a waterproof layer around the sensitive segments but also to filter out alpha and beta particles. 
The thick polycarbonate layer allows only gamma particles to enter the GM tube (Walsh, 2019).  

 

Figure 3. Safecast bGeige Nano Kit upside (A) and downside (B) 

KEY COMPONENTS OF THE SAFECAST BGEIGE NANO KIT 

1. ‚Pancake‘ Geiger-Müller tube (LND-7317, 500V) 

2. high voltage board (Medcom IMI iRover) 

3. printed circuit board (bGeige Nano 1.1r5a) 

4. Arduino Fio microcontroller 

5. 8 GB microSD card with an open-source data logger (SparkFun Openlog) 

6. GPS (Adafruit Ultimate) 

7. graphic OLED display (Monochrome 128x64 SPI) 

8. 2000mAh 3.7V 7.4W (Li-Po) lithium-polymer battery 

9. polycarbonate protective case (Pelican 1010 micro-case) 

It weighs about 560 g, thus not exceeding the maximum payload weight of the UAS device we have used. The purchase 
price of the Safecast sensor used in this research was USD 600 at the time of its purchase in 2019, plus customs duty 
and shipping costs, for a total of USD 750. The price varies because the device can be ordered in several forms, pre-
assembled or assembled by us. Also, the price changes whether it is ordered with or without a Bluetooth unit. It also 
depends on the delivery place, the exchange rate and the cost of customs duty (Garamhegyi, 2019). 

METHOD AND FLYING PARAMETERS 

We had two radiation measuring instruments at our disposal: a scintillation detector and the Safecast sensor. The 
scintillation detector was used to locate the most active points in the area. The Safecast instrument was attached to the 
drone with the GM tube pointing downwards towards the ground. The assembled instrument is shown in Figure 2. 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

203



Flight area 1.: Junction 

The aim was to create an elevation profile at the junction. Based on the ground measurement, we selected the point with 
the highest activity and placed the drone with the radiation sensor on it. First we moved the drone upwards at a speed of 
1.1 km/s 0.5 cm/sec without moving it in x and y directions up to about 3.5 metres as it is demonstrated on figure 6., 
and than we moved further upwards and stopped after each eight – ten metres for around 15 seconds to allow Safecast 
to collect more radiation data at those heights. We continued this up to 55 meters above the surface. The drone's take-
off coordinates are 46.072089° N, 18.11683° E as shown on Figure 4.  

 

Figure 4. The drone's take-off point with coordinates (46.072089° N, 18.11683° E) 

Flight area 2.: Service road 

The service road is connected to one of the mines to the main road, along which the vehicles carrying uranium ore 
passed. Contamination from these vehicles was released into the soil and is still detectable today, mainly on the western 
side of the road. Furthermore, the road was built on waste rock, which also contributes to the increased radiation level. 
The survey of the road section started at the southern end of the road at a height of 10 metres. As the road is rising, the 
section was surveyed manually. This method was subject to many more errors, but it allowed us to trace the gradient of 
the road. The drone covered the 294-metre stretch of road in 6 minutes at a speed of 2.94 km/h. The drone track is 
shown on Figure 5. 
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Figure 5. The drone track with the attached Safecast sensor 10 m above the surface 

RESULTS 

Junction 

At the junction, the data measured by Safecast were time-stamped to the drone. The Safecast sensor only calculates 
altitude above sea level, so relative altitude was calculated from this altitude. The elevation profile is shown on Figure 
6. 

 

Figure 6: Elevation profile at the junction 

In addition, the instrument stores radiation data in two ways. First is CPM counts summed up to the ellapsed minute 
format and the other is a more local value corresponds to the integral of the counts over a short time of 5 seconds. The 
µSv/h (uSv/h) values then were calculated for both using factory calibration values. These two calculation methods 
have been compared on the altitude profile curve (Figure 7). Figure 7 and 8 show the variation of dose rate with 
altitude. The gamma dose intensity values show an exponential decrease at this altitude interval. 
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Figure 7: Comparision of 1 minute and 5-second integrated values as a function of altitude 

In this steady elevation method of measuring the height profile the 5 second integrated values correspond to smaller 
height intervals as the drone elevated a shorter time. But on the other hand the low count situation results in much 
higher stataistical uncertainty of the dose intensity values compared to the 1 minute integrated case. But this latter 
values has larger altitude intervals, therefore the other parameter has larger uncertainty. As a trend we fitted exponential 
functions to the altitude dependence of the dose intensity and both dataset results in about the same characteristic 
exponential behavior.  

  

 

Figure 8. Variation of dose rate with changing altitude at the junction 

On figure 8 we demonstrate a smoothened version of the altitude profile, Here the y axis serves as the altitude, and the 
data are transformed by a spline smoothing algorithm. In this way we can extend the exponential descrease trend to 
higher altitudes.  

Service road 

Data from the 10 m above ground measurement on the service road have been uploaded to safecast.org as non-public 
data. This safecast API page provides the possibility to display the radiation data on a map and assigns a colour scale to 
the radiation values. Based on this colour scale, the surveyed road section (the part framed in red) looks as shown in 
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Figure 9. The drone moved steadily northwards along the ascent. As the road rises, we attempted to follow the line of 
the road with the drone at a height of 10 metres. This trace is shown in Figure 10. From these data, a time-based 
diagram has been drawn, as shown in Figure 11.  

 

Figure 9. Surveyed service road (red framed) on the Safecast API website with map scale 

 

Figure 10. Trace of the drone with the radiation sensor in 10 m above ground level (AGL) in northern direction 
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Figure 11. The detected dose rate at 10 m above ground level along the ascent in northern direction 

DISCUSSION 

In the case of the elevation profile at the junction, it can be seen that the measured value at 0 m above the surface was 
0.585 µSv/h. At the same geographic coordinate, at 5 meters above ground level (AGL), it was only 0.238 μSv/h. This 
value decreases continuously until the last measurement point, at 55 metres, where it is only 0.114 µSv/h. In the case of 
the service road, the diagram and the colour scale values show that there are two higher intensity sections on the 
surveyed route. This may indicate a larger anomaly. One of our further tasks will be to ground-track this section and 
compare these values. 

CONCLUSION 

Based on the presented diagrams we can conclude: 

1. Even a low-cost sensor is capable to describe the terrestrial extent of environmental gamma dose anomalies. 

2. Our SUAS technology was a good tool the determine the altitude dependence of the environmental gamma 
dose rate up to about 50 meters and showed that the rate dropped by a factor of 5 at that altitude, compared to 
the surface rate. 
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Abstract 
People are occupied by the usability of drone recordings in many areas of research around the world. The key to surveying 
an area with drones is to properly assess the so-called Ground Control Points (GCPs) in the field and record them in 
data processing, especially for non-RTK (Real-Time Kinematic) drones. These fixed points with X, Y, Z coordinates, 
function as reference points. The spatial location of the rest of the area can be compared to these fixed points. To check 
the results, it is necessary to make error maps. Based on them, it is possible to determine the extent to which the locations 
of the control points in the area shown in the orthophotos differ from the actual coordinates. To make orthomosaics, it is 
necessary to incorporate the questionable amount of GCPs, and it is important to examine the distribution of points for 
proper accuracy below the margin of error. In addition to accuracy, the other aspect is energy saving, i.e., the smallest 
amount of fixed points at which the user can still get results below the allowable error limit. The aim of our study is to 
check the ideal and optimal amount and distribution of GCP in a survey with an UAV while maintaining adequate 
accuracy.  

Keywords: Ground Control Point, Real-Time Kinematic, orthomosaic, UAV 

INTRODUCTION AND OBJECTIVES 

The drones are structures belonging to the group of remotely piloted aircrafts (fully called Unmanned Aerial Vehicles). 
The concept is known internationally and includes all remotely piloted take-off and landing devices in most cases. Like 
many objects used in civilian life, UAVs are the result of developments carried out by the military armaments incentive. 
It is used in areas where people are not fortunate enough to be sent, risking human life, the area to be surveyed is too large 
to be surveyed in a timely manner, or there are not enough people to enter the terrain. Like many other inventions, the 
drone may have emerged due to necessity and technological advancement and may have become widespread much later. 
Nowadays, drones have been used extensively in a wide variety of fields. For the sake of completeness, here are some 
examples: surveying various fields in agriculture, the military industry, transport, recording for civilian purposes, etc..  

In Hungary, the survey of the railway areas currently owned by Hungarian Railway co. Ltd.. Is carried out in situ by 
surveyors using RTK (Real-Time Kinematic) GPS instruments, which can provide an accuracy of a few centimeters. 
There are many setbacks to this, despite its accuracy, as there are difficult conditions in a railway area. These field surveys 
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involve labor- and time-consuming processes, and risk human lives. Most of the time they take place in an area affected 
by traffic, where scheduled, daily traffic has to take place. Aerial measurements with drones are not affected by the 
disadvantages listed above. The most important criteria are the accuracy of the measurement result and the resolution. 
The aerial photographs and their usability must prove whether the level provided by the field measurement is reached, 
possibly exceeded or the accuracy will be reduced. Furthermore, the ultimate goal of the subject is to create a railway 
database with the same properties based on the ortophotos taken by the drone and the orthomosaics based on these photos. 
The presentation of this database is not the purpose of this manuscript. 

When inspecting the railway terrain and recording obstructions, the main goal is to generate the smallest possible error 
values within the specified limits. For proper accuracy, we place fixed points on the field with independent coordinate 
pairs. It is necessary to make orthomosaics from the aerial photographs. During orthomosaic construction, the control 
points need to be fixed. Our goal  is to investigate the distribution and amount of the appropriate Ground Control Point 
in a control area, because as it is not always possible to fly multiple times in a real situation (e.g railway station). For this 
study, we selected an area covered with arable land, which is independent of any railway areas and has largely the same 
surface area, where the conditions are ideal, there are no disturbing factors, and there are no outstanding height values. 

Other researches has been made about the ideal GCP quantity and distribution’s investigation, such as Agüera-Vega, F. 
et al., (2017) or Liu, Y. et al., (2018) but no such research has been done for specify railway use yet.  

THE DRONE 

The drone (Figure 1) was provided by Hungarian Railway Co. Ltd. It  is a DJI Mavic 2 Pro, 31 minutes flight time with 
the battery fully charged. As a part of flight planning, it is necessary to make certain basic settings on the UAV before 
starting the flight. These basic data to be entered are: the boundary of the area, (the lines selected on Google Maps); 
adjusting the degree of overlap; setting the value of the flight altitude, (which is the relative altitude from the starting 
point), setting the characteristics of the camera (number of pixels, sensor size, focus); field resolution, which is 1 pixel = 
12 mm for the survey of the control area. 

A drone for aerial photography makes it possible to create flight queues. Due to digital data processing, in-line overlaps 
are required. The degree of overlap is determined by the number of images that need to be included in a given point in 
the photographed area for proper data processing. In the project task, each point must have to be on a minimum of 5-8 
images for proper accuracy and fidelity of the orthomosaics. For this, the degree of overlap was set to 70-80%. When 
capturing images, as much or more overlap is usually expected between adjacent images in all directions. Flight time 
must be reduced to ensure the necessary overlap. Reduced flight time can also result in a relatively small area designated 
for flight. 

Adjusting and maintaining a given flight altitude is also essential in maintaining proper sharpness, which is also essential 
for accuracy. The flight altitude value has been set to 40 meters in the control area, which also affects the resolution, so a 
pixel in the image counts as an area of 1.44 cm². 

The camera angle was set to 90 degrees, which is perpendicular to the ground. The flight speed of the drone was adjusted 
to 4 m /s. 

It should be emphasized, that this drone has a “hobby level” GPS, which does not give an error value of more than 10 
meters. In contrast, the RTK GPS used for geodetic field measurements can achieve an accuracy of 1-2 centimeters, 
giving very accurate values, whether surveying any field object or even taking control points in the field to more accurately 
determine the position of orthomosaics. Thus, the GPS attached to the drone cannot achieve the centimeter accuracy 
required to survey a railway area. 
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Figure 1: DJI Mavic 2 Pro on the railway area survey. 

ABOUT THE AREAS 

Railway area 

The location chosen for the railway area is the Vác railway station, which is one of the busiest stations on the Szob - 
Budapest railway line. Vác is located 30 km from Budapest as an integral part of the agglomeration of the capital itself: 
it is an important railway area and station, with many object types. As mentioned above, due to its high traffic, the drone 
survey in this area had to be very planned, so we conducted a test flight in the Bajnai area before the flight of the railway 
station. 

The control area 

Before the railway measurement, an area was selected to determine the amount and distribution of GCPs. This area is 
located directly on the shore of the Bajna recultivated mine lake in Hungary, in the field of the Pap lands, in an area of 
43,953 m². Bajna is located in Komárom-Esztergom County, about 35 kilometers west of Budapest, at the southeastern 
part of Gerecse. The slope of the designated terrain is relatively consistent in a southwest direction. 

The measurement was performed on August 29th, 2021. Less wind, and overcast weather characterized the weather. The 
flight was performed in the afternoon, immediately after calibrating the GPS, setting the error limits. The GCPs have been 
placed and measured before with an RTK GPS. 

The work in the whole field took about 2-3 hours. The time spent on the area was increased in order to cope with the 
vicissitudes of the weather and in order to properly inspect 20 GCP points in the area, as well as to place them and measure 
them with the RTK. A total of 260 orthophotos were taken. 

In the Bajna area, the placement and survey of the 20 control points in the field, as explained above, took place as follows: 
the fixed point to be placed is marked on the field by a 2x2 black and white square grid printed on A3 paper. The boards 
were placed at the planned location and fixed to the ground. These points were surveyed by RTK GPS prior to flight, 
filtering the RTK to the center of the square grid. When photographed from the paper by the drone down, the printing ink 
is reflected, so it can be detected on the photos later. GCPs were placed at approximately equal distances from each other 
(see in Fig. 2/a). 
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Figure 2: Overview map of the two selected areas: a) the control area b) the railway area 

DATA PROCESSING 

In our research, a 3D point cloud generation was performed in the Agisoft Metashape image processing software (which 
is a photogrammetry software, perfectly suitable for UAV images) from the ortophotos taken from the selected area for 
GCP analysis, and then  a DEM model and an orthomosaic construction were made. A total of 6 orthomosaic variations 
were made from the same area (Figure 3.). The accuracy and reliability of aerial photography and data processing can be 
determined from the final result. 

In the image processing software, a 0, 4, 6, 7, 14, and 20-point fix-point orthomosaic variation was made from the 
importedimages.The points required for the designed orthophotos were called up in text format. It is necessary to pay 
attention to the projection settings so that the called coordinates can be interpreted and displayed to the software in the 
same projection system. 

RESULTS 

The magnitude of errors 

6 error maps were generated from the orthomosaics. These maps were visualized using Quantum GIS mapping software, 
which is a user-friendly, open source geographic information system (GIS). To create the error maps, the required 
orthomosaic should be entered in QGIS in tif format and the fixed points surveyed by RTK GPS had to be called in txt 
format. Then all the GCPs shown in the imported orthomosaic marked by a black and white square grid deposited in the 
field, should be recorded, with the point exactly in the middle. It is necessary to pay attention to their projection settings 
when calling the required layers; they must match to be correct and valid at GCP. During the data processing the Unified 
National Projection with the EPSG number 23 700 were used. The distance between the dots is indicated by different 
colors. These distances are the error values for the orthomosaics GCPs. The error values shown on  Figure 3. were 
categorized using the equal intervals method. The black frame indicates the different number of GCPs used to create the 
orthomosaics. 
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Figure 3: Results of orthomosaic variation using different number of control points (marked in black frame) as error 
maps depicted 

The 0 control point used orthomosaic can be called “distortion-free” because there was no point used against which the 
software could distort the coordinates fed into the images. From this point of view, the points of the area here are given 
the result closest to reality in a relative sense. In terms of distances, however, the values differ greatly from the coordinates 
of the GCPs in the geodetic survey. Error values range from 220 to 245 centimeters. However, these meter inaccuracies 
are good results compared to the fact that no control point was used in the construction of the orthomosaics, and we relied 
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purely on the accuracy of the hobby-level GPS. There is a trend between the error values and the altitude. The GCPs 
located in the northern part of the area show a smaller error value than the GCPs in the southern part. This is caused due 
to the topography of this area: the drone flew closer to the surface, and to the GCPs in the northern part of the area, so it 
can be said, the smaller the difference in altitude between the drone and the surface, the smaller the error values. Because 
the DJI Mavic 2 Pro was set to a flight altitude of 40 meters, this “hilly” topography can be drawn by the values.  For the 
zero checkpoint error map, error values with a different dimension were obtained than for the other orthomosaics. 
Therefore a separate categorization was applied to these error values from the other error maps. (From blue as the smallest 
to red as the maximum distance.) 

In the second variation 4 GCPs were used, which are located in the middle of the terrain. The empty black circle on the 
map indicates the points that have been used as a recorded GCP during the image processing. The results provide certainty 
of 1-2 centimeters accuracy. Among the values of the orthomosaics used for the 6 fixed points were errors of more than 
2 centimeters, these are also accurate values. All 6 points used are in the northern part. The orthomosaic error values used 
for the 7 GCPs were the smallest. In terms of distribution, the 7 control points used are located in the 4 corners and in the 
center of the area. On the 14 points error map, points opposite to the 6-point error map were used. At unused points, 
distance values of 5-6 centimeters can also be observed. The error map of all fixed GCPs, show errors of 5-6 centimeters, 
despite of fixations. 
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The directions of errors 

 

Figure 4: Error values of the orthomosaic with azimuth values, summarized in scatter chart. 
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DISCUSSION 

Box plots 

The error values of the completed orthomosaics are summarized in a boxplot diagram (Figure 5.). 

 

Figure 5: Error values, summarized in box plots. 

The boxplot diagrams illustrate the scatter and average of the distance values for each orthomosaic. The error 
values of the orthomosaic with 0 GCPs are illustrated separately due to the dimensional differences already 
mentioned above. It can be seen that the values received for the 14 and 20 GCP maps have become the largest, 
and the scatter is also most visible in these orthomosaics, despite having the most fixations here. This error is still 
under 10 centimeters, which can be an acceptable result, but as we can see, it can be better. The reason for this is 
made up of several factors: on the one hand, the more points used to make an orthomosaic, the greater chance of 
errors occurring during data processing. Errors can also occur when recording control points due to improper 
readings of fixed points on completed orthomosaics. The problem with the reading may be due to the resolution 
value mentioned earlier itself. Alternatively, at the very beginning of the procedure, they may be due to an RTK 
GPS error during the pre-aerial checkpoint measurement. 

So as a summary: it is needed to place a quantity of GCP that already gives enough accuracy but does not give a 
bigger error yet due to the large number of used GCPs. In this case, the perfect amount of GCPs is 7 pieces. 

CONCLUSION 

A test area was chosen to examine the ideal Ground Control Point amount and distribution. In this approx. 44 000 
km2 and roughly rectangular area no physical obstruction was found, so 20 GCPS were placed at a broadly same 
distance. Based on the results, it could be concluded that the most ideal control point was 7 points located in the 4 
corners and in the center of the area. Since the long term goal is to accomplish an UAV flight in a more frequented 
area, this preliminary survey was necessary for safe and fast flight. Based on this, 7 GCPs can be used for the 
railway area as well. 
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Abstract 
Terrestrial surveying and mapping of hard-to-reach or inaccessible areas are challenging tasks. In addition to classical 
geodetic methods, remotely piloted aircraft systems (RPAS), also known as uncrewed aerial vehicles (UAVs), can be used 
as an alternative method to solve similar research and application problems. In the last two decades, GNSS and UAV 
measurements have been increasingly exploited to monitor and analyze landslide activity. This report presents the results 
of pilot studies of the landslide in the area of the Sofia Botanical Garden, combining data from GNSS and UAV 
measurements. Three optical sensors are used for test purpose analyses during the UAVs surveying. The conducted 
experiments have two main goals: to evaluate the UAV systems' qualities and establish the presence of movements in the 
studied landslide. In particular, we try to identify the geodetic pillars belonging to the geodetic network established in 
1988 with forced centring instruments (pillars) in the precise point clouds generated during the processing of images 
using photogrammetric software Pix4D. The accuracy and precision of ground-based control points (GCPs) have been 
evaluated to determine the limits within which possible movements from measurements in different epochs can be 
determined using GNSS and UAV. Based on a comparative analysis of both types of data, the next step of the future 
analysis will be to identify the local stable and deformed areas from the whole observational period. A qualitative and 
quantitative evaluation of the factors that impact the geospatial data accuracy, such as the geodetic coordinates of the 
geodetic control pillars, cloud points, digital surface model and orthophoto images, is also provided. 

Keywords: UAS/UAV, GNSS, geodynamical process, structure from motion (SfM), landslide 

INTRODUCTION 

Ground-based geodetic measurements and mapping of hardly accessible or inaccessible areas that fall into naturally 
unstable regions is a challenging task. Uncrewed Aerial Vehicle (UAV) based remote sensing can substitute or be applied 
as an alternative method for solving such research and applied problems and classical geodetic methods, such as 
topographical surveying with total stations, inclinometer or GNSS measurements. In recent years, this method has been 
widely utilized to monitor and analyze changes in topography and surface characteristics in dynamically active regions 
through periodic measurements. The primary value of UAV technology in different configurations is its efficiency in 
recording aerial images to generate different cartographic products with high accuracy (James and Robson, 2012;  James 
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et al., 2017; Dinkov, 2018; 2019). These products can be used for preliminary analysis of hazardous natural processes, 
exposure and vulnerability, and disaster impact assessment, especially in the case of the landslide disaster risk research 
and disaster risk management (Garnica-Peña and Alcántara-Ayala, 2021). Large-scale digital topographic models 
obtained from the processing of UAV captured active regions of landslides are used to detect and quantify local 
displacements and deformations of the earth's surface. Accurate and fast landslide mapping can be combined with UAV 
photogrammetry and GNSS measurements (Ahmad et al., 2013; Rossi et al., 2016; Casagli et al., 2017). 

The main goal of this study is to demonstrate the approach of UAVs as an effective solution for the initial mapping of 
landslides and periodic monitoring of the activation of landslide processes. For experimental tests, the region of the 
Botanical Garden of the Bulgarian Academy of Sciences in Sofia was chosen, characterized by slow surface movements. 
The activation of the landslide processes during the time is due to the specific physical-geographic conditions of the 
location. The topographic relief is with steep slopes, and the high groundwater level is recharging from the surface water 
flowing down from the upper slopes of Vitosha Mt, which determine the development of slow slope creep processes. 
Along with geological conditions, the anthropogenic impact contributes to the compound effect, leading to disturbances 
in slope stability and sudden periodical activation of the landslide processes. In 1988, a particular geodetic network was 
established, consisting of poles for forced centring instruments to monitor surface displacements. Since that time, 
accelerated urbanization of the territory around the Botanical Garden has happened, including the Sofia ring road 
construction. As a result, some of the geodetic points are destroyed, and the network configuration is changed 
significantly. Past geological and geodetic research in this area indicated an irregular and locally slope landmass 
movement of about 2.6 mm / yr. The significant horizontal displacements for 1989-2006, which highest recorded values, 
belong to the points situated in front of the administrative building of the Botanical Garden (Tsenkov et al., 2006). 

The conducted experiments have two main goals: first, to evaluate the UAV systems' qualities and establish the presence 
of movements in the studied landslide. In particular, we try to identify the geodetic pillars belonging to the geodetic 
network established in 1988 with forced centring instruments (pillars) in the precise point clouds generated during the 
processing of images using photogrammetric software Pix4D. High-resolution and accurate Digital surface models (DSM) 
and Digital elevation models (DEM) containing micro-topographic elements of the earth's surface are produced. In 
addition, the accuracy and precision of ground-based control points (GCPs), which locations have an essential impact on 
the final UAV products (Sanz-Ablanedo et al., 2018), have been evaluated to determine the limits within which possible 
movements from measurements in different epochs can be determined using GNSS and UAV. During one of the UAV 
campaigns, GNSS measurements of some pillars are also carried out to determine the actual coordinates in the new 
measuring epoch. The second test analysis concerns evaluating the exact identification of the GCPs in the generated 
digital orthophoto maps and their 2D accuracy assessment. Based on a comparative analysis of both types of data, the 
next step of the future analysis will be to identify the local stable and deformed areas from the whole observational period. 
A qualitative and quantitative evaluation of the factors that impact the geospatial data accuracy, such as the geodetic 
coordinates of the geodetic control pillars, cloud points, digital surface model and orthophoto images, is also provided. 

In particular, a comparative analysis of the performance of different UAV configurations using a pixel-based classification 
approach was made to understand how the spatial resolution and the type of sensor can deliver precise information for 
surface deformation mapping on a landslide area. The observational period covers October 2019 – to June 2020. The 
accuracy assessment of the UAV digital products was carried out by comparing the elevations of surveyed points of the 
local geodynamical network. GNSS measurements of the geodetic control pillars have been performed since 2003 at 
various time intervals, the last ones being from 2020. This study calculates the pillars' coordinates from the point cloud 
when processing UAV campaign test measurements. Some conclusions were made about the applicability of the UAV 
method with different device configurations in the case of this low-active landslide area. Furthermore, identification of 
locally stable areas or small surface changes between the measurement epochs was carried out. Finally, a qualitative and 
quantitative evaluation of factors that impact the geospatial data accuracy of the geodetic control pillars, cloud points, 
digital models and orthophoto images is also provided. 

MATERIAL AND METHOD 

Study Site 

The active landslide processes in the region Botanical Garden of the Bulgarian Academy of Sciences in Sofia have been 
studied since the early 90-es in the last century. The Garden is located at the foot of Vitosha Mountain between the 
districts Dragalevtsi and Boyana of Sofia, nearby the Kinotsentara locality. The territory is covered with various land 
cover types - mowed green areas, unpowered grass with shrubs, wooded areas, asphalt-paved alleys and buildings. The 
study area covers ~16 ha. It is characterized by diverse terrain with a slope of approximately 13%, with the highest point 
of 722 m a.m.s.l. and the lowest point of 695 m a.m.s.l. The test area is located on the outskirts of Sofia and is a suburban 
park (Figure 1), with a variety of land cover (mowed green areas, unsupported bushes, wooded areas, alleys and 
buildings). 
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Figure 1. Location of the study site 

UAV Configuration 

Platforms and Payloads 

The test flights were performed with user class UAV: DJI Phantom 4 Pro (P4P), DJI Mavic Pro and Autel EVO II. 

• The P4P is equipped with a DJI FC6310 camera with a nominal focal length of 8.8 mm and a 1" CMOS 20-
megapixel sensor with a 2.41 x 2.41 µm nominal pixel size. The DJI FC6310 creates an image of 5472 x 3648 
pixels, corresponding to 13.2 x 8.8 mm. 

• The Mavic Pro is equipped with a DJI FC220 camera with a nominal focal length of 4.7 mm and a 1/2.3" 
(CMOS) sensor with 12.35 effective megapixels. The DJI FC220 creates an image of 4000 x 3000 pixels  

• The Autel EVO II is equipped with an XT701 Autel camera with a nominal focal length of 4.7 mm and a 1/2" 
CMOS sensor with a maximum resolution of 48MP. Resolution photos 4000*3000 (4:3) pixels were taken for 
the specific study. 

Ground Control and Validation points 

For assessment of the accuracy were used 10 ground control points (GCP) and 13 (7 pillars) validation points (VP) - 
Figure 2. All control points are marked on the ground with permanent signs using two perpendicular shoulders 100/20 
cm – Figure 2(b). The control points are always located in the inner corner of the marked sign. The validation points are 
in two categories: first, validation points on forced centring pillars (Figure 2c) and second, validation points are marked 
on the ground (Figure 2d). The coordinates of the marked points were obtained by the GNSS RTK method (Dinkov, 2019) 
with the geodetic two-frequency receiver Kolida – К5 PLUS and RTK solution with the 1YOCTO network 
(https://1yocto.bg/). For a fixed solution, the declared accuracy of 1YOCTO is up to 3.5 cm. 

Acquisition of Photogrammetric Data and Processing 

Flight missions were planned using the UgCS Desktop application and were performed with UgCS for DJI. The UgCS 
Photogrammetry Tool (https://www.ugcs.com/) allows flight planning at constant altitudes over mapped terrain (AGL). 
This feature ensures preset image overlap and consistent GSD (Ground Sample Distance). UgCS uses SRTM data (or 
Shuttle Radar Topography Mission), but there is an option to enter a more accurate DEM. The flight missions are designed 
with 80% forward overlap and 70% side overlap of the images. 
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The aerial surveys were carried out in different periods: October 2019, February, March and July 2020 presented in Table 
1. GCPs stabilized in the test area were used to evaluate the digital products, as well as additional validation points, were 
placed during the shooting. For conventional methods using GCP and a built-in GPS solution, we used a built-in single 
GPS solution to acquire the coordinates of the images. 

a) 

 

b) 

 

 

 
c)  

 

 

 

d)  

Figure 2. Test area (a) with Ground Control and Validation Points (b-d)  

Georeferenced images were processed with Pix4D Mapper software (https://www.pix4d.com/). The software uses the 
SfM algorithm to generate 3D cloud points, DSM and orthophoto mosaics in the study area. The procedure consists of 
three main steps: (i) Initial processing, (ii) Generating a cloud of points, and (iii) Generating DSM and orthophoto mosaic. 
After the initial processing, all validation points (Checkpoints) were entered to calculate the accuracy. The following 
steps include the generation of a solid cloud of points, orthophoto mosaics and DSM. 

The evaluation of point cloud accuracy was performed using 13 (7 pillars) validation points (VPs) (which were not used 
in the cloud generation) by computing the differences between the coordinates of the checkpoints in the 3D cloud and 
those measured in the field by GNSS. Mean values and the root mean square error (RMSE) of the differences were 
computed for each flight to detect systematic shifts and block deformations.  

The positions of the validation points were determined directly on the point clouds. The GCPs and VPs were marked in 
the Pix4D using the built-in RayCloud 3D Editor. Export the vectorized validation points in .shp format and it is used for 
subsequent analyses. The coordinates of the validation points (in the PPK configuration, the ground control points are 
used as validating) were compared to the coordinates in the outputs by evaluation of the root mean square errors: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑥𝑥 = �∑ ∆𝑥𝑥𝑖𝑖2𝑛𝑛
𝑖𝑖=1
𝑛𝑛

       
(1) 

 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑦𝑦 = �∑ ∆𝑦𝑦𝑖𝑖2𝑛𝑛
𝑖𝑖=1
𝑛𝑛

       
(2) 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑧𝑧 = �∑ ∆𝑧𝑧𝑖𝑖2𝑛𝑛
𝑖𝑖=1
𝑛𝑛

       
(3) 

where ∆xi, ∆yi and ∆zi are the differences between reference coordinates and the coordinates determined from the remote 
sensing data and n is the number of points in the set. The RMSEx and RMSEy errors were used for the calculation of the 
root mean square horizontal error RMSExy as follows: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑥𝑥𝑦𝑦 = �𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑥𝑥2 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑦𝑦2        
(4) 
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The RMSExy is one of the most common horizontal accuracy criteria for sets of points and was used as the primary 
measure to compare data between the test sites and between various configurations of GCPs/VPs. 

GNSS measurements 

A new GNSS campaign was carried out in March 2020. Together with the previous measurements, they provide a 
possibility for a qualitatively new evaluation of the studied landslide processes in the region of the Botanical Garden. 
Two sets of measuring systems providing the necessary accuracy with a predicted stay of a point of 30 minutes have been 
used during the field measurement. GPS measurements were carried out for the 8 points of the network. The equipment 
used for measurements consists of GNSS receivers KOLIDA tracking the signals of GPS, GLONASS and Galileo 
navigation systems. According to the product description, the accuracy of horizontal and vertical coordinates are 
respectively ±2.5 mm +0.5 ppm RMS and ±5 mm + 0.5 ppm RMS. Another GNSS receiver used in the field campaign 
was EMLID Reach M+ tracking the signals of GPS/QZSS L1, GLONASS G1, BeiDou B1, and Galileo E1 with the 
product description of accuracy -  static measurements with horizontal 5 mm + 1 ppm RMS and vertical 10 mm + 2 ppm 
RMS. All GNSS measurements are performed in static mode with a registration rate of 5 sec and an elevation mask of 
100. The field campaign was carried out according to the previous scheme of baselines, which cover the area of the 
Botanical Garden and are preserved by the established geodetic network. The closest permanent stations from the 
infrastructural GNSS networks of the private companies 1Yocto Ltd. are used as reference sites. The GNSS data are 
processing and comparison with those of measurements in previous campaigns, the last of which was in 2006. 

RESULTS AND DISCUSSION 

The SfM-MVS image processing is performed in the Pix4Dmapper environment, obtaining the initial parameters of digital 
products presented in Table 1. 

Table 1: Multitemporal UAV surveys performed in the test area of the Botanical Garden, Sofia 

N UAV configuration Date Flying 
altitude 

Number 
of GCPs 

Average 
GSD [cm] Camera mean RMSE 

[m] 

1 DJI Pantom 4 Pro 10.2019 75 m 10 2.08 FC6310 0.016 

2 DJI Mavic Pro 10.2019 45 m 10 1.47 FC220 0.012 

4 DJI Pantom 4 Pro 03.2020 65 m 10 1.69 FC6310 0.019 

5 Autel EVO II 07.2020 60 m 9 2.28 XT701 0.021 

Estimation of the internal accuracy of the model using validation points in Pix4Dmapper 

Evaluating the accuracy of the validation points in the Pix4Dmapper software can be considered one of the earliest 
evaluations of accuracy during photogrammetric processing. The accuracy assessment was performed using 13 validation 
points (VP) (Figure 3). In different flight configurations, validation points are not used in model georeferencing. The 
RMSE of the differences is calculated for each flight to detect systematic shifts. The positions of the validation points are 
determined directly in the 3D point cloud in Pix4D using the built-in RayCloud 3D Editor. The results are presented as 
histograms (Figure 4) of the differences (dx, dy, dz) between the spatial coordinates of the validation points read in the 
three-dimensional cloud clouds and they are precisely measured with GNSS equipment coordinates. 

a)  b)  
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c)  d) 

Figure 3: Orthophoto mosaic of the different configurations:a) Mavic - 2019 ; b) P4P Pro - 2019; c) Autel – 2020;       
d) P4P Pro-03.2020  

Spatial errors in the position (dx, dy, dz) of the validation points (ground and control points) using the Phantom 4Pro,  
Mavic Pro and Autel EVO configurations are presented respectively in Figures 4 and 5. 

a)  b)  

RMSЕxy = 0,051 m , RMSЕz = 0,038 m RMSЕxy = 0,022 m, RMSЕz = 0,086 m 
c)  d) 

RMSЕxy = 0.042 m , RMSЕz = 0.080 RMSЕxy = 0.034, RMSЕz = 0.16 

Figure 4: Spatial errors in the validation points positions (ground and control pilar points) by UAS configuration 
Phantom 4Pro and Mavic Pro used in 2019 

 
a)   b) 
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c)  d)   

RMSЕxy = 0,050 m , RMSЕz = 0,069 m RMSЕxy = 0,039 m, RMSЕz = 0,084 m 

Figure 5: Spatial errors in the validation points positions (ground and control pilar points) by two UAS configurations: 
Phantom 4Pro and Autel EVO II for the March 2020 surveying  

Application of UAV-method 

In the present study, the applicability of the UAV-SfM method for accurate reading of spatial coordinates of control 
(validation) points in the process of monitoring landslide areas was tested. Two types of validation points (ground points 
and geodetic poles for forced centring) were selected to assess the point cloud's accuracy, depending on its structure. The 
geodetic poles are part of the monitoring network established in 1988. Such control pillars are placed for monitoring 
landslides and other disturbed terrains and are used for accurate measurements and analysis of the movements of the 
upper layers of the earth's surface. High-precision measurements (angles-lengths, levelling, gravimetric and GNSS) are 
performed, and the data are processed by specialized technology to determine the coordinates of the points accurately, 
respectively the displacement of the studied points (Tsenkov et al., 2006). The test site includes pillars № 8, 9, 10, 15, 16, 
17, and 18 of the geodetic monitoring network (respectively numbered as follows VP 4008, 4009, 4010, 4015, 4016, 
4017, 4018, see Figure 2). In the present study, planimetric and height accuracy commensurate (equal) with precise 
geodetic measurements is not intended to be achieved. Instead, the idea is to study the possibility of detecting deviations 
in the location of the studied points, which will draw attention to further high-precision research in the test landslide area 
of the Botanical Garden. Furthermore, this hypothesis can be applied to complex and hard-to-reach areas, where 
monitoring may involve high financial costs and much time. 

From the histograms of the planimetric and height errors for the validation points, shown in Figures 4 and 5, it is seen 
that the planimetric errors (dx, dy) for the ground control points are higher than the planimetric errors reported in the 
geodetic pillars. This result can be explained by the more precise marks used for the pillars than permanent ground marks. 
The opposite trend is observed for height errors (dz). Forced centring poles have significantly higher errors than ground-
level validation points. Here, the quality of the generated dense cloud points from the photogrammetric processing of the 
captured images already has a significant influence. In turn, the quality of the three-dimensional point clouds strongly 
depends on the quality of the UAV optical system and the spatial accuracy of the cloud points - on the methodology for 
georeferencing the spatial model. Therefore, choosing a suitable drone configuration with a high-resolution camera is an 
option for further, more precise measurements and analyses. The following inference can be drawn from the conducted 
experiments. If we assume that 0.05-0.10 m is the limit for changing the planimetric location of the studied point, then 
the UAV-SfM method for accurate reading of spatial coordinates is an alternative and cost-effective solution for 
monitoring control points for large areas that are poorly accessible or require re-examination. 

CONCLUSION 

Metric surveys of landslide areas that are active and present a problem of safe access require planning of measurements, 
including the choice of technique/methodology and its proper application in compliance with the requirements for 
accuracy. Modern methodologies make it possible to use different techniques for studying landslides by combining, 
supplementing and overcoming possible operational shortcomings of individual techniques (Casagli et al., 2017; Zaragoza 
et al., 2017). Researches in Bulgaria on landslide areas using modern technologies such as GNSS, DInSAR, UAV, 
inclinometer measurements, and others are at an early stage of development. Several test studies are performed to find an 
appropriate combination of methods and software programs for joint analysis and interpretation to ensure normative 
accuracy in establishing real deformations of the earth's surface in areas with varying landslide activity (see, e.g., Ilieva 
et al., 2018; Atanasova et al., 2021; Pashova et al., 2021). 

In this study, we tested the ability of budget uncrewed aerial vehicles in different configurations and the applicability of 
the SfM-MVS photogrammetric method for accurate determination of spatial coordinates of control (validation) points in 
the process of monitoring landslides. The test area is a landslide zone with a minimum annual spatial displacement. The 
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test study demonstrates the UAV remote sensing as a practical, fast and low-cost approach that could complement the 
terrestrial geodetic techniques in areas where it is sometimes difficult or impossible to perform the direct geodetic 
measurements. The reported results showed two strong dependencies: 1) The quality of the optical sensors and 2) the 
Configuration and location of the GCP, which achieves accurate georeferencing of 3D point clouds. More significant 
fluctuations were discovered in the reported values for cameras with rolling shouter (Mavic Pro, Autel EVO II) than for 
cameras with global shouter (Phantom 4 Pro). But the planimetric errors (dx, dy) do not exceed 0.08 m for both camera 
models in all UAV surveying campaigns. In the case of elevation errors (dz), significant deviations are already observed 
in the reports of validation points - geodetic pillars: in the Mavic Pro configuration, it is dzmax = -0.358 m, and in the 
Phantom 4 Pro configuration- dzmax = -0.210 m; in the Autel EVO configuration - dzmax = 0.156 m. An essential factor 
to note here is the steep longitudinal slope of the test site, namely the Botanical Garden as well as the fact that these 
maximum values of RMSE are reported on a geodetic pillar on the roof of a building (VP 4010). VP 4010 is a pillar with 
a height of 8 m above the surrounding terrain, and the georeference of the entire three-dimensional point cloud is obtained 
with ground control points. The future research aims at evaluating the application of PPK / RTK - direct georeference of 
UAV images (Dinkov, 2019; 2021; Dinkov and Kitev, 2020); thus eliminating the influence of the number and 
configuration of ground control points for accurate georeferencing of the three-dimensional cloud point. High-precision 
GNSS measurements are also planned; they will be analyzed together with the collected data and information on the test 
study area of the Botanical Garden in order to determine the changes from the first studies in the 90s to the present day.   
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Abstract 
 Laser scanning systems have become one of the most powerful tools for measuring and modeling the earth's surface. 
With the advent of high-performance Lidar remote sensing technology, it was possible to extract information and 
parameters related to the vertical structure of features, especially trees, which was not possible with passive remote 
sensing such as optical satellite images. Point clouds obtained from airborne laser scanning (ALS) provide detailed 
information about the geometric and physical properties of the features in a vertical distribution. In the field of forestry, 
the Lidar measurements of the forested areas can provide high-quality data on three-dimensional characterizations of 
forest and canopy structures. In this study, a Zenmuse-l1 Lidar sensor that is a middle-price and new discrete return 
sensor manufactured by DJI Technology company were used to generate DEM, DTM, canopy height model, and finally 
tree’s height to show the ability of these data in forestry in the north of Hungary. This paper compares two counting and 
volume estimation techniques for trees generated by Envi Lidar 5.6 and Global Mapper 23.0 and illustrates the 
relationship between their height and the diameter at breast height (DBH) that was measured in the field. In this study, 
we experimentally demonstrated how Lidar-based methods can be applied across a gradient of vegetation and topography 
to map forests and how to calculate volumetric parameters for precision forest management. 

Keywords: Light Detection and Ranging (Lidar), Remote sensing, Tree canopy segmentation, Airborne Laser Scanning 
(ALS), Hungary, Precision forestry 

INTRODUCTION 

With the advent of remote sensing, humans are observing and understanding the world and the environment in a 
completely new way. Aerial and satellite imagery have helped the process of modeling, mapping, and understanding the 
earth’s surface greatly. Although this technology has improved many aspects of the environment, the information is only 
presented in a two-dimensional or horizontal space (Mitchum 2018). Since the advent of Light Detection and Ranging 
(Lidar) sensors and their integration with aerial or satellite platforms, they provide enriched information with the inclusion 
of 3D data processing and feature extraction in urban or forested areas (Ussyshkin and Theriault 2011). Light detection 
and ranging (Lidar) is an active remote sensing technology that transmits and receives backscattered light to create an 
image of the Earth's surface and can offer a cost-effective alternative to traditional field-based and two-dimensional 
remote sensing methods (Mitchum 2018).  

An extremely time-consuming and costly aspect of timber management is the field measurement of trees. Trees are 
typically measured for multiple parameters and the results are extrapolated to the entire harvest area. To determine how 
much wood is available, and when it is appropriate to harvest, trees must be measured. Using high-resolution, small-
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footprint Lidar, tree height, crown width, and crown depth have been measured. These measurements can be used to 
estimate the standing volume of timber for each individual tree, or at the stand level with larger footprint Lidars(Carter, 
Schmid, et al. 2012).  

The Lidar acquisition process is based on the emission and reception of laser pulses. The time of flight of the light emitted 
provides a measure of the distance between the Lidar system (which includes the transmitter, receiver, and detector 
systems) and the target. For an airborne Lidar system, the sensor position and the viewing angle are estimated through 
the coupling of a DGPS system with an inertial system that estimates the XYZ coordinates of the camera (Puech, Durrieu 
et al. 2012). By using Lidar remote sensing technology, various forestry activities can be carried out quickly and 
efficiently. Light pulses can be reflected from different levels of vegetation canopy while generating Lidar data sets for 
forested areas, including from the top of the canopy (first return), intermediate surfaces (second and following returns), 
and the ground surface (last return). Using the first and second returns, it is possible to estimate the tree’s features includes 
crown width, diameter, volume, and height (Akay, Oğuz et al. 2009). 

There are several applications of Remote Sensing and Lidar in the field of forestry. Identification of species using 
vegetation indices by hyperspectral images (Dmitriev, Kozlovsky et al. 2022). The Canadian Forestry Service reported 
the experience of using airborne Lidar for vegetation mapping, which demonstrated the effectiveness of profiling airborne 
Lidar for estimating forest canopy height and density, as well as the elevation beneath the forest canopy (Aldred and 
Bonnor 1985, Ussyshkin and Theriault 2011). Lidar measurements of vegetation canopy can be used to characterize its 
vertical structure and derive a variety of physical attributes suitable for research, environmental studies, and natural 
resources management programs (Nelson, Krabill et al. 1984, Dubayah and Drake 2000, Roberts, Dean et al. 2005, Hudak, 
Evans et al. 2009). Forests are three-dimensional systems, so Lidar point clouds can provide information such as tree 
heights and the location of individual tree tops. Analyzing and monitoring tree parameters is vital to understanding forest 
health, photosynthetic activity, and carbon cycle processes(Khosravipour, Skidmore et al. 2015, Mitchum 2018). Figure 
1 illustrates how Lidar data can be classified based on three types of forestry applications. 

 

Figure 1. Illustration of Lidar Forestry Application (Dong and Chen 2017) 

It may be possible to categorize airborne Lidar systems as discrete or as full waveforms, depending upon how the data is 
sampled. Full waveform systems record all of the reflected energy from a return, so they include a record of all vertical 
distribution information, including height. Discrete return systems, on the other hand, allow multiple returns or just one 
return to be recorded per pulse.(Mitchum 2018). Figure 2 demonstrates the differences between full waveform and 
discrete return Lidar collection. 
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Figure 2. An illustration of discrete return and full-waveform Lidar data (Lefsky, Cohen et al. 2002). 

In general, airborne discrete return systems are used for forest inventory, and the wavelength is typically 1.064 μm 
 (Evans, Hudak et al. 2009, Van Leeuwen and Nieuwenhuis 2010, Mitchum 2018). These wavelengths are used because 
they are capable of penetrating the atmosphere and vegetation reflects strongly in these wavelengths (Mitchum 2018). In 
areas where airborne Lidar was compared to plot level and/or individual tree biophysical characteristics, the regression 
models showed promising results with good R2 and RMSE (root mean squared error) values (Næsset 2014). However, 
the coarse resolution of the vertical measurements of conventional Lidar sensors has often made them ineffective for 
some 3D mapping applications, such as analyzing vegetation canopy coverage; several studies have shown that discrete 
airborne Lidar combined with field observations can provide reasonably accurate terrain models for forestry and natural 
resource management purposes and is demonstrated that advanced discrete return sensors with enhanced 3D mapping 
capabilities can produce data of high quality that can depict complex vegetation structures in some aspects similar to the 
content of full-waveform data (Ussyshkin and Theriault 2011).  

Forests are three-dimensional systems, so Lidar point clouds can provide information such as tree heights and the location 
of individual tree tops. Analyzing and monitoring tree parameters is vital to understanding forest health, photosynthetic 
activity, and carbon cycle processes.  

When estimating tree height, manual measurement and satellite remote sensing are not sufficient to meet the needs of 
forestry departments for monitoring products such as thematic maps of tree height. Traditionally, tree heights are 
measured using the ground measurement method with a laser range finder and other measuring devices, allowing for 
higher accuracy in tree height measurements, but requiring considerable manpower and material resources. 

MATERIALS AND METHODS 

In the context of this paper, we focus on the diameter at breast height (DBH) estimation of trees (stem diameter at 1.3 m 
height) using a discrete Lidar System (Zenmuse-l1 Lidar sensor). We collected data using a DJI Matrice 300 RTK using 
a DJI Pilot 2 application that is preinstalled to DJI Smart Controller Enterprise. DJI Matrice 300 RTK enterprise drone 
have a maximum flight time of 30 min, a maximum speed >70 km h−1, a pilot-controlled range of >5 km, and are 
equipped with a 20 MP camera with high definition 4 K/60 fps video capacity.  

It has been suggested that DTM accuracy has been improved by collecting data during leaf-off conditions, so pulses can 
reach the ground and be intercepted only by tree branches (Gatziolis, Fried et al. 2010). In our study, Lidar data was 
acquired on March 21, 2022. The field trip took place simultaneously with the data acquisition. The cloud has a total of 
about 148 million points, indicating that it is a high point density, as well as a mid-range Lidar sensor. Table 1 below 
illustrates the characteristics of this researh Lidar system. 
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Table 1. Characteristics of the Lidar dataset  

Product Name Zenmuse L1 

Supported Aircraft Matrice 300 RTK 

Date March,21,2022 

Lidar Sample rate 240 kHz 

Footprint  10cm 

Flying altitudes 100 m 

point cloud density 1086 p/m2 

 

Research region 

The research was performed in Jánossomorja forest located in north-western Hungary. The forest is situated near Győr. 
It is mainly surrounded by dense forest area. The whole study area is 4.5 hectares and it extends geographically from 
47°44ʹ06.85ʺN;17°11ʹ46.99ʺE to 47°43ʹ54.42ʺ; 17°11ʹ50.37ʺ while the Coordinate Reference System (CRS) is WGS84. 
It is a young forest with large deciduous, broad-leaved trees that are between 6 and 18 years old. Dominant forest species 
included  Acer pseudoplatanus, Acer platanoides, Fraxinus excelsior and etc. Its altitude varies between 153 and 158 m 
which means this forest is located in flat area. Figure 3 shows the geographical location of the study area on the map. 

  

Figure 3. Location of the study area in the north-western part of Hungary 

Research methods 

The research described here was undertaken with two primary objectives in mind. The first step is to extract tree 
parameters, such as height and canopy, using Envi Lidar 5.6 and Global Mapper 23.0. Secondly, the comparison of 
diameter at breast height (DBH) from the field trip to measurements generated by Lidar and determining their correlation 
between each other. This information will then be used to develop a model that predicts DBH using tree height 
measurements derived by Lidar. On the field trip, we measured the diameter of the trees. DBH was measured using tree 
diameter type. The area was divided into four compartments and measurements were taken randomly.To determine the 
positions of points on the perimeter of the study area, a Leica GS07 GNSS Real-Time Kinematic (RTK) with centimeter 
accuracy was used. 
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Figure 4. An illustration of the field trip and the use of GPS with RTK  

Also, we computed the CHM(Canopy HEIGHT Model), which was derived from the subtraction of the DSM from the 
DTM. Lidar DSM and DTM generated respectively of the first returns, and of points classified as ground. CHM provides 
a information of the topmost area of forest canopy. Using CHM, tree locations and heights can be derived. In addition to 
Crown diameter, which is correlated with trunk diameter, complements height information and can significantly improve 
statistical models for predicting above ground biomass and volume of timber (Puech, Durrieu et al. 2012). Figure 5 shows 
the DEM and DSM obtained by EnviLidar 5.6 and CHM derived from the difference between these two rasters in QGIS 
3.22.0 using raster calculator function. As shown in the figure, the southern part of the study area is occupied by tall trees. 
As indicated by the figure, the highest canopy is around 23.3 meters. 

     a)                     b) 

c) 

Figure 5. Illustration of a) Digital elevation model, b) digital surface model and c) canopy height model of study area 
obtained by Envi Lidar 
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RESULT 

Result of automatic classification in ENVI Lidar 5.6 and Global Mapper 23.0 is shown in Figures 6 to 9 . The graph below 
shows tree height changes according to DBH. ENVI Lidar and Global Mapper were used to create the DTM, DSM, and 
a point shapefile containing tree position and estimated height (x,y,z). ENVI Lidar determines the points that represent 
the last returns and create the DTM from these ground points. The methods in which the software calculates the DTM 
and DSM are not provided by the vendor, but is described as a combination of “crawling” and “sensitivity” algorithims 
according to online documentation (Mitchum, 2018). 

   a)               b) 

          Figure 6.Illustration of the number of trees that generated by a)Envi Lidat b)Global Mapper 

 

 

Figure 7. Correlation of the tree’s height(m) derived from Envi Lidar and DBH(cm) 
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 Figure 8. Correlation of the tree’s height(m) derived from Global Mapper 23.0 and DBH(cm) 

 

 
Figure 9. Correlation between the height of trees from Global Mapper and EnviLidar 

CONCLUSION 

On the given metrics, this study has two main outcomes. Firstly, UAV laser scanners point clouds can provide data from 
both the terrain and features under a forest canopy and it is a useful data source for this type of research. A dense point 
cloud can also be more cost-effective than terrestrial or traditional human methods. Secondly, Point cloud processing for 
laser scanning has been presented. The comparison criteria between Envi Lidar and Global Mapper involves how the 
results of point cloud processing can be applied to the forestry project.  The main advantage of these two software 
packages is their good and flexible integration with GIS. Using Global Mapper with the same settings as Envi Lidar (i.e., 
minimum height trees of 2 meters) with Automatic classification shows that Global Mapper counts more trees with more 
accurate details than Envi Lidar, thus we recommend Global Mapper as a first priority specially when it comes to assessing 
young forests. Using Envi Lidar software, we can quickly classify, extract the footprints of buildings, DEM, DSM, power 
lines, and vegetation but there is little or no post-processing involved, which makes this software extremely useful for 
visualizing data. While the automatic classification qualitative and quantitative is facing challenges, we suggest that it 
should used as a first stage of a project to gain an overview of the area of interest subsequently using different algorithms 
depending on the forest conditions to achieve the most accurate results. Finally, Regarding to this research, it is worth 
mentioning that for the first stage of the field trip, we were able to measure the small number of the DBH of trees in a 
way that allowed us to assess the usefulness of these programs for estimating tree height, however, the goal of this research 
is to use more measurements by different methods of data collection and to extract tree features using different algorithms, 
and also to compare performances of Lidar data collected at different times of the year. 
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Abstract 
Methods and technologies of geoinformatics, Open Data and Open Source software are used in scientific organizations 
worldwide. One of the Open Source’s forms to represent scientific projects to a wide audience of thematic users via web 
browsers is a web geographic information system (web-gis). Two web-gis projects are available on the official IEPT 
RAS website at the Maps and Databases section (https://www.itpz-ran.ru/en/results/maps-and-databases/). The page of 
interactive geoinformation projects shows the spatial results of global test for the real-time prediction of the world’s 
strongest earthquakes, M8 test and morphostructural zonation and earthquake-prone areas. An ongoing 
morphostructural zonation project presents the earthquake-prone areas (seisogenic nodes) of possible strong 
earthquakes for Italian region and Caspian and Black Seas. The paper describes the actual state of web-gis IEPT RAS 
projects, their content and database organization in QGIS Desktop and then publication on the QGIS Server with future 
extension plans.  

Keywords: Web-gis, Open Source software, QGIS Desktop, QGIS Server, QGIS plugins, M8 algorithm, seismogenic 
nodes. 

INTRODUCTION 

There are different ways to summarize and to present the activities and geographical projects of  an institution with the 
help of commercial and Open Source software [Maurya et al., 2015]. Modern web-gis nowdays includes proprietary and 
Open Source solutions and in fact could be a mix of both software types. Open Source nowdays is being implemented 
in the industry and academia, one of the examples of recent years is given in the paper [Podolskaia, 2021]. 

One of the Open Source’s forms is a web geographic information system (web gis) to represent the spatial data of 
scientific projects to a wide audience of thematic users via web browsers [Advances in Web-based GIS ..., 2011; 
Mandrugin, Archipenko, 2011]. Research web-gis projects have some common features for the web and certain 
specificities for the scientific part, one of the examples could be the Electronic Earth Project described in the paper 
[Afanasiev et al., 2010]. Analytical Internet project with the database of seismic traces is described in the works 
published by the Institute of Computational Mathematics and Mathematical Geophysics and Institute of Informatics 
Systems of SB RAS [Braginskaya, Grigoryuk, 2012; Braginskaya et al., 2021; Zagorulko, 2014]. Some experience was 
discussed in the  recent paper on the web-gis development to present the earthquakes data [Brudko, 2021]. 
 
Available functions of an Open Source GIS could be extended with the help of plugins collected and updated by their 
developers at https://plugins.qgis.org/. Some plugins are known in seismological domain. for example QQuake, a QGIS 
Plugin for Loading Seismological Data From Web Services [Locati  et al., 2021], aimed in particular to the 
seismological data direct access. 
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The web-gis project allows internal and external users be familiar with the content of the Institute of Earthquake 
Prediction Theory and Mathematical Geophysics RAS (IEPT RAS)  projects in the absence of special (geoinformation) 
software installed on the user's computer. The only limitation of the work is the access level to the GIS-project, which is 
provided and maintained by the administrator of the Institute's website. Web-gis projects are available on the official 
Institute’s website in the section of Maps and Databases (https://www.itpz-ran.ru/en/results/maps-and-databases/) 

which is in the main menue ‘Results’. The web GIS application is available subject to an internet connection. The 
application can be used both by users working from computers, phones and tablets of the Institute running Windows 
OS, and by external users without limiting geographical coverage.  

We have analysed several plugins of QGIS providing a publishing services in the cloud (https://plugins.qgis.org/), and 
decided to install and to use our own QGIS Server due to the value of Institute’s data. Advantages of this local 
installation is that we can monitor the databases and GIS-projects ourselves thanks to the technical support group. 

This paper focuses on two ongoing IEPT QGIS-based projects: ‘Global test for real-time prediction of the world’s 
strongest earthquakes’ and ‘Morphostructural zonation and earthquake-prone areas’, main features of these web-gis 
projects, previously covered at the poster session of Institute’s conference in 2021 [Podolskaia et al., 2021]. ‘The 
Aftershocks hazard assessment system’ (AFCAST) project, also available on the IEPT website, was developed based on 
the Google map system. Paper [Baranov, Shebalin, 2019] presents AFCAST detailed description, including the 
algorithms used to predict strong aftershocks. 

EXPERT FORECAST OF THE WORLD STRONGEST EARTHQUAKES  

The web-gis peoject demonstrates the results of the intermediate-term middle-range earthquake prediction method, 
called briefly the M8 algorithm [Ismail-Zadeh and Kossobokov, 2021], M8 was designed by retroactive analysis of 
dynamics in seismicity preceding the great, magnitude 8.0+, earthquakes worldwide, hence its name. The exact 
definitions and computer code of the M8 algorithm can be found in the following papers [Keilis-Borok, Kossobokov 
,1990; Healy et al. ,1992; Kossobokov, 1997]. The Global test web-gis section covers results over the time period from 
1985 to the present and consists on two QGIS Desktop projects: “Common Access 2000-2014” and “Special Access 
2015 and later” and a set of  of archived maps for 1985-1999 period  grouped as JPEG files. 

Access to the Institute's data is organized by user groups and is divided depending on the data relevance. QGIS-Desktop 
projects containing general geographic layers (graticuls and coastline from Natural Earth datasets at 
https://www.naturalearthdata.com/, and seismic mask as raster prepared by the Institute) and thematic Institute’s data 
(thematical geodatabases) are published in the web-gis form. The web gis application opens in the user's browser by 
clicking on the link (https://www.itpz-ran.ru/en/results/maps-and-databases/). Published Desktop QGIS-project is a set 
of vector and raster layers, accompanied by a set of basic functions (widgets) for viewing, moving around the map, 
zooming, and basic calculating. Data on the Global M8-MSc Intermediate-Term Predictions 2000-2014 of the world 
strongest earthquakes M 7.5 and M 8.0 are accessible via the link (https://www.itpz-ran.ru/en/results/maps-and-
databases/global-test-for-real-time-prediction-of-the-worlds-strongest-earthquakes/earthquakes-data-m-8_0-7_5-2000-
2014/), interface for M 7.5 is shown on the Fig. 1; screenshots of layers set are on the Fig. 2. 
 

                     

                 Figure 1. Screenshot interface of  ‘Global M8-MSc Intermediate-Term Predictions’  2000-2014 of the world 
strongest earthquakes M 7.5 
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Figure 2. Common layers set  for all sub-projects  ‘Global M8-MSc Intermediate-Term Predictions’ of M 8.0 for 2000-

2014 (Common Access) 

MORPHOSTRUCTURAL ZONATION AND EARTHQUAKE-PRONE AREAS 

“Morphostructural zonation and earthquake-prone areas”  project summarizes the results on the recognition of places of 
strong earthquakes’ possible occurrence within Italian region [Gorshkov et al., 2002] and territory of Caspian and Black 
Seas [Novikova, Gorshkov, 2018]. The studies [Gorshkov et al., 2002, 2003, 2004, 2009] have shown that strong 
earthquakes confined to the intersections of tectonically active fault zones - morphostructural nodes, the location of 
which determined by the method of morphostructural zoning. The pattern recognition algorithms perform nodes’ 
classification on seismic hazard degree. Earth prone nodes and Lineaments by rank are grouped in QGIS Desktop 
project and published in web gis for Italy (https://www.itpz-ran.ru/en/results/maps-and-
databases/lineaments_italyregion/) and for Caspian-Back Seas (https://www.itpz-ran.ru/en/results/maps-and-
databases/lineaments-black-sea-caspian-region/). Projects’s interfaces are shown on the Fig. 3-4. 

 

 
 

Figure 3. Screenshot interface of Italian region: Morphostructural zonation and earthquake-prone areas 
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Figure 4. Screenshot interface of Black and Caspian Seas: Morphostructural zonation and earthquake-prone areas 

Technologically these two projects are linked to the geodatabases, QGIS Desctop projects have metadata and a list of 
key words. User's Guide of the web gis application is aimed to help users (employees and visitors of the Institute's 
website) who want to get acquainted with earthquake data. The document is written in Russian, names of the 
Application layers are given in English. The working languages of web-gis are Russian and English.  

GEODATABASES 

SpatiaLite format (https://www.gaia-gis.it/fossil/libspatialite/index) has been choisen as a technical format in order to 
move from the shp-files hystorically being archived and maintained at the Institute. By using SpatiaLite we can store 
the collections of layers (lines, points, polygons) and data tables as well. 

SpatiaLite suits needs of Institute’s web-gis from a number of technical and user experience’s points of view. Firstly, it 
allows multiuser editing which is very convenient for working in research group when its members are geographically 
distributed. Secondly, we have a flexibility to choise a proprietary or Open Source GIS software any time having the 
datasets in SpatiaLite-one-file format of unlimited size. And thirdly, there is no need in the installation and 
configuration on the administrative side, database administration is performed by GIS-specialist. 
 

Metadata and key words of QGIS Desktop projects 

Metadata are being filled in by the QGIS project administrator (GIS-specialist) when a projects is about to be published.  
They contain basic information like title (name of the project to be published for users), author (or a number of authors) 
and description that can be arbitrary, but remains informative for the administrator and users. Also, a useful experience 
in organizing projects (especially when the content of project layers increases and becomes more complex) is filling in 
the keyword tab, as a rule, their number is about 5-7. 

CONCLUSIONS AND FUTURE RESEARCH 

Web-gis implementation allows interacting with the users by providing them with the maps and data from the Institute’s 
databases on several projects. Further expansion of web publishing is possible for other projects in 2D and 3D forms. 
External services thematically related to the earthquakes would be additional references, their performance and 
availability have to be tested. For the Institute web-gis publishing is not only the way to transform Desktop gis-projects, 
make them technically performante, but a way to share the information about projects and to find the ways of possible 
cooperation with the research community. 

Web-gis activities are combined with the educational seminars held at the Institute internally for colleagues of different 
backgrounds in a variety geoinformation domains such as Open Source and Open data directions, digital elevation 
models and surfaces for earthquakes, etc. The Institute actively invites students from different universities  like 
Lomonosov State University, “MIREA – Russian Technological University”, Gubkin National University of Oil and 
Gas, etc. to participate in the geospatial research with web-gis tools. 
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Abstract 
Military terrain assessment is the continuous process of processing geographic information to predict the impact of the 
geographic environment for conducting the military operations. One of its most important elements is terrain passability 
analysis, which involves research on the terrain characteristics in terms of the cross-country movement (CCM) ability 
(outside the road network). Factors that affect the conditions of passability include fast changeable elements such as 
weather factors (precipitation, temperature, humidity) or environmental changes: both natural and caused by 
anthropogenic factors. These elements have a decisive influence on the CCM conditions (e.g. on the traction properties 
of soils). Taking the above into account, the aim of the performed research was to develop a methodology, which makes 
enable to consider fast changeable factors in the process of developing the most up-to-date maps of passability. This 
methodology has been implemented in the IT system, which is able to generate maps of passability in real-time of a 
specified level of detail (the size of the primary field) and spatial range, completely automatically, including the acquired 
environmental data (topographic databases, satellite and weather data). Taking into account the specifics of weather 
data, the system generates maps both including the current weather situation and allows for prediction of passability 
conditions, taking into account weather forecasts. 

Keywords: Maps of passability, Cross Country Movement, Dynamic maps 

INTRODUCTION 

The necessity of moving vehicles off the road network occurs most often during warfare or actions related to the broadly 
understood crisis management. Despite the fact that vehicles, as far as possible, move using the existing road network, 
often during these critical situations there is a justified necessity of their cross-country movement. This is dictated by the 
need to execute a surprise maneuver against the enemy or to reach a point far from the road network. In order to plan this 
type of operations, it is necessary to have precise information on possibly all aspects related to the geographical 
environment of conducting these operations. For this purpose, topographic maps and special studies called terrain 
passability maps are used. They are a kind of synthesis of geospatial data, classifying terrain due to the possibility of 
movement of different types of vehicles on it. Criteria, which should be taken into account while making this type of 
maps, are defined in military standardization documents (Field Manual 5-33 Terrain Analysis, 1990; NO-06-A015:2012, 
Terrain – Rules of Classification – Terrain Analysis on Operational Level, 2012) and many scientists and institutions 
work on methodology of their elaboration. They are studying the possibilities of automating the process of generating 
these maps (Pokonieczny, 2017, 2018; Rybansky et al., 2015). Much work is being done on the impact of vegetation on 
the ability of vehicles to move. Passability is also an area of interest for designers and developers of Unmanned Ground 
Vehicles (Dawid & Pokonieczny, 2021; Pokonieczny & Rybansky, 2018; Richmond et al., 2009), who conduct research 
related to the possibility of overcoming and finding by these vehicles a route to reach a chosen location. A very important 
aspect is the study of the influence of the surface on which the vehicles move (Hubáček et al., 2015; Jayakumar et al., 
2017; Rybansky, 2015). It is especially important because it is commonly known that under the influence of mainly 
precipitation (but also temperature), the properties of soils change. This is of great importance for their traction properties, 
which often decisively affect the ability of vehicles to cross-country movement. This situation occurs despite the 
continuous modernization of technology related to improving the traction properties of vehicles (upgrade of suspension, 
tires / tracks). Also, despite the increase in engine power, vehicles moving on muddy, soaked soils often have many 
problems with overcoming in these unfriendly terrains. This can be seen very clearly also in present times on the example 
of the war in Ukraine. The world circulated the information that the most modern Russian tanks were not able to overcome 
swampy, clayey soil, which particularly shows how important the above-mentioned research is (Ellyatt, 2022). 

The aim of the research was to take into account variable aspects in the passability maps made so far - mainly atmospheric 
phenomena, which were analyzed in terms of their influence on soil conditions and other land cover elements (marshes, 
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swamps, but also other watercourses). The development of a model that took into account the above-mentioned factors 
allowed the development of a methodology for developing dynamic maps of passability, which was postulated in the title 
of this paper. 

METHOD  

Area of study and used data  

Performed tests were conducted on the area of three voivodeships in north-eastern Poland (Masovia, Warmia-Masuria 
and Podlasie Province) (Fig. 1). This region is the area of interest of both Polish Armed Force and NATO, as it is directly 
adjacent to the territory of the Russian Federation. This is an area of approx. 81 thousand km2, characterised by diversified 
land cover elements, which influence passability. It encompasses the largest water reservoirs in Poland (the Great 
Masurian Lakes), two large water courses (the Vistula and Bug Rivers) as well as large forest areas (covering 27% of the 
analysed area). The northern section of the test region contains both large slope (up to 10o) and large plains (e.g. the 
Łowicz-Błonie Plain). The test area also includes the Warsaw Agglomeration and two provincial capitals (Białystok and 
Olsztyn). The density of the road network varies and depends on the degree of land development. 

 

Figure 1. Test areas, source: own study 

Due to the fact that passability maps are mainly developed for military purposes, the study used a standardised vector 
spatial database – VMap Level 2 (VML2). In terms of detail level, it corresponds to a topographic map in the scale of 
1:50 000 and contains 250 classes of features, grouped in 9 usable thematic layers: borders, relief, physiography, transport, 
buildings, hydrography, vegetation, aviation content and industry (Military specification MIL-V-89032 Vector Smart Map 
(VMAP) Level 2, 1993). 
Soil data were obtained from the tactical soil map. This is a low-detailed digital map (data detail level is about 1:200,000 
scale) which includes the following soil types located in Poland: clays, loesses, silts, landslides, sands and gravels, magma 
and sedimentary rocks, peats and mine dumps. The data are stored in vector form and are supplemented with descriptions 
characterizing the above-mentioned soils in terms of the possibility of driving heavy military vehicles on them. 

Generation of static maps of passability  

In order to check how the precipitation affects the passability, maps were generated on the test area without taking into 
account the fast-changing conditions, taking into account only the elements normally found in topographic spatial 
databases, i.e. the elements that can be grouped into classes such as: buildings, road network, waters, vegetation (including 
forests crucial for the passability). The methodology adopted was based on a very simple method, based on determining 
the passability of a primary field, taking into account the number of different land cover elements in that primary field. 
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To make the methodology more universal, each land cover class was given a specific weight that reflects in a measurable 
way whether the class affects passability significantly (in which case its weight is high) or has little or no effect on 
passability (in which case its weight is low, or zero, respectively). In this way, all elements of the land cover in a given 
primary field are taken into account and finally, the average passability in each of the primary fields is determined. All of 
the above-mentioned calculations are performed in an information system that allows the generation of primary fields of 
different sizes and shapes. Taking this into account, the system allows to generate compositions of primary fields, creating 
more detailed maps (a larger number of smaller primary fields) or more general maps, containing in each large primary 
field several elements affecting the passability to different extent. 

The main methodological assumption of the conducted research was to refer the index of passability of the terrain to the 
primary fields of various sizes (in this article have been used squared primary fields on dimensions 1000 x 1000 m). The 
basis for calculating IOP are elements of land cover that exist in the given primary field, including, in particular:  

• surface objects (e.g. forests, lakes, built-up areas); - the total surface area of each area found in the given 
primary field; 

• for linear objects (rivers, roads, railways, contours) - the total length of the linear object located within the 
primary field; 

• for singular objects (buildings, enclosures) - the number of objects located within the given primary field. 
Additionally, each primary field was assigned the average land denivelation parameter calculated from all points of the 
numerical model of land inclinations located in the area of the given primary field (Fig. 2). 

Area (e.g. forest) Line (e.g. road) Point (e.g. building) Slope 

    

Fig. 1 Sample visualizations of the parameters obtained for specific land cover elements 

The presented approach is a specific conversion of a vector, discrete data model to a continuous (raster) model (Fig. 3), 
where the primary field is described by a defined number of parameters (Fig. 4). This way of data organization enables 
to carry out statistical analyses, which result in the determination of the index of passability for each primary field. 

 
 

Fig. 2 Conversion of a vector model based on the 
example of the “built-up area” category. 

Fig. 3 Sample land cover parameters for a primary 
field. 

In the discussed method, assumed that the IOP value would be determined based on the Vegetation Roughness Factor 
(VRF, denoted as IVRF). VRF is a numerical evaluation reflecting the degree of the speed limit related to the movement 
of vehicles through different types of land cover. This factor has been determined in a continuous range from -1 (for 
objects hindering passability) to 1 (for object classes that facilitate passability). An algorithm of calculating the index of 
passability based on the VRF, which is as follows (Pokonieczny & Mościcka, 2018): 
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• Land cover data for each primary field are normalized to the range from 0 to 1. 

• The VRF coefficient is arbitrarily assigned to each category of objects. In order to do so, object classes that 
hinder passability (IVRF > 0), facilitate it (IVRF > 0) and do not affect passability (mainly point objects, IVRF=0). 
The analysis parameters may be modified freely by defining own VRF coefficients, the index of passability is 
calculated with use of equation: 

𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖 = 𝐴𝐴𝑖𝑖𝑛𝑛1 ∙ 𝐼𝐼𝑉𝑉𝑅𝑅𝑅𝑅𝑛𝑛1 + 𝐿𝐿𝑖𝑖𝑛𝑛2 ∙ 𝐼𝐼𝑉𝑉𝑅𝑅𝑅𝑅𝑛𝑛2 + 𝑁𝑁𝑖𝑖𝑛𝑛3 ∙ 𝐼𝐼𝑉𝑉𝑅𝑅𝑅𝑅𝑛𝑛3 + ⋯  (1) 

where: 

o 𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖 is the index of passability of the primary field i, 

o for surface objects 𝐴𝐴𝑖𝑖𝑛𝑛1 is the normalised surface (located inside the primary field i) of objects from 
the n1 thematic category, 

o for linear objects, 𝐿𝐿𝑖𝑖𝑛𝑛2 is the normalised length (located inside the primary field i) of objects from the 
n2 thematic category, 

o for point objects, 𝑁𝑁𝑖𝑖𝑛𝑛3 is the normalised number (located inside the primary field i) of objects from the 
n3 thematic category, 

o 𝐼𝐼𝑉𝑉𝑅𝑅𝑅𝑅 is the vegetation roughness factor for object classes n1, n2 and n3. 
Equation (2) takes into account all classes of objects contained in the spatial data base. It is possible to exclude a given 
class from the analysis, by removing it, for assigning it IVRF of 0 (not affecting passability). 

• The obtained results (IOPs) are then again normalised to a continuous range from 0 to 1. 
A schematic presentation of the operation of the algorithm is presented in Fig. 5. 

 
Fig. 5 Visualization of the algorithm determining the IOP for sample data according to the VRF method. 

Exemplary visualizations of the IOP values generated with use of the VRF method are presented in Figure 6  

500 x 500 m 1 000 x 1 000 m 2 000 x 2 000 m 

   

Fig. 6. Sample visualizations of indices of passability determined with use of the VRF method for various sizes 
of primary fields. 

Generation of dynamic passability maps 

Obtaining the weather data 

The developed passability maps, based on static elements of land cover and relief, were the initial point to add a time-
varying aspect to them. In the presented research, these were weather conditions and their influence on soils occurring in 
a specific area. It is commonly known that the possibility of vehicle mobility is influenced not only by the type of soil, 
but also by the amount of water it contains (this is particularly important in the case of clay soils and peats, among others). 
The more water there is, the less resilient the soil is, causing vehicles to sink into it by covering their running gear with a 
layer of sediment that prevents movement. As the primary source of water in the topsoil layer is precipitation, it was 
necessary to collect information on current precipitation, its accumulation in the soil and (in order to develop maps taking 

Kampinos 
Forest 

Vistula 

Warsaw 
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into account future traffic conditions) precipitation forecasts. The amount of water accumulated in the soil (more 
precisely, the rate of its evaporation) is also influenced by the air temperature, therefore this parameter has also been taken 
into account. The procedure to account for the weather component in the developed passability maps is as follows: 

• Downloading weather data from the OpenWeatherMap service (Сurrent Weather and Forecast - 
OpenWeatherMap, n.d.). This service is created by a team of IT experts and data scientists that has been 
practising deep weather data science. For each point on the globe, OpenWeather provides historical, current and 
forecasted weather data via developed APIs. Weather data from this service was downloaded hourly using its 
API and placed into a PostgreSQL database. Developed specifically for a computerized terrain transit modeling 
system, it retrieved this data completely automatically. OpenWeatherMap also provided weather forecasts for 5 
days with an interval every 3 hours. This information was also collected in the database (Fig. 7). The weather 
data were stored for a point, being the center of a 10 by 10 km square (this is the estimated resolution of the 
OpenWeatherMap model). 

 
Fig. 7 Weather data mining algorithm 

Thanks to the implementation of this operation in the system there is the latest information on current, past (archive data 
are not deleted) and future (for 5 days from the weather forecast) weather conditions. The weather data, with a resolution 
of 10 by 10 km, has also been linked to the static maps of passability. In this way, it is clear what the weather conditions 
are for each primary field of the static map of passability (Fig. 8). 

 

Fig. 8 Overlapping of the weather fields and primary fields of the passability map 

Calculation of updated passability value 

• Determination of cumulative precipitation for each primary field of the static passability map. For each primary 
field, information about the weather conditions (temperature and precipitation) that occurred in that primary field 
for the past few days (5 days in the present study) was obtained from the weather database. It is known that water 
content after rainfall decreases due to soaking and evaporation. Therefore, a simple model was implemented in 
the system, according to which the water content in soil decreases as many times per day as the so-called "water 
loss factor". It depends on the air temperature and changes in the range from 1.5 to 3 according to the function: 

Wi = 0.05 * Ti + 1.5    (2) 
where: 

o Wi - water loss factor in i time interval, 
o Ti  - average temperature during i time interval. 

From the formula (2) it is clear that the precipitation disappearance is smallest for the temperature of 0 °C, while it 
reaches its maximum for the temperature of 30 °C (Fig. 9, left side). 
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Fig. 9 Chart of changes in water loss factor in relation to temperature (left side) and chart of changes in soil water 
content in relation to time and water loss factor (right side)  

 The cumulative precipitation is determined from the formula 

Pk = O1 * (1 / W1 ^ t1) + O2 * (1 / W2 ^ t2) + O3 * (1 / W3 ^ t3) + ……    (3) 

where: 
o Pk – the resulting cumulative precipitation for the k primary field, 
o O1,2,3… - precipitation 1, 2, 3... hour after the moment for which the passability is generated, 
o W1,2,3… - water loss coefficients determined from equation (2), 
o t1,2,3… - time after 1, 2, 3... hour from the moment for which passability is generated (in days). 

From the formula, a relation is apparent for which even a large but distant in time precipitation will have little effect on 
the value of Pk. Decisive for its value is precipitation occurring during or immediately after a fixed point in the 
generation of the dynamic maps of passability (Fig. 9, right side). 

• Determination of the updated value of the passability coefficient. Depending on the value of cumulated 
precipitation (Pk) determined by formula (3) and the type of soil in the primary field, the value of the IOP 
correction is determined. It is directly proportional to the value of Pk and its limits depend on the type of soil in 
the primary field of the passability map. The Fig. 10 shows how the value of the correction (VIOP) varies with 
soil type and Pk size. 

 

Fig. 10 Graph of the effect of individual soil types on passability as a function of cumulative precipitation values 

• The final value of the dynamic coefficient of passability, after taking into account the weather correction, is 
determined from the formula: 

DIOPk = SIOPk - VIOPk 

where: 
o DIOPk – dynamic passability coefficient k considering weather, 
o SIOPk – static passability coefficient for field k, 

Water loss 
factor 
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o VIOPk – weather correction, determined using the methodology described above. 

RESULTS  

Based on the methodology described above, three example passability maps were developed. The first is a static map 
automatically generated from GIS data from VML2. Map #2 is a study that takes into account soil and weather conditions 
but was developed for a period when there was no precipitation in the test area. Map #3 is a study that takes into account 
the heavy precipitation that occurred in the test area. The figure indicates what cumulative precipitation value, determined 
from equation (3), occurred in the area of map #3. 

Table 1. Resulting maps of passability 

1) Static map 2) Soils without precipitation 3) Soils with precipitation 

   

   
Average: 0.61 0.57 0.39 

Std. Dev.: 0.14 0.13 0.17 

Median: 0.66 0.60 0.40 

Skewness: -0.87 -0.82 -0.41 

DISCUSSION 

The resulting maps of passability differ significantly from each other. Map No. 1, which does not take soil parameters 
into account, shows in its content large areas of good passability. These are open areas, not covered with vegetation, water 
and buildings over which vehicles can apparently move without any obstacles. The histogram very clearly shows that 
most of the passability coefficients are in the range of 0.5 - 0.7, for an average IOP of 0.60 (this is also confirmed by the 
median, which is even higher - 0.66). The data give the impression of occurring in a relatively small range (the standard 
deviation with a numerical interval of the data from 0 to 1, is only 0.14). The skewness is confirmed by a very clear shift 
in the size of the IOP (and the size shown by the histogram) towards higher values of the indexes of passability (the graph 
is shifted to the right in the histogram). Such a map, taking into account only the data collected in the topographic database, 
shows the analyzed area as an area with generally good passability parameters, limited only by locally occurring obstacles 
in the form of dense forests and wide watercourses. 

Quantity 

IOP 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

250



Map no. 2 is an analysis made taking into account soil parameters, but with the assumption that these are dry soils, i.e. 
that it did not rain on them for several days. Taking that into account, this study does not differ from the map no. 1. 
Admittedly, there are soils which influence the passability even in the lack of precipitation (these are clays and peats), 
but their influence in the lack of precipitation is insignificant, moreover, they occur on a limited area, not covering the 
whole test area. Despite this, the determined estimators show that the overall passability of the test area has slightly 
deteriorated. The average passability coefficient decreased compared to map #1 (by 0.04). Slight changes also occurred 
in the other determined parameters of the IOP distribution. It is worth noticing that the histogram is slightly shifted 
towards lower values of IOP (what is shown by lower median than for map no. 1) and that its course is slightly more 
"smoothed" than in case of the histogram of map no. 1. 

Map 3 is the appropriate study, taking into account both the soil type and precipitation that occurred in the study area. At 
first glance, the map is much darker than the other two studies, indicating that the passability of the area is much worse, 
especially in the northern area, for which the highest precipitation was assumed to occur. As the precipitation intensity 
decreases towards the south, the passability improves to take the form of map 2 for the southernmost area for which no 
precipitation was observed. The statistical estimators determined in this case are completely different from those for maps 
1 and 2. The histogram is significantly shifted towards lower IOP values and clearly flattened. The obtained distribution 
of passability coefficients is much more homogeneous (this is confirmed by the flattening value of the distribution). The 
terrain became clearly less passable (much lower mean passability coefficient and median than for maps no. 1 and 2). In 
addition, the values of the coefficients became much more dispersed, as evidenced by the much higher value of the 
standard deviation (0.17). The increase in the effect of the growing total precipitation on the value of the generated 
passability coefficient is very clearly visible. Where the precipitation is highest the passability is lowest and as the 
precipitation decreases it changes (improves) according to the model presented in the Method section. 

CONCLUSIONS 

The approach to passability presented in the paper is consistent with general assumptions prevailing in Poland: in case 
of good atmospheric conditions, little or no precipitation, passability of open areas (and thus soils) is very good. A 
slight difficulties are areas of clays and peats, but in dry conditions there are no major problems with crossing them. 
The situation changes completely when there is intense precipitation. Then the soils, after absorbing large amounts of 
water, become muddy and often very difficult to overcome, even with specialized tracked vehicles. This is also 
extremely important due to climate change. Nowadays, heavy but short-lived rainfalls are much more common in 
summer than rainfalls of only a few days' duration. 

The results of the study clearly showed that a passability map that did not take soil conditions into account was a study 
that could be misleading. Perhaps just such a mistake was made by Russian commanders, who directed tanks through 
clayey, muddy terrain that at first glance appeared to be open terrain with excellent traction characteristics.  

It should be very clearly emphasized that the discussed maps of passability are generated in a fully automatic way. Both 
the generation of primary fields, analysis of the topographic situation and collection of weather parameters as well as their 
inclusion in the model are carried out completely automatically thanks to the use of a specially prepared IT system. Such 
a solution allows us to generate dynamic traffic maps which change their content depending on the changing weather 
conditions in time. It allows to obtain the most up-to-date information on passability and completely revolutionizes the 
planning of military operations and management of crisis situations. Further research will be aimed at obtaining more 
precise information about soils, which will increase the accuracy of the analysis carried out, and at developing more 
accurate models of the influence of weather conditions on terrain passability conditions. 
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Abstract 
The purpose of this study is to provide new means for analysis and assessment of current geo processes in the active 
landslide located in “Fish-Fish” residential area, northern Black Sea coast of Bulgaria in order to mitigate the risks of 
natural and anthropogenic origin. In recent decades, starting in 2002, the study region has been subject of several 
calamity events such as landslides, earth masses collapse, etc. To this end, it is essential to prepare risk management 
plans using information of high quality and regularly monitor the most vulnerable areas in this zone in advance. In this 
paper presented is the developed local geodatabase for the investigated site consisting of several layers all of them 
related to the modelling of the processes such as erosion, sea abrasion, etc.. This modelling is based on large variety of 
sources - terrain investigations, remotely sensed data from satellites and unmanned aerial systems (UAS).  

INTRODUCTION 

The activation of soil erosion and sea erosion processes in the coastal zones is caused by the complex geological 
structure and intensive tectonics. They are the main cause for activating landslides of various types and due to different 
mechanisms, which occur in sloping terrains of the seashores. The said processes found at the coastal zone are due to 
specific diversity of rocks and soils, inclination of the layers, the presence of clay layers, weak layers, tectonic disturbed 
areas, presence of groundwater (Berov, 2020). The landslide occurrences on the sea slopes are influenced by natural and 
manmade factors, which contribute with varying degrees to their development and abrupt activations. As factor of 
natural origin associated with landslides the undercutting of the foot of the slopes caused by the erosive action of rivers 
and their tributaries by forming ravines as well as the sea abrasion should be stated. The active soil erosion and sea 
erosion are closely related with the size areas and the occurrence of gravitational processes – landslides, rockfalls, and 
slope creeping. Because the aim of this research is to have regional focus data reflecting geology, land cover/land use, 
seismicity were considered as key elements for the landslides occurrence and their temporal development.  

In this research, the studying of the surface deformation processes is based on multitemporal DInSAR processing of 
satellite SAR data in order to detect and produce the magnitude of a slow moving landslide in the area of residential 
area (RA) “Fish-Fish” complemented by additional data all of them aggregated into a local geodatabase. The outcome 
of the SAR data processing is elaboration of an information product in form of inventory maps regarding the temporal 
development of the said landslide. Due to terrain peculiarities of the investigated area, in this case steep slopes with 
inclination more than 30 degrees which makes geodetic measurements impossible, the remote sensing approach is the 
only manner to obtain new data and thus to update this product. For the investigated area this approach is providing data 
from satellite SAR instruments and optical data from UAS. It is having disadvantages of being highly dependent from 
the weather conditions and needing more human endeavor to produce reliable data. Regarding the satellite data it needs 
mentioning that only acquisitions from descending orbits of ESA’s Sentinel-1 mission were used in order to avoid 
geometrical distortions and shadow effect. It is to note that the information reflecting the surface motions is produced 
from an interferogram using the registered backscattered radar signal from two consecutive acquisitions. In order to 
increase the quality of the information from the SAR data preliminary selection of the source data products is an 
essential step since the smaller the perpendicular baseline that connects position of the satellite during the registration 
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the better interferogram that reveals the surface motions is obtained. (Ferretti. 2007) The said quality also depends on 
temporal decorrelation caused by the vegetation found in the studied zone and the accuracy of the digital elevation 
model (DEM) used during the interferometric processing.  

REGION - LANDSLIDES IN THE “FISH-FISH” RESIDENTIAL AREA 

In the zone of “Fish-fish” residential area distinguished have been three landslides– one potential, one active and one 
stabilized. Following official publications of the competent local authorities active landslide processes were first 
registered in year 2000 and as cause for this activation pointed out was a water mains accident. (Geozastita Ltd., 2020) 
Up to year 2010 the affected area to further increased to 5600 m2 in size. Afterwards it is difficult to establish the exact 
size of the area since the presence of high and dense vegetation at the flanks of the landslide and further earth masses 
collapses. An estimate by experts affirm that currently its area is about 57000 m2 i.e. 10 times increase. According to 
the stated source, this landslide activated twice in the last 6 years destroying houses and other objects of the 
infrastructure. For this site the main reason for the activations is the rise of the underground water level caused by 
different sources – torrential rains, fast snow melting, human activities. All said underline the importance of satellite-
borne SAR data to produce reliable information for the regular monitoring of the ground deformations and possible 
earth masses subsidence accidents at this site.  

The main reason to investigate this specific area is the active landslide located at the eastern end of RA “Fish-Fish” on 
streets “3rd” and “4th” in the said zone registered as landslide Fish-Fish - East. It has developed towards the sea above 
the edge of a slope, which is 65-75 m high and is 50°- 60° steep. The occurrence of the landslide in the RA “Fish-Fish” 
was officially documented in 2000-2002 after its first activation. The landslide processes were initiated by an accident 
caused by water supply mains in a private property. After that, those processes continued on the terrain along the edge 
of the slope towards the sea. In April 2010 it was documented that the upper limit reached heights of 8.50-9.00 m. The 
landslide has frontally extended with a length in the direction of movement of about 40-50 m, a width of 120-150 m and 
an area of about 5600 m2. During the months September-October 2010, the slope reached and passed to the north-east 
on "2nd" street.  

In the period 2010-2014, the landslide processes severely affected the mentioned zone of the RA and the slope of the 
Fish-Fish East landslide. After that period, it started growing eastward and up the slope within the potential Western 
Karamanlii landslide. At the end of the year, 2015 between 50% and 75% of its area is already in the Western 
Karamanlii landslide. In February of 2015 on part of terrain increase of the size of cracks were established in the area of 
“1st” Street and on the road connecting the Albena resort with the town of Balchik and started investigations. This 
confirmed that the landslide is active, with a characteristic scarp with a displacement of 20-50 cm. In September-
October same year the scarp reached and moved towards the northeast of "2nd” street. 

DATA AND METHOD 

All details provided in the previous section clearly demonstrate the need for continuous monitoring of the landslide 
processes in this particular area. This monitoring is essential, but in order to develop better understanding of those 
processes obvious is the need of additional data that complement the modelling at local scale. This supplementary data 
consists of historical and modern information with concerning geology, seismology, climate, vegetation cover, soils, 
geodesy, etc. produced by terrain investigations and recently by unmanned aerial systems (UAS). Their integration with 
data obtained by remote sensing of this area provided at regular basis, defined by the revisiting time of the satellites, 
certainly leads to provision of new, reliable information for the studied zone. Since more of the mentioned data was in 
digital form, they presented as raster or vector thematic images and this way they seamlessly used in GIS software. 
After their introduction into the GIS forming a local data cube (Giuliani, 2019) realized as spatial geodatabase. This 
manner the modelling of the ground deformations occurring on the slopes along the investigated area results in more 
trustworthy output products such as maps, tables, WebGIS-ready data, etc. It needs to be underlined that key element of 
this information is provided by two sources – the first one being the geodynamic networks for GNSS measurements and 
remotely sensed SAR data. The former is providing high accuracy data reflecting the ground motions, but for few 
GNSS points only while the latter is delivering frequent time update (every twelve days) for the whole investigated 
area, but with coarser spatial resolution.  

In order to produce results from GNSS measurements new method for monitoring the deformations of the landslide 
processes using GNSS technology has been used. It uses data from two types of GNSS networks – ones referent stations 
located on geologically stable terrain and other consisting of measurement GNSS points located in the landslide body. 
Data for the stable points located in non-deformable zones in the region are provided by the stations from the 
continuously operating reference stations (CORS) – the Permanent National GNSS Network maintained and pre-
processed by NIGGG-BAS (see Figure 1 a). The GNSS points were used to obtain accurate surface motions from yearly 
campaigns (see Figure 1 b) and sampling of raster data from SAR processing.  
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Figure 1 Maps of CORS stations used (right) and the created geodynamic network of GNSS measurement points (left) 

(the red rectangle on the left map shows the location of the map on the right).  

The remotely sensed SAR data are from the ESA’s radar instrument onboard Sentinel-1 mission. The data products 
used for further processing are in single look complex (SLC) format, which preserves the phase signal, were 
downloaded from public data archive (e.g. https://scihub.copernicus.eu/dhus/#/home). The thematic processing of those 
products by well-known and reliable procedure of DInSAR method was made. (Ferretti, 2007) Regardless of the fact 
that the method is straightforward there are some peculiarities that needs to be taken into account: orbit direction which 
minimizes the geometric effects of the radar data acquisition; the external digital elevation model (DEM) that needs to 
match the spatial resolution of SAR data as close as possible; avoid the temporal decorrelation caused by changes at the 
areas covered by vegetation. One important aspect before beginning processing is the selection of the data products pair 
that shall deliver reliable results concerning the surface motions. The so-called perpendicular baseline (the normal to the 
position of the satellite at moment of data acquisitions) should be use as small as possible. 

 
Figure 2 Map of displacements occurred in the period 20June2019_23Nov2020. 

A sample displacements map for the studied area produced from DInSAR processing is provides on the figure 2. where 
the pixels that can’t be considered reliable, because of low coherence, are removed and this is the reason at some parts 
the raster background to be seen. For this specific map it should be noted that even though the period between 
acquisitions is more than one year the results are satisfactory for the zone of the studied object showing that the overall 
movements are subsidence and are in the interval –0.03 m in its northern part to –0.07 m in the most impacted areas.  

An important element for this local geodatabase is the local DEM since it used in DInSAR processing to improve the 
spatial resolution of the final displacement maps as well as it could be used as additional raster layer in modelling the 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

255

https://scihub.copernicus.eu/dhus/#/home


 

 

further landslide development. We used DEM produced by means of orthophoto method from optical imagery. As seen 
on Figure 2 b) some of the slopes of the researched landslide zone are extremely steep (reaching 30⁰ in some parts) this 
making terrain investigation impossible. This information about slope inclination in the researched zone is of 
importance since the key factors for landslide triggering are the rains and snow melting, which raises the level of 
underground waters and thus decreasing the stability of the earth masses on them.  

   
Figure 3 Local DEM (left, scale 1:5000) and horizontals extracted from it (right, scale 1:2500).  

In order to complement the local geodatabase some additional layers were also included such as coastal zone from the 
recent version of product developed by the European Environment Agency. (Coastal Zones 2018) The availability of 
this layer (see left map on figure 4) enables better understanding of the impact from technogenic load in the investigated 
area and the landslides activations since from the nomenclature information concerning land cover/land use provided. 
Of importance is the land use class dense urban fabric (bright red) that corresponds to build up residential areas where 
the impact on human lives is tangible. The right map on the same figure 4 portrays the lithological setting, which is 
crucial for understanding of the erosion and sea abrasion processes. Despite of the coarse spatial resolution of this map 
(pixel size of 200 m) it provides clear evidence on the landslides formation since limestones, marls and gravels mainly 
represented there.  

  
Figure 4 Maps of land cover/land use (left, scale 1:25 000) and lithology (right, scale 1:250 000) 

As the purpose of this study is to provide better picture of current geo processes in the active landslide located in Fish-
Fish residential area the integration of more layers in the described geodatabase is essential. 

This is why this geodatabase is not considers as a complete one, but rather as work in progress since this part of the 
Black Sea coast will be researched more in the next years. In this paragraph shortly will be mentioned more possible 
sources for improving the information that could be provided by the geodatabase. In it new in-situ and remotely sensed 
data produced by variety of instruments can be easily integrated based on their spatial properties. For example it was 
not mentioned that included in it are already data from different optical sensors that deliver data from different part of 
electromagnetic spectrum with spatial resolution less than 20 x 20m. Such data are from MSI instrument onboard the 
ESA’s Sentinel-2 constellation or historical imagery from AVNIR-2 or very high-resolution data from commercial 
sensors (e.g. Pleiades satellite constellation) or from UAS. Having this kind of data change detection of the surface 
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caused by the landslide movements are also detectable and especially in the periods of vegetation grow when data from 
SAR instruments does not provide reliable information. Other source for more raster data could be from updated 
geological and hydrogeological inventories or vector data from modeling of the susceptibility of the surrounding 
landscape to landslides. Meteorological data (rains and snow cover) also play central role in activation of the 
investigated landslide by changing the level of underground waters. Since the earthquakes are seen as factor for 
landslide activation in the whole area of the Black Sea coast data for possibility for their occurrence could also form a 
layer in the geodatabase. With a view to estimate the impact on the population of further activation of this landslide 
besides all mentioned layers data for the population density is required which is one more layer in this geodatabase. 

CONCLUSIONS 

In this paper justified was the need and provided were examples of the elaborated local GIS geodatabase for the zone of 
a landslide located in the residential area “Fish-Fish” focused at better modeling of the past and ongoing geodynamic 
processes. Provided were the currently included in it raster and vector layers that will improve the mentioned task. It 
needs to be underlined that all data and information originate from validated freely available data sources and is 
processes with free and open source software tools. The primary data source are used to detect the surface motions 
caused the landslide activations are the SAR data and data from GNSS measurements. Besides all data sources 
described considered also are all other sources that could lead to better modelling of the past and possibly future ground 
deformations in the area. The implemented approach to create this local geodatabase in GIS environment provides the 
possibility to integrate new geospatial data as well. It needs to be underlined that the developed information source 
could be used not only the purposes that were mentioned in this paper, but also for other ones not stated here.  
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