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INTRODUCTION

Dear colleagues,

Welcome to the 8th edition of the International Conference on Cartography and GIS in Bulgaria. The Conference is
organized for the second time under the patronage of the President of the National Assembly of Bulgaria Mrs. Tsveta
Karayancheva. The previous events took place in Borovets (2006, 2008), Nessebar (2010), Albena (2012, 2016), Varna-
Riviera (2014) and Sozopol (2018). The conference is organized by Bulgarian Cartographic Association and University
of Architecture, Civil Engineering and Geodesy (UACEG) in Sofia. Co-organizer is Military Geographic Service. The
event is organized with the support of the Bulgarian Science Fund. This year, 2020 the World Health Organization
announced COVID-19 outbreak as a pandemic and this was a reason that the conference was postponed to June 2021.
Nevertheless, the organizing committee decided Proceedings Vol. 1 to be published in 2020 and Vol. 2 in 2021. The
ancient seaside town of Nessebar, a world cultural heritage city, will welcome the participants from 14 to 19 June 2021
for the second time of the Conference’s history. It is one of the major seaside resorts 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 collect knowledge and share experience about the latest achievements in the field of
cartography and GIS with special accents for the region of the Balkan Peninsula, Europe and global aspects. Another
goal is to discover and offer decisions for satisfaction of the ever increasing demands for analyses, handling and
visualization of geo-spatial data in the area of science, economy, management, ecology, early warning and crises
situations in smart ways coming in modern times at a national, regional and global scale.

The main topics of the conference and the Proceedings are:

3D Cartographic Modelling

Cartographic Concepts in Big Data Environment
Cartographic Visualization

Cartography and GIS in Education

Geoinformation for Smart Cities

Geospatial Analysis and Data Mining

Geospatial Information Semantics

Geospatial Information Ontology

GIS for Geology, Natural Sciences and Ecosystems

GIS Technologies and Related Disciplines

GNNS Technologies in Cartography

Map Design and Production

Map Projections and Geodetic Coordinate Systems
Remote Sensing Technologies for Cartographic Purposes
UAV Applications and New Trends

Volunteered Geographic Information

Web Cartography and Digital Atlases

Seminar on Disaster Risk Reduction — Solutions and Innovations

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

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

Commission on Cartography in Early Warning and Crisis Management
Commission on Cartography and Children

Commission on Geospatial Semantics

Commission on Map Projections

Commission on Maps and the Internet



A two-day 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 ICA President (former)
and with co-organizer Faculty of Science, Masaryk University, Brno, Czech Republic.

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

The conference is supported by different ministries and government institutions that expect significant results to be
achieved and many new projects to be started during the event. As NATO member since 2004, 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 has acquired EU dimension built around the Bulgarian and Czech combined efforts.
Among the members of the Local Organizing Committee, numerous universities that specialize in the field of

Cartography and GIS can be distinguished. The organizers are proud to announce that ESRI as a leader company in
geo-informatics and cartography domains participate as a platinum sponsor of the event.

8ICCGIS media partners are GeoConnection, Coordinates, Remote Sensing Journal, and International Journal of Geo-
Information.

World-famous scientists are invited to present keynote speeches:

Tim Trainor — President of International Cartographic Association, USA

Beyond the SDI, the new UN Integrated Geospatial Information Framework and the Role
of Cartography

Dr. Alessandro Annoni — President of International Society for Digital Earth, Italy

Prof. Dr. Dr. h.c. Georg Gartner — Technical University Vienna, Former President of ICA, Austria

Location-based Services: Evolution and Development

The main international organizer of ICCGIS is the International Cartographic Association (ICA) with the exclusive
supports of the President of ICA Mr. Tim Trainor, Vice-Presidents and many chairs of ICA commissions. This
cooperation arouses interest among 365 authors from 30 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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APPLICATION OF ENTITIES METHODOLOGY AND RULES
FOR DESIGNING OF ANIMATED CARTOGRAPHIC
ANAMORPHOSES

Dariusz Dukaczewski and Anna Markowska

PhD Dariusz Dukaczewski

IGiK - Institute of Geodesy and Cartography

ul. Modzelewskiego 27, 02-679 Warsaw, Poland
tel.: +48 22 3291970, fax: +48 22 3291950
e-mail: dariusz.dukaczewski@igik.edu.pl

PhD Anna Markowska

IGiK - Institute of Geodesy and Cartography

ul. Modzelewskiego 27, 02-679 Warsaw, Poland
tel.: +48 22 3291990, fax: +48 22 3291950
e-mail: anna.markowska@igik.edu.pl

Abstract

The authors analysed currently distinguished types of animated cartographic anamorphoses and proposed its classifi-
cation based on 7 criteria: mathematical bases, transformed object, methods of transformation, continuity, graphic
presentation, grid transformation and location of the main distortion point. The analysis of possibilities of usage of
static and dynamic visual variables during process of designing of main types of animated cartographic anamorphoses
allowed to formulate the tables of rules, inspired by research on entities methodology for designing spatiotemporal
maps (Dukaczewski 2019). The analyses of properties of distinguished types of anamorphoses and other methods of
cartographic presentation allowed to propose the rules of its potential combined usage. The authors proposed the
method facilitating the design of animated cartographic anamorphoses. The analysis on utility of these maps, employing
the statistical solutions and coefficients (Markowska 2018), allowed to carry out an evaluation of its effectiveness of
transfer of information and utility for didactic purposes.

Keywords: Animated cartographic anamorphoses, Entities methodology of designing of spatiotemporal maps, carto-
graphic anamorphoses classification, Static and dynamic visual variables

INTRODUCTION

Although first animated cartographic anamorphoses have appeared in the middle of the eighties of the XX century
(Dukaczewski 2019), the majority of them was created during the last decade. In this period the first complex animated
cartographic anamorphoses (employing more than one cartographic presentation method) were published. The number
of animated cartographic anamorphoses, available at different websites is growing dramatically, but part of them made
by non-cartographers is full of errors. There is no doubt, that designing the animated cartographic anamorphoses is a
complex process, demanding very good knowledge of cartographic methodology. In the case of these maps the method-
ology has still some gaps. Despite the growing interest in producing static or dynamic cartographic anamorphoses and
unguestioned methodological development, it should be stressed that till now there is no common terminology and
coherent classification of these maps (Monmonier 2015, Markowska 2019). This situation makes hard to analyze and
discuss the properties of different types of anamorphoses, the possibilities and limitations of application of static and
dynamic visual variables during process of its designing, as well as potentialities of its combined usage with others
methods of cartographic presentation. Thus, it is relatively difficult to assess the effectiveness of transfer of information
by these maps. This situation implies the need for an attempt to complete the identified gaps in methodology, to propose
a method facilitating the design of animated cartographic anamorphoses and to analyse the utility of these maps, em-
ploying the statistical solutions and coefficients.



OBJECTIVES, APPROACH AND METHODS

The first aim of this research was to analyse and to synthesize the currently distinguished types of animated cartograph-
ic anamorphoses and to propose its classification. The next stage was an analysis of possibilities of usage of static and
dynamic visual variables during process of designing of distinguished main types of animated cartographic anamorpho-
ses. This allowed achieve the second aim of research - to formulate the tables of rules, inspired by author’s research on
entities methodology for designing spatiotemporal maps (Dukaczewski 2019). The analyses of properties of distin-
guished main types of anamorphoses and other methods of cartographic presentation allowed to propose the rules of its
potential combined usage. Thus, it was possible to formulate the proposition of method facilitating the design of ani-
mated cartographic anamorphoses. The analysis on utility of these maps, employing the statistical solutions and coeffi-
cients, inspired by research on static cartographic anamorphoses (Markowska 2018), allowed to carry out an evaluation
of its effectiveness of transfer of information and utility for didactic purposes.

RESULTS

In English, Japanese, Korean terminology cartographic anamorphoses are called ‘cartograms’, while in most of the
European languages the similar terms are employed for method called in English ‘choropleth map’®. Till now there is
no common terminology and consistent classification of anamorphoses. According to general definition in the case of
these maps one feature — area or distance is distorted proportionately to the value of a given phenomenon (Faliszewska
2011). Many authors distinguish distance cartograms and area cartograms. In the sixth volume of The history of carto-
graphy... (Monmonier 2015) other terms for area cartograms are mentionned: ‘anamorphosis’, ‘diagramic maps’, ‘map-
like diagrams’, “varivalent projections’, ‘density equalized maps’, ‘isodensity maps’, ‘mass-distributing (pycnomirastic)
map projections’. Terms of many area cartograms (anamorphoses) contain the name of the algorithm or method used in
their preparation. When W. Tobler (2004) wrote about computer elaboration of area cartograms, he mentioned J.
Dougenik, N. Chrisman and D. Niemeyer (Continuous Area Algorithm made with Rubber Sheet Distortion method,
1985) or Gastner-Newman (Diffusion-based Method, 2004) algorithms. It is possible to find other names related to
algorithms used to generate these maps (A. Markowska, J. Korycka-Skorupa 2015), e.g.: W. Tobler algorithms (Rub-
ber-map Method of 1973 and Pseudo-cartogram of 1986), D. Dorling (Cellular Automata Algorithm, 1990; Circular
cartogram, 1996), D. House and C. Kocmoud algorithm (Continuous Area Cartogram Using the Constraint-based
Method, 1988). It is to mention also solutions of J. Olson (Projector method, 1976), N. Kadmon, E. Shlomi (Polyfocal
projection, 1978), S. Selvin, D.W. Merril and E.R. Close (DEMP - Radial Expansion method, 1984), C. Cauvin, F.
Escobar, A. Serradj (Piezopleth maps, 1989), J. Torguson (Interactive polygon zipping method, 1990), V.S. Tikunov, S.
Gusein-Zade (Line Integral method, 1993), M. Sarkar, M. Brown (Graphical fisheye views, 1997), H. Edelsbrunner, R.
Waupotitsch (Combinatorial-based approach, 1997), D. Keim, S. North (Panse CartoDraw, 2001), G. Sluga (Lastna
tehnika za izdelavo anamorfoz, 2004), M. Van Kreveld, B. Speckmann (Rectangular Cartogram, 2004), R. Heilmann,
D. Keim, C. Panse, M. Sips (RecMap, 2004), D. Keim, C. Panse, S. North (Medial-axis-based cartograms, 2005), R.
Henriques, F. Bagdo, V. Lobo (Carto-SOM, 2009), S. Sun (Opti-DCN and Carto3F, 2013), B. S. Daya Sagar (Mathe-
matical Morphology-Based Cartograms, 2014), M.T. Gastner; V. Seguy; P. More (Fast Flow-Based Method, 2018).
Some authors use new terms e.g. ‘gridded cartogram’ (B.D. Henning 2011), “circular-arc cartogram’, ‘rectilinear carto-
gram’, ‘table cartogram or mosaic cartogram’ (S. Nusrat, S. Koborov 2016).

For the purposes of this research authors proposed classification of anamorphoses based on 7 criteria: mathematical
bases, transformed object, methods of transformation, continuity, graphic presentation, grid transformation and location
of the main distortion point. The criteria are divided depending on which map class they can be referenced:

« Cartographic anamorphoses:
A) mathematical basis,

B) transformed object,

C) transformed method;

* Area cartograms:
D) graphic continuity;
E) graphic presentation;

» Anamorphical projections:
F) grid transformation;

! Probably the first usage of ‘continental’ term cartogram was these of C.J. Minard ‘cartogramme & foyer diagraphiques’ in 1851
(Friis 1974)



« Distance cartograms:
G) the main distortion point’s location.

Figure 1. Classification of anamorphoses

The criterion of mathematical basis (A) - mathematical accuracy of transformation was employed according to the
proposition of Z. Mudrych (1976). The term ‘cartographic anamorphosis’ includes all presentations having certain ana-
morphic features, though they may not be drawn up according to strict mathematical rules or may not maintain spatial
relations. It is possible to distinguish:

— anamorphic maps (AM) — presentations which have been made according to mathematical and spatial rules;
— anamorphic pseudomaps (APM) — graphically close to anamorphic maps, but elaborated in a One of the more arbi-
trary way, often without clearly determined mathematical rules or rules connected to spatial relations.

The second criterion of classification — transformed objects (B) concerns the solutions of application of the anamorphic
transformation applied to the cartographical grid or to the thematic contents of the map. According to this criterion it is
possible to distinguish:

— cartograms (CA) — anamorphic maps showing the value of the thematic phenomenon employing the area of individual
units (area cartogram) or the distance between selected points (distance cartogram).

— anamorphical projections (AP) — anamorphic maps resulting from a transformation of cartographical grid (Korycka-
Skorupa, et al. 2015).

Anamorphical projections are a type of distortion projections in which cartographical grid is distorted (S. Grabarczyk-
Walus 2007). In this case it is possible to distinguish:

— one-direction anamorphoses (distortion along one axis of the rectangular coordinate system) (AP1),
— two-direction anamorphoses (distortion along two axes) (AP2),
— radial anamorphoses (distortion in radial directions from a given central point) (APR).



Taking into the consideration the criterion of transformed method (C) it is possible to distinguish anamorphoses in
which the changes in the area of base units or distances between selected points can be introduced (Olson 1976). This
way two classes of cartograms can be proposed:

— area cartograms (CAA) — maps on which the area of individual spatial units is changed depending on the value of a
phnomenon;

— distance cartograms (CAD) — maps on which the distance between selected points is changed depending on the value
of a phenomenon.

In the case of distance cartograms, according to the location of the main points of distortion it is possible to distinguish:

— monocentric distance cartograms (CADm) — maps on which the thematic information is shown by the distance be-
tween the central point and given points (point 4a, figure 2a);

— polycentric distance cartograms (CADp) — maps on which the value of phenomenon is shown by distance between a
subsequent pair of points in a given network (point 4b, figure 2a).

Using spatial continuity(D) as a criterion of classification of area cartograms two classes can be proposed:

— contiguous cartograms (CAAC) — area cartograms on which spatial continuity is preserved, which means that base
units have not been separated (points 5a—7, figure 2a, 2b);

— noncontiguous cartograms (CAAN) - area cartograms on which spatial continuity is broken, which means that base
units have been separated (points 8 — 10, figure 2b).

The last criterion of classification refers to the shape of base units (E). This aspect can be considered in both contiguous
and noncontiguous cartograms. Looking at the shape of base units contiguous cartograms could be divided into:

— contiguous diagram cartograms (CAACD) in which units of reference have been substituted by simple geometric
figures, e.g. squares, rectangles, circles (e.g. Dorling cartogram, 5c¢, figure 2b);

— contiguous regular (mosaic) cartograms (CAACR) (point 6, figure 2b) in which base units correspond in shape to
spatial units, but their borders are geometrized, most often build of segments;

— contiguous irregular cartograms (CAACIR) (point 7, figure 2b) in which base units correspond to the shape of statis-
tical units, their borders are not geometrized, the shape of units depends on the distortion algorithm applied.

In the case of noncontiguous cartograms it is possible to distinguish:

- noncontiguous equiform cartograms (CAANE) (point 10, figure 2b) which preserve the shape of spatial units;

- noncontiguous diagram cartograms (CAAND) (point 8, figure 2b) non preserving the shape of spatial units;

- nocontiguous regular cartograms (CAANR) (point 9, figure 2b), in the case of which the shape of base units corre-
sponds to spatial units, but their borders are geometrized, often built of segments.

The next stage was an analysis of possibilities of usage of static and dynamic visual variables during process of design-
ing of distinguished main types of animated cartographic anamorphoses. Authors have employed the results of previous
research on evaluation of the combined application of static and visual variables, sound variables and related methods
of cartographic presentation for 8 age group of users® (Dukaczewski 2019, 2016). The result was table of rules, includ-
ing information on employed combination of static visual variables (and dynamized static visual variables), dynamic
variables and sound variables, related methods of presentation as well as potential usefulness of these combinations for
different groups of users. This table of rules is available as appendix 1 at http://www.igik.edu.pl/upload/File/dr-dariusz-
dukaczewski/ 20 Appendix1.pdf.

24-6, 7-9, 10-15, 16-19, 20-30, 31-60, 61-80, over 80 years



Cartographic

No anamorphoses Example Information and source

1. | Anamorphic maps (AM)

2. | Anamorphic pseudomaps (APM)

3. | Anamorphical Topographic map with two points of anamorphical
projections projection

(Grabarczyk-Walus 2007).

Cartographic anamorphoses / Cartograms (CA)
Distance anamorphises / Distance cartograms (CAD)

4a | Monocentric London tube (time scale)
distance http://www.tom-carden.co.
anamorphoses / uk/p5/tube_map_travel_times/applet
Monocentric
distance
cartograms
(CADmM)

4b | Policentric Distances between Warsaw
distance metro stations expressed in
anamorphoses/ travel time (fragment)
Policentric (Korycka-Skorupa et al. 2015)
distance
cartograms
(CADD)
Area anamorphoses / Area cartograms (CAA)
Contiguous anamorphoses / Contiguous cartograms (CAAC)
Anamorphic diagrams / Diagram cartograms (CAACD)

5a | Rectangular World population in 2006 (fragment)
anamorphic https://www.win.tue.nl/~speckman/Cartogram
cartodiagrams / s/ WorldCarto.html
Rectangular
cartograms
(CAACDI)

5b | Square anamor- Population of the counties of the state

phic cartodi-
agrams/
Square carto-
grams
(CAACDs)

of California
http://www.ncgia.ucsb.edu/projects/Cartogram
_ Central/types.html

Figure 2a. Examples of cartographic anamorphoses (part 1)




No

Cartographic
anamorphoses

Example

Information and source

5c

Dorling cartograms

Population of counties of Britain

(CAACDd) (Dorling 1995) A new social atlas of Britain,
Wiley, Chichester

6. |Regular ana- Infant mortality in North Carolina in 1991.
morphoses / The area of counties is the number of births
Regular carto- (Meade, Earickson 2005) Medical Geogra-
grams phy, New York: The Guilford Press
(CAACR)

7. |lrregular anamor- World population in 1500. Regions of the
phoses / Irregular Word are distinguished by colors.
cartodiagrams www.worldmapper.org
(CAACIR)

Noncontiguous anamorphoses / Noncontiguous cartograms (CAAN)

8. Noncontiguous The area of hexagons is proportional to the
anamorphic car- population and area of voivodeships in Poland
todiagrams / in 1969
Noncontiguous (Ratajski 1989), Metodyka kartografii
diagram carto- spoleczno-gospodarczej, Wydanie |1, PPWK,
grams (CAAND) Warszawa — Wroctaw

9. Noncontiguous Export of goods (fragments)
regular Nowy atlas geograficzny. Gimnazjum, 2001,
anamorphoses Demart, Warszawa
/

Noncontiguous
regular carto-
grams
(CAANR)

10. Noncontiguous Population over 65 in the United States
equiform (Olson 1976) Noncontinuous Area Cartogram,
anamorphoses / The Professional Geographer, Vol. 36, no 4

Noncontiguous
equiform carto-
grams (CAANE)

Figure 2b. Examples of cartographic anamorphoses (part 2)




Figure 3. Possibilities and limitations of combined usage of main cartographic anamorphoses with other main carto-
graphic methods of presentation



The advent of complex cartographic animations employing anamorphoses together with other methods of cartographic
presentation, noticeable more intensely from the beginning of 2010-ties®, convinced authors to carry out an analysis on
possibilities and limitations of combined usage of main cartographic anamorphoses with other main cartographic meth-
ods of presentation. The resulted table (figure 3) demonstrates the possible and conditional solutions of designing com-
plex cartographic animations employing cartographic anamorphoses.

Using the results of previous research (A. Markowska 2018, 2019; Dukaczewski 2016, 2019) the authors have proposed
the method facilitating the design of simple and complex animated cartographic anamorphoses (figure 4). The first stage
is a definition of the goals of the cartographic animation, data compilation and analysis, as well as identification of the
age of group of potential users (using the rules definied in five tables of the appendix 3, available at
http://www.igik.edu.pl/upload/File/dr-dariusz-dukaczewski/_92_Appendix3.pdf). The next stage is a definition of the
organization of type and organization of the animation. To do it it is necessary to define the organization of N sub-
animation by identification of the entities, its measurement level and type, as well as to define the type of changes and
to choose the type of animation, using typology of Dransch (1995), Block (1999) and Dukaczewski (2003). Then it is
possible to select the combination of the method of cartographic presentation for animation or N-subanimation (and N-1
subanimation) employing typology of Korycka-Skorupa (2002), Dukaczewski (2003) and figures 2a, 2b. Verification of
this choice can be done with table of rules of Dukaczewski (2009) and figure 3. The next stage is a choice and verifica-
tion of static visual variables (including dynamized variables, employed for presentation of dynamic processes). This
allow to choose the graphic form for the dynamized visual variable(s), definition of their relations with dynamic visuali-
sation variables (& optional sound variables), as well as to select the method of cartographic presentation. These tasks
can be carried out employing the appendix 1 available at http://www.igik.edu.pl/upload/File/dr-dariusz-
dukaczewski/ 20 Appendix1.pdf. The verification of the correctness of the choice of dynamized visual variable(s),
other static visual variables and dynamic & sound variables, as well as verification of the correctness of selected meth-
od(s) of cartographic presentation should be carried out using the tables of rules at
http://www.igik.edu.pl/upload/File/dr-dariusz-dukaczewski/ 92_Appendix2.pdf. These actions should allow to realiza-
tion phase of the animation (or N —subanimation in the case of complex animation).

Due to the specificity of perception of cartographic anamorphoses the vital problem is the utility of these maps for users
from different age and education groups. Authors are preparing the research concerning perception of simple and com-
plex animated cartographic anamorphoses. A. Markowska has carried out the research on utility of static area anamor-
phoses / area cartograms for educational purposes in secondary schools in Poland (Markowska 2018, 2019a, 2019b).
The tests made in different types of secondary schools, taking into the consideration the groups of pupils of different
level and profile allowed to formulate hypotheses, verified employing the logistic regression of dichotomous data, one-
way analyses of variance (one-way ANOVA) and chi-squared test (x2 test). These research has proved that regular
anamorphoses / regular cartograms were the most useful for presentation of socio-economical phenomena in school
geography. The time of lecture of these maps is similar like in the case of traditional maps and the level of correctness
of lecture is better in the case of pupils of better geographical knowledge. The tests have proved that regular anamor-
phoses / regular cartograms and anamorphic diagrams / diagram cartograms were more comprehensible than irregular
anamorphoses / irregular cartodiagrams, especially for less geographically skilled pupils.

CONCLUSION

The aim of this research was the following to contribute to the discussion about the possibilities for (and limitations on)
the design of animated maps that are better adapted to the needs of users belonging to different age groups, through the
application of solutions based on the choice of variables specifically tailored to a given user age group. Another objec-
tive was to further advance the cartographic animation methodology itself, especially concerning the usage of animated
anamorphoses. The analysis allowed to distinguish the main types of animated cartographic anamorphoses and to pro-
pose its classification. The analysis of possibilities of usage of static and dynamic visual variables for building thedis-
tinguished main types of animated cartographic anamorphoses allowed to formulate the tables of rules, which can be
employed during the process of designing of animated cartographic anamorphoses. The analyses of properties of differ-
ent types of anamorphoses and other methods of cartographic presentation allowed to propose the rules of its potential
combined usage. Employing the proposed tables of rules and results of previous research it was possible to formulate
the proposition of method facilitating the design of animated cartographic anamorphoses. The analysis on utility of
static anamorphoses, carried out by A. Markowska (2018, 20191, 2019b) has proved that these maps (especially regular

® One of the first such animations were: East Asia Internet Users 1993 — 2008, Han-Teng Liao, 2010; General Election

2005 — 2010, B. D. Hennig (SASI Group, University of Sheffield), 2010; The changing colors of America 1960 — 2000.

Election results by county, M. Gastner, C. Stalizi, M. Newshaw (University of Michigan), 2010; Global Annual Precipi-
tation [per month] 1950 — 2000, B. D. Hennig (University of Sheffield), 2011



Figure 5. Entities — polystaimic method of design o complex animated maps employing cartographic anamorhoses



anamorphoses / regular cartograms) are useful for educational processes in geography, as well as other methods of car-
tographic presentation. It should be emphasized, that due to the specificity of animated cartographic anamorphoses it is
necessary to carry out the research on perception of these maps by users of different age groups.
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Abstract

The 127.5 cm diameter manuscript globe (1 : 10 million) of Perczel from 1862 is among the largest ones from Central
Europe. This sphere suffered severe damage during the wars of the 20th century. A restoration was carried out in the
1970s, but due to improper solutions it lost further information. The recent reconstruction project included: creating a
digital facsimile of this globe to archive its present state; finding the possible sources that were used for compiling the
globe; reconstructing the globe in digital form based on the digital facsimile globe, original source materials and
contemporary descriptions; creating a renewed copy of the globe. In 2019, the Department of Cartography and
Geoinformatics of Edtvds Lorand University continued the research and production to re-create Perczel’s globe in a
half-year project. The last phase of the project included the considerable redaction of the 72 half-gores of the globe-
map, especially the place-names and linear features.

Keywords: contemporaneous facsimile; digital virtual reconstruction; globe

ANTECEDENTS

The manuscript globe made by the Hungarian Laszl6 Perczel in 1862 was a unique product concerning its size, delicate
drawing, and richness of place names. Although its former beauty can be imagined, but its present state — due to the
physical damage and the darkening of the protecting lacquer coat — does not show its original values. Therefore, the
globe cannot be exhibited for the public and is only known by few professionals even in Hungary.

Right after the establishment of the Virtual Globes Museum (VGM) in 2007 (http: terkeptar.elte.hu/vgm) was born the
plan (Marton 2008a) to register the actual state of the globe for the VGM (Marton 2008b) and make the
contemporaneous copy of the globe in digital form by 2012, which would celebrate the 150th anniversary of the giant
globe made by Laszl6 Perczel in 1862. This project was undertaken by the staff and students of the Department of
Cartography and Geoinformatics at E6tvos Lorand University (ELTE).

In May 2008, nearly 900 high-resolution photographs were taken of the original globe kept in the Map Room of the
National Széchenyi Library (OSZK). After processing these photos, the 3D model showing the present state was made
for the VGM. In this way, the digital copy registering the actual state of Perczel’s globe was completed (VGM ID 76).
At the same time, the photos made it possible to make high-resolution spherical segments (gores) in open jpg format.



These gores were processed by students, and the restored, digital contentual copy of the globe was born by 2012 (VGM
ID 110). Jozsef Sziladi, a map editor of the one-time Cartographia Company was unselfish to use these segments to
make the shaded relief for almost the whole area of the globe (without any financial compensation!).

Altogether, five master theses and six BSc theses were made on the processing of the globe. Five papers were published
in Hungarian or English (Gede M., Méarton M., Ungvari Zs. 2011), some of which (Marton 2012b) were also presented
at conferences (Gede M., Marton M., Ungvari Zs. 2010; Marton M., Gercsak G. 2011).

Figure 1. A vision in 2012: the state of today (left) and the dream (middle) using the completed digital contentual copy
(VGM ID 110) and the reconstructed copy in 2019

FACSIMILE OR COPY

In cartography, a facsimile is generally considered a new edition of a cartographic document (manuscript, colour-
printed or subsequently coloured map, atlas, terrestrial or celestial globe, etc.) published in the past, which shows the
actual state of the reproduced object in the time of the new edition and includes all those changes — wears, tears or other
damage, discolouration, etc. — that the object had suffered from its publication until its reproduction. There are several
ways of making a facsimile. The most usual and fastest method is taking photographs of the original and, after colour
separation, the object is re-printed (traditional facsimile). It is also possible to scan the document at high resolution,
which (digital facsimile) then can be studied in print or on the screen. In this case, we can remove the damage or
discolouration (digital restoration) particularly when several copies of the original publication are available. Another
way is reconstructing the state of the object as it was in the time of its making, for instance by recreating the object by
using the original technology of making (technological facsimile). However, it is not necessary to reproduce the damage
that happened to the object during the times! Using computer technology, it is possible to redraw and recolour the
document and to rewrite the place names with modern fonts. In this case, the product is “only” a digital contentual
facsimile. The facsimiles of the same document made by various methods may not always be identical (Gercsdk—Marton
2010).

A facsimile that registered the state of Perczel’s globe was made in 2008. Its lower-resolution copy was placed in the
VGM to make it available for the public on internet. Up to 2012, the Department worked on making a contemporaneous
facsimile to reproduce the supposed state of the globe at the time of its making. The main source of this work was a
detailed description of the globe by Zoltdn Ambrus-Fallenbiichl (1963), when the “unrestored” globe was one hundred
years old.

In 1962, the hundred-year old globe — according to Ambrus-Fallenbiichl — had “fine lacquer coating”. However, after an
unprofessional “restoration” in the 1970s, when a protecting lacquer layer was added, the coating became so much
yellow and brown that the originally red settlement symbols and place names almost completely faded, many of them
became illegible.

THE CONTINUATION

There was no substantial advance in project in the years after 2012. However, in 2015, talks started with a possible
sponsor to continue and complete the project. The negotiations speeded up in 2018 and the parties arrived at an



agreement, though the sponsor did not cover itself. Finally, Matyas Marton was charged to carry out the cartographic
tasks to prepare the task for physically recreating Perczel’s globe.

The contract included the following tasks:

e Preparation of 10-degree wide half-gores printable on A0 sheets for the northern and southern hemispheres.

e The inclusion of the high-resolution photos of the original globe transformed into projection in the files of the
gores.

e Inclusion of the shaded relief made by J6zsef Sziladi in 2008—-2012 and changing the shaded relief into shades
of grey.

e Exporting the cdr files of the above elements into pdf, their transfer to a graphic artist named by the firm.

e Replacing, digital restoration and partial reconstruction of the damaged parts (linear and areal map elements,
place names) of the 132 cm-diameter globe.

In short, the task was the digital restoration and digital reconstruction of the globe. Already at the beginning of the
work, the original photos of the globe had to be handed over to the graphic artist to design the fonts that should be the
same as that of the handwriting of Perczel. There came further tasks too, such as generating additional files that
included the labelling of scattered names fitted on curves, arranging the amendments of graphic and name elements in
separate files.

A uniform sheet system had to be established at the beginning to guarantee quick information exchange and
referencing. The 10-degree wide sheets are identified in the Ferro system: —180 — 0 — +180 degrees, marked by 01N, ...,
36N, and 018, ..., 36S (Marton 2019)

PREPARATION OF THE RESTORED, DIGITAL, CONTENTUAL FACSIMILE

In this case, digital restoration meant that the linear and areal elements covered by thick “protecting” lacquer coat that
faded to yellow and brown had to be redrawn according to the original colours. The place names, which were
handwritten, had to be spelled out and registered according to their original form. The geographical names and
inscriptions are written by characters standing very close to Perczel’s handwriting.

During restoration, it is forbidden to “find out” illegible names or any other graphic elements. These can only be
completed if contemporaneous source maps justify our idea. This will lead to a contentual facsimile, the colours and
graphical picture of which are like the image formed after Ambrus-Fallenbiichl’s description. However, the illegible
elements are still missing or only partly displayed. For instance, the illegible characters in place names are shown by
question marks.

The major part of the digital restoration had already been completed by 2012. The next step was to check and correct
the work done until this date. Let us take two examples of errors:

e The gore showing the coastline of Antarctica (sheet 28S) created by assembling the high-resolution photos
taken of the original Perczel’s globe was incorrect, because the same photo was mounted to each other. That is,
the same area was shown twice. The student working on this area “solved” the problem: simply and literally
“cut” the Gordian knot by fitting the coastline of the joining sheet and “found out” how the coastline had
looked drawn by Perczel in 1862 (Figure 2).

Figure 2. Error of the coastline on Antarctica: a) Wrong assemblage; b) Graphical element of the student’s
inventiveness; c) Corrected assemblage; d) The new coastline



e We could not open the file of an archived sheet (34N) of Asia. We managed to make the graphical content
based on interim materials; the place names were relatively quickly supplemented with the help of a bitmap
extracted from the restored, digital contentual facsimile placed in the VGM in 2012 (Figure 3).

Figure 3. An extract of sheet 34N: a) State of the area in the VGM in 2012; b) Recovery; ¢) Completion with hill
shading (on the area of Aldani hegylancz)

DIGITAL RECONSTRUCTION

Usually, in the case of printed maps or globes, reconstruction means that the damaged parts are completed by using
photographs taken of an existing copy of the same edition. However, Perczel’s globe is manuscript product in one copy
only, this method was not available for us.

Large parts of the surface of the sphere are not only worn, but they are also physically damaged. This is particularly true
for a 5 to 10-degree wide stripe along the Equator. Probably, the blast of explosions during bombings in the second
world war caused the serious defects along the Equator: the globe was almost torn into two, into a northern and a
southern part. Similar defects are also observable in the western regions of Africa or in smaller areas such as in the third
of the western part of Kamchatka or parts in the western and north-eastern regions of South America. In addition to the
mentioned defects mainly on the continents, there are large damaged areas also on maritime regions, for instance around
the Indian Ocean (Figure 4).

Figure 4. Highlighted defects on the map of the globe in Mercator’s projection

Digital reconstruction means the recreation of the content of the damaged parts, where no or only fragmentary map
elements can be seen. During the “restoration” in the 1970s, the seriously damaged parts were only indicated by
completing the graticule without any map content. This is true for the continents and the oceans too.



Jozsef Sziladi, who generously and excellently made the professional hill shading of relief between 2008 and 2012,
could not take upon himself the task of completing the remaining parts in 2019 due to the deterioration of his eyesight.
This task had to be carried out “in the house” (Figure 3c).

SOME IMPORTANT SOURCES USED FOR RECONSTRUCTION

Due to the short of time, it was not possible to carry out an in-depth investigation and study of sources that were
supposed to have been used by Perczel. We had to work with the materials (atlases) available in the Map Collection of
the Department of Cartography and Geoinformatics of ELTE. The following atlases published in the time of Perczel
were of great help:

Universal-Handatlas (Heinrich Berghaus). Glogau, 1859 (A/61). Perczel surely used the atlas maps for designing his
globe. This statement is justified by many agreements in the graphics, and almost complete take-over of geographical
names from some map sheets (often retaining the German spelling). It can be said with absolute certainty that this was
one of the essential sources. Naturally, it is also possible that he used a former edition of this atlas! For instance, the
“flinfte Auflage” from 1857 or even an earlier edition.

Atlas complet du précis de la géographie universelle. Paris, 1812 (A/275). It can also be established that Perczel used
this atlas or rather the map sheets of one of its later editions. This atlas was of great help when discussing the
geographical names of Africa and the archipelago in the South Pacific Ocean.

Galetti Egyetemi Vilagrajza (Falk Miksa). Pesten, 1857 (A/177). This atlas was published not only in the time when
Perczel made his globe but — this is very important — in Hungarian. Perczel himself aimed at the Hungarian usage of
geographical names. The atlas is a geography book of the world richly illustrated with maps. It would deserve a special
study of comparing the geographical names in the text and in the maps with the names shown on Perczel’s globe.

In addition to the works briefly described above, naturally there were several contemporaneous and modern atlases that
helped our work.

THE CALENDAR FRAME

The calendar frame was also processed in 2019: the high-resolution photos were taken by Zoltan Nemes, the digital
assemblage was done by Matyas Gede (Figure 5).

Figure 5. The assembled calendar frame or horizon ring (a) and an extract (b)

The calendar frame was as damaged as the globe. Perczel indicated 32 points of the compass on it. The Hungarian
language usually names the four cardinal points (N, E, S, W), the halving second-order directions (NE, SE, SW, NW)
and by further halving the third-order directions (NNE, ENE, etc.). However, Perczel indicated the fourth-order
directions too. The modern Hungarian language does not use them. It would be interesting to know how these directions
were named in Hungarian.

IS 132 CM 132 CM?

In the Hungarian literature, one can often read after Ferenc Fodor’s book on Hungarian map making that “Perczel’s
globe is of 1 million scale and 132 cm diameter”. (All authors have noticed and corrected the mistake, because the scale
is 1:10 million.) However, all Hungarian and foreign authors writing about Perczel’s globe repeat the 132 cm
diameter. Perczel was a student of the military academy (K. K. Militartechnische Hochschule) in Vienna between 1841
and 1845 (Ambrus-Fallenbiichl 1963), where he certainly had learnt the data of Bessel’s ellipsoid in the courses on



surveying (Timar 2018): from this ellipsoid it comes that the equatorial diameter of the 1 : 10 million scale globe must
be 127.5 cm (the polar diameter is 127.1 cm). Indeed, recent measurements show that the diameter of the globe is 127.5
cm!

RESULTS OF THE CARTOGRAPHIC PROCESSING IN 2019

Study of the 72 segments in cdr format one by one meant their comparison with the bitmaps compiled from the
photographs taken of Perczel’s globe and transformed into spherical projection, that is the correction and completion of
graphical elements and geographical names (Figure 6). Altogether, 2872 graphical elements and 3252 place names were
completed and amended. New files containing the hill shading were created: 35 files for the northern hemisphere and 25
for the southern hemisphere. (Some of these files of hill shading are composed of two parts for the segments on both
hemispheres.) Finally, 77 hill-shaded areas were converted to grey and fitted in the above files; further, hill shading was
added to 318 areas mostly on the damaged parts of the globe (Marton 2019).

These results were used to create the third version of the virtual facsimile series of Perczel’s globe, namely the
reconstructed, digital, contentual facsimile (VGM ID 153).

Figure 6. Working on the cartographic part-project with Archiflex Sudio’s machines set up by Béla Kovacs, assistant
professor of the Department, 2019

THE PHYSICAL REBIRTH OF PERCZEL’S GLOBE IN 2019
Two major tasks were executed to create a facsimile copy of the object:
e The maps of the globe had to follow the original manuscript as accurately as only possible, which was

achieved by using and processing 72 half-segments that were digitally restored and reconstructed at the
Department (Figure 7);



Figure 7. Steps of making the maps of the globe: a) Extract from the original globe; b) Contentual facsimile at ELTE;
c) Print after typographic and graphical processing; d) Testing the manual colouring

e Inaddition to manufacturing the large ball in its original size (127.5 cm diameter!), the true copy of the
original wooden stand of the globe had to be fabricated together with the calendar frame and the hand-wrought
and engraved copper meridian.

Fortunately, the participants — who represented various disciplines — in this complex project cooperated in perfect
harmony. The somewhat longer than half-year joint work was organized by Andras Lente, a member of the Archiflex
Studio. The artistic leader was Zsuzsanna Lente, a certified restorer of objects. Barbara Kecskés design-graphic artist
carried out the graphic supplementary work on the digital cartographic tasks, which were coordinated by Matyas
Marton, professor emeritus. The printing was done by MPB Hungary Kft., the professional paperwork (manual
colouring, mounting, lacquering) was also done by Zsuzsanna Lente. The ball was manufactured by model builders,
Géza Csizmazia and Kéroly Takécs. Metal-working on the copper meridian ring was done by Istvan Foris, ornament-
smith, the engraving by Andras Nagy. The wood-work of the ball was made by Gyula Bodnar, certified wood-restorer.

MAKING THE MAP OF THE GLOBE AND THE DRAWING OF THE CALENDAR FRAME

The original character of the manuscript had to be reflected on the print by the writing of the place names and
handwriting of the lines, broken lines, and arrows.

Handwriting is irregular, and there is no font that could reproduce this irregularity of characters: the printing fonts are
always regular even if they imitate handwriting. After studying the existing letters on the original globe, it turned out
that four font types can be used to reconstruct the original way of writing fairly well.

After four letter types were graved and converted for computer use, all textual elements in the digital material
(altogether 72 half-segments) had to be changed and replaced by the appropriate font.

Much time was spent on searching the paper and printing technology that would comply with all the requirements. The
following aspects had to be considered: the paper had to be free of acids, not too smooth, hygroscopic, relatively light,
cross-fibred, resistant to pressure and endure aquarelle colouring. The print had to be durable, with sharp contours, light
should make it bind faster, and water-colour painting should not solve it. Considering all these and checking numerous
proofs the decision was to use UV printing and 110 g/m? paper made of cotton fibre.

After the first proofs it became clear that the prints should have black, blue, and red colours (the settlement names were
written in red by Perczel). The colour of the boundaries should to be reduced to 30-50% just to make it visible, and
everything else should be manually coloured. Before the final printing started, we had to determine to what extent the
stretching of the paper would influence the print after mounting. This percentage value was used for the deformation of
the material to be printed and for deciding the size of the prints.

The aim was to paint the area colours by hand. The unique manual painting gave spirit to the surface of the print.

The water surfaces (oceans and seas) were painted in aquarelle when the maps were in flattened state so that this large,
more than 3.5 m? surface look real. For this, the description of the globe by Zoltan Ambrus-Fallenbiichl in 1963 was
taken as basis. We also used the digitally cleaned photos taken of the original globe, which brought out the bright blue
colour of seas at some places. The colours of the lands were also painted before mounting the maps.



The mounting of gores required meticulous, precise fitting due to the stretching of the paper (Figure 8). This was
followed by painting the boundaries, which job again required special attention (Figure 9).

Figure 8. Mounting of gores Figure 9. A phase of manual colouring

When painting, we always worked considered the pictures taken of the original globe. We tried to interpret and
determine the original colours of those areas that faded to yellow or dark. This was an especially great task with the
several hundred small islands. Dense aquarelle ink and very thin brush were used for painting and following the
intricate drawing of coastlines and boundaries. Wide and impetuous strokes of the brush were used to paint the sea
currents as probably drawn on the original.

After painting, the globe was coated with UV- and time-resistant lacquer in several layers.
The calendar frame with fine colours and drawn on parchment paper by Perczel was so much defected that only faint

marks of the zodiac remained. These and the splits were reconstructed (Figure 10). The print was assembled from 12
pieces, then painted and lacquered (Lente—Kecskés 2020).

Figure 10. Part of the globe in the reconstructed calendar frame

THE BALL AND STAND

The globe was made of modern, durable composite of plastics. It turns round on a metal rod. The diameter of the ball is
127.5 cm. Due to its large size, manufacturing the globe was a serious job.

The beautiful stand of the globe was made with traditional method following the original technology. The four legs and
the stiffening parts are hand-carved and made of nut-wood, the fifth leg is a turned one (Figure 11).



Figure 11. Making of the calendar-framed stand

The kernel of the calendar ring is pine-wood covered with sawn plywood of nut-wood. The size of the stand is as
follows: 153 cm wide and 94 cm high. The surface is beautiful hand-polished lacquer.

The solid meridian ring (with a cross-section of 10 x 30 cm) was made of yellow brass, manually bended and fitted by
riveting by an ornament-smith. The holds and the polar caps were made of yellow brass. The lines, inscriptions and the
graduation on the copper ring were added by the engraver (Lente—Kecskés 2020).

One of the three artistic copies can be seen on 6th floor of the Buda Castle, in the National Széchényi Library in
Budapest. The original globe of Perczel can also be seen here, in the Map Room on the 7th floor.
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Abstract

The theoretical research in cartography was recently boosted mostly by technological development, which enables the
comfortable usage of various new and even traditional methodological approaches. For example, the Eye-tracking
method can possibly provide deep insight into the process of map reading, especially in the case of simple tasks. The
visual search is one of the basic tasks when users are dealing with cartographic stimuli. For the presented study, the
symbol set was designed in order to create a logical system, varying in different graphic variables (shape, hue, etc.).
The designed symbol set was used for the creation of experimental stimuli simulating large-scale maps. The stimuli
were used for the test battery administered to twenty four participants using an eye-tracking device. The influence of the
point symbol design (various graphic variables), the position of the point symbol in the map field, and also the
properties of the map background on the visual search task was investigated.

Keywords: Visual Search, Cartographic Stinuli, Eye Tracking

1. INTRODUCTION

The theoretical foundations of cartography can be tracked down back to the second half of the twentieth century when
the work of e.g., J. Bertin (Bertin, 1983), A. Kola¢ny (Kolaény, 1969), A.M. Maceachren (Maceachren, 1995), and
others were published (Montello, 2002). he foundations were based mostly on scientific studies from other fields of
science and only on the limited number of empirical studies in cartography. The development of technology enables the
extension of available methods and the introduction of novel approaches to cartographic research. For example, the
Eye-Tracking method can provide detailed objective information about the user's eyes gazes (Ooms, Dupont, Lapon, &
Popelka, 2015) . A combination with other methodological approaches can provide deep information about the nature of
the map reading process and contribute to the level of understanding of this process.

Map reading is a complex process that can be divided into various levels of complexity. One of the most basic tasks
performed on the map is a visual search when the participant needs to identify the required target (Nelson, Dow,
Lukinbeal, & Farley, 1997). The maps are in general complex mosaics of graphic layers. Especially the thematic maps
consist of topographic background and thematic information. Usage of different graphic variables can enable various
visual effects caused by the used colors, objects, collisions, etc. E.g., the pop-out' is documented if the target differs to
other objects. (Lloyd, 1997). Another important issue is the position of target within the map field (Lloyd, 1997).



2. EXPERIMENTAL STUDY

The aim of the study is the detailed investigation of the visual search task performed on the designed set of point
symbols. The main focus will be on the influence of the pop-out effect and the relative position of the target within the
map field.

2.1 Participants and Apparatus

Twenty four volunteer participants joined the study in total. Participants were university students of Masaryk
University, Brno, Czech Republic. The participants were students of the social sciences or humanities (average age —
21,8, M/F = 5/19).

The data were be collected within the HUME Lab research infrastructure. The Hypothesis software was used for the
time, and correctness recording (SasSinka, Morong, & Stachon, 2017)and the SMI RED-m eye-tracking device was used
for the eye movement collection.

2.2 Stimuli and design

The unique set of point symbols (divided into the three main thematic categories: Blue — transportation objects, Yellow
- cultural objects, and BW — other objects) on the topographic background was used as a stimulus for the study (see
selected examples on figure 1). Two particular exceptions were a single red sign for hospital and green for the
Apotheke.

Figure 1. The selected examples of used symbol set. (The transport - blue (left), cultural - yellow (middle) and the other
category- BW (right)).

The set of sixty map compositions (see figure 2) was created and presented to the participants using on the LCD 22”
display screen. The respondents are instructed to locate and select (by mouse click) the given map sign as quickly as
possible. The target map sign presented on the left side of the screen needs to be identified in the map field presented on
the right side of the screen. There was no time limit.



Figure 2. The example of used stimulus (the target - left, map field - right).

The main research questions are:

e Are the colored categories of symbols inducing the pop-out effect in comparison to BW symbols?
e  Are the central positions of symbols advantage for the visual search task?

e s the red color the most prominent? Will the red symbol (hospital) score the lowest time?
2.3 Results

The data were collected on several levels. The time, correctness, and eye-tracking data were recorded and analyzed. The
correctness was 100% in all of the collected datasets. Therefore it is not reported below.

2.3.1 Time

The average time necessary to fulfill the visual search task differs from 1,3 s. to 1,5 s. The differences are documented
in the figure 3.

2,5

1,5

Time (s)

0,5

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
Stimulus ID

Figure 3. The average time (s) necessary fo fulfill the visual search task.



The more in-depth insight revealed that there were only colored symbols (no BW symbol) within twelve fastest
identified symbols. Also, there were ten BW symbols within the twelve slowest identified symbols. This finding
strongly supports the evidence of the pop-out effect.

If we focus on the difference between the symbol groups (blue, yellow, etc. — see figure 1), we can observe the
difference between the average time for each symbol category. The fastest, the participants identified the red symbol
(hospital) followed by the blue and yellow symbol category.

2
1,9
1,8
1,7
1,6
1,5
1,4

Time (s)

1,3
1,2
1,1

1
Red Blue Yellow BW

Symbol category

Figure 4. The average time necessary fo fulfill the visual search task for symbol categories.

We can also focus on the relative position of the map symbol within the map field. The map field was divided into the
nine sectors (see figure 5), which were evaluated separately. The results proved the advantage of the symbols situated in
sectors 2 and 5. It supports the idea of the advantageous central position of the map symbol except for sector number
eight.

Figure 5. Nine sectors defined in the map field.

2.3.2 Eye-tracking data

The more in-depth insight into the visual search process was provided by the eye-tracking data. The primary focus was
devoted to the most time-consuming stimuli. Namely, the stimulus ID 49 (vending machine, sector 8) and the stimulus
ID 7 (restaurant sector 9)). The detailed trajectories are displayed in figure 6. There can be identified two different
strategies.



1. Inthe case of stimulus number 49, the participant started the search on the target, then continued to the sectors
5,2, and 8 where the target was identified. The identification was followed by the final check to the target
area.

2. In the case of stimulus number 7, the participant started in the middle of the map field, followed by the search
for the target and the search of the sectors 5, 2, 1, 4, and 9 where the target was identified.

Figure 6. Eye-tracking data from the task number 49 (left) and task number 7 (right).

3. DISSCUSSION AND CONCLUSIONS

The presented study focused on the visual search tasks using the cartographic material as a stimulus bring reveal the
potential of eye-tracking data in cartographic research. The designed symbol set varying in different graphic variables
(e.g., shape, hue) was used as an experimental stimulus simulating large-scale maps. The results confirm the findings of
previous studies, e.g. (Lloyd, 1997):

1. The strong evidence of the pop-out effect, if the target stimulus visually differs from the topographic
background and other symbols.

2. The prominence of red color.

3. The strong influence of the relative position of the target symbol. The symbols located in the sectors 5 (centre
of the map) and the sector 2 (centre of the upper part of the map field) are identified faster to other sectors.

The more in-depth insight into this effect was enabled by the available eye-tracking data. The various sequences of eye
movements were identified. The results provide ques for a deeper understanding of the visual search in the process of
map reading and reveal the influence of the graphic variables and the relative position of the target on the strategies
used for the visual search task.

Future possible extension of the study can be a focus on other variables as for example, the cultural background of the
participants. Especially the effect of the different ordering of writing systems can bring different visual search strategies
or the different roles of colors.
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Abstract

The aim of the study is to identify the differences between the cognitive processes underlying different map-reading
tasks. An eye-tracking study was designed based on our previous research. We hypothesized that significant differences
may occur when utilizing two different methods of presenting two phenomena in one map (i.e. bivariate scales).
Specifically, the extrinsic and intrinsic methods will be compared using two different types of tasks: The participants
will be presented with maps that provide information on soil moisture and soil depth, and will be asked to identify the
areas that meet the required conditions (e.g. area with the highest soil moisture and low soil depth). The research
sample will consist of university students of humanities and social sciences, for it is our intention to focus on the people
with no significant cartographic experience. In order to explore the collected eye-tracking data, an explorative analysis
will be used. The main objective of the analysis will be to find out whether either of the bivariate scales requires more
saccades to accomplish the task, requires more direct transitions between the legend and the map, and whether the
different visualization types induce different cognitive processing methods. Our results will shed some light on the topic
of computational (non)equivalence of the extrinsic and intrinsic visualization methods. The presented study will provide
a basis for the upcoming cross-cultural research. The paper presents the suggested experimental design of the research
and the means of analysis.

1 INTRODUCTION

Empirical investigation of visual stimuli plays an important role among cartographical research methods (Juiik et al.,
2020, Herman et al., 2018; Juiik et al., 2017, Kubiéek et al, 2014, Kubiéek et al, 2017, Svatoiiova and Kolejka, 2017).
The aim of this paper is to present the design of an experiment comparing the impact of extrinsic and intrinsic



visualization using bivariate maps (Elmer, 2013, Nelson, 1999, Nelson, 2000, Nelson, 2002), and to suggest suitable
methods of analysis. In order to meet the requirement for objectivity, we suggest using the eye-tracking technology
which can provide a deep insight into the cognitive processes and strategies employed by the participants when
performing map-related tasks (Alacam et al., 2009, Coltekin et al., 2009, Herman et al., 2017, Opach et al, 2017,
Popelka and Brychtova, 2013). The presented experimental study is a direct follow-up to the work by Kunz (Kunz,
2011,Kunz and Hurni, 2011), who created bivariate maps quantifying the avalanche risk (along with the degree of
uncertainty of the risk). The methods employed by Kunz were empirically tested by Saginka et al. (2019), whose results
indicated, inter alia, that the familiarity of the map content to the participants plays such an important role that its
impact may override the effect of the phenomena under investigation (Alexander et al., 1994). Therefore, relatively
simple and widely understandable topics were selected for our study: soil moisture and soil depth. The presented study
will employ a broader design that will allow us to examine not only the participants' individual cognitive style, but also
the role of cross-cultural differences in perception. We consider bivariate maps to be highly suitable for the above type
of experiment (Sasinkova et al., 2020).

We suggest using the technology of eye-tracking for our study because it provides a unique possibility to investigate the
differences in the participants' cognitive processing; thanks to eye-tracking, we can study the very process of task-
solving in addition to the results of the participants' cognitive activity. The oculomotor data can be used to reveal if the
same or different cognitive styles are used for the different types of visualizations (of identical data).

2 STIMULI AND EXPERIMENTAL DESIGN

The stimuli and the types of tasks will be the same for all the groups of participants. The instructions will be displayed
in the upper part of the screen; the map legend will be shown on the right side, the map field on the left and the button
bar with 4 buttons (used to indicate the correct answer) will be shown in the bottom part of the screen (see Fig. 1 and 2).
The identical design of the stimuli will provide for full control of the experimental environment. The participants will
be familiarized with the type of the visual stimuli prior to the experiment in order to ensure that any differences in the
participants' performance are visualization- or type of task-related.

Figure 1 Example of an intrinsic visualization, subtest 1 (analysing wider areas consisting of 4 units), one variable is in
question here.



Figure 2 Example of an extrinsic visualization, subtest 1 (analysing only isolated units), two variables are in question
here

The study will include two subtests, each consisting of 15 items. The participants will be presented with bivariate maps
divided into small square units. For each item, four areas are marked either with a single square (in the subtest No. 2) or
with 4 squares (in the subtest No. 1). The participants will be asked to choose the area that fits the criteria defined in the
instructions (e.g. “Select the area with low soil moisture AND high soil depth”). Some items will require only one
condition to be considered (e.g. “Select the area with low soil depth”), others will require two conditions to be met
(such as the above-mentioned example).

It needs to be stressed that the study was designed in such a way that the impact of practice and the type of task could be
controlled and assessed. We consider it necessary to use a between-subject design in order to be able to compare the
data related to the two types of visualizations. If a within-subject design were used (that is, the participants would be
presented both extrinsic and intrinsic visualizations), the users' experience with the first task would significantly affect
their performance in the subsequent tasks. A disadvantage of the between-subject design consists in that a larger sample
of participants needs to be used. Because the test contains several different types of tasks (a single-square vs. multiple-
square area, one variable vs. two variables), the participants will be divided into four groups (Counterbalanced
Measures Design). To the third and the fourth groups the tasks will be presented in a reverse order (single-unit areas are
presented before the four-unit areas). In this way we will be able to counterbalance the effect of experience (resulting
e.g. in shorter response times).



Figure 3 Experimental design: comparing intrinsic and extrinsic visualizations in two subtests, presenting two types of
items (considering one or two variables at a time).

2.1 Apparatus

Data collection will be done in the HUME Lab using an SMI RED-m eye-tracking device. The eye-tracker will be
connected to an external screen on which the tests will be presented to the participants. The experiment will be
administered via the Hypothesis software (Sadinka et al., 2017) and the eye-tracking data will be recorded using the
Experiment Center 3.7 software, with the frequency set at 250 Hz. Ogama software (VoBkiihler et al., 2008) will be
used for data analysis and the data will be transferred to Ogama via the HypoGama application (Popelka et al, 2016).

2.2 Participants

The participants will be university students of humanities and social sciences. It is essential that the participants have no
expertise in maps because previous knowledge would likely distort the data. Participation will be rewarded financially.
Due to the expected high discard rate, the number of participants needs to be overestimated

3 Data Analysis

The analysis of the collected data will be a two-level one, the first level consisting of the analysis of the oculomotor
data and the second level of the analysis of the behavioral phenomena. The behavioral data include response time and
correctness. Because of the complexity of the experimental design, several complex statistical models will need to be
used to investigate the behavioral phenomena. Even the basic version of the design involves several factors (culture x
visualization x type of task; see Tab. 1); therefore, a mixed-factor ANOVA will be considered, which makes it possible
to investigate the interactions between the factors involved. Another factor can consist in whether the user looks for a
single variable or both variables at a time.

Table 1 Main factors in the research design

Culture Visualization

Extrinsic Intrinsic




East x West Type of task Type of task

Unit Area Unit Area

The main goal of the explorative analysis of the collected oculomotor data will be to identify the possible differences in
visual scanning of the map during task-solving. The analysis will employ two types of eye-tracking metrics: 1)
transitions (saccades between AOIs) and 2) AOI dwell time.

Several Areas of Interest (AOI) will be created: the area of instructions, the legend, the visualization field (i.e. the map
itself) and the buttons (Figs. 4 and 5). We will be interested in the total duration of the fixations on the selected AOIs
(point No. 2; see Fig. 5). The information about the total dwell time will make it possible to determine the amount of
attention allocated to the various parts of the task at hand. The AOIs representing the visualized areas (possible
responses) will be used to establish which distractors were considered by the users to be the most probable before they
made the final decision.

The transitions metrics (point No. 1; Fig. 5) provides more detailed information about the dynamics of the task-solving
process. The main question is: How many direct saccades out of the defined AOIs were made and in what direction?
The following two attention-shift directions are particularly important: the “map-legend” shift and the “legend-map”
shift. A high number of map-legend transitions indicates that the user needs to repeatedly check the correctness of their
choice.

Figure 4 AOI dwell time assessment



Figure 5 Example of direct saccades (transitions) between AOIs

4 Discussion

Based on the pilot testing as well as on our previous studies, the intrinsic map legend is considered less intuitive, and
thus is expected to take more time to decode than the extrinsic legend. However, it remains to be answered how the
efficiency of the users' task-solving is affected by practice, and also if the intrinsic legend can induce better results with
some tasks than the extrinsic legend. Other topics to be investigated include the impact of the users' cultural background
and of their individual preferences for one or the other type of visualization.
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Abstract

Thematic cartography is a major tool for earth sciences to present research results about various spatial
characteristics. When used correctly, maps enrich the content of publications. This study focuses on the quality of map
use in geoscientific publications. Maps of geology, geography, geophysics, meteorology and cartography were assessed
from Hungarian and international journals and posters. We measure the means of 1) quality of visual representation, 2)
presence of map accessorial and 3) quantity of topographic and thematic content with an objective system of criteria.
Statistical evaluation of the items reflects the map use habits of each field and common mistakes in map representations
are also revealed. Comparison of the Hungarian vs. international practice was primarily aimed, but the results reflect
the spatial variability of scientific mapmaking. This database and analysis draw attention to the objective criteria of
proper map use in scientific communication and may help authors to improve their maps’ quality.

Keywords: geosciences, map use, thematic cartography

THE ROLE OF THEMATIC CARTOGRAPHY IN GEOSCIENCES

Maps in geosciences have been fundamental tools of communicating spatial information for a long time. Through maps
scientists use cartographic visualization, which can be considered as geographic research and/or tool of spatial analysis
(Philbrick 1953, DiBiase 1990). The proposal framework of DiBiase (1990) considers maps as accessories of scientific
work: they are used when exploring the subject of a research, during the formulation of theories and conclusions, and
for final representation of the results. This makes a clear distinction between private visual thinking at the early phase of
a research and public visual communication when publishing. Although there are various views about emphasizing
different aspects of visualization authors agree that it is built up by a visual thinking and a communication-presentation
component (MacEachren 1994).

These theories were completed by the definition of (Cartography)® that shows an expressive three-dimensional
connection between human-map interaction, presenting knowns/unknowns, private/public map use and
visualization/communication (Figure 1, MacEachren 1994). According to Kraak (2002) this process of geovisualization
and cartographic design have to be reviewed for usability, as these maps may be used for further analyses, generating
hypotheses or solve further problems.

DiBiase et al. (1992) and DiBiase et al. (1994) deals with visualization methods of Erath System Sciences built on this
foundation. Geoscience data visualization and interpretation have been hard in the past decades. The accelerating
changes in our global environment force geoscientists to search for new mapping methods to process the growing
amount of quantitative information. Sometimes the purpose of geoscientific thematic maps also changes, e.g. the
original aim of geological maps has been to gather information for mining industry, but nowadays the emerging and
growing sector of geotourism also widely uses these kinds of thematic maps (Albert 2019). Due to the geographical
context earth sciences has always needed thematic maps when presenting spatial information about research results. The
correct visualization of these spatial characteristics is inevitable to reach the third dimension of the cartographic cube —
(Cartography)® — that means information-sharing public presentation (MacEachren 1994).



Figure 1. The cartographic cube (MacEachren 1994). Thematic cartography in geosciences follow its principles: a
complete research includes all steps described in it

A map, when used in scientific publication, should thematically fit in the textual content, and should enrich it. It is an
extra task for scientist to take basic cartographic and visual rules into consideration. With correct and understandable
maps, their publications can earn multiple benefits, such as increased readership and wider dissemination. Measuring
the goodness of maps is not easy, since the map is considered good in many different ways. However, we can check
certain elements on a map (e.g.: scale, or a scale bar), which can help the reader to understand the map if exist, and if
not, the understanding of the map is harder. Although it seems obvious to include elements on a map such as
coordinates, title, legend and scale, we can see scientific publications sometimes presenting “maps” without them. The
preludes of this research have been taken place in the XXth Congress of the Carpathian-Balkan Geological Association
in Tirana, Albania, 2014. The idea of the evaluation system was established by Géaspar Albert attending the poster
section of this conference, and the initial set of data were also collected here concentration on geological maps. It was
aimed to find the most occurring phenomena that make maps less understandable.

This study aims to examine the maps of different geoscience branches focusing on these visual rules and map elements
rooting from cartographic rules. The classification of geoscientific maps declared by the ICA Commission on Thematic
Cartography in the 1970s (led by Emil Meynen) distinguish seven categories (Klinghammer and Papp-Vary 1983): 1)
morphometric, 2) geophysical, 3) geological, 4) pedological, 5) geomorphological, 6) hydrological and 7)
meteorological (climate) maps. Elements of this system refer to an individual science branch in geosciences, but some
are more, others are less represented in contemporary scientific journals. To evaluate, how different science branches
manage maps, we have chosen journals and conference posters from the field of cartography, geography, geophysics,
geology and meteorology to check, how they applied the universal rules of thematic cartography in them. The spatial
variability of map use was also supposed — there might be remarkable differences between each countries’ map design
solutions. We especially focused on the differences between Hungarian and international scientific literature.



METHODOLOGY OF THE EVALUATION

Map evaluation system

Table 1. Criteria of the map evaluation system

A) Visualization

 Excellent: The map is designed to its purpose. The symbols are unique or appropriately selected to the topic. The
base map and the thematic content are in harmony. The printing quality matches with the resolution of the map.

» Medium: The content is readable, but the symbols are not designed to the purpose of the map (e.g. usage of
default colours, line types). Base map and thematic coverages are compiled differently. The printing quality
matches with the resolution of the map.

 Poor: The content is hardly readable due to inappropriate symbols (in vector-based maps), rough resolution (in
raster-type maps) or the bad quality of printing.

B) Type

» Overview: The map is for showing the location of the study area. It is a small-scale map, which can be solitary,
or in pairs with a main map.

» Main: The map shows the results of the research subject. It can be solitary, or in pairs with a main-, or a detail
map.

» Detail: The map shows the results of the research subject in large scale. It is always in pairs with a main map.

* *: in case of mixed types, use the * sign for the inferred, and "1" for the dominant type.

C) Accessorial (coordinates, orientation, scale, legend, name/title)

» When doing survey, put a checkmark in the proper column if the accessorial type exists on the map (consider the
captions of figures as names/titles in some cases).

D) Topographic content (put a checkmark in the proper column if the accessorial type exists on the map)
» Hypsography: contours, shaded relief, graded hypsometry, etc.
» Hydrography: water courses, lakes, rivers, channels, springs, wells, marshes.
» Road network: roads, trails, streets, etc. (manmade structures).
» Boundaries: delineator signs of administrational territories.
« Settlements: signs of human build structures/administrational units (i.e. cities, villages, farms).

« Names: geographical names (of natural and manmade objects).

E) Thematic content: in this criterion all existing map type from the evaluated set should be written. In our case:

* Geological, geophysical, geographical, geomorphological, meteorological, cartographical, ethnographical or
general, if there is no thematic content.

F) Base map type:
» Copy unreferenced: scanned raster from an existing map without citation.
 Copy referenced: scanned raster from an existing map with citation.
» Edited: edited topography/thematic base map content with references to the source of data.
« Vector: the base map seems to be edited but the data source is not indicated.
« No data: the base map exists, but there is no information about it.

* No base map

G) The nationality of the article’s first author




Geoscientific map representations sometimes lack important marks that help the reader to understand the information.
When using cartographic methods, we need to find the balance between precision, quality of visual representation and
quantity of thematic data. Our method focuses on the quality of cartographic visualization in geosciences, measuring
these marks with the help of an objective system of criteria (Table 1). These included the quality of visualization, map
type, map accessorial, topographic content, coverage type and copyright rules. We also noted the nationality of the first
author of the publication to examine spatial variability. Using this system, we could give grades for each map for each

criterion.

Map sources

Table 2. Journal data from the database of SCImago Journal & Country Rank (SCImago 2020)

i Country: United Kingdom
. Current H index™: 25
$ The Cartographic Journal Current quartile® 02
o) Total cites in 2018: 132
G
R Country: Hungary
ﬁ‘ Geodézia és Kartografia Current H index: 7
b | (Geodesy and Cartography) Current quartile: Q4
Y Total cites in 2018: 2
Country: Germany
(E; Geoheritage Current H index: 21
o g Current quartile: Q2
G Total cites in 2018: 264
R
A Country: Hungary
ﬁ Foldrajzi Kozlemények Current H index: 10
v | (Geographical Review) Current quartile: Q2
Total cites in 2018: 102
G Country: The Netherlands
E . Current H index: 215
o | Earth & Planetary Science Letters Current quartile: 01
o Total cites in 2018: 8720
;” Country: Hungary
1 | Magyar Geofizika Current H index: 7
C | (Hungarian Geophysics) Current quartile: Q4
S Total cites in 2018: 1
Country: United States
s | Geolo Current H index: 189
E 9y Current quartile: Q1
o) Total cites in 2018: 4256
L
o Country: Hungary
$‘ Foldtani Kozlony Current H index: 9
(Bulletin of the Hungarian Geological Society) | Current quartile: Q3
Total cites in 2018: 21
M | Quarterly Journal of the Country: United States

! An entity has an H index value of y if the entity has y publications that have all been cited at least y times (Hodge and
Lacasse 2011).

% The set of journals have been ranked according to their SCImago Journal Ranking and divided into four equal groups,
four quartiles. Q1 comprises the quarter of the journals with the highest values, Q2 the second highest values, Q3 the
third highest values and Q4 the lowest values (SCImago 2020).



E | Royal Meteorological Society Current H index: 125

E Current quartile: Q1

o Total cites in 2018: 2843

R

o Country: Hungary
('—) Idéjaras Current H index: 13

c | (Weather) Current quartile: Q3

Y Total cites in 2018: 59

The main data sources for the project were scientific journals of the five chosen geoscience branches. One Hungarian
and one international journal from each field were chosen. We used the last available issues and followed the articles
back in time until we reached nearly 300 maps per each periodical. We also assessed more than 100 maps from posters.
These were photographed either at the university or during attending conferences.

We have tried to reach balance between the fields of geoscience, so nearly 300 maps of each branch were assessed,
1509 in total. In Table 2, data about map source journals are available.

Evaluation process

Each journal issue was searched for maps. These were saved as files with a code name that helped the identification
later. If the papers were available online, print screens, if not, photographs were made. Each periodical got its own
folder with the figures waiting to be evaluated.

The assessment process was carried out by MS Excel software. Each science branch got two individual tables. In the
first, authors, the title, the name of the journal and the date of issue were noted for easier further identification.
Assessment records were stored in the second table. According to the evaluation system, the visualization, type,
accessorial, topographic content, thematic content, base map type and the nationality of the first author were examined.
All criteria (except the nationality) deals with the presence or the absence of a certain map feature, so presences were
marked with a ‘1’ sign.

When finishing the evaluation, the marks were summed, and each geoscience field got its statistics. These numbers
were separated then with the help of the “nationality’ column to produce data showing the trends of each.

RESULTS

After the investigation, the results can be separated into two groups: the map use habits of different geoscience branches
and the geographical differences between them.

Map use habits of the different geoscience branches
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Figure 2. Results of map visualization criteria category
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In this section, we give an overview about the most interesting data of the evaluation. Our results showed that the
quality of visualization is nearly balanced. Surprisingly, maps from cartographic journals got the lowest, while maps
from geological journals got the highest excellent score (Figure 2). The quantity of accessorial and topographic content
show that these criteria and map elements are varying by the branch of geoscience and the applied thematic map type
(Figure 3 and 4). We can state that every science field use the basic map accessories and topographic elements wisely to
help the reader. The map types are also in a connection with the branches: e.g. while geology uses the most of overview
maps, it uses the leas main maps and vice versa for cartography (Figure 5).
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Figure 3. Results of map accessorial criteria category
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Spatial variability of map use habits
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Figure 6. The most common countries with first authorship with more than 20 maps evaluated. The four countries in
Figure 7 are highlighted
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Figure 7. The four countries with the most evaluated maps (number of maps in parentheses)

Countries with 20 or more evaluated maps are shown on Figure 6. The large number of Hungarian elements is caused
by the Hungarian journal per each branch. We have found that there is a large spatial variability in the map use habits of
different countries and cultures (Figure 7). This can either mean specific but correct ways of visualization or solutions
that make the map hard to understand and should not be followed.

Figure 8. The visual quality of maps from Hungary and all other examined countries

The quality differences between maps with Hungarian first authors and international authors are depicted in Figure 8 in
percentages. The visual quality of maps with Hungarian authors (in the Hungarian periodicals) is much worse, than the
maps of other countries’ authors (in international journals). This usually mean bad resolution images, bad colour
chooses, missing map elements and other negative effects that worsen the interpretability of the map.



CONCLUSION AND DISCUSSION

We can state that most of the examined science branches have their typical thematic map type — or at least a typical set
of data that is presented. All map accessories, map types and thematic contents are in a relation with this specific theme.
The visual quality of geoscience maps is nearly balanced. Geological and geographical journals have the largest H
index values — it is reflected by the maps too: a larger H index may mean stricter editorial rules and better map quality.

Countries with developed scientific life publish better maps. There are lots of articles and figures from developing
countries, but the tradition of scientific publication is weak. Because of this, some visualization methods do not meet
the requirements of “excellent” quality. In the case of Hungary this is also valid. Despite being in Central Europe,
especially national earth scientific journals have less strict editorial rules — this leads to worse visual quality and missing
elements of maps. The trends in the H indices of journals is nearly the same as internationally — higher values are also
connected to better map quality.

By analysing these statistics, the examined geoscience branches can draw their own conclusions: what are their
common mistakes, how can they develop their map communication skills. It is also true for each countries or cultures.
Everyone can use this methodology to enhance self-assessment too. By applying this evaluation model, one can
examine his/her own map before publishing. As the dual aim of scientific publications to bring science closer to
professionals and laics too, we need to keep visual and cartographical norms to succeed.

ACKNOWLEDGEMENT

The project is supported by the UNKP-19-3 New National Excellence Program of the Ministry for Innovation and
Technology.

REFERENCES

Albert, G (2019) The changing use-cases of medium and large-scale geological maps in Hungary. Proceedings of the International
Cartographic Association, 2, 2019. https://doi.org/10.5194/ica-proc-2-4-2019

DiBiase, D (1990) Visualization in the earth sciences. Earth and Mineral Sciences, Bulletin of the College of Earth and Mineral
Sciences, PSU, Vol. 59, No. 2, pp. 13-18.

DiBiase, D; MacEachren A M and Krygier J (1992) Animation and the Role of Map Design in Scientific Visualization. Cartography
and Geographic Information Science 19(4):201-214. https://doi.org/10.1559/152304092783721295

DiBiase, D; Reeves, C; MacEachren A M; von Wyss, M; Krygier, J B; Sloan, J L and Detweiler, M C (1994) Multivariate Display of
Geographic Data: Applications in Earth System Science. In: MacEachren A M and Taylor, D R F (eds) Visualization in Modern
Cartography. pp. 287-312. https://doi.org/10.1016/B978-0-08-042415-6.50022-3

Hodge, D R and Lacasse, J R (2011) Evaluating journal quality: Is the H-index a better measure than impact factors? Research on
Social Work Practice, Vol. 21, No. 2. https://doi.org/10.1177/1049731510369141

Klinghammer, | and Papp-Vary, A (1983) Féldink tiikre a térkép (The map, mirror of the Earth). Gondolat, Budapest.

Kraak, M-J (2002) Geovisualization illustrated. ISPRS Journal of Photogrammetry & Remote Sensing 57 (2003) 390- 399.
https://doi.org/10.1016/s0924-2716(02)00167-3

MacEachren A M (1994) Visualization in Modern Cartography: Setting the Agenda. In: MacEachren A M and Taylor, D R F (eds)
Visualization in Modern Cartography. pp. 1-11. https://doi.org/10.1016/B978-0-08-042415-6.50008-9

MacEachren, A M and J H Ganter (1990) A pattern identification approach to cartographic visualization. Cartographica, Vol. 27, No.
2, pp. 64-81.

Philbrick, A K (1953) Toward a unity of cartographical forms and geographical content, Professional Geographer, Vol. 5, No. 5, pp.
11-15.

SClmago Journal & Country Rank (2020) https://www.scimagojr.com/. [Last accessed: 25 May 2020.]

Taylor, D R F (1991) Geographic information systems: the microcomputer and modern cartography. In: Taylor, D R F (ed),
Geographic Information Systems: the Microcomputer and Modern Cartography, Pergamon Press, Oxford, pp. 1-20.



BIOGRAPHY

Marton Pal

PhD I. year student

E6tvos Lorand University

Faculty of Informatics

Department of Cartography and Geoinformatics
E-mail: marchello@map.elte.hu

Marton Pal received his MSc degree on cartography at Eétvos Lorand Univeristy, Budapest, Hungary. His PhD research
is about geotourism mapping and evaluation systems, but also participates in projects concerning experimental
cartography and cartographic aspects of autonomous driving. Spatial databases, webcartography and smartphone
application development also belong to his interest.

Gaspar Albert

Associate professor

E6tvos Lorand University

Faculty of Informatics

Department of Cartography and Geoinformatics
E-mail: albert@ludens.elte.hu

Gaspar Albert is a geologist, cartographer and GIS specialist. He currently works at the E&tvos Lorand University as a
lecturer teaching basic- and geoscientific mapping and modelling. He works on several research and exploration
projects requiring geoinformatics.



TOWARDS A SEMANTIC-BASED VISUALIZATION PORTAL OF
INTERNATIONAL RELATIONS OF THE VIENNA UNIVERSITY
OF TECHNOLOGY

Antonio Voynov and Georg Gartner

Research Group Cartography, Vienna University of Technology
georg.gartner@tuwien.ac.at

Abstract

Internationalisation plays a key role for universities. International cooperations amongst researchers, departments and
universities contribute to the capacity, output and reputation of academic institutions. Many universities have programs
to strengthen and enable international relations on all scales. However, in order to understand the success of such
programmes it is needed to define internationalisation through indicators, which can be measured and monitored.

In this paper possible indicators for measuring internationalisation of universities will be discussed, a selected set for
TU Wien analysed and a semantic model for defining processes related to internationalisation at a university will be
presented. Such a model is a key underpinning element for visualising international relations of academic institutions
through cartographic representations and visualisation portals

1. INTERNATIONAL RELATIONS OF ACADEMIC INSTITUTIONS

Higher education systems, such as universities, are confronted with ever increasing demands to improve their
reputation, attractiveness and quality in the context of the globalisation of knowledge, which leads to an increased
competition at national and international level. Internationalisation is one of the most important criterias that must be
taken into account when it comes to the performance and position of universities in rankings (Bas, Boquera & Carot,
2017).

In a very general sense International relations represent a multidisciplinary field that generally can include aspects of
political economy, foreign policy analysis, development studies, environment, international security and much more
(Department of International Relations, San Francisco State University, 2019). When focusing on the international
relations of a university the areas of concern are especially the international activities of the academic staff and students,
both in respect to research and teaching.

According to Brandenburg and Federkeil, internationality is the current status of an institution at a given point in time
with regard to international activities. In contrast, internationalization is a process in which an institution changes from
an actual status of internationality at time X to a modified status of internationality at time X+N. The result is the
difference between the actual status of internationality and the desired status at the end of a period (Brandenburg &
Federkeil, 2007). According to Polak the following activities form the basis of a university's internationalisation process
(Polak, 2017).



Figure 1 Common International University Activities

It is also important to differentiate, that international relations can be measured at different entity levels such as
institutional (faculty and university staff), sectoral (technical universities), national, regional or even global (Sanderson,
2007).

In order to compare the internationality and internationalisation of different universities, a standardised approach for
measuring these aspects must be developed. For such a standardized approach the use of representative indicators of the
phenomena are desirable. A comprehensive list of potential universities was introduced by Brandenburg & Federkeil
(2007). The most commonly used methods for data collection are surveys and institutional data. The institutions
themselves play the most important roles in the collection of data, thus ensuring a precise assessment of
internationalisation activities (Beerkens, Brandenburg, Evers, van Gaalen, Leichsenring &Zimmermann, 2010).

There are two categories of sources on which an indicator set can be based. In the first case, indicators are based on
expert assessments and knowledge about internationalization, because theory and practice show that these indicators are
important for measuring the internationalization of institutions. In the second case, the universities themselves must
judge whether an indicator is useful for analysing the internationalization and whether the necessary data should be
collected (Brandenburg & Federkeil, 2007). Whatsoever, the main aspect remains, that the selected indicators describe
both internationality at the current point in time and the process of internationalization within a certain time span. In this
way, a development of the measured values can be statistically measured, such as growth or decrease in numbers within
a certain period.

2. INTERNATIONAL RELATIONS OF TU VIENNA
2.1 Selection of indicators

The selection of indicators which are representing the International Relations of TU Vienna should be inline with the
broader internationalization goals of TU Vienna. As a starting point of the selectioning the “Development plan 2013+”
of TU Vienna was analysed, where the strategic guidelines of TU Vienna were defined. Indicators were chosen from the
IMPI-Toolbox (Indicators for mapping & profiling internationalization) and the CHE-Toolbox (Centre for higher
education development), because their indicators are among the best known. The international activities of TU Vienna
were split into 3 sections: “Students”, “Staff and research” and “Education and studies”. A total of 21 indicators were
selected.

Student mobility is important for measuring internationality and internationalisation because of the correlation with the
perceived quality of the study programmes. In the project "TU Vienna Global Strategy 2013+" it was emphasised that
TU Vienna promotes the mobility of TU master and doctoral students. According to Polak, mobility of "incoming and



outgoing students™ contributes to the internationalisation process of a university (Polak, 2017). For this reason,
indicators have to be selected that take into account the incoming and outgoing exchange students:

Students- 6 indicators

e Study abroad - 3 indicators
e International students — 3 indicators

Example for indicator from the section “Students”:
What proportion of students from the unit participate in outgoing exchange or mobility programmes in a given year?

The mobility strategy of the Vienna University of Technology is intended above all to enable young researchers to gain
international and scientific experience and establish contacts (Vienna University of Technology - TU Vienna, 2014). It
can be noted that the following international activities of an academic staff member play a significant role in the
formation of international relations: Participation in international research projects and publications, lectures at
universities abroad, participation in conferences, stays at foreign universities as visiting professor, visiting researcher or
guest lecturer (Polak, 2017). Therefore the section “Staff and research”, covering the international activities of the
academic staff of Vienna University of Technology, include the following indicators:

Staff and research — 12 indicators

International mobility of academic staff — 6 indicators
Research projects — 1 indicator

Publications — 3 indicators

Patents — 1 indicator

e  Partnerships — 1 indicator

Example for indicator from the section “Staff and research”:
Proportion of professors who have spent at least 1 semester abroad relative to the total number of professors

When assessing internationality and internationalisation a final section of concern is "Education and studies™. As part of
this the overall policy of TU Vienna is promote mobility abroad as "securing language courses as well as the courses on
Transferable Skills in the soft skills catalogue for all students™ (Vienna University of Technology - TU Vienna, 2014).
A suitable indicator must be selected for this objective formulated by the Vienna University of Technology:

Education and studies — 3 indicators
Example for indicator from the section “Education and studies”:

Out of all courses offered by the unit in a given year, what is the proportion of courses taught in a foreign language?
2.2 Data collection for the indicators

All indicators need reliable, up-to-date and comprehensive data. There are several souces of data which can be used and
it became clear during the research, that further efforts need to be taken to harmonize and streamline data acquisition
and modelling for enabling the seeked analysis and reasoning towards internationalisation. The following sources have
been identified:

Public statistics at the website of TU Vienna

Research database of TU Vienna

Individual websites of the faculties

Publication database of the TU Vienna

Citation database “Web of Science”

Section “International Office” at the website of TU Vienna
Internal Information and administration database of TU Vienna

It should be mentioned that only TU Vienna has access to the larger part of the data, thus most of the data is not
publicly available.



3. SEMANTIC DATA MODEL

A semantic data model is a method for structuring data in order to present it in a certain logical way. It is a conceptual
data model that contains semantic information that adds fundamental meaning to data and relationships. An entity
relationship model is used as the basis for database design. Before using "SQL" language to set tables and relationships,
the ER model must be planned, which describes how the database structure can be built. The basic elements of any
entity relationship model are: entities, relationships and attributes.

Figure 2 Entity-Relatonship Model of International Relations of TU Vienna



An entity is understood here as a single and uniquely identifiable information object. Attributes and relationships can be
assigned to entities or other information objects. The entities can be used to model complex data sets clearly (Luber,
2019). For example, the individual researchers and professors of TU Vienna should be stored as entities. The attributes
can be different, e.g. researcherID, first and last name or nationality. The attribute values represent the actual
information, e.g. attribute = "Web of Science researcherID", attribute value = "AC-5507-2019".

A list for all twenty-one indicators was then created describing how the selected indicators can be calculated based on
the semantic relationships of the entities. Such an example of the above described indicator 01-003 can be:

e  Entity-“students”(attributes: student status="ordinary student”), who study at the institution with
name="Technical University Vienna” and participate in mobility programs in a certain year/ Entity-
“students” (attributes: student status="ordinary student”), who study at the institution with name="Technical
Unviersity Vienna”.

4. METHODS FOR VISUALIZATION OF INTERNATIONAL RELATIONS

Based on the semantic data model of international relations several visualization approaches could be applied to present
the international relations.

4.1 Approaches for visualizing semantics

There are different approaches for visualizing semantic information which focus on presenting different aspects of
semantic structure and attributes. As showed in the ER-Diagram, the semantics may contain various levels of
information. Existing approaches utilize various graphical representation techniques from visual computing, visual
analytics and information visualization.

The most frequently used approaches for visualizing semantic data are categorized into:

e Hierarchical semantics visualization
e Relational semantics visualizations
o Entity-based semantics visualization

The first approach is focused on visualizing hierarchical aspects of semantic information. Hierarchies provide the
opportunity to categorize domain-specific resources in inherited concepts and allow a topic-related access to the
modeled domain knowledge. Users are able to locate a search topic in the hierarchical structure and get thereby a
starting point to abstract his query by querying the parent node or precise his search by choosing a sub-node.
Hierarchies can be visualized in various ways: nested, treemap, indented, or top-down and left-right structures
intuitively as hierarchies (Nazemi, Burkhardt, Ginters & Kohlhammer, 2015).

Relational visualizations play an essential role in visualizing semantics. The natural structure of semantics is
predestinated for visualizing semantic relationships and thereby a structural view on the domain of given knowledge. A
relational view on semantics is important, due to the ability to get an overview of the entire knowledge space or see the
relations of resources to interact and browse for a knowledge path (Nazemi, Burkhardt, Ginters & Kohlhammer, 2015).

Entity-based semantics visualization is designed for search tasks. The above mentioned approaches for graphically
representing the relationships or hierarchies are secondary and are frequently used to support the search process. The
entity-based visualizations are aimted at giving a kind of interactive “picture” on the entities that builds the content of
the underlying visualized data. This kind of visualizations are useful for mapping the entity to a certain contextual
information, e.g. time, location, or semantic similarity (Nazemi, Burkhardt, Ginters & Kohlhammer, 2015).

4.2 Visualization options

Aiming for a web-based portal of visualising a semantic model of international relations of a university requires a
basemap, thematic cartographic methodology, interactivity functionality and dynamic mapping due to contemporary
standards. Some of the most frequent used visualization options are column diagrams, circle diagrams, line diagrams,
scatter diagrams and bubble charts. Since the focus here is visualization of International Relations, diagrams can be
combined with world maps. The following options can be used for such purpose:

e Bubble Chart Map: A combination of a bubble chart and a map. It can be used to visualize places and
proportions in a simple way. The size of the bubbles can represent different indicators



e Connection — Map: Displaying a network in combination with geographical data by combining color or pattern
to the lines or inserting another type of illustration (e.g. bar chart or pie chart)

Those visualisation options need to be embedded in an interactive framework allowing for exploring the attributes of
every entity (e.g. researcher, department, faculty), every attribute (e.g number of publications, time of empolyment etc)
and relations (collaborations, travels, visits, joined activities etc), thus a model for a selection menu was created
regarding the different aspects of internationalization, allowing a user to analyse internationalization at different levels.
A specific visualization option is selected for each indicator. The most of the indicators can be represented with a single
number in percent. What proportion of students from the unit participates in outgoing exchange or mobility
programmes in a given year?

For in-depth analysis of a certain aspect the user should receive more information. For example, the aspect “Study
abroad” cotains three indicators: the first measures the proportion of students from the unit that participates in outgoing
exchange or mobility programmes and the other two measure the propotion of graduates that have completed an
internship or a semester abroad. The user should get additionally the following information:

e The user should be able to limit the search to a ceratin period of time and as a result a web page opens with
data on the indicators and two interactive web maps.

e The first visualizes the completed semesters abroad, the second — the completed internships abroad.

e In addition to the web map, a bar chart with x-axis target country and y-axis number of students who have
visited the target country can be created.

e Inorder to measure the internationalization process, a line chart can also be produced, which visualizes the
change in the values of the indicators.

5. SUMMARY

International Relations become crucially important for universities. In order to be able to coomunicate those it becomes
necessary to define the underpinning processes and indicators, representing these international relations, and to model
them accordingly. By this an overall reflection on the relevance and importance of internationalization can contribute to
a clearer understanding and awareness. In this paper a semantic approach for defining and modelling releted processes
of activities in relation to internationalization of a university is proposed, which can underpin visualisation portals
aiming for depicting and exploring international relations.
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Abstract

Map colors are indispensable in map visual communication and thinking. However, creating a good color design is
challenging for experts as well as novices. Recently, a new idea, color transfer, has drawn considerable attention in
cartography and computer graphics; it aims to transfer colors from one or more reference images to a target image
while preserving the color appearance of the reference image. However, existing methods in computer graphics have
limited consideration of cross-regional, legibility, and cartographic color design rules, such as conventional and
semantic rules. This paper proposes a vector-based map color transfer method that treats map color transfer as a
multiconstraint optimization problem. The manifold learning technique is introduced to organize discrete colors from a
reference image. The proposed method is implemented with four reference images. Compared with FastPhotoStyle from
NVIDIA, our method achieves better results in terms of legibility and graphical quality.

Keywords: Map color design, Color transfer, Manifold learning, Multiconstraint optimization

1 INTRODUCTION

In the era of so-called ubiquitous mapping, anyone can be a cartographer (Wood 2003, Goodchild 2007). With the
development of information and communication technology (ICT), users can use maps on electronic devices anytime
and anywhere (Gartner et al. 2007). Map design is no longer always performed by experts through reference maps, and
the general public now shows great interest in making personal, creative thematic maps. In this context, general public—
facing mapmaking techniques are now urgently needed, including map color design, which is one of the most important
components of map design.

Map colors play an irreplaceable role in map visual communication and visual thinking. Color, as a visual variable, can
be used to encode quantitative and qualitative information. Color can also be an esthetic element to make maps
attractive. So far, a series of guidelines have been proposed for color design, such as visual variables (Bertin and Berg
1967, MacEachren 1995), legibility (Sloan and Brown 1979), conventional rules (Robinson 1995), semantic rules
(Hoarau 2011), harmony (Moon and Spencer 1944), and visual contrast and hierarchy (Robinson 1995). However, these
rules are often qualitatively described, and in practice, they often need to be compromised, which may be beyond the
user’s skills and experience. Effective color design is time consuming and labor intensive, not only for experts but also
for novices. Monmonier (2018) called map color design a cartography quagmire. Supporting high-quality map colors is
still challenging.

Recently, a new idea, color transfer, has drawn considerable attention in the field of cartography and computer graphic
science; it aims to transfer color from one or more reference images to a target image with color appearance
preservation. In cartography, some studies have aimed to transfer personalized and creative colors from artistic
paintings to maps to enhance the esthetic aspects of maps. For example, to obtain Renoir painting—style maps (Feranec
and Pravda 2009) and Monet painting—style maps (Friedmannové 2009) researchers summarized painters’ color palettes
and manually transferred them to maps; however, this method depends on the experience and knowledge of cartography
and resists automation. There are also some interactive personalized mapping tools, such as Mapbox’s Cartogram
(Mapbox 2017), that can automatically generate four map-color styles based on a user-provided picture, but the overall



color appearance is not always harmonious. Some scholars have also tried to transfer map styles based on deep learning
image style—transfer methods. For example, Bogucka and Meng (2019) used a deep learning style-transfer method to
transfer map styles and evaluated the emotional quality of the transfer results. However, the transfer results are more
like paintings than legible, information communication—oriented maps. Kang et al. (2019), based on a generative
adversarial network (GAN), designed a tile map-based style transfer method. However, it is limited to a matched map
region.

In computer graphics, Reinhard et al. (2001) proposed the first automatic image color transfer algorithm, which can
transfer the color from an image to another image to enhance the visual effect of the transferred image. Then, various
image color/style transfer algorithms were proposed: Chang et al. (2004) proposed a perception-based color transfer
method. Colors were divided into different categories by name, and then a classification constraint was followed to
generate colors from their original categories for color transfer. Neumann and Neumann (2005) introduced a nonlinear
histogram-matching method based on hue, saturation, and brightness. It can transfer any color style from a source image
to a target image using 3D histogram matching. Nguyen et al. (2017) used K-means clustering to construct color
palettes from multiple images and transfer them to other images. Li et al. (2018) proposed a deep learning—based image
transfer method, FastPhotoStyle, which can output very realistic transfer results. These methods all focus on color
transfer from image to image rather than from image to map.

From the above discussion, these efforts toward color transfer show potential applications to accommodating
personalized and creative mapping by providing a new way to generate an artistic color appearance. However, these
methods focus on image-to-image color transfer and suffer from a common limitation: lack of consideration of essential
map color design rules (e.g., conventional rules, semantic rules, harmony, etc.), making the transfer results more like
paintings than maps. To fill this gap, we propose an automatic vector-based cross-scale map color transfer method. The
remainder of this paper is organized as follows: Section 2 presents the model formulating the problem of map color
transfer. Section 3 introduces a manifold learning-based technique to solve the problem. A heuristic algorithm based on
an artificial bee colony algorithm is also shown to obtain a satisfying result. Section 4 evaluates the results of our
method and of a deep learning—based color transfer method.

2 PROBLEM FORMULATION

We aim to perform color transfer from an image to a vector map with both scientific and artistic considerations. The
references used can be paintings, fine artwork, or photographs. The target is a vector map with point, polyline, and
polygon symbols and labels for any scale and region.

First, the map color should still serve as a visual variable to communicate information, and, conventional, semantic,
legibility, and hierarchy principles should be considered. Then, as a representation, the color harmony and emotion of
the reference should be kept. Of course, the visual appearance of the reference image should also be preserved. In this
paper, the above map color transfer considerations are transformed into a multiconstraint optimization problem, the
constraints of which include 1) the reference image color constraint, 2) the legibility constraint, and 3) the conventional
rule constraint; the objective functions are that 1) the map color appearance should be similar between the reference and
the target, and 2) the map color should be harmonious.

2.1 Constraints

(1) Color gamut constraint. Map colors should come from reference images. Generally, colors from reference images
are discrete color points rather than a contiguous color space. In this paper, the discrete point cloud of the image colors
is analyzed by the manifold learning technique. In doing so, the discrete, three-dimensional color points are
dimensionally reduced in a nonlinear manner to a two-dimensional space, which can help in efficiently searching and
transferring the colors (see Section 3.1 for details). The map color is searched from the image color manifold, and the
map color source constraint is shown in equation (1).

C,ep < Color, Crap =1C1nC 3 (1)

manifold * ~map

; Color, i : . . .
Where C., is the map color after transfer, manifold jg the color manifold constructed from the source image, and n is

the number of map layers to which the color needs to be transferred.



(2) Legibility constraint. To be legible, any two colors in the map should be distinguishable according to the perceptible
color difference (just-noticeable-color-difference, JNCD) threshold (Mahy et al. 1994). In the model, the color
difference between any two map colors should be greater than the threshold d, as shown in equation (2):

VC,,C, €C0y, AEL(C,,C)) >0 (2)

map ! al

Where i and j are the subscripts of any two map colors in the CIELab color space. AE, (C;,C,) s the color difference

between two colors. 0 is the threshold for distinguishing any two map colors. The color distance can be calculated by
using the Euclidean distance in the CIELab color space. In the CIELab color space, L indicates brightness (0-100), a*
ranges from green (-) to red (+), b* ranges from blue (-) to yellow (+), and a, b usually range from -128 to +127, as
shown in equation (3):

AE,(C,.C)) = (L, - L) +(a —a))* +(b —b;)* (3)

Where Ci=(L;, &, b) is color i and Cj=(L;, a; , b;) is color j.

(3) Conventional rules. From considerable mapmaking experience, cartographers have summarized a series of
conventions for map color use that can help to improve the quality of map information communication, such as using
green for forests and other vegetation and blue for oceans, rivers and other water bodies. In this paper, to respect the
conventional rules, the map color cannot shift too far from convention. (If no color is searched, the color with the least
color difference is selected.) This is shown in equation (4):

VC, eC™" AE; (C,.C,)<5 (4)

map ! al
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Where ~™ s the color set of the layers, which needs to take into account the map color convention. Co s the color

before the transfer. 2Ea(Cn:Cn)
maximum color shifting threshold.

is the difference between the original color and the transferred color. J is the

2.2 Objective function

(1) Similarity of color appearance. The color proportion is one of the major factors in shaping an image’s color
appearance, and it may vary greatly from image to image. Since the number of colors in an image is generally much
larger than the number of map themes, widely used factors in current image color transfer methods, such as histogram
matching, are not suitable for transferring image colors to maps. Here, the root-mean-square error (RMSE) function is
used to measure the similarity of color appearance. The RMSE is a common loss function in machine learning. It
represents the square root of the second sample moment of the difference between the predicted value and true value,
and it can reflect the degree of deviation between the predicted value and true value. Here, we use the RMSE to indicate
how close the color proportion of the transferred map is to that of the reference image. The similarity of color
appearance is calculated with equation (5).

C}mage € COlormanifold (5)

map !
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Where P(C™) is the color proportion of the i-th map theme, C}mage is the color set of the selected image, and
P(Ci™) is the color proportion of color j.

(2) Color harmony. Harmonious colors can enhance the beauty of maps. O’Donovan et al. (2014) captured preferences
for color combinations through a collaborative filtering method on a large color palette data set and used a generalized
linear model to analyze the color harmony rules; this model can be used to calculate the harmonic score of a 5-color



group. In this paper, this method was used to quantify map color harmony. Assuming that the score of the user’s color
preferences of a 5-color t=(1,2,...,5) group is y (T), then the objective function of the map color harmony is shown in
equation (6).

LCr) = 2 Rxy M) (6)

i=1

Where T(t=0,1,...,M) is a set of M groups of color in Cy,, sorted by the color proportion, t; is a group containing 5 map
colors, and P; is the sum of the proportion of colors in this group.

2.3 Multiconstraint color transfer model

Combining the above objective function and constraints, the map color transfer problem is transformed into a
multiconstraint optimization problem in which the two objective functions are normalized and then combined into a

single objective function by using @, and @, as the two weighting factors. The mathematical model of the automatic map
color transfer method is shown in equation (7).

maxF =@ x f, +w, x f,
st.:. CcColor, . VC ={C,,....C.,} (C)

VC,C, e c_map,AE;b(ci,cj) >0 (Cy)
VC, eCI™" AE, (C,,C.)<5 (Cy)

map ! al
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Here, all the variables and symbols have the same meaning as in the previous constraints and objectives.

3 MODEL SOLVING

Model solving mainly consists of two parts: 1) generation of color manifolds. We translate the discrete,
three-dimensional color points into two dimensions to efficiently search the image colors. 2) Heuristic search. We find a
satisfying solution by a heuristic search of the color manifolds.

3.1 Generation of color manifolds

Manifold learning is used in this paper to organize image colors. Manifold learning can implement nonlinear
dimensionality reduction expressions for high-dimensional variables, and it can implement interpolation and sampling
operations that are difficult to perform in high-dimensional and nonlinear spaces (Roweis and Saul 2000). The
assumption of a manifold distribution conforms to the distribution characteristics of object colors. Manifold learning
has already shown advantages in efficiency and quality in automatic color recommendation and interactive color design
(Nguyen et al. 2015).

At present, common methods for generating color manifolds include principal component analysis (PCA),
multidimensional dimensional scaling (MDS), and self-organizing maps (SOMs) (Nguyen et al. 2015). This paper uses
the SOM algorithm to generate the color manifold space of the reference image. The SOM algorithm is an unsupervised
data dimensionality reduction method. As shown in Figure 1, taking Van Gogh's Starry Night as an example, a 10*10
color manifold is generated to achieve a dimensionality reduction expression for the image color.



Figure 1. Example of color manifold generation

3.2 Heuristic search

In this paper, the map color transfer problem is regarded as a multiconstraint optimization problem. We can explore the
color manifolds to solve the problem. Ideally, the global optimum can be found by traversing the color manifolds
according to the constraints and the objective. However, this is too computationally expensive, as it is a typical
combinatorial optimization problem whose algorithmic complexity is often exponential. We therefore choose a heuristic
algorithm, the artificial bee colony (ABC) algorithm, to solve the model.

The ABC algorithm is both a local and global swarm intelligence search algorithm. It was originally proposed for
numerical optimization problems and has been successfully applied to different types of optimization problem-solving
tasks (Karaboga and Akay 2009). For a detailed description of the ABC algorithm, please see (Karaboga 2005). In what
follows, the two major components of the ABC, initialization (which sets up a series of artificial bees to explore a
space) and the fitness definition (which guides artificial bees to find a satisfying solution), are described.

(a) Initialization: Randomly generate SN (number of bee colony populations) color schemes C;= {¢,,C;,....Cp }

(i=1,2,...,SN) in the search space (color manifold in this paper, such as in Figure 1). Each solution C;is a D-dimensional
color vector, where D is the number of map themes.

(b) Definition of fitness. The fitness function gives the evaluation scores of feasible solutions and guides local and
global searching. As described in Section 2.3, after the normalization operation of the two objective functions, the

weighting method is used to calculate the combined objective function. @, and @, are the weights of each objective
function. In this paper, each is set to 0.5, and the fitness function is obtained as equation (8):

_ L v0<m,n<D,AE,(c,.c,) >0d.and if ¢, eC2" AE, (C,,.Cp) <&
Fitness(C,) =1 F(C,) (8)
0, otherwise

F(C,) is the function value calculated with the i-th feasible solution C; of the objective function F. The smaller the
function value is, the larger the fitness value. m and n are the subscripts of any two map colors in the feasible solution
Ci, ¢, and c;, are the colors of any two map themes, ¢, _is the original color of layer m, and & is the color of the INCD

m

threshold of any two layers; ¢ is the maximum color difference threshold of the original color and new color.

Guided by the fitness, the artificial bees locally explore to find colors that are harmonious and visually close to those in
the reference map. If a better solution than the current one cannot be found after several rounds of iteration, then the
artificial bee can give up the current solution and globally try another solution until it finds a satisfying solution.

4 EXPERIMENT
Three artists” paintings and one photographic work are selected as the reference images (see Figure 2), and a city map

from OpenStreetMap (OSM, www.openstreetmap.org) is used as the test. The test map is designed by using
conventional colors, such as depicting water in blue and forests in green. Figure 2 shows the results of color transfer.



Figure 2. Example of map transfer results

Furthermore, to illustrate the advantages of our method, we compare our method with a deep learning-based method
called FastPhotoStyle, which is a widely used image-to-image color transfer algorithm (Li et al. 2018). We use the
OSM map as the source map and select Van Gogh's two paintings as the reference images. The results of our method
and those of FastPhotoStyle are shown in Table 1.

Table 1. Comparison of the transfer results of our method and FastPhotoStyle

Test map Reference Our model FastPhotoStyle

It can be clearly seen from Table 1 that the results of FastPhotoStyle are more like a painting than a map. The
drawbacks are as follows: (1) the same map theme (e.g., feature A, the river layer) in the test map is transferred with
different colors, which may result in misreading the feature type; (2) FastPhotoStyle introduces a blurred boundary
(e.g., in feature B, the background layer); (3) FastPhotoStyle does not keep the visual hierarchy and contrast (e.g., in
feature C, the road layer); and (4) FastPhotoStyle does not respect the conventional rules (e.g., in feature D, the forest
layer). In contrast to FastPhotoStyle, our method can preserve conventions, visual hierarchy and contrast, can keep
symbols clear and legible, and can maintain the feature classification. In addition, it can be seen from the transfer results
that neither our method nor FastPhotoStyle transfers a satisfactory color for map labels, so it is necessary to optimize
the method further.

5 CONCLUSION

To meet the general public's demand for personalized and creative map design, this paper proposes an automatic
vector-based map color transfer method. Compared with an image-to-image color transfer method, our method can
achieve better results in terms of legibility and cartographic graphical quality. This method can potentially be
implemented as a web tool to provide personalized and creative mapping services for the general public to support the
idea that anyone can be a cartographer.



In addition, there are some shortcomings that need further improvement. For example, the color transfer of map point
symbols and labels cannot simply be evaluated by the similarity of color proportions, and the results need further
evaluation on various map reading tasks, such as identification, location and comparison.
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Abstract

Navigational charts contain a combination of geospatial information of varying quality collected at different times
using various techniques. Bathymetric data quality is mainly encoded in electronic charts with the Category of Zones
of Confidence (CATZOC). CATZOC provides information about the horizontal and vertical uncertainty of depth
information, as well as the seabed coverage and feature detection. It is visualized in Electronic Chart Display and
Information Systems (ECDIS) as an additional layer with glyphs using a rating system of stars: six to two stars for the
best to lowest quality data and ““U” for unassessed data. The current symbology creates visual clutter which is worse in
areas of high quality bathymetry. Furthermore, horizontal and vertical uncertainties may not be adequately assessed by
the user. This paper presents a research program aimed at the development of a method for portraying bathymetric
data quality and for integrating the quantified uncertainties in ECDIS.

Keywords: Spatial Data Visualization, Error-band geometry, Bathymetric Data Uncertainty, Electronic Navigational
Charts ENC, Uncertainty Visualization, Visual Variables, Safety of Navigation

INTRODUCTION

Bathymetry shown on nautical charts is compiled from geospatial information of varying quality, collected at different
times, using various techniques. The first systematic hydrographic surveys were conducted using hand deployed lead-
lines and sextants. Improved techniques in the 20" century included single-beam echo-sounders, and most recently,
high resolution bathymetry is collected using multi-beam echo-sounders and airborne lidar systems. At the same time,
with the use of satellite positioning systems the positional accuracy of surveys has also considerably increased. Data
quality of geospatial information plays an important role in decision making in maritime navigation, and failure to take
it into account can be one of the factors leading to maritime accidents [see e.g., the cases of Nova Cura (DSB, 2017)
and Pazifik (BSU, 2020)].

The hydrographic community has been concerned with informing mariners about the data quality on charts since the
1919 International Hydrographic Conference in London (HMSO, 1920). The first agreed approach was with a
description in the title of the chart (Pielou, 1984), which with time took the form of a chart inset either with the use of
the source diagram introduced by Beaton (1960) or with the more complex reliability diagram. The simplistic nature of
the former made it obsolete as it could no longer meet the needs of maritime navigation at the end of the 20" century,
whereas the complexity of the latter made it difficult for cartographers to construct and for the mariners to use (Roberts
& Lewis, 1992 as cited in Johnson, 2004).



In an effort to fulfill the increasing needs of contemporary navigation, in the early 1990s, the hydrographic community
introduced Zones of Confidence (ZOC) for use on paper and the newly introduced Electronic Navigational Charts
(ENCs). The ZOC concept was developed to provide a simple and logical means of classifying all bathymetric data in
terms of quality, and displaying the confidence that a national charting authority places in it (Johnson, 2004). The ZOC
diagram has served nautical charting for about three decades and, with moderate enhancements, the concept will
continue to exist in the new S-101 (IHO, 2018) transfer data standard for ENCs. However, the current symbology for
displaying ZOC in the Electronic Chart Display and Information System (ECDIS) has shortcomings. The most
important deficiencies are associated with the star glyphs coding scheme, and that the uncertainty values provided in the
ZOC categories are not fully incorporated in ECDIS analysis in route planning and execution.

This work presents research on the development of new visualization and integration methods of data quality on charts
in order to support decision making on board. In the following sections, we review the limitations of the current
symbology, the recent research efforts for the development of improved visualization methods, the suitability of the
available visual variables for the purpose, and, lastly, we discuss a potential solution under investigation.

ZONES OF CONFIDENCE AND QUALITY OF BATHYMETRIC DATA

The ZOC diagram formed a paradigm shift in the way the evaluation of data quality is performed by hydrographic
offices in-house as part of the compilation process, replacing a system where the end-user was expected to perform the
evaluation based on the provided quality indicators. For the ZOC diagram, the area of the chart is delineated into sectors
(as with its predeccesors) with each sector assigned one of the six ZOC categories shown in Table 1. The ZOC
categories have a horizontal and vertical uncertainty associated with them, information about the seabed coverage and
feature detection, as well as a short description of the typical survey characterisitics [the detailed ZOC table can be
found in IHO Special Publication 57 (IHO, 2014)]. With this information, mariners may more effectively interpret the
seabed morphology, identify potential hazards for the vessel, and select routes that maintain under-keel clearance.

In ENCs, the ZOC categories are encoded in the attribute CATZOC (Category of ZOC) of the meta-object M_QUAL
(quality of data) which also has a number of optional attributes, e.g., SOUACC (sounding accuracy) and POSACC
(positional accuracy). Currently, CATZOC is portrayed in ECDIS as an additional layer with glyphs using a rating
system of stars: six to two stars for the best to lowest quality data and “U” for unassessed data (see Table 1). The layer
may be activated and de-activated by mariners.

Table 1: The six ZOC categories and the respective symbology, horizontal and vertical uncertainties, and achieved
seabed coverage.

As it can be seen in the examples of Figure 1, the current CATZOC symbology adds significant clutter on ECDIS
screens, obscures high-quality more than low-quality data, may not be visible in small areas, is not intuitive, and
dominates the screen, especially in dusk and night modes of ECDIS. Consequently, CATZOC is often not used and
horizontal and vertical uncertainty may not be adequately assessed by the user, something that is confirmed by maritime
accidents reports (e.g., DSB, 2017; BSU, 2020) and research (e.g., Harper et al., 2012; DQWG, 2016).



Figure 1: The visualization of CATZOC in Day (left) and Dusk (right) ECDIS modes (Kastrisios et al., 2020b)

For the S-101 standard, the CATZOC attribute is replaced by the Quality of Bathymetric Data (QoBD) in the form of a
decision tree incorporated in ECDIS. The five categories of assessed data Al, A2, B, C, and D are renamed to 1, 2, 3, 4,
and 5 respectively. One more category “O” (Oceanic) is provided for the areas where water depth is deeper than 200m
(and, thus, does not pose a threat to surface navigation), and an attribute for the temporal variation of the seabed has
been added (details in IHO S-101 Annex A). Other than that, the horizontal and vertical uncertainties and the seabed
coverage criteria for each category remain unchanged. Due to the recognized deficiencies of the star symbols, the
International Hydrographic Organization (IHO) Data Quality Working Group (DQWG) considers that “the current
staggered pattern symbology of CATZOC should not be used in S-101” (DQWG, 2019a). The new visualization
method for CATZOC and the S-101 QoBD in ECDIS has been a topic of research over the last decade, however it is yet
to be selected.

PREVIOUS RESEARCH EFFORTS

Hare et al. (2011) used a continuous color scale to represent bathymetric uncertainty in their work on modelling of
bathymetric uncertainty, a technique commonly used by hydrographers for the visualization of high resolution
bathymetry and the associated depth uncertainty (e.g., Bathymetry Attributed Grids). With this they demonstrated the
potential uses of the new IHO S-10X product specifications (e.g., S-102) while discussing under keel-clearance and the
visualization of go / no-go areas with a red-green traffic-light display.

Two other visualization techniques were proposed by the IHO DQWG and Nautical Cartography Working Group
(NCWG). In the work of the former, the quality levels are visualized with line textures of varying transparency. The
work of the NCWG presented the use of four different coding schemes, i.e., a ring pattern of different hues (green,
yellow, red, and white), single hue with variation in color value, and two with pie charts. However, both works targeted
the four quality tiers that were under consideration at the time (i.e., good, fair, low-quality, and unassessed) (see e.g.,
DQWG, 2015) but officially abandoned in the 10™ meeting of the DQWG (DQWG, 2016). As such, the proposals are
not directly applicable to the six levels of CATZOC and QoBD (seven including the oceanic). Furthermore, the DQWG
identified as primary drawbacks of the NCWG proposal the ambiguity of color value and the severe display clutter of
pie charts (DQWG, 2016). Furthermore, the proposed ring patterns make use of color hues that are not recommended
for the application (see DQWG, 2015) as they were intended for use in under-keel clearance, and dominate the screen
view in most ECDIS modes.

The most comprehensive work on the visualization of data quality in ECDIS is that by Gladisch and Ruth (2016).
Therein, the authors discuss common practices in the visualization of spatial data uncertainty, record the deficiencies of
the current star symbology, review the previous research efforts, and investigate the use of noise, transparency, and
textures for the visualization of data quality. The grid and hexagon textures they proposed are effective in all ECDIS
modes. The main deficiencies of the method are the use of the same, very dense, texture for QoBD 5 and U, and, as the
DQWG points out, that it is not intuitive and adds considerable clutter in ECDIS screen (DQWG, 2019b).

Lastly, in 2017 the DQWG proposed a method using color codes (DQWG, 2017). The main idea was to combine the
safety contour, safety depth, and the four shades of blue used for the color coding of depth areas in ECDIS, with the
populated QoBD values into a single view. This idea was presented at the 9" meeting of the Hydrographic Services and



Standards Committee (HSSC) but raised a few concerns, and the HSSC members decided that some issues remained to
be addressed and that the possible options should first mature prior to an official proposal (HSSC, 2017).

STUDY AND PROPOSED SOLUTION

Ideally, symbology to display data quality on an ECDIS screen should:

Minimally interfere with the other charted information,

Unambiguously relate to the QoBD categories,

1.
2
3. Emphasize the areas of greater uncertainty,
4. Be easy to remember, and

5

Be effective in all ECDIS modes (i.e., day bright, day whiteback, day blackback, dusk, and night).

Figure 2: Examples of the utilization of the visual variables of hue (a), lightness (b), size (c), shape (d), orientation (g),
and density (f) for the visualization of the six levels of ZOC on ENCs (Kastrisios et al., 2020a)

Most primary and secondary color hues (Figure 2a) are already reserved for other uses in the ENC/ECDIS or possibly
not suitable for all ECDIS modes. In addition, the experimental results of MacEachren et al. (2012) have showed that



color hue has very low intuitiveness. Color lightness/value (Figure 2b) and saturation lead to visualizations that may
obscure important underlying areal object on charts (e.g., the color coding of depth areas for shallow and deep waters).
Furthermore, for all three dimensions of color the portrayed layer of data quality can become dominant in dusk and
night modes. Transparency may alter user’s perception of the color coding of the depth areas. The visual variable of
shapes (Figure 2d) has no intuitiveness and the decoding of ZOC categories necessitates the use of a legend. With size,
orientation, and density/grain (Figures 2c, 2e, and 2f, respectively), the identification of the different CATZOC levels
becomes ambiguous whenever only a few of the levels are displayed.

Satisfying the set of requirements for ZOC visualization with a single visual variable can be challenging. The solution
that seems most promising is to use a sequence of textures created by combining two or more visual variables. The
advantages of textures are that they are minimally used in current ECDIS displays, and if they consist of open meshes
they are expected to minimally interfere with other chart information (unlike, e.g., opaque colors or color transparency).
Each texture must be designed to be clearly distinct from the previous one so that their values can be unambiguously
perceived. Each texture should be visually denser than the last, with denser textures representing greater uncertainty.
Furthermore, we are suggesting a boolean strategy for distinguishing between assessed (i.e., QoBD 1, 2, 3, 4, 5, and
Oceanic) and unassessed (i.e., QoBD U) data.

Table 2 shows an example of a coding scheme with textures consisting of lines. The fundamental principle is that the
number of lines represent the QoBD, e.g., one solid line for QoBD 1, three lines (one single and one double) for QoBD
3, and five lines (two double and one dash lines) for QoBD 5. Oblique lines are used for assessed data (i.e., QoBD 1, 2,
3, 4, and 5), whereas vertical-horizontal lines represent the unassessed data (i.e., quality “U”). Lastly, additional
information is conveyed by the single and double lines (i.e., full vs not-full seafloor coverage has been achieved).

Table 2: A sample coding scheme of textures consisting of single, double, and dashed lines. Variation in transparency
and orientation of lines is also used.

Figure 3 shows an example of the textures of lines presented in Table 2 superimposed on a US ENC (US4NC15M,
Cape Lookout to New River, North Carolina). The texture emphasizes uncertainty while reducing visual clutter
(compared to star symbols) by varying density and transparency. Increasing density and opacity of lines indicate higher
uncertainty values (lower quality data). An evaluation of the illustrated solution shows that it meets the criteria outlined
previously with the primary advantage of being an intuitive representation of the different QoBD categories. This and
other coding schemes based on the same principles that are under consideration, along with ideas by others (e.g.,
DQWG, 2019a) will be evaluated in the form an on-line questionnaire which will be distributed to the mariner
community. This questionnaire is designed to evaluate a set of alternative coding schemes in terms of their ability to
meet the requirement set in the first paragraph of the current section.



Figure 3: Visualization of ENC data quality using the textures of lines of table 2 (Kastrisios et al., 2020a)

A further aspect of the research project is the determination of the area to be visualized. Prior solutions use a layer that
covers either the entire extent of the chart or a zone of fixed width around the plotted route. We are investigating the
use of zone of variable width equal to the horizontal uncertainty in the area and its incorporation in the hazards
appraisal performed by ECDIS. The advantage of this lies in the fact that shoals charted with high certainty (e.g., ZOC
Al / QoBD 1) not in the vicinity of the plotted route (which therefore do not pose a threat) will not be treated as a
threat, but those with higher horizontal uncertainty would.

Besides the visualization of the CATZOC / QoBD sectors in ECDIS, we are also investigating the visualization of depth
and positional uncertainty of individual bathymetric features (e.g., wrecks, underwater rocks, obstructions) and their
incorporation in ECDIS analysis. The logical solution for their positional uncertainty is the use of an error-band
geometry approach [e.g., Foy (2011)] that is already under consideration by the DQWG (2020). For the depth
uncertainty, this can be incorporated in ECDIS for the adjustment of the charted depth and the consequent display of
this depth value on ECDIS for the mariner’s awareness whenever necessary. It is noted that the resulting error-band
geometry and the depth uncertainty of features may be uniform or non-uniform in the same M_QUAL as other quality
indicator may have been encoded, e.g., POSACC and SOUACC. Cases that require special treatment, such as features
in navigable channels or near the boundaries of two areas with different QoBD categories, are under consideration.
Other factors include the color (e.g., magenta, black), type of line (e.g., solid, dashed, or dotted), size of font and line,
location of the displayed adjusted depth (e.g., over the hazard, on the outline of the circle), and minimum visible sizes.

CONCLUSION

This paper discusses the concept of CATZOC for bathymetric data quality in ENCs and its visualization and integration
in ECDIS analysis in support of safe marine navigation. To overcome the deficiencies of the current star symbology it
presents a research methodology for the development of a new coding scheme that includes the determination of
application specific requirements and the evaluation of the visual variables for their suitability. It proposes the use of a
sequence of textures created by combining two or more visual variables and presents an example consisting of lines
with variation in the type (single, double, and dashed lines), the transparency, and the orientation of lines. The proposed
solution is intuitive and unambiguous, emphasizes the areas of greater uncertainty, and is effective in all ECDIS modes.
It also discusses the integration of bathymetric data uncertainty in ECDIS analysis with the use of a zone around the
plotted route with width that is equal to the horizontal uncertainty encoded in CATZOC and error-band geometries
around individual features. The advantage of the investigated approach is that features charted with high certainty not in
the vicinity of the plotted course will not be treated as a threat (thus reducing useless alarms with a large user-defined
zone width), whereas those with higher horizontal uncertainty are incorporated into the analysis (thus eliminating the
risk of actual dangers that are overlooked due to a small user-defined zone width).
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Abstract

The visual turn in social sciences left its imprints on many disciplines. The methodologies discussed in this field are a
chance to adapt analysing methods to maps, when approaching them as a visual product and medium that follows other
implicit rules than photographs or paintings do (following e.g. Harley 2001). In this paper, | want to present a map-
interpreting methodology that is specifically compatible with a practice theory approach. The methodological base is
the documentary method, proposed by the German sociologist Ralf Bohnsack. It has its root in Harold Garfinkel’s
ethnomethodology, Pierre Bourdieu’s praxis theory and Karl Mannheim’s cultural sociology, and applies techniques
from art history to visual material. The paper will discuss how it can be adapted to cartographic visualizations, in
order to identify the specific worldviews that different styles of map design communicate. Promising aspects as well as
limitations to this approach will be discussed.

Keywords: critical cartography, cartographic theory, map studies, praxis theory, qualitative research

INTRODUCTION

While the analysis of visual material is an integral part of the social science methods playbook, the investigation of
maps and cartographic images remain on its outskirts. This is not to say that there are no map studies from a social
science point of view — obviously, the call of Brian Harley and others did not go unheard, and historic analyses of maps
also have had a long history. But these studies remain isolated, either within the so-called critical cartography or
historical studies. A look into the social science methods literature reveals that there do not exist established and
specific methodologies to analyse maps the same way as they exist for interview material, for photographic imagery or
for videos and which are grounded in specific theoretical and conceptual backgrounds, such as the grounded theory,
objective hermeneutics, symbolic interactionism, or ethnomethodology. At the same time, within geography and —
obviously, cartography — we can find a huge amount of literature on how to produce maps, representing a rather
practical knowledge of how maps are communicating knowledge. Therefore, this knowledge about how to make a
“good map” is still the basic ground when judging the scientific value of cartographic imagery as well as its
manipulative power (Monmonier 2018).

The aim of this contribution is to put the map side by side to photographs, videos and other visual materials, and suggest
a way of analysing it that takes into account the visual qualities of cartographic material. | suggest a procedure to
analyse maps that offers a useful tool when conducting research that aims at understanding social meaning of
cartographic documents, linking it to the nowadays widely discussed practice theory approach to the social. For this
purpose, | firstly sketch some aspects of the visual turn in social sciences and social geography, in order to locate my
approach in this broad field. Afterwards, | discuss the theoretical view of practice theory on maps before presenting the
methodology of the documentary method, which is based on Karl Mannheim’s cultural sociology of knowledge and
Harold Garfinkel’s ethnomethodology and links it to Pierre Bourdieu’s practice theory. On this base, | suggest and
discuss a procedure to analyse maps that can serve as an inspiration for research that is interested in the tacit knowledge
documented in maps.

THE VISUAL TURN IN SOCIAL SCIENCES AND THE OVERLOOKING OF MAPS

A rising interest in “the visual” in social sciences has been proclaimed some time ago. Already in 1994, W.J.T.
Mitchell, an important representative of visual theory, observed a pictoral turn that took form of “rather a postlinguistic,
postsemiotic rediscovery of the picture as a complex interplay between visuality, apparatus, institutions, discourse,
bodies, and figurality” (Mitchell 1994, 16). The links to ‘postmodern’ theorists are strong and include most famously
Michel Foucault’s discourse theory. Brian Harley transferred this approach to maps and theorized them as a visual



product of social forces which has to be interpreted as being part of societal discourses, linked to a grit of power and to
be understood in its “metaphorical and rhetorical nature” (Harley 1989, 1).

Since the beginnings of the visual turn (that has been ongoing also under the name of a pictoral or iconic turn,
depending on the disciplinary background), not only has the amount of theories about “the visual” grown larger and
larger, but also the analysing techniques have been refined and diversified. In every social science methods book one
will find at least one section on visual methods that not only present different visual materials to be analysed such as
photographs, children’s books, videos and even video games, but also different methodological approaches. Take as an
example the introductory book of the geographer Gillian Rose that has been first published in 2001 and now is in its
fourth edition from 2016. While including a wide range of materials, curiously (for her being a geographer, at least),
maps are almost entirely excluded — as she notes herself (Rose 2016, xxii). Meanwhile, the methodological approaches
she presents in deep detail are compositional interpretation, content analysis, semiology, psychoanalysis, ethnography,
as well as two varieties of discourse analysis (Rose 2016, see figure 1). This illustrates the wide range of perspectives
on visual material that currently exist and allows researchers interested in different modalities as well as sites to pick an
appropriate procedure to analyse their material.

Figure 1. Gillian Rose’s matrix of visual research; Rose 2016, p. 50, own markings in yellow

Researchers planning to analyse maps can therefore decide for either of them, depending on their specific theoretical
background and empirical interests. Since maps are not included in the proposed procedures, though, one has to adapt it
to the characteristics of maps which differ from photos, videos or other kinds of infographics. Such adaptions feed for
example on historical ethnographies (which are traditionally more interested in the site of map production), semiology,
discourse theory approaches as well as compositional analysis (Denil 2016). But since these are rather singular research
projects, no standardised analysing procedures came out as a result of these.

The aim of my paper is to present a method to analyse maps that is based in current practice theory discussions and
presents a broad variety of analytical techniques which can be adapted to specific research interests. Namely, | am using
the documentary method approach to analyse maps in an ongoing postdoctoral research project which | am conducting
at the Geographical Institute of the Universidad Nacional Auténoma de México. Its theoretical and conceptual frame
cannot easily be placed in Rose’s overview, though. While it can be located on the site of the image itself and in part on
the producer’s site, the modalities touch at the same time technological, compositional as well as social aspects (see
figure 1). To make that statement more comprehensible, 1 will sketch basic assumptions of the documentary method in
the next chapter.



MAPPING STYLES AS AN EXPRESSION OF IMPLICIT KNOWLEDGE

The documentary method focuses on the conduct of social practices and is interested in reconstructing their implicit
knowledge, which is experienced and shared amongst social groups that are structured along categories such as gender,
milieu or generation (Bohnsack 2014, 222). This knowledge informs not only the structure of our theoretical knowledge
but also “the way we do things” practically — the way we greet, talk or dance. It is an embodied knowledge we
apprehend in the course of our socialisation (Bourdieu 1977). Societal structures and rules are inscribed into the
practical conduct of everything we do, and not only in an abstract (and verbalizable) knowledge.

This view can be found in Harley’s understanding of cartographic practices, when he asks “how the 'rules of the social
order' appear to insert themselves into the smaller codes and spaces of cartographic transcription“ (Harley 1989, 6). To
conceptualize the social meaning of artefacts such as photos, interview transcripts or maps in such a way that
differentiates between a theoretical, abstract and communicable knowledge on the one hand, and an embodied,
practical, implicit knowledge on the other hand, which are at work at the same time, calls for the consideration of basic
assumptions from the sociology of knowledge which also overcome the simplistic and outdated differentiation between
a structural approach to the social that views human practice as the sole outcome of societal forces, and actor theories
that exaggerate individual agency (Rossetto discusses these two poles for the field of “post-representational
cartography”, 2016). One such integrating approach is to be found in the documentary method, which views different
mapping styles as an expression of different worldviews which are enacted individually but refer to a broader social
background.

The methodology of the documentary method

Mapped out first by German sociologist Ralf Bohnsack in the 1980ies, the documentary method has had much impact in
interpretative sociology. The regularly updated list of research that relies on the methodology (accessible on
https://www.hsu-hh.de/systpaed/dokumentarische-methode) showcases a broad range of applications across different
disciplines, including geography. Its main impact it has had on research projects interested in social differentiation by
means of the differentiation of social knowledge, or as coined by Karl Mannheim, conjunctive knowledge, also named
collective action orientation frames (Przyborski/Slunecko 2020, 632; Bohnsack 2014, 221)." This conceptual base
frames one important line of social science research that aims at understanding more about differences in society, be it
regarding cultural, economic or other categories of the “human condition”. When it comes to define knowledge, many
practice theory approaches (also the documentary method) differentiate between implicit (tacit) and explicit (codified)
knowledge (Przyborski/Slunecko 2020, 631), a common way to distinguish kinds of knowledge also in geography
(Meusburger 2015, 93). With the dimension of implicit knowledge, Bohnsack departs from Panofsky’s and Bourdieu’s
concept of the habitus, an incorporated knowledge (Bohnsack 2014, 230; Bourdieu 1977) that expresses itself not only
in our rational thinking but also in the way we move or act. In order to analyse this kind of knowledge, the interpreter
should therefore reconstruct not only what was communicated in the course of a specific practice, but also how the
practice was enacted. This is the key to understand the socially shared knowledge background in which a specific
conduct of a practice was been made possible.

The formulating vs the reflecting interpretation

Any practical process of empirical analysis that follows the assumptions of the documentary method, has to take into
account this differentiation between the explicit and the implicit or immanent knowledge that lies behind observable
practices and artefacts — such as maps, images, videos or talks manifested in transcripts. This conceptual dualism is
mirrored in a differentiation between the what and the how of any practice. Therefore, the documentary method
proposes first a formulating interpretation in which the contents of a practice are being analysed (Bohnsack 2014, 225).
For interview transcripts that means, for example, defining the topics that have been tackled; revising the order in which
the themes came up during an interview; and reformulating the contents presented. In the case of images, it refers to
analysing the figurative elements which are depicted in an image (a forest, a person, an object). This step even includes
the naming of specific scenes (a wedding, a playground, a farewell scene). In order to conduct the analysis of this step
properly, everything has to be described and re-formulated in all detail. This makes sure that the interpreter gets more
and more estranged to the text, meaning she has to suspend her intuitive understanding of the contents. This reflects the
link the documentary method has to ethnomethodological techniques (see Przyborski/Slunecko 2020, 628) such as the
“Garfinkeling” which goes back to the founder of ethnomethodology Harold Garfinkel and who proposed different
methods in order to lift interpretations beyond an everyday understanding of social practices — the crisis experiment
being one of the most important methods in order to break with the common sense understanding of situations. And

! This view of social differentiation was picked up in Berger and Luckmann’s classic social constructivist opus in which they state
that there exists “no society known to us that does not have some division of labour and, concomitantly, some social distribution of
knowledge” (Berger/Luckmann 1966, 158).



even if such methods are supposed to create a practice to be studied in itself, the idea of breaking with common sense is
also behind the principal idea of the documentary method which follows Garfinkel with the idea that just as in a
scientific account, also in our everyday life we are interpreting each other’s practices and relate their supposed meaning
to our knowledge of how the social world works. In this sense, in every practice social meaning is documented and
through means of the documentary method of interpretation we understand each other (Mannheim 1921-22/1970, 137).
In scientific research, though, we have to do that in a reflective manner that allows for an analytical and meta-
understanding of these meanings. Also contrary to everyday life interpretations, we need techniques that allow for a
proper documentation of the analysing process. Therefore, procedures have to be followed that break with our intuitive
understanding procedures of everyday life — such as a very, maybe overly, detailed description of an observed practice
can offer.

Only after the first step of the formulating interpretation has been concluded, the question of how the contents have
been presented comes in. In this step, the analysing posture changes, so the habitus of the practice can be analysed. This
means in the case of texts, for example, that one has to ask for the kind of texts sorts in which a specific topic has been
elaborated on (narration, description, argumentation, evaluation). For images, this step means to analyse the way in
which the figures and/or objects have been depicted. This touches not only the colours used, but also the geometrical
arrangement or the perspective have to be looked at. Specifically in this second step, the reflecting interpretation, using
comparative material is important — if not to say, essential — to the analysis. This is because if we as an interpreter think
about the question of how a specific content, a specific visual scene etc. could have been presented differently, we use
our own personal imagination and knowledge. In order to get more comparing horizons into play, the use of materials
that are more or less similar to the one analysed should be included into the comparing step (similar meaning e.g. maps
of the same topic such as population density, but from different producers). It makes sure that the interpreter’s
perspective is relativized. At the same time, this allows the elaboration of the orientation frames of each case, and
following an analysis of different cases, a typology in which the practices conducted might not be practically the same,
but are identical in its structure — and therefore the practical knowledge behind them — becomes visible (see Bohnsack
2014, 229). Cases of homologous orientation frames form groups within the socio-genetic typification (ibid.). A multi-
dimensional typification can be reached when looking into social dimensions such as migration or generational
background that might play into the development orientation frames (Bohnsack 2014, 229f).

Specificities of analysing visual material

While the structure with a formulating and reflecting interpretation is also to be found when it comes to the analysis of
visual material, due to the different logic of images, the details of analysis need to be adapted. The most important
difference between texts and images is the one between a sequential vs. a simultaneous logic. While in an interview, the
meaning is unfolded in the sequential steps of the interview, the image reveals its meaning all at once, as art historian
Max Imdahl states (see Bohnsack 2009, 317).% Besides the simultaneity of visual material, its characterisation as a two-
dimensional object has to be taken into account. Therefore, again relying on Max Imdahl, Bohnsack proposes the
analysis of three dimensions of the formal composition of the image: the planimetry which refers to the geometric
composition of the image (to be explained in detail in the next chapter); the scenic choreography, referring to the spatial
relation of the objects depicted to each other; and lastly the perspectivic projection that includes the relation between the
objects depicted with the viewer (Bohnsack 2009, 307). These aspects of an image can only be analysed when the
iconographical knowledge, the what of the image, is suspended (Bohnsack 2009, 305) and the interpretation moves to
the question of how the image depicts the contents as well as itself. This is best grasped by Imdahl’s differentiation
between a recognising and a seeing view. While the recognising view relies on our communicative knowledge and
recognises objects, the seeing view looks at the image as an image that presents its contents in a specific manner. This
brings up ambiguities (Bohnsack 2009, 307), e. g. when a supposedly mourning person in a graveyard scene does not
have the “proper look” on its face. Therefore, the image brings more to it then just the contents or the objects depicted.
This transcontrariness, as Imdahl coined it (as cited in Bohnsack, 2009, 307) is another consequence of the simultaneity
of images.

2 This is only one way to see it, though. There is actually a dispute between perspectives that proclaim the simultaneous logic of the
images, while others claim that images are as well read the same way as texts, referring to eye-tracking studies that show in what
order the elements of visuals are being watched. This has also been used in cartographic research (e.g. Xia et al. 2010). In the
analysis of the documentary method, however, this aspect is only be touched in the planimetric analysis of the image or map, as will
be showed in the respective chapters here.



Figure 2. The dimensions of image interpretation; Bohnsack 2009, diagram 1

In order to account for the qualities of the image, Bohnsack proposes different analysis steps, as illustrated in figure 2.
This procedure, however, is useful when analysing photographs or figurative paintings or other artistic, two-
dimensional works. When it comes to maps, just as with images, we have to account for its specificities that are in some
ways different to those of the image. While it is still a visual object, due to its nature as an infographic it usually also
contains texts and data. While the above depicted image interpretation steps by Bohnsack will be used as a starting
point, in the next chapter I propose adaptions to analyse maps with the documentary method.

A documentary method approach to maps

Parallel to the documentary method perspective to images, maps can be viewed as a visual product that documents a
specific practice style. However, the analysis to maps needs to be adapted to fit the specificities of the map that are a
special kind of infographic which, according to Bertin, is “a ‘language‘ for the eye” that aims at “storing,
understanding, and communicating essential information” (Bertin 2011 [1983], 2). While Bertin’s understanding of
infographics as a monosemic system® seems problematic from a constructivist point of view, the documentary method
approach offers an alternative that is located between subjectivist and objectivist approaches (Przyborski/Slunecko
2020, 630) and neither differentiates between emotions and cognition (ibid., 641). Existing procedures have to be
adapted to the quality of the map which not only has some image-like qualities but also presents data and includes
almost always texts. Bertin’s definition of a map that he identifies “when the elements of a geographic component are
arranged on a plane in the manner of their observed geographic order on the surface of the earth* (Bertin 2011 [1983],
285) clarifies that text is no necessary part of maps (but most often is to be found on them), while the “arrangement of
geographic components” which refers to the geographic data and the plane which refers to the visual representation of a
two-dimensional object, are integral part of them.

There exist specific conventions also regarding different types of maps which have to be taken into account when
proposing a method to analyse maps. As a base to evaluate and analyse the elements of a map, the practical guide to

% Defined as ,,a moment for reflection during which one seeks a maximum reduction of confusion; when, for a certain domain and
during a certain time, all the participants come to agree on certain meanings expressed by certain signs, and agree to discuss them no
further* (Bertin 2011 [1983], 3). This implies an objectivist thinking of map contents and appearances which are contrary to the
posture taken here which sees maps as a contingent social product.



map-making of John Krygier and Denis Wood has been used that differentiates between the data, the geographic
framework (scale, projection), the layout and design aspects, data generalisation and classification, symbols, words and
colours (Krygier/Wood 2011). All these elements of a map will be included in the proceeding steps of the analysis
which | sort into the three map dimensions of its data, its qualities as an image, and its textual elements. In the next
chapter, | discuss the three dimensions more thoroughly in regard to the necessary steps to analyse them. Two maps will
be used to illustrate the analysing process.

PROCEDURE TO ANALYSE CARTOGRAPHIC IMAGERY

Analogous to the documentary method approaches for other materials, | suggest differentiating between the formulating
interpretation that focuses on the “what” of the map as well the reflecting interpretation which is interested in the “how”
of the map. At the same time, the texts (titles, captions,...) the data, and the image (with the symbols, colours etc.) have
to be analysed separately, to be integrated in course of the interpretation later on. Two maps will be used as an analysis
example. One is taken from the newspaper “El Economista” and as well as a map taken from a brochure published by
CONEVAL, a public research institution. Both tackle the topic of food access in Mexico (see images 1 and 2).

Image 1. Map of the “population with a working income lower than the food basket’s cost”, El Economista®

* From the article “Chiapas, Guerrero y Oaxaca presentan el mayor deterioro laboral” by Ana Karen Garcia, from 18" August 2018.
https://www.eleconomista.com.mx/empresas/Chiapas-Guerrero-y-Oaxaca-presentan-el-mayor-deterioro-laboral-20180818-0001.html
(last accessed 19" May 2020).



Image 2. Map of the “percentage of the population with a lack in access to food”, CONEVAL®

These maps have been undergone the procedure of analysis | will explain in detail in the following chapters. They have
been chosen for dealing with a similar topic using similar data. Still, however, the styles differ very much, as a first look
already reveals. To make this intuitive understanding comprehensible and to articulate it in a structured way, the
following analysing steps can be useful. The aim is to open a road to critizise and socially contextualise the maps in a
profound and documented manner.

Formulating interpretation

In a first interpretation step, the “what” of the map will be analysed. The following table gives an idea of what aspects
need to be considered when interpreting the map’s contents, or to put it differently, its communicative knowledge. As
mentioned before, the procedure differentiates between the data used, the map as an image, and the text parts of it. The
steps proposed follow Bohnsack’s approach to analyse images (2009), Arnd-Michael Nohl’s approach to analyse
narrative texts (2012), and Krygier and Wood’s critical discussions of geographical data (2011).

® From the publication “Mapas de pobreza en los Estados Unidos Mexicanos, 2008 — 2018”, available at
https://www.coneval.org.mx/Medicion/MP/Documents/Pobreza_18/Mapas_pobreza_2018.zip (last accessed 18™ May 2020).




Figure 3. Aspects of analysis for the formulating interpretation, own

In the following, all aspects of the table will be thoroughly discussed, using the above presented maps as illustrating
examples. The design aspect as well as every aspect that relates to the “how” of the map will be suspended and rather be
analysed in the interpretation part after this first one.

What is the data about?

Maps visualise geographical data which can be of very different qualities which has implications on the way they can be
visually represented. Therefore, it is a key component to be looked at. Questions that have to be answered in this first
analysing step tackle the question of the phenomenon depicted; the kind of source of the data (primary, secondary); the
quality of the data (qualitative/quantitative; nominal/ordinal/interval data; total/density/mean); as well as the spatial
reference (nation state, federal states, communities; singular geo-referenced data). The phenomenon depicted in the case
of the ElI Economista map is spatial inequality, by means income and food security. The source is a mixture of
secondary data as well as own calculations of the newspaper. The data is based in household interviews from a regular
survey conducted by the state institution CONEVAL (Consejo Nacional de Evaluacion de la Politica de Desarrollo
Social), titled “Encuesta Nacional de Ocupacion y Empleo”, with calculations by INEGI (Instituto Nacional de
Estadistica y Geografia). The data is presented as the percentage of the population over 15 years in the respective
federal states whose income is lower than the cost for the basic food basket (an official measurement of poverty; the
basket contains the amount of food considered for a proper alimentation). Similarly, the CONEVAL map depicts
estimates for the access of food in the federal states of Mexico. It uses its INEGI data from the survey “Encuesta
Nacional de Ingresos y Gastos de los Hogares* together with own calculations. All this information has to be looked up,
though; The EIl Economista map only names the institutions that provided the data, the CONEVAL map hints to the
survey by means of an abbreviation. Furthermore, the EI Economista map includes more detailed data since it also
features the concrete percentages of various states, while the CONEVAL map only provides the aggregated data as
coloured areas.




What is the image depicting?

For the visual dimension of the maps, they are analysed in two parts: in the pre-iconographic interpretation which
tackles recognisable objects; and in the iconographic interpretation that asks for the known social context depicted. For
the pre-iconographic interpretation, the analyst can ask questions like if there are photographs included; where are text
parts; or where is a figurative symbol used. For the chosen examples, one could state in the case for the map of El
Economista: We see a three-coloured map on a background in rosé. There is a box on the upper part that contains text
while in the map we find also numbers linked to spots within the map. In the lower part we see text in the left corner
and another box with text that frames the map below. The CONEVAL map is framed with green bars in the upper and
the lower part, both contain text, partly coloured. There is a long text in the upper part and a green map below that
contains parts in different green. There are also some little boxes in the different shades of green which are
accompanied by text.

Only in the next step of the iconographic interpretation the form of a specific country is recognised (here in both cases
Mexico with its federal states), the kind of map, and its supposed context can be named. The EI Economista map for
example uses colours in red and green, indicating some good or bad outcome when it comes to the phenomenon. It is an
infographic as usually used in publications like newspapers, you would rather not expect the same map in a scientific
publication. It pictures a legend and therefore refers to a serious source and presentation. The CONEVAL map seems
rather like a scientific publication with the detailed legend and the long title. The presentation has a PowerPoint-Look
and therefore seems like the map has been published in a presentation-like manner. When comparing both maps, it
becomes clear that the EI Economista map explains something to the reader while the CONEVAL map shows the
distribution without commenting on it directly by the means of texts or numbers (such as in the case of EI Economista).

What is the content of the map’s texts?

The text of the maps is to be analysed in three aspects: the topic of the textual parts; a selection of passages that can be
compared with other maps; and a re-formulation of all the chosen text parts. For the EI Economista map that refers to its
title description in which the topic of the population part with low income is presented. There is a legend explaining the
data as well as a source. And there are numbers that concretise the data of several states. The CONEVAL map also
includes a title, a legend and the source, but also depicts a logo and motto of the institution in the top bar. Comparable
are specifically the titles (which at the same time refer to the kind of data). Both maps do not include whole sentences
but rather notes that explain the data of the map.

All these steps are only shortly illustrated here and go much deeper in the course of the whole analysis. Therefore, each
step of analysis produces a lot of text which has to be shortened by abstracting the outcomes of the analysis — which can
be done when comparing the descriptions of the pre-iconographic analysis, for example, and concentrate on those parts
that are comparable (be it by differences or similarities in the descriptions). After all of these elements are analysed in
all detail and have undergone a first procedure of abstraction, the interpretation moves forward to the reflecting
interpretation that is focused on the habitus that the image reveals.

Reflecting interpretation

The reflecting interpretation is the aspect of analysis that is most important to the documentary method methodology,
since it aims at analysing the “how” of the map: how are the contents identified before presented; which alternative
depictions would have been possible; and finally, what habitus lies behind the production of the artefact analysed?
Through abstraction, this step can be concluded by the development of a typology that differentiates between different
orientation frames and can be considered collective practical knowledge.



Figure 4. Aspects of analysis for the reflecting interpretation, own

This chapter will discuss all the steps of the procedure as well, as presented in figure 4 by differentiating between data,
image and text, and by using the same two maps to exemplify the kind of analysis.

How is the data compiled?

Regarding the data used for the map, the interpreter needs to consider the data representation. Are the data depicted as
lines, dots or coloured areas? This is not only a question of scientific accuracy (Krygier/Wood 2011, 177) but also of
the visual impression it leaves with the viewer. The same goes for the kind of generalisation and classification used
which is not only a mathematical problem but also generates different visual impressions. In the case of the two
exemplifying maps this becomes very clear. The EI Economista map uses a very intuitive classification for the
colouring of the state areas of percentages above 60 percent, between 25 and 60 percent and below 25 percent. Even
though another classification could have resulted in a differently coloured map, the logic behind it appears more or less
comprehensible to the viewer. The CONEVAL map on the other hand uses the ranges of 10 to 20, 20 to 27, 27 to 34
and 34 to 47 percent. A rational logic behind the latter ranges are proclaimed but not made explicit, the reader or viewer
has to trust the scientific reasons behind the classification. Therefore, the criteria for choosing those ranges remain
unclear to the more or less uninformed viewer. So while the EI Economista is straightforward with the map being an
infographic that needs explaining by even putting in more accurate numbers for some of the more extreme (or
interesting) cases, the CONEVAL map rather assumes that the reader knows what is exactly behind the map — or that
she trusts the producer in its accurate approach.

How is the image arranged?

Of the different aspects that are to be included in the iconic interpretation (like the centralisation, the projection and
scale, the blurriness, colours, and symbols), the planimetry of the maps is one of the most important analysis steps,
since it tries to understand the bi-dimensional logic of the map as an image. It was the art historian Max Imdahl that
proposed the need to understand the “composition of the picture as a plane” (Bohnsack 2009, 308). And in order to do
so, you have to put field lines into the image to analyse its geometrical structure, to understand how the area of the
image is parted (Przyborski/Slunecko 2012, 10). Only sparsely should the lines be used. They are considered well
placed when they explain to the interpreter the form in a comprehensible form. In the example here, you see two very



different planimetries. While both maps are framed by lines on the top and on the bottom, and feature rather dynamic
lines, the inner part of the map is arranged quite differently. Only one line structures the EI Economista map which is
defined by the numbers that are put around the map and circle it. It leads the view of the reader and puts the whole of
the map in the center of the image. The CONEVAL map on the other hand is structured by two lines. The more or less
vertical one seperates a part in which texts and numbers are to be found (a rather formal logic), while the other part
includes the “main” part of the map. The second line follows the darker part of the map from north to south and visually
emphasises the southern states.

Figure 5. Planimetry of the two maps

Other analysing procedures include the centralisation and scenic choreography. The EI Economista infographic puts the
whole of the map in its centre while at the same time putting on the forefront the numbers who aim at explaining the
colouring of the map. The colouring (green vs. orange) emphasises a logic in which a look into the phenomenon reveals
states which are doing well and states which are doing badly when it comes to the problem of food access and poverty.
The CONEVAL map on the other hand puts more emphasis on the texts because it features two visual gravity centres:
the long title and the dark coloured south of the Mexican map (which is also emphasised through the field line). The
monochromic use of colours presents the phenomenon of one that is to be observed all over Mexico, only stronger in
some parts. Both maps could have been choosing the colouring of the other map, there is no intrinsic need to do as they
did (only a rational argument can be made against the colouring of the EI Economista map since it features gradual data
with opposing colours).

How are the texts framing the topic?

In order to understand the textual part of the map, | follow in part the suggestions of Arnd-Michael Nohl (2012) on how
to analyse interviews in line with the documentary method. He proposes for the reflecting interpretation to focus on a
text sort analysis that differentiates in the textual segments between argumentation, description, narration and
evaluation parts; an analysis of the text organisation; and a semantic interpretation of selected text parts. In addition, |
suggest having a detailed look also into the typography at this point as a major design choice (Krygier/Woods 2011,
219; it could be included in the image-part of the analysis, though). Both maps are similar in their primary use of
descriptions, their classical structure with a (rather long and detailed) title, sources, and a legend. The ElI Economista
map however does name some of the federal states while the CONEV AL map presumes their knowledge by the viewer.
El Economista explains with the numbers the colours and concretises the contents, the numbers are part of the content
of the map. Therefore, it can be said it is deeper in detail than the other map. In the CONEVAL map, it is the title and
the legend only that explains what is to be viewed to the viewer. The content consists only of the coloured map. The
semantic interpretation of the title of the map also reveals great differences between the maps. The choice of wording is
undoubtedly connected to the choice of data used. In combination, it still reveals a meaningful semantic phenomenon.
The El Economista map presents the “population with an income lower than the food basket”. This framing
(Lakoff/Johnson 1980) is a rather visual one that triggers the image of a person, holding their money (income) in their
hand, while at the same time the word “food basket” suggests an image of an actual basket, filled with food. This is a
rather clear image that leaves little room to visual interpretation and imaginations. The title of the CONEVAL map on
the other hand has a less visual title, “the percentage of the population with lack in access to food”. We do not imagine a




worker with their money. Food access is also a rather wide word choice, it leaves it to the reader to either imagine a shut
door, someone without financial means, or maybe whole other “food access” imaginaries. The “lack” also does not
trigger a specific image of “no access at all”, it is a more nuanced image — and might therefore be more “realistic” than
the images brought into mind by the EI Economista map. It is an abstract wording that hints to current conditions of a
part of the population, while the EI Economista map presents not a condition but rather a requirement to a sufficient
food supply.

In conclusion (and wrapping up the iconic-iconographic interpretation): The map of El Economista presents a
phenomenon of the whole country in which the federal states are presented in relation to each other: some are doing
well, some are doing badly. It emphasises the responsibility of individual federal state, and insists that the content of the
map needs explaining (therefore the names and numbers). The producers are the experts explaining the phenomenon to
the viewer. The CONEVAL map presents a phenomenon that touches the whole country and every state, only to a
different degree, it is therefore less confrontational and more egalitarian. At the same time, it depicts the south as a
specific region which needs focusing and political measures, and more “help”. The map explains itself and does not
need further explanation. Both, the producer as well as the reader are the experts of the phenomenon.

Obviously, with only two maps no typfication can be evolved, which would be the next phase in a research project that
aims at analysing in deep detail a corpus of maps collected. In the presented example, refining the characterisations of
an explanatory versus a showing map could be the first step towards types of mapping styles that are expressed not
through their content but rather their way of design.

CONCLUSION

The aim of this article was to present a methodology that derives from a practice theory approach and uses formal
procedures elaborated in the broad field of visual sciences that allow for the social scientific analysis of maps.
Depending on the specific research interest, it can be a useful tool in order to interpret maps when touching for example
the topics of ideology, visual discourses, social differentiation as expressed through maps, and other related foci in the
field of critical map studies — or as Crampton and Krygier framed it for critical cartography: projects which aim at the
“examination of the assumptions of a field of knowledge. Its purpose is to understand and suggest alternatives to the
categories of knowledge that we use” (Crampton/Krygier 2006, 13). Furthermore, it could also be a helpful tool for
cartography practitioners in order to critically evaluate their design choices. Aspects that this methodology might not be
suitable to use for, on the other hand, are for example: research that is interested in the particular circumstances of the
map production and its producers; the circulation practices of the map; or the individual reception and reading of these
maps. And lastly, one other important field of research that | want to mention here and which needs further evaluation
(and would be indeed be possible with the already existing video analysis research that uses the documentary method)
are animated maps which are becoming more and more relevant nowadays, especially in news publications.

While many steps of the analysis | presented here are well established methods in visual sciences, they are never
uncontested — and even more so outside of an interpretative paradigm. Since there is no methodology that can grasp
every social aspect there is on the visuality of artefacts, every researcher needs to adapt already existing procedure or
even develop a completely new one. Therefore, | understand the approach presented here rather as a collection and
broad base of single steps to the analysis from which also researchers can pick the ones which are more affine to their
study. The procedure would be needed to be adapted to specific research interests, in order to meet the needs of good
and coherent qualitative research. As Tracy states: “A meaningfully coherent piece makes use of the concepts that fit
their paradigm and research goals* (2010, 848). Meanwhile, the use of a methodological approach that does not fit in all
aspects the theoretical approach of the research is possible, but the researcher needs to “note the disjuncture between the
two points of view and explain how he or she was intentionally weaving together the approaches” (ibid.).
Understanding qualitative research as an artistic craft (see Tracy 2010, 839), my hope is that the methodological
approach presented here contributes to augment the analytic tool box to understand the societal workings of
cartographic communication.
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Abstract

In Bulgaria, spatial segregation is mostly related to the Roma quarters, which occupy a significant part of the urban
space and thus represent a functional barrier to urban development. The paper presents the results of measuring spatial
segregation in its five dimensions proposed by Massey and Denton’s conceptual scheme: evenness, exposure,
concentration, centralization and clustering. Specific indicators providing information on the above-mentioned
dimensions of the Roma segregation in the urban area of Plovdiv have been calculated, based on official national
statistical data, satellite and orthophoto images, and GIS. The proposed methodology can be used for other cities as

well, making comparison and spatial analysis possible.
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INTRODUCTION

In geographical research, the location of objects / subjects in space is a major determinant in the formation of
interaction models. It is difficult to find a clear and commonly accepted definition of spatial segregation in scientific
literature, as there are different ways of perceiving the problem. The definitions of spatial segregation in recent studies
are numerous, and only a few examples are listed below:

« According to Johnston (1983), a low degree of spatial segregation is determined by the even distribution of a certain
population group among the rest of the population in a given territory. The greater the deviation from this eveness, the
greater the degree of segregation.

* The definition of spatial segregation in the dictionary of human geography is very brief and the term is simply defined
as the division of a certain community into subgroups in the area where that community lives (Johnston et al., 1986).

* According to Bourdieu (1989), spatial segregation is the end result of a process where members of the population feel
close to each other and are in close spatial proximity.

* Spatial segregation is the spatial division of different population groups within a given geographical area (Saltman,
1991).

« Spatial segregation is a spatial expression of social inequality (Fassmann, 2002).

It can be summarized that spatial segregation is a multidimensional spatial phenomenon concerning the spatial
concentration of a particular group of people by social status, ethnicity and /or race. It is a result of both voluntary
decisions (internal factors), and direct or indirect coercion, discrimination, economic constraints, social exclusion, etc.
(external factors), or a combination of the two groups of factors. In Bulgaria, spatial segregation is mostly related to the
Roma quarters, covering a significant part of the urban space and thus - representing a functional barrier to urban
development. In recent years, there has been an expansion of the existing Roma quarters in Bulgaria and emergence of
New ones.

One of the main reasons for the growing interest in spatial segregation (mainly related to immigrant communities in
Western European cities and the Roma ethnic community in Eastern European cities) in recent decades has been the
negative effects which the population living in segregated neighborhoods suffers from. As early as 1925, Park and
Burgess summarized that “physical distance generates social distance." Later, in 1959, Duncan and Lieberson
demonstrated the inverse correlation between spatial segregation and the integration of ethnic groups based on their
spatial location in urban areas. Many scholars (Peach 1975; Massey and Denton, 1988, etc.) argue that models of spatial
segregation are indicative of either assimilation or integration processes; Haussermann (2005) defines segregation as the
"projection of social structure onto space"”, while according to Francini (2013), the formation of "ethnic enclaves" in
cities can threaten the social, cultural and spatial integrity of the city. The prevailing view in most contemporary
discussions on the topic is that spatial segregation exacerbates existing social inequalities and leads to many other
negative consequences related to limited participation of segregated residents in the social life of the city, low quality of
education, low level of integration into the labor market, deteriorating health indicators, etc.

Massey and Denton suggest a conceptual scheme characterizing spatial segregation, which includes five dimensions:
evenness, exposure, concentration, centralization and clustering. The multidimensional nature of spatial segregation
requires the application of interdisciplinary methods. Research over the last few decades has begun to develop indices
and mathematical models that aim to measure these five dimensions in the most objective way possible. In this study,
specific indicators providing information on the above-mentioned dimensions of the Roma population segregation in
the urban area of Plovdiv have been calculated using GIS.

RESEARCH METHODOLOGY

The multifaceted nature of spatial segregation requires the application of interdisciplinary methods and the use of
various indicators for its analysis. The indicators used can be grouped into two categories: sociological and spatial or
geographical. Geographical research focuses on the spatial aspects of segregation. Sociologists focus their efforts on
developing indices that describe social relationships and the reasons why individuals occupy a particular social space. In
cases where the research is focused on the analysis of the spatial aspects of segregation, spatial indicators are
developed, while in cases where the research is focused on the analysis of social relationships, non-spatial indicators are
developed. Non-spatial indicators consider the social environment as a constant, a predetermined organizational or
spatial unit - for example - a school, a neighborhood, a census unit, a constituency, etc. The literature on the topic
describes two main problems (weaknesses) that exist in the application of non-spatial indicators: the first one is related
to the so-called "chessboard problem" (Morrill, 1991; White, 1983), while the second one is related to the modifiable



areal unit problem (MAUP) (Wong, 1997). The chessboard problem is an abstract concept related to segregation. Non-
spatial indicators neglect the spatial proximity of individuals and predefine the scope of social spaces. These indicators
focus only on the components that are within each predetermined territorial unit. In 1983, White explained the
chesshoard problem as follows: each square in the chessboard represents a predetermined territory such as a
neighborhood, a census unit, a consituency, etc., each of which has its own internal structure (white and black squares).
The author gives the following variants of the distribution of the squares: for example, in one case the white squares
would be located in one half of the board, while in the other half - all the black squares would be. In another case, the
black and white squares are distributed as a checkerboard. These two described cases have a radically different internal
structure, and these situations are expected to be defined as contrasting with each other. The non-spatial indicators do
not differentiate the internal structure of the spatial models and the two described cases define them as identical. As
White notes, a city in which all African-Americans are concentrated in a single ghetto will have the same spatial
segregation values as a city where "black neighborhoods" occupy the same area but are scattered throughout the urban
space. The second problem with non-spatial indicators, as already mentioned, is related to the fact that these indicators
use predefined territorial units. Data are collected and aggregated within these predefined units, and the boundaries are
not changed in the course of data collection so as to ensure that territorial units accurately reflect the social
environment. For example, two individuals can live relatively close to one-another in the urban space, but fall into
different spatial units. At the same time, two individuals living remotely in the urban space may fall into the same
spatial unit (Wong, 1997; Reardon, O’Sullivan, 2004). Therefore, the boundaries between the separate units must be
precisely delineated.

Cities cannot be studied without considering the processes that take place between their different parts. In 1988, Massey
and Denton, based on the work of Duncan and Duncan (1955), created one of the first conceptual schemes
characterizing spatial segregation, which assesses the place occupied by the ghettoized structures in urban space (Fig.1).
This scheme includes five dimensions of spatial segregation, namely:

- evenness — characterizing the degree of uniformity of the ethnic group in space;

- exposure - the possibility of potential contact or interaction between members of minority groups with the majority
within urban spatial units (usually the same neighborhood);

- concentration - the degree of compactness of the studied ethnic group;

- centralization - the degree of remoteness of the ethnic group from the city center;

- clustering - the extent to which the members of a group are located close to each other.

Figure 1. Dimensions of spatial segregation (Source: Reardon & O"Sullivan, 2004)

In general, apart from the lack of precise definitions of the basic concepts in literature, there is also a lack of clearly
defined mathematical expressions that best characterize spatial segregation.

Poulsen, Johnston, and Forrest (2002) require that indicators measuring spatial segregation reflect three main
characteristics, namely:

1) degree of concentration, i.e. the areas in which a certain ethnic group predominates;

2) degree of assimilation, i.e. sharing living space with the majority;

3) encapsulation or residential isolation of a certain ethnic group from the majority and / or other ethnic groups.
The indicators used in measuring the levels of spatial segregation must meet the following requirements:

1) reflect the theoretical statements related to spatial segregation;



2) make comparisons possible, both within the city and between different groups of the population;
3) have a quantitative expression, which provides the opportunity for the studied processes to be evaluated faster and
easier, eliminating the need to collect and process a large array of data.

Another approach to estimating the various dimensions of spatial segregation was introduced by James and Taeuber
(1985) who try to compare different methods based on one set of criteria. The criteria introduced by the two authors
include: Organizational Equivalence and Size Invariance, Transfers, Composition Invariance, and the Lorenz Criterion.
In 2004, Reardon and O’Sullivan expanded the criteria by including also:

1. Scale interpretability: 1f the group proportions are the same in the local environment of each individual, then the
spatial segregation index should take the value zero, whereas a segregation index should reach its maximum value
(typically normalised at unity), if the local environment of each individual is mono-racial. This criterion is motivated by
the desire to make universal comparisons of index magnitudes across time and space. However, if the chosen index is
not margin-free (see below), then simple index comparisons can be misleading.

2. Arbitrary boundary independence: A spatial segregation measure should be independent of the definitions of areal
units. This demanding criterion requires that all individuals be precisely located in space and there is a unique and
exhaustive set of spatial proximities for all pairs of locations. The MAUP would be overcome, but the scale at which
segregation is measured would remain unresolved.

3. Location equivalence: Points p,q,... within a tract can be aggregated if their population compositions are the same
within their local environments, and they satisfy ¢ qp =),( ¢ and ) ,(),( s gsp ¢¢ = for all points s lying outside the tract.
These conditions are demanding and are unlikely to be satisfied. Location Equivalance is the spatial analogue of
Organisation Equivalence, which enables the aggregation of units, such as occupations and schools, which have the
same gender or race composition (Reardon and O’Sullivan, 2004: 132-133).

4. Population density invariance: If the population density of each group m at each point p is multiplied by a constant
factor, then segregation is unchanged.

5. Composition invariance: If the number of individuals in a particular group increases uniformly across all locations
within the region, and the numbers and spatial distribution of all other groups remain unchanged, then the measure of
segregation is unchanged.

6. Transfers: The principle is based on the Pigou-Dalton principle which appears in the income inequality literature
(e.g. Shorrocks and Wan, 2005). A group m individual is transferred from point p to g, without replacement. If the
proportion of group m in the local environment of all points closer to p than q is greater than the proportions of group m
in points closer to point g, then segregation is reduced (Reardon and O’Sullivan, 2004: 134-135). This criterion is
problematic. First the point densities are upset by the one-way transfer. Second points close to both p and q may all be
dominated by group m, (relative to its overall population share), so that the transfer reduces the group m dominance of
points close to p and increases dominance for points close to q. As a consequence the criterion requires that the index be
non-linear. Finally none of the indexes analysed by the authors satisfy the criterion (p.151), so it is ignored.

7. Exchanges: Reardon and O’Sullivan (2004: 135) identify two forms of exchange in which a group m individual at p
is replaced by a group n individual from g. In the first case points close to p have a greater proportion of group m and
points near point g have a greater proportion of group n. Compliance with this condition implies a non-linear index. The
second version involves the same exchange but the proportions of group m at points near to and including point p are
greater than the corresponding proportions of group n at these points, and conversely for point n. The Information
Theory and Relative Diversity Indexes only satisfy both exchange criteria, if spatial symmetry is assumed, which can be
satisfied by two forms of geography, both of which are highly restrictive (Reardon and O’Sullivan, 2004: 156-157). A
weak version of both types of Exchange is satisfied by the Index of Dissimilarity, but again spatial symmetry must be
assumed. Consequently this criterion is also ignored.

8. Additive Spatial Decomposability This criterion requires that the grouping of points (areal units) into fewer, larger
areas enables total spatial segregation to be represented by the sum of within area and between area components.
Reardon and O’Sullivan (2004: 147-149) acknowledge that an interaction term would need to be included in the
decomposition to reflect the impact on the within area (say k) measure arising from points, q outside k via the proximity
function, ) ,( q p @ where k p€ . If significant in size, the interaction term clouds the interpretation of the other two
components of the decomposition. Also, the within group index measures use the within group population shares as the
benchmark, rather than the regional population shares, so that their interpretation is not straightforward (Brown and
Chung, 2006).

9. Additive Grouping Decomposability If M groups are clustered in N (<M) supergroups, then a segregation measure
should be decomposable into a sum of independent within- and between-supergroup components. Again local
benchmarks are being employed in the within group component. This condition is only satisfied by the Information
Theory Index.

Scientists seek to measure one, several, or all dimensions of spatial segregation identified by Massey and Denton
(1988). It is the purpose of the study which determines the type and number of indices that will be used. According to
Massey and Denton, it is pointless to categorize indicators as "most correct” or "best”, as each of them measures



different aspects of spatial segregation. In cases where the study aims to analyze the non-spatial characteristics of
segregation, the difference index and the interaction index are used. The other three dimensions of segregation and the
respective indices are appropriate when the purpose of the study is to establish the exact location of the studied group in
space. In cases where it is important to know the location of the group relative to the city center, the centralization index
will be used; in cases where the emphasis is on the area occupied by the group in the urban space, the index of
concentration or isolation will be used, etc. The authors believe that each of these characteristics has different social
consequences, which taken together, represent the complex nature of spatial segregation. According to Massey and
Denton, evenness and exposure are non-spatial dimensions, as they are determined by the pre-defined boundaries of the
studied area, while concentration, grouping and centralization are spatial dimensions, as they require information about
the location of the studied group and the size of the territory it inhabits. The best in-depth analysis of spatial segregation
is achieved when all five dimensions are taken into account simultaneously. Such a multidimensional approach gives
the most complete picture of segregation, which cannot be achieved with the use of a single index only. It is possible
that a group has a high degree of segregation in only one or more of these dimensions. Thus, Massey and Denton (1993)
found that blacks in some American cities are highly segregated in all five dimensions simultaneously. The spatial
model in which all five dimensions of spatial segregation show high values, was defined by Massey and Denton (1993)
as hypersegregation.

In the present study, based on literature review, the indicators have been selected so as to meet as much as possible the
above requirements and to characterize the five dimensions of spatial segregation with the use of GIS. As a source data,
the "Population Grid" was used, which was created by the National Statistical Institute of the Republic of Bulgaria, and
bears the following characteristics:

- resolution: 1 km?;

- coordinate system: ETRS89_LAEA (Lambert Azimuthal Equal-Area);

- format: CSV, Esri Shapefile (*.shp);

- statistical information: distribution of the population according to Census 2011 by number, sex and age groups in a
network of 1 kmz2-cell size;

- number of population distributed in the grid, which falls within the city of Plovdiv: 338 153;

- reference date of the statistical information: 1 February 2011;

- distribution method of the population of Plovdiv: aggregation (77.4% of the population); disaggregation (42.6% of the
population).

Data from the National Statistical Institute and the CRAS (Civil Registration and Administrative Service) Office of
Plovdiv Municipality, as well as satellite and orthophoto images, have been used in outlining the boundaries of the
Roma neighborhoods in Plovdiv. The proposed methodology can be used for other cities as well, so as to enable various
comparisons and spatial analyzes.

RESULTS

General characteristics of the Roma in Bulgaria and the city of Plovdiv

The actual (or the so-called expert assessment) number of the Roma in Bulgaria is about 750 thousand, which is about
11% of the country’s total population. Plovdiv is the second most populous city in the country, with a population as of
1* Feb. 2011 of 338 153 people. According to the official data, the number of Roma in Plovdiv is about 6 000, while
unofficial data suggest their number is actually around 48 000 (as of 2013).



Figure 2. Location of the four Roma quarters of Plovdiv (Source: Authors)
Four Roma quarters exist within the city of Plovdiv, covering a total area of 1380 ha., or 1.7% of the city’s urban space:

1) Stolipinovo (formally "lzgrev") — situated in the Eastern Administrative Region of the city, over an area of 54 ha,
formed around 1910-1915. According to unofficial data, some 45-50 000 people live in that neighborhood. The quarter
emerged after the Roma residents were forced to leave the central areas of the city and were driven to the outskirts, to
more disadvantaged areas, in obedience of a local authorities” resolution. Initially, those areas were beyond the
administrative limits of the city, but due to its territorial expansion, the neighborhood was gradually "swallowed" by the
city.

2) "Haji Hasan Mahala" — located within the Central Administrative Region of Plovdiv. Being a nicer residential area,
the Roma from the other Roma neighborhoods strive to obtain property in this specific quarter due to the higher social
status of its residents and its central location. Haji Hasan Mahala covers an area of about 9 ha and is inhabited by some
3000 to 4000 residents.

3) "Sheker Mahala" or "Todor Kableshkov" — this is the second largest Roma quarter in Plovdiv (area: 10 ha,
population: 5000-6000 residents) and is situated in the Northern Administrative Region of the city. After the great
flooding of Harman Mahala quarter in 1957, people were relocated in to what is now Sheker Mahala quarter, for which
purpose the government built massive, single-storey houses. Later, through illegal construction mostly, the quarter
expanded to the northwest. Over the last years, many two- and three-storey houses were built in the area, while another
fifty, maisonette-like houses were constructed (within a EU project) for those in extreme need.

4) "Harman Mahala quarter” (area: 5 ha, formally known as "Hadzhi Dimitar") is also located in the Northern
Administrative Region of the city, right next to the northern industrial zone of Plovdiv — until the beginning of the
twentieth century — beyond the urbanized part of the city, which facilitated the adaptation of most of the migrants
arriving from villages around Plovdiv. Asenov (2018) states that "although we have no reliable information about this,
we can assume that at the end of the nineteenth and in the early twentieth century, there is a "Roma" neighborhood in



the Harmanite locality outside the city. Asenov justifies his assumption with conversations he had in the early 1990s
with elderly inhabitants of the quarter, when those residents were already 75-80 years old: when asked about their place
of birth, those people declared Harman Mabhala as their birthplace. This suggests that by 1910-1915, the quarter had
already existed. The urban space of Harman Mahala is clearly outlined in the urban fabric of the city. The quarter is
located between "Severen" Blvd., "Nikola Belovezhdov" Str., "Velyu voyvoda" Str. and "Belozem™ Str., right next to
the "Kaufland" hypermarket. The ghettoized structure is not effectively integrated into the surrounding urban space. Its
existence repels investors from that part of the city and makes the area unattractive due to the bad reputation Roma
neighborhoods generally have. The quarter is inhabited by 1800 residents (data obtained through the field survey) and
is the smallest Roma quarter in Plovdiv in terms of both area and population.

Since the beginning of the so-called transitional period in Bulgaria, as a result of the intra-migratory movements and the
concentration of Roma population in urban settlements, the micro-quarters of Shumen and Kanali Kar emerged in the
immediate vicinity of Stolipinovo quarter, becoming part of that ethnic megastructure, considered to be the largest
Roma neighborhood in Europe (Figure 2).

Evenness

The evenness of a given population group is measured relative to the location of other groups within the same space. A
minority group is segregated if it is unevenly distributed in space, while spatial segregation is the highest in cases where
minorities and majorities do not share common territories. The first attempt to measure spatial segregation was made by
Duncan and Duncan (1955). The dissimilarity index was introduced, after which various modifications were developed.
The dissimilarity index is one of the most common measures of spatial segregation. Conceptually, the index measures
the share of a group that must change its residence in order to achieve an even distribution in the urban space. The
dissimilarity index belongs to the non-spatial dimensions of segregation. For this reason, the relocation of members of a
group from areas where they have a high relative share (above the city average) to areas where they are not sufficiently
represented (below the city average), but within the same spatial unit, does not affect the value of the index. This is the
main drawback of the index. On a positive note, Massey and Denton mention the fact that the index had been used for
more than 30 years, which makes it possible to detect trends, it is easy to calculate and to use:

=Ly |wi_bi
D=2% |w B|
where: w; and b; is the number of white and black population respectively, counted in territorial unit i, while W and B
is the number of white and black population in the whole study area respectively. This index can be applied not only
when studying the racial affiliation of the inhabitants, but also if other features are taken into account - ethnic, religious,
economic, social, etc.



Figure. 3 Share of Roma population by grid cell (Source: Authors)

This index can be interpreted as a share of the population in a given area, which would have to change its place of
residence in order to achieve an even distribution across that same area. The numerator in formula (4) represents the
number of displacements that would have to be performed in order to obtain an even distribution between the individual
spatial units, i.e. each spatial unit be inhabited by an equal number of members of a given minority (Morrill, 1991,
1995; Wong, 2003). The change of residence will be required in the territorial units where the minority group has a
higher share (White, 1986). The values of the index vary from 0 to 1, as zero indicates no segregation and one -
complete segregation. According to the calculations, the city of Plovdiv exhibits D = 0.86 — an extremely high value,
indicating that for every 100 people, 86 would have to change their place of residence within the city in order for the
Roma group to be evenly distributed in the urban space. The main drawback pointed out above is that the index only
measures the degree of evenness between two groups and is calculated for pre-defined territorial units. As noted by
Morrill (1991), "this is not a measure of segregation in a geographical sense" because the index belongs to non-spatial
indicators and does not reflect the spatial distribution of individual population groups (Wong, 2003). Therefore, one of
the main shortcomings of the index is related to the chessboard problem: for example, if each studied territorial unit is
dominated by one ethnic group, regardless of its internal distribution in space, D = 1.0, which indicates complete
segregation. Another problem with using the dissimilarity index is related to the scale effect and the MAUP. The index
under consideration is strongly influenced by the size of the territorial unit, i.e. if the index is calculated for a large
territorial unit, for example — a country, the level of segregation turns out low, whereas if calculations are only made for
a part of the country’s territory, the values of the dissimilarity index can reach 1.0. An easier to understand example can
also be given: in case the index is calculated for the whole world, then D = 0. Alternatively, D = 1.0, if each individual
is considered as an independent observation or each territorial unit is dominated by only one group, i.e. given that the
group itself is internally homogeneous. Small territorial units are always more homogeneous than large ones. D also



does not meet other criteria for an acceptable index, such as "transfer and exchange" (White, 1983). The index is only
influenced by the cases in which there is a transfer of members of the studied group from territorial units with very high
concentration to units with low concentration (White, 1986).

In 1991, Morrill introduced a modified indicator for the dissimilarity index (D), called the neighbor-adjusted index
(Dadj):

. i Zjlcij x(2i- 2))|
D(adj) =D - ==2—=
(ach) 2i 2j Cij
where: D (adj) is the dissimilarity index based on neighborhood, z; and z; are the shares of the minority or the majority
group between the territorial units i and j; c;; - the value of the cell in row i in column j; cij = 0 in cases where i and j

have no neighbors, and c; = 1.0 in cases where i and j have neighbors (Wong, 2003).

The author emphasizes that segregation is a function of the intensity of interaction between different groups of the
population. For this reason, the indices that reflect the degree of spatial segregation should not only consider the internal
homogeneity of the studied area, but also the external interactions. The modification of the index is required by the
conclusions drawn from the results obtained from the dissimilarity index. Morrill (1991) explains that a high value of D
does not necessarily mean that minority groups are spatially segregated and not interacting with the majority, nor does it
mean there is no interaction whatsoever between two adjacent territorial units. For these reasons, Morrill includes a very
important component in measuring segregation, namely - the common, shared boundary between territorial units as a
line of contact between two groups, as an important element of spatial interaction. The application of this indicator
takes into account the different population groups that are located in the immediate vicinity. In cases where the groups
have a common boundary, the values of the index will show a low level of segregation and vice versa. Table 1 shows
the neighbor-adjusted index (Dadj) calculated for the four Roma neighborhoods in Plovdiv.

Table 1. Neighborhood-adjusted index (Dadj) calculated for the four Roma neighborhoods in Plovdiv (Source: Authors)

Harman mahala Stolipinovo, Shumen, Kanala Kar

Cell 5 Cell 6 Cell 9 Cell 10 Cell 16 Cell 17 Cell 18 Cell 25

Cell | Dadj | Cell | Dadj | Cell | Dadj | Cell | Dadj | Cell | Dadj | Cell | Dadj | Cell | Dadj | Cell | Dadj
1 0.08 |2 0.05 | 8 017 |9 0.8 7 -0.12 | 8 -0.12 | 9 084 |16 | 0.14
2 0.08 |3 005 |10 |08 |17 0.5 8 -0.12 | 9 056 |10 |0.78 |17 |0.14

3 0.08 |5 0.08 |16 | 0.56 | 18 078 |9 056 |10 | 050 |17 | 058 |18 | 0.42

4 0.08 |7 0.05 |17 | 0.56 15 |-012 |16 |086 |25 |042 |24 |0.78
6 005 |13 |0.05 |18 | 0.84 17 | 086 (18 |058 |26 |0.15 |26 |0.59
12 | 055 |14 | 0.05 23 | 020 | 24 | 0.061 29 | 0.62
13 | 0.08 |15 | 0.05 24 | 006 |25 |0.14 30 |0.61
14 | 0.08 25 | 014 |26 |-0.13 31 |0.59

Hadji Hasan mahala | Sheker mahala

Cell 23 Cell 12

Cell Dadj Cell | Dadj

14 0.53 4 0,55
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0.39
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Figure 4. Numaration of grid cells used in the calculation of the Neighborhood-adjusted index (Dadj) (Source: Authors)

Exposure

Residential exposure refers to the degree of potential contact, or the possibility of interaction, between minority and
majority group members within geographic areas of a city. Indices of exposure measure the extent to which minority
and majority members physically confront one another by virtue of sharing a common residential area (Massey, Denton,
1988). The two authors point out that although indices of exposure and evenness tend to be correlated empirically, they
are conceptually distinct because the former depend on the relatively size of the groups being compered, while the latter

do not.




Members of minority groups may be evenly distributed among the residential areas of a given city, and at the same time
have a low level of exposure to the majority, if the minorities represent a relatively large proportion of the city's
population. Conversely, if minorities constitute a small proportion of the population, their levels of exposure are high.

Exposure is mainly characterized by two indices: the index of interaction (the degree of interaction of the members of
the minority group with the members of the majority) and the index of isolation (the degree of interaction of the
minority members with each other, but not with the majority). Both indices can be interpreted as a way of measuring the
probability of a minority member to share a common territory with members of the majority — when the interaction
index is used, or with another minority member — when the isolation index is used (Massey and Denton, 1988).

In the early 1980s, Lieberson (1981) introduced two variants of the exposure index - the interaction index xP; and the
isolation index 4Py

Py =iz [xi/X] [yi/ti]

where Xi» Yi» and Li are the numbers of X members, Y members, and the total POPU|ati0n of unit i, respectively, and X represents the number
of X members city-wide. The converse of the interaction index is the isolation index, both varying between 0 and 1:

Py = Xl /X] [xi /8]

The isolation index is closely related to the exposure index. These two indices are very similar in nature and try to
measure the degree of interaction of a member of a given group with other members of the same group, as well as with
members of other groups. Therefore, the index of isolation P; indicates the level of interaction between members of
one group (Bell, 1954), or the probability of intragroup contact, and vice versa - the index of interaction shows the
probability of interaction with a member of another ethnic group. The isolation index for the Roma population in the
city of Plovdiv reflects a high degree of isolation or intragroup interaction (xP; = 0.73) and a low degree of intergroup
interaction - Py = 0.27.

Concentration

Concentration is determined by the relative share of physical space occupied by a given group in the urban environment
and represents a relative dimension of segregation. In most cases, minorities are concentrated in a small number of
neighborhoods, which together make up a small proportion of the urban space. According to Massey, Denton, (1988)
"groups that occupy a small share of the total area in a city are said to be residentially concentrated. For example,
suppose two cities have the same minority proportion and an equivalent degree of residential evenness, but in one city
minority areas are few in number and small in area, while in the former city to be more "segregated” than the latter”. In
the present study, the so-called "delta" (DEL) measure has been used, proposed originally by Hoover (1941) and later
adapted by Duncan, Cuzzort, and Duncan (1961):

DEL=1/, %%, |[x;/X — a;/A]l

where x; and X are defined as before, a; equals the land area of unit i, while A is the total land area of the city. DEL is a
specific application of the more general index of dissimilarity. It computes the proportion of X-members residing in
areal units with above average density of X-members. It is interpreted as the share of minority members that would
have to shift units to achieve a uniform density of minority members over all units. In the case of Plovdiv DEL was
calculated to be 0.48, indicating that almost half of the Roma population would have to shift units to achieve a uniform
density of minority members over all units.

Centralization

The fourth dimension of segregation is related to concentration, but is conceptually distinct. Centralization is the degree
to which a group is spatially located near the center of a given urban area (Massey and Denton, 1988). Theoretically,
concentration and centralization are similar, but differ in their interpretation. Centralization is associated with groups
that settle near city centers.



Figure 5. Urban belts of the city of Plovdiv according to the period of construction (Source: Authors)

The city of Plovdiv is featured by its circular urban structure. Four segments are clearly distinct — an urban core, or the
"traditional urban part, and three belts around it, the formation of which is closely related to the different construction
periods. The first belt around the "traditional™ urban area emerged between the two World Wars but underwent further
construction interventions. The second belt was built mainly in the 1950s, while the third belt was formed by the
residential apartment complexes, the construction of which began in the early 1970s. Hadji Hasan Mahala is located on
the border between the center and the first belt, Harman Mahala and Sheker Mahala fall into the second belt, while
Stolipinovo with the two newly emerged neighborhoods around it - Shumen and Kanala Kar - in the third belt (Ilieva et
al., 2019).

The centralization index indicates the ratio of X members who would have to change their area of residence in order to
achieve an even distribution around the central part of the city.

The easiest way to measure centralization is to take the number of group members who live within the city limits and
relate it to their total number throughout the urban area. The simplest group that live within the bounds of the central
city, expressed as a proportion of the total number in the entire metropolitan area:

PCC=X./X
where: X is the number of X members living within the boundaries of the central city.

If we look at Plovdiv’s GUSs, it is clear that they are located along the edges of the urban fabric of the city (except for
Haji Hasan Mahala). The sheer distance to the city center marginalizes the GUSs’ residents and creates real problems in
terms of access to public services. The distance to the city center hinders the mobility of the GUSs’ residents,



considering that they can hardly afford (financially) the regular use of public transport which in most cases is the only
way for them to access the city center (llieva et al., 2019). In the case of Plovdiv PCC=0.083, which means that only
8.3% of the Roma population reside in the central urban area. Later, social scientists developed other measures of
centralization that make fuller use of spatial data. For example, Duncan and Duncan (1955) proposed a relative
centralization index difined by the following formula:

RCE = (X1 Xi-1 Yi) - Bl Xi Yiq)

where: n areal units are ordered by increasing distance from the central business district, and X; and Y; are the respective
cumulative proportions of X's and Y"s population in tract i.

This index varies between -1.0 and +1.0, with positive values indicating that X members are located closer to the city
center than are members of group Y, and negative values indicating that group X members are distributed farther from
the city center. When the index is O, the two groups have the same spatial distribution around the central district
(Massey, Denton, 1988). RCE for the Roma population of Plovdiv is estimated at -0.43, which means that 43% of
Roma must change their area of residence to match the degree of centralization of the majority - the Bulgarian
population - or in other words RCE measures the extend of X's (the Roma population) centralization relative to group
Y's (the Bulgarian population).

Massey and Denton (1988) suggest an analogous index — the absolute centralization index (ACE), which measures a
group’s spatial distribution compared to the distribution of land area around the city center:

ACE = (XiZ1 Xi14) - it Xi A1)
where: the areal units are ordered as before and A; refers to the cumulative proportion of land area through unit i.

This index also varies between -1.0 and +1.0. Positive values likewise indicate a tendency for group X members to
reside close to the city center, while negative values indicate a tendency to live in outlying areas. A score of 0 means
that a group has an even distribution of population around the central business district. The absolute centralization index
(ACE) for the Roma in Plovdiv is calculated to have negative values of -0.19, in contrast to the Bulgarian population,
where the index has a positive value of 0.24. The index therefore gives the proportion of X members required to change
residence to achieve an even distribution around the central business district.

Clustering

High level of clistering occurs in cases where the areas inhabited by the same ethnic group are located close to each
other, while the low level of clustering implies their dispersed arrangement in the urban fabric, resembling a
chesshoard. Clustering is closely related to the chessboard problem. Several indices are used to characterize clustering,
such as the spatial proximity index (Clustering index) and the distance-based index of dissimilarity. The index is
calculated based on the average distance between the members of the same group and the average distance between the
members of different groups, after which their weighted average value is calculated. The spatial proximity index equals
1.0 when there is no differentiated clustering between X and Y, and is > 1.0 when the X-members live closer to each
other than to the Y-members. Based on the work of Dacey (1968) and Geary (1954), the following measure of
residential clustering can be derived:

n n n n
ACL={[ £ (x/X) X (g;5)] — [Xn*E = gt/
j=1"j=1 i=1j=1
n n n n
{[Z (X)X gyl = Xn*E Xl
=1 j=1 i=1j=1

where: Cij refers to an element of “contiguity matrix” that equals 1.0 when | and j are contigouse, and 0 otherwise.

Since it is easy to obtain centroid coordinates for areal units in urban areas, Cij may be taken to represent a distance
function between areas. Thus, according to the formula the ACL in the case of Plovdiv was calculated to be 0,66.



CONCLUSION

Measuring of spatial segregation using computable values of various indicators makes comparison possible, which is of
great theoretical and practical value. The indicators used in this study and their values reflect a high multidimensional
form of spatial segregation of the Roma population in the city of Plovdiv, which can be characterized as
hypersegregation. That being said, not all indicators exhibit extremely high values (i.e. close to 1.0 in cases the given
indicator obtains values between 0 and 1.0), however, the cumulative segregation level of the studied ethnic minority
can be verbally defined as very high. It is suggested hereby that qualitative evaluations be given to quantitative
measurements — e.g. all values between 0.8 and 1.0 can be labeled as “high”, between 0.6 and 0.8 — “significant”, from
0.4 t0 0.6 — “medium”, and so forth.

In the case of Plovdiv Roma neighborhoods, it can be said that they all exhibit similar level of spatial segregation,
although the situation with one of the quarters is to a certain extent different compared to the other three, mostly
because of better levels of the centralization index.

The study demonstrates the ongoing, and even deepening over the last three decades, distancing between the Roma and
the ethnic majority of Bulgarians, through the application of a specific quantitave approach to studying spatial
segregation. Closing this gap requires not only scientific research, but a combined effort of all actors in the process —
the Roma community, the Bulgarian ethnic majority and the authorities at all levels, so as the general population of the
city benefits from the solution of the existing problem, may it be only partial if not complete.
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Abstract

The spatial modeling of the nature system is common scientific instrument for presentation and interpretation of the
basic ecological state and problems of the systems. The present research is related with the modeling of morphological
and hydrological peculiarities in the river wetland systems. It observed two main river systems in the geographical
space of Northwestern Bulgaria — the catchments of Lom and Ogosta rivers. The interaction between the relief
structures and dynamic of the waters is general agent for degradation and evolution of the nature system. The
determination of these relations is key element in the process of decision making and management of the territories and
regions.

Keywords: spatial modeling, river, catchments

INTRODUCTION

The interaction between the relief structures and the dynamic of waters is general problem and agent for the
degradation, transformations and evolution in the nature system. The determination of these relations is key element in
the process of decision making and management of the territories.

The spatial modeling of the nature system is common scientific instrument for presentation and interpretation of the
basic ecological state and problems of the systems. The main goal of present research is related with the modeling of
morphological and hydrological peculiarities in the river wetland systems. It observed two of the basic river systems in
Northwestern Bulgaria — the catchments of Ogosta and Lom rivers.

MODELS AND MODELING

Robinson et al. (1984) outline the basic concepts in creating spatial models:

1. Geometric focus - is characterized by collecting and manipulating data in order to increase the accuracy (truthfulness)
of spatial models.

2. Technical focus - includes determining the dimensions, features of the models, the production and reproduction of
spatial models.



3. Presentative focus - the basis of this focus are the features of the models that are a product of spatial data, the applied
technology, the visualization conditions and the level of graphic art. The second group of features is the content of the
map, the features of the symbols, the planning of the spatial model and the generalization.

4. Art focus - aimed at perfecting the spatial model. It is formed as a result of the colors, features, orientation, graphics,
selection, balance, spatial features, the accepted hierarchy and the individual ideas and decisions of the compiler of the
spatial model.

5. Communication center - aims to increase the opportunities for interaction between author and user of a spatial model.
It consists of two aspects - creating a spatial model and using the spatial model.

- The creation of a spatial model includes the collection, classification, selection, generalization and symbolization of
data.

- The use of the spatial model covers the whole range of possibilities for application for its realization. It is expressed in
reading, analysis and interpretation of the model.

The spatial model must summarize and represent the real world in certain shapes and sizes. Indeed, for some modeling
theorists, the real world is nothing more than a universe of potentially acquired data. Spatially, different systems can be
modeled from local to regional and global. They include different areas of human knowledge - natural and
humanitarian, theoretical and practical, virtual and real. The most valuable is the ability to combine two or more of
these areas (Ziegler et al. 2000).

According to Haggett, Chorley (1967) models in geography are most often based on analogies. Analogies regarding:
natural phenomena; social and economic phenomena; alphanumeric images and mathematical formulas. The same
authors determine three main groups of models - models analogies with natural systems, models - specialized systems
and models - general systems.

Smyth (1998) considers spatial (cartographic) models as abstractions of reality. The latter contain only those features of
reality that are important for the interpreted object. The model as an abstraction presents aspects of the real world that
can be manipulated and analyzed in the past, define the present and offer opportunities for prediction.

The model is also considered as part of the bilateral model-theory relationship. The model itself is applicable in testing
the evidence of a theory. In order to use it correctly, it must determine which of the functions is paramount and how to
arrange the data so that the specific function is performed. In this sense, an important function of the model is the
interpretation of the theory, but so as not to be identified with it, but to direct the meaning of the model to the logic of
the theory itself.

In this regard, Harvey (1996) divides the models into a priori (straight A = B) and a posteriori (A / B). A priori models
are based on constructing a theory. Particularly important here is the problem of interpreting the calculations. These
models from a cognitive point of view precede the theory. A posteriori are obtained through the use of formalized
theories. The beginning is related to empirical observations. These models simplify the theory test procedure. The
obtained results can be transferred to the theory. If a test proves a successful modeling result, it determines a successful
theory. In geography, mostly a priori models are applied. In case there is no good model, wrong (inaccurate) predictions
often follow.

The use of models requires:
1. Accurate determination of the presumed function of the models.

2. In the course of the implementation the research work must be planned - the function of the data of the model must
not be subject to change without observing the necessary preconditions.

3. The model can be used for conclusions in theory.

4. The shortcomings of the model can be coordinated according to the theory.
5. Theories obtained in modeling cannot be disseminated if:

(a) It has not been established that the model applies precisely to this theory.

b) The area of changes of the model and the nature of its relations with the theory are not precisely and completely
defined.



6. For predictive models, the empirical relationship between the individual components and the possibility of full
verification must be carefully considered.

7. The functions of the models and the type of model must be taken into account.

In the most general sense, models are through observation and explanation (causal models), time models, functional
models and systems. A number of authors consider the triad: space-place-environment as the basic structure of any
geographical study. Special emphasis here is placed on the relation: space-time, and hence on the creation of space-time
(dynamic) models. It determines the process of creation, development and degradation of objects in space and time, the
relationship between space, time and place is determined by the processes that develop the individual stages of the
processes in a given place for a given period of time. This manifestation also outlines the framework of space, which
Harvey (1969, 1996) defines as the environment. Berlyant (1986) connects this thesis with space-time forecasts as a
synthetic type of forecasting, allowing the prediction of the development and evolution of phenomena and their
representation through forecast maps.

The present research is based on the modeling of morphological and hydrological peculiarities of the catchments of
rivers Lom and Ogosta. It is realized with using of Head-up digitizing technology in the process of modeling of two
main layers — relief (hypsometric structures) and hydrology (river systems). The villages are added as additional layer
using for better orientation in modeling geographic space.

Spatial modeling of morphohydrographic peculiarities of Lom river

The Lom River (Fig. 1) springs from the Balkan Mountains in the territory of the village of Gorni Lom. The main river
system is formed by many smaller tributaries, starting with the springs of the river Barza (at 2100 m above sea level) at
the foot of Mount Midzhur (2168 m) in Chiprovtska mountain, Western Stara Planina. In this part these rivers have a
mountainous character with very steep slopes of the riverbed and high flow velocities. To the village of Gorni Lom the
river flows at a great slope. The afforestation in this area is weak. Only known parts of the catchments area are
afforested, mainly with 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 river banks are low and the bottom is
covered with sand. Thus, the river continues to the Falkovets village, 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 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 banks
with well-developed terraces to the left of the river bed and steep right slopes. The banks of the river in this section are
very low and in heavy 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 current of the river is in the middle of the riverbed. The catchments area of the river is deforested and
occupied by arable land. This character is preserved by the river until its confluence with the Danube River at the 742
km, in the area ofthe town of Lom, at 28 m above sea level. The estuary is known as "Limana". Characteristic of the
river in its lower reaches is the subsidence of its waters, which occurs due to the higher levels of the Danube river.

The area of the catchments area of the river Lom is 1240 km2. To the northwest, its catchments area borders the
catchments areas of the Archar and Skomlya rivers, and to the southeast - the catchments areas of the rivers Tsibritsa
and Ogosta. To the southwest along the ridges of Svetinikolska and Chiprovtska mountains crosses the border with the
catchments areas of the rivers Timok and Nishava.



Fig. 1 Spatial model of the morphohydrographic peculiarities in the catchments of Lom river.

Hydrographic features

The average long-term outflow at the village of Drenovets is 4,7 m3/s, and at the mouth 6,4 m3/s with a maximum of 11
m?3/s and a minimum of 2,19 m3/s. Average slope 18.3%, forestation 35%, annual runoff 202,106 m? (Hristova, 2012).

The average annual runoff at station in village of Traykovo is 7,39 m3/s. The maximum is in the spring (March-May),
which is due to the melting of the snow cover and spring rains, and the minimum - July-October. The data for the
internal annual distribution of the river outflow are for the period 1950/1951 — 2000/2001.

Spatial modeling of morphohydrographic peculiarities of Ogosta river

The Chiprovtska river with springs below the Vrazha Glava peak (1935 m) in the Chiprovtska mountain, at about 1760
m above sea level, is considered to be the beginning of the Ogosta river (Fig. 2). To the village of Belimel it flows in a
northeasterly direction in a narrow valley, afforested mainly with deciduous forests.

After the mouth of its left tributary, the Prevalska river (Prevalska Ogosta) turns southeast and forms a wide trough-like
valley, occupied mainly by arable land. In this section on its right, the river Dalgodelska Ogosta flows into it. After its
mouth, Ogosta enters the second largest dam in Bulgaria - "Ogosta". Here on the right (in the dam) its tributaries Barata,
Zlatitsa and Barzia flow. After flowing out of the Ogosta dam, it turns northeast, passes through the town of Montana,
receives the waters of the Shugavitsa river on the right, and near the town of Boychinovtsi - the waters of its right
tributary, the Botunya river. Then the river enters the Danube plain, retaining its northeasterly direction and flows into a
wide asymmetric valley - with steeper right banks. In this section there is only one larger tributary flows into it - Ribine
river, right tributary.

After the village of Harlets, through the Kozloduy lowland, the Ogosta river flows into a general riverbed corrected
with water protection dikes together with its largest tributary, the Skat river. It flows to the right into the Danube river at
the 685-th km at 27 m above sea level. The area of the catchments area of Ogosta river is 3157.1 km2, and its borders
are the following: - to the northwest and north - with the catchments areas of the rivers Lom and Tsibritsa; to the east,



southeast and south - with the catchments area of the river Iskar; to the southwest - with the catchments area of the river
Nishava.

Fig. 2 Spatial model of the morphohydrographic peculiarities in the catchments of Ogosta river.

Hydrological features

The average annual outflow of the river near the town of Chiprovtsi is 0,81 md/s, and at the station in Mizyia town —
25,40 m3/s (Hristova, 2012). The maximum is in the spring (April-May), which is due to the melting of the snow cover
and spring rains, and the minimum in October. The data for the internal annual distribution of the river outflow are for
the period 1950/1951 — 2000/2001.

CONCLUSIONS

The general results of research presented two basic spatial models of the catchments of Lom and Ogosta rivers. The
spatial models clear showed the picture of main morphohydrographic peculiarities in these river systems. The
morphographic elements are modeled on the first level as basic layer. The hydrological elements are added on the
second level following the structure of the morphology in the two regions.

The results of the investigation can be use in the process of management of the two of big river catchments in Northern
Bulgaria and Danube catchments. It also can apply in the regional plans for development of the regions on the
municipality, regional and transregional level. The other aspects for applying of this research are processes and decision
of the problems related with sustainable use of recourses and nature protection in the regions.
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Abstract

Depth areas are utilized by the Electronic Chart Display and Information Systems (ECDIS) along with the vessel’s
characteristics (e.g., draft, squat) and other situational information (e.g., tides) for separating safe areas from those
unsafe to navigate. Any error in their compilation is carried over to the analysis performed in the ECDIS. As a result,
waters may be portrayed deeper, thus posing a risk to the vessel navigating them, or may appear shoaler, thus
triggering useless ECDIS alarms which contribute to the situation known as “mariner’s deafness”. With the exception
of crisp boundaries where abrupt changes are expected, the transition between depth areas should be smooth and
continuous. In this paper we present a research toward a mechanism for identifying discontinuities and an error
remediation approach that proposes changes to the encoded depth range and the geometry of depth areas with
identified discontinuities, for the cartographer’s attention.

Keywords: ENC validation checks, Automated nautical cartography, Digital terrain modelling, Topographic surface,
Nautical surface, Depth areas, Safety of navigation

INTRODUCTION

The electronic navigational chart (ENC) contains essential information about the marine and coastal environment for
the safe navigation of vessels. ENCs are loaded on shipborne Electronic Chart Display and Information Systems
(ECDIS) that, besides displaying the information included in the ENCs, integrate navigation-related systems and
sensors aboard ships, such as GPS, AIS, and RADAR/ARPA. ECDIS address limitations and dependencies of the
traditional paper chart, such as the need to manually apply corrections and continuously plotting fixes (i.e., vessel’s
position), allowing the mariners to easily and accurately perform simple or composite tasks such as plotting the vessel’s
course or activating alarm functions when the vessel is in proximity to hazards (e.g., shallow waters) or impending
dangers (e.g., collision course with vessel sailing alongside) (Kastrisios and Pilikou, 2017). With ECDIS, mariners have
a complete picture of the instantaneous situation of the vessel and charted dangers in the area (Alexander, 2003).

The electronic chart is a database that consists of a set of point, linear, and polygonal features encoded using the chain-
node topology (IHO, 2000). The spatial objects in the ENC are divided into two groups, namely Group 1 (known as the
“skin of the earth”) and Group 2 features. Group 1 features are the area-type geo-objects: DEPARE (depth area),
LNDARE (land area), DRGARE (dredged area), UNSARE (unsurveyed area), FLODOC (floating dock), HULKES
(hulk), and PONTON (pontoon). For Group 1 features, each area covered by a meta-object M_COVR (coverage) with
CATCOV =1 (i.e., that continuous coverage of spatial objects is available within this area) must be totally covered by a
set of the above geo-objects that must not overlap so that the required topology is not violated.



To ensure that the topological structure of ENCs is valid, the IHO has developed a number of checks defined in
Publication S-58 ENC Validation Checks (IHO, 2018). Software that performs S-58 validation (e.g., SevenCs Analyzer,
ESRI ArcGIS for Maritime, Teledyne CARIS S-57 Composer, C-MAP dKart Inspector) provide reports for errors
among the Group 1 and 2 objects of the ENC in question as well as errors with objects in the adjoining ENCs. The
classification of errors is in three categories according to the risk they pose for the safety of navigation (i.e., warnings,
errors, and critical errors). In detail, a warning is “an error which may be duplication or an inconsistency which will
not noticeably degrade the usability of an ENC in ECDIS”, an error “may degrade the quality of the ENC through
appearance or usability but which will not pose a significant danger when used to support navigation”, whereas a
critical error “would make an ENC unusable in ECDIS through not loading; or causing an ECDIS to crash; or
presenting data which is unsafe for navigation” (IHO, 2018).

As the NOAA Nautical Chart Manual points out, “the most important concept about the formation of depth areas is that
the overall succession of depth areas and their defined range values must be continuous. There can be no gaps, overlaps,
or discontinuity in the range values of connecting depth areas” (NOAA, 2018). Thus, with the exception of crisp
boundaries where abrupt changes are expected (e.g., between piers and depth areas), the transition between depth areas
should be smooth and continuous, i.e., the maximum encoded depth of one depth area should be equal to the minimum
depth of the adjoining depth area.

S-58 provides many checks that deal with the vertical component of the ENC, however, with the current set of
validation checks, the depth continuity of depth areas is not guaranteed and discontinuities of the sea bottom may exist
(Kastrisios et al., 2020). For instance, check number 1771 requires that the depth value of a depth contour (i.e., attribute
VALDCO) must be equal to the least of the two maximum depth values of the conincident depth areas (i.e., attribute
DRVAL2). For a 10m depth contour and two coincident depth areas encoded with depth ranges 5m-10m and 20m-30m
will pass the validation check (as the minimum of the two DRVALZ2 is also 10m), but the continuous transition in depth
ranges of the areas is not achieved.

In the following sections we discuss the situations where depth discontinuities occur in an ENC, their effect on the
analysis performed in ECDIS, and research on a mechanism for the identification and remediation of depth
discontinuities in chart compilation.

DEPTH AREAS DISCONTINUITIES

Humans have the ability to infer the depth range of areas by looking at the charted linear features. For instance, in the
paper chart of Manele Bay, Hawaii (Figure 1a), between the depth curves of 5ftm and 10ftm the depth range is 5-10ftm.
Likewise, one can interpret that the depth in the marked area between the shoreline and the 3ftm depth curve is 0-3ftm.
In ENCs the depth range is encoded with the depth areas (DEPARES) which serve as the principal feature object for the
determination of water safe and unsafe to navigate. Any error in the encoding of depth ranges is carried over to the
analysis performed in ECDIS and may be negligible or significant depending on the specific geogrpaphic configuration.
To illustrate this, figure 1b shows the bathymetry encoded in the ENC for Manele Bay, Hawaii, where for visualization
purposes the 2-3ftm depth area is colored red, 3-5ftm brown, and 5-10ftm green. For a vessel with a draft of, e.g., 1.8m
(i.e., 1ftm), the ECDIS would classify the plotted route (shown in dark blue in Figure 1b) as safe due to the underlying
depth areas and soundings that are deeper than the set value. In the ENC, the area near the shorelines (the marked area
in Figure 1a), is represented with depth range 2-3ftm instead of 0-3ftm. Although the ideal would be the encoding of
two separate depth areas (one with 0-3ftm depth range adjoining the shorelines and one with 2-3ftm for the remaining
area), the current situation has no imminent effect to the plotted route and the analysis performed in the ECDIS.
However, if the entire 2-3ftm depth area was encoded as 0-3ftm (since it adjoins the shorelines), for all vessels trying to
approach the berth, ECDIS would set off alarms for crossing non-navigable waters.

The scenarios discussed with the support of Figure 1 are common depth discontinuities in ENCs, examples of which are
presented in the next section of this work. Although the mariner is able to disregard this and similar alarms in ECDIS,
they contribute to what is known as “mariner’s deafness”, i.e., the situation where the mariner is called to investigate a
considerable number of ECDIS alarms which entails the risk that important alarms do not receive the proper attention,
thus increasing the risk of a maritime accident. In addition, depth discontinuities complicate automation of individual
generalization tasks in chart compilation, e.g., the validation of the shoal-biased pattern of sounding selection (see e.g.,
Masetti et al., 2018; Kastrisios et al., 2019).



Figure 1: Bathymetry on paper (a) and electronic chart (b) of Manele Bay, Hawaii.

Figure 2a illustrates the ideal situation where the continuous seabed is represented with a continuous transition between
depth ranges in the ENC. Contrary to Figure 2a, Figures 2b and 2c illustrate a discontinuous representation of the
seabottom on the chart. In Figure 2b, the depth area adjoining the land area is encoded with least depth other than zero,
depicting the water depth to be deeper than in reality. Figure 2c illustrates the opposite situation, where the water depth
on the chart appears shoaler than the reality. A different situation of discontinuities occurs when depth areas or depth
curves have been encoded in incorrect units, e.g., fathoms instead of meters. Based on the encoded values, the depth
areas may appear deeper or shoaler.

Figure 2: Depth ranges of encoded depth areas and seabottom representation in ENCs:(a) continuous/ideal, (b)
discontinuous/waters appear deeper than reality, (c) discontinuous/waters appear shoaler than reality.

Here we have developed a mechanism that identifies the coincident geometries where discontinuities occur. For that, we
compare the depth values of adjoining depth areas and shorelines, depth curves, and other geo-objects (e.g., dredged
areas). With the exception of the geographical situations where vertical discontinuities are expected (e.g., in the crisp
boundaries of shoreline constructions or dredged areas and the adjoining depth areas), the algorithm captures the
discontinuities of the sea-bottom surface that should not, in principle, occur (e.g., the fuzzy boundaries of two depth
areas or a depth area and the shoreline).

The research effort focuses on solutions for the identified discontinuities, and providing them as suggestions to the
cartographer. The initial approach is iterative and begins with finding corrections for the attribute values. That includes,
in the first iteration, the depth areas encoded in incorrect units and, in the second iteration, the depth areas that adjoining
land areas. For the former, the algorithm compares the depth value to hard-coded dictionaries of the succession of depth
curves in U.S. charts in meters, fathoms, and feet, and converts the value in the wrong units to the proper value in the
units of the chart under validation. For the latter, the algorithm substitutes the minimum depth value (DRVAL1) of the
depth area to zero and if this value change solves or improves the current situation, the change is accepted.

Once the attribute corrections steps are complete, the algorithm determines the final list of the shared edges with errors.
Following the idea of medial line delineation described by others (see e.g., Gold, 2000; Cosquer and Hangouét, 2003;



Lygeros, 2012; Kastrisios and Tsoulos, 2017; Kastrisios and Tsoulos, 2018), the algorithm then determines the areas of
dominance for each edge with errors which are returned as suggestions for implementation by cartographers. The
cartographer is responsible for reviewing the individual polygons, splitting the depth areas, and assigning the new depth
ranges based on these recommendations. The complete elimination of discontinuities may potentially be incompatible
with legibility constraints and cartographic design principles. Therefore, this work currently focuses on a mixed
machine/human process, but future work will investigate the feasibility of a fully automated solution.

TEST CASE

This section presents the results of the error identification and remediation process for USSAK4DM, a large scale ENC
for the northern part of Tlevak Strait and Uloa Channel, west side of Prince of Wales Island, AK. For this particular
ENC, the algorithm identified a total of 53 depth areas and 553 coincident geometries (edges) with errors. As Figure 3
shows, the output table of the error identification process includes the identifier of the adjoining features, i.e., the long
names of the depth contour (DEPCNT_LNAM), shoreline (COALNE_LNAM), or depth area (DEPARE_LNAM) that
share a depth discontinuity. It also includes the encoded depth values that are identified as discontinuities (i.e.,
VALDCO, DEPARE_DRVAL1, DEPARE_DRAVAL2).

Figure 3: The output table for USSAK4DM for which the application identified 53 depth areas and 553 coincident
edges with errors in depth continuity.

The following three figures show examples of the identified discontinuities. Figure 4 illustrates a depth area which has
been encoded with depth range 9.1-18.2m (shaded area). However, it is apparent that the populated depth range is
incorrect for many parts of the specific depth area (e.g., where the outline of the depth area touches that of land
features). Discontinuities such as the discussed may pose a threat to navigation as the water depth appears deeper than
reality. For instance, for a vessel with a safety contour set to 9.1m, ECDIS will treat the water within the entire extent of
the shaded depth area as navigable and will not trigger any alarms, although the water depth is apparently less than
9.1m in many parts of the depth area.

In a different situation of depth discontinuity, and opposite to that illustrated in Figure 4, Figure 5 shows a depth area
that appears shoaler than the reality. The shaded depth area is populated with minimum depth value of 18.2m (depth
range 18.2m — 91.4m) and adjoins a depth area with depth range 18.2m — 36.5m. The coincident depth curve has
populated depth value of 36.5m, thus the depth area in question should be split and, where appropriate, be assigned a
depth range of 36.5m — 91.4m. Cases like this may make navigable waters appear as non-navigable in ECDIS and
trigger useless ECDIS alarms, contributing to “mariner’s deafness”.



Figure 4: Depth area (depth range 9.1m — 18.2m) inconsistent with the adjacent land and depth areas.

Figure 5: Depth area encoded shoaler than the actual depth in the area (i.e., 18.2m — 91.4m instead of 36.5 -91.4m).

Figure 6 illustrates an example of a depth area that has been encoded in units different than the adjoining depth areas;
here, fathoms instead of meters. The shaded area has populated depth of “3” (apparently in fathoms) contrary to the
proper 5.4 (in meters) whereas the adjoining depth areas have been properly encoded in meters. Cases of vertical
discontinuity like the discussed may be encountered in ENCs produced by hydrographic offices that use more than one
systems of units in their folio of charts (NOAA’s Office of Coast Survey is one of those).

Figure 6: Depth area encoded in different units than the adjoining depth area and depth curve (i.e., fathoms vs meters).



After applying the attribute fixes of the error remediation, the number of common geometries with errors are reduced to
365 (i.e., a reduction of 33%). Figure 7 shows that the populated DRVAL2 depth value of 3 fathoms discussed
previously has been corrected to 5.4 meters.

Figure 7: The attributes table of the depth area in Figure 6 before and after the attribute fixes.

Subsequently, the tool iterates between the edges with identified errors suggesting fixes and altering the geometry of the
depth areas. That includes splitting the respective areas and assigning the proper depth range to each new depth area.
Figure 8 illustrates the dominating polygons that may be used as the guide for the splitting of the shaded area of Figure
4. Figure 9 shows the attribute table of these polygons, along with the current and recommended depth ranges.

Figure 8: The recommended geometry changes to the depth area of Figure 4.

Lastly, Figure 9a shows an example of the dominating polygons of the edges with error (in yellow) and how they were
utilized for splitting the depth area with errors into smaller areas (green and red shaded areas in Figure 9b). The

automation of this process is under development.



Figure 9: Recommended geometry changes are in yellow (a) and their incorporation as four new depth areas by the
cartographer (b).

CONCLUSION

This paper presents the problem of depth discontinuities in ENCs and how they affect the ECDIS analysis in
determining safe and unsafe navigation areas. It also presents the research work for the development of an algorithm to
identify such discontinuities, and an iterative approach for error remediation. The approach begins with errors that may
be fixed by making attribute changes, then proposes changes to the geometry of depth areas. The process is currently a
mixed machine/human process, but a fully automated solution, pursuant to the limitations set by the cartographic
constraints, is under investigation.
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Abstract

The term articulation in cartography denotes the division of signs into their constituent parts. From the point of view of
articulation, the signs are separated into three groups: signs without articulation (cannot be divided into simpler
parts); signs with a single articulation (the components, of which they are composed, do not have their own meaning)
and signs with a double articulation (they consist of two or more elements that have their own meaning).

The meaning of double articulation signs is not described in the legend, but their constituent parts are characterized.
On the map field, these components are combined in different ways. This gives the general meaning of double articula-
tion signs, which carries more information than the sum of the meanings of their components.

The usage of double articulation allows a large number of characters to be constructed with few structural elements.
This results in language economy and makes signs easier to understand: it is necessary for the map reader to memorize
a small number of signs in order to understand the meaning of a large number of signs on the map. Therefore, double-
articulation signs are easier to recognize and more meaningfully assigned. They allow to encode more information in
them without requiring the creation of many new signs in the legend.

This article discusses the basic rules for constructing double articulation signs. Two types of components are defined:
base units (showing the location of the object and its basic meaning) and additional units (explaining the type of the
object or its quality features). The basic requirements for these elements and the ways of combining them in one sign
are shown. Examples of successful and unsuccessful application in existing maps are given.

Keywords: sign system, articulation of the signs, sign system with double articulation, meaning of signs, semiotic econ-
omy

1. ARTICULATION

1.1 What is articulation?

The term articulation is used in different sciences, having different meanings:
= In phonetics: the formation of clear and distinct sounds in speech.
= In music: clarity in the production of successive notes.

= In medicine: something that consists of two or more parts, where the parts are joined and able to move in relation
to each other;

= [n anatomy: a joint (an area where two bones are attached for the purpose of motion of body parts);
= |n dentistry: the contact of the teeth in the upper jaw and the teeth in the lower jaw;

In all of these cases, articulation denotes the ratio or interaction of two or more parts.



1.2 Articulation in semiotic

In semiotics, articulation is called the division of signs into their signifying components. One of the fathers of modern
semiotics, Ferdinand de Saussure, points out that signs can contain other signs. Then they become ‘complex signs’, such
as the word ‘twenty-nine’, which contains the ‘simple signs’ twenty and nine. (Chandler, 2004)

The purpose of articulation is to decompose a sign into basic (elementary) structural units so that each of them can be
examined. In this way, more appropriate sign systems can be created to describe the depicted objects or to express the
meaning of the signs.

The general theory of articulation, as described by Daniel Chandler, allows these levels to be: low level (first articula-
tion) and high level (second articulation). Signs with low level articulation can be divided into smaller elements that do
not have their own meaning, i.e. they are not signs. Chandler (2007) called them ‘non-signifying sign elements’. Signs
with high-level articulation are composed of elements that have independent meaning, i.e. from other signs. Sich are all
cartographic signs, as they are composed of one or more graphic signs, each of which is assigned a certain meaning in
the legend.

It should be born in mind that in semiotics articulation is the division of signs according to their meaning (mostly se-
mantic) and not physical components. Semiotics do not study the structural side of articulation because all words con-
sist of sequentially arranged sounds (when pronounced) or letters (when written).

2. ARTICULATION OF THE SIGNS
In classical semiotics, three levels of sign articulation are considered:
= Signs without articulation;
= Signs with single articulation;
= Signs with double articulation.
The term “double articulation’ was first used by the French linguist André Martinet (Martinet, 1961).

2.1 Signs without articulation

Signs without articulation are extremely simple and cannot be broken down into simpler units. For
example, the red circle used in Fig. 1 is a simple geometric figure, which does not contain other
structural elements. That is why it is a sign without articulation. Such characters are perceived quick-
ly, but do not allow additional information to be encoded in them.

Fig. 1 2.2 Signs with single articulation

Signs with single articulation have more than one lower level component. But each of these elements

does not have its own meaning. For example, the Morse code is composed of dots and dashes (Fig.

2), which are combined in different ways to obtain characters for letters, numbers and punctuation.

The only function of any point or dash is to distinguish one character from another. Outside the sign,
Fig. 2 they have no independent function.

2.3 Signs with double articulation

Signs with double articulation contain signs that have their own meaning. Fig. 3 shows an example of
the use of signs with double articulation in traffic sign system: the shape of the sign indicates its func-

tion (triangular signs are warning and round signs are prohibitive); and the figure in the center carries
A the meaning of the warning / prohibition. Signs with double articulation consist of smaller semantic

elements.




2.4 Language economy

Sign systems with double articulation offer greater ‘language economy’ or ‘semiotic economy’. They allow to build a
huge number of significant second-level elements by using a relatively small number of low-level elements. Semiotics
view this property as inherent only in mankind. Animals do not use double articulation in their behavior and language
of communication. According to Chandler (2007), Hockett views it as a ‘key constructive property’ of language, and
Louis Hjelmslev views it as a ‘defining characteristics’ of the languages used by man (Hjelmslev, 1961).

To explain semiotic economy, Hervey (1982) uses the terms “figurae’ and ‘signa’. The first term indicates the number
of notations, and the second - the number of their semantic combinations. Hervey gives an example with the designa-
tions of the taps in the bathroom, which have three designations (‘“figurae’): H, W and C. From them are obtained three
meanings ‘signa’: H - hot water, W - warm water and C - cold water. In this example, the ratio ‘figurae’ / ‘signa’ is
1:1, i.e. we do not have an economy of linguistic means. On the other, MacEachren gives another example: On a map,
with different geometric shapes, seven different manufacturers are marked. The type of their production is shown in
three different colors of the figures. In this case are used 10 designations - 7 shapes and 3 colors, from which 21 differ-
ent combinations can be obtained. Therefore, the ratio ‘figurae’ / ‘signa’ is 1: 2.1, i.e. we have twice as many mean-
ings as there are signs. This, according to MacEachren (1995, p. 240), means, ,,... that we have a system with huge se-
miotic economy.“

We have a system with double articulation when one of the sign is basic and can be used independently, i.e. it indicates
an object of a higher step in the classification scheme. In the example from Fig. 3 this is the shape of the road sign.
Other signs that make up the sign with double articulation do not have the ability to be used on their own. In
MacEachren’s example above, shapes can be used without being colored in different colors, but colors cannot be used if
there are no shapes. They only make sense when combined with a base sign.

3. GENERAL THEORY OF CARTOGRAPHIC ARTICULATION

3.1 Level of articulation in Cartography

Initially, in cartography, the term ‘articulation” was used to denote an emphasis on certain aspects of what was depicted
on the map (see Halford J. Mackinder). With the entry of semiotics into cartographic science, it began to be used to
divide signs into semantic units.

The signs studied by linguistics are always arranged in a linear sequence (the sentences lose their meaning if the places
of the words in them are mixed up). In contrast, the cartographic signs can be combined in various ways in the field of
the map: they create connections of proximity, neighbourship, intersection, etc. The environment of the signs also cre-
ates additional meaning. The same graphic symbol placed in a different place on the map indicates different objects.
Signs have richer possibilities of expression using Bertin's six visual variables, so there are many more ways to articu-
late cartographic signs.

According to Charles Peirce each sign on the map has two sides: sign vehicle and meaning. Each of these sides can
create three levels of articulation.

The meaning of cartographical sings has three components:

=  Sense — what kind of object represent the sign;

=  Value - the ratio between the sign and other signs on the map (such as size, brightness, frequency of
use), which adds worth to the objects being displayed.

=  Feature — characteristics of depicted object, shown on the map.

Each of the three components of the meaning of the sign can be without articulation, with single or double articulation.



As sign vehicle, symbols have the following structure:

Entity hsElE = Graphic primitives: the smallest constructive elements of the
Graphic — | signs, to which no specific meaning is assigned by the legend. They can
Qe No meaning in | have their own meaning thanks to their visual variables (according to
primitive legend Bertin: size, shape, color, value, orientation, texture). For instance, on an
ornithological map the color of the sign can show the type of bird habitat
Graphic sign | In legend: Brush (swamp, field, forest, mountain), the form of the primitive - the way of

nesting, and the texture - the eating habits of birds.

Cartographic On the map: = Graphic signs, which consist of one or more graphic primitives.
sign Single brush | They denote general mental concepts, such as city, road, and factory,
due to what is stated in the legend or due to their traditional usage. Fig.
] 5 m north of the] 4 shows how four graphic primitives form a graphic sign, which receives
Super sign path from the legend the ability to mark bushes on the map.

Fig. 4 Graphic entity and its meaning

. . ith single articulation
Signs: without wi . . .
9 articulation | Tow Tevel high level _|With double articulation
Cartographic
sign
Graphic sign
Graphic
primitive

Fig. 5 Articulation in depth of cartographic sign

= Cartographic signs, which consist of one or more graphic signs. Through them in the field of the
map are depicted specific objects of reality. By placing the cartographic signs on the map, they inherit the
qualities of the map field (scale, projection, coordinate system, etc.) and get two new specific characteris-
tics: location (which allows them to represent specific objects) and surroundings (ambient signs). Due to
these new features they acquire a new set of meanings that are missing in their constituent graphic signs.

= Super-signs, which are obtained by mentally combining cartographic signs in the process of working

with the map. Due to this combination of signs on the map, data that is not directly set by the cartographer

can be extracted. The highest level of organization of the signs will not be considered as a source of articu-

lation of the signs because it is created in the reader's mind. In addition, super-signs may contain a huge
number of combinations of signs.

The ways of combining the graphic primitives into graphic signs and
the graphic signs into cartographic signs are shown in Fig. 5

The three types of sign meanings (sense, value and feature) can be
obtained at any of the four levels of the sign structure. Graphical
primitives, thanks to their visual variables, can indicate belonging to a
certain type of objects (rivers are formed in blue) and value (larger
primitives have a greater value than smaller ones) and show proper-
ties of objects (by orientation or by pattern). The legend can describe
all three types of meanings, so graphic signs can give cartographical
signs sense, value and feature. This feature allows them to make
much more and more complex semantic combinations than those

Fig. 6 used in linguistics.



Therefore, the structure of cartographic articulation is significantly more complex. Instead of the three levels of articula-
tion as it is in linguistics, in cartography can be obtained 27 levels of articulation (see Fig. 6).

3.2 Construction of signs with double articulation

Signs with double articulation have two types of meaningful elements:

warehouse

warehouse for explosives

warehouse for hazardous
chemicals

warehouse for petroleum
products

warehouse for other
hazardous materials

principal  extra double articulation
sign sign sign
Fig. 7 Creating a double articulation sign
From (Marinova, 2017)

warehouse for hazardous
materials

factory for hazardous
materials

principal  extra double articulation
sign sign sign

Fig. 8 An extra sign add meaning to two principal signs
(Marinova, 2018b)

= a principal sign that has two main functions: to
show the basic meaning of the sign and to indicate the
location (insertion point) of the symbol.

= one or more extra signs that allow a more precise
classification of the objects or show specific charac-
teristics of their objects.

In addition, double-articulated signs may have one or
more not signifying sign elements that give aesthetic
value or graphic weight to them. They do not change
the meaning, but make the symbols easier to notice or
more attractive to the reader.

The principal sign shows the general meaning of the
whole signs group. On Fig. 7 the principal sign shows
general meaning (warehouse). The extra signs give a
complementary classification of the objects depicted
through them. In this way, even if the map reader
does not understand the meaning of each of them, he
will be able to understand the general meaning of the
sign, in this case: warehouse.

The components of the sign with double articulation
must be constructed in such a way that there is no
doubt as to which the principal is and which the extra
signs are. This is usually achieved by making the
principal sign considerably larger. When the meaning
of the extra signs is very important, they are shown
with brighter colors to make them easier to notice, as
done on Fig. 9.

In order to be able to perform their functions, the
principal signs must meet the following conditions:

to have a well-defined insertion point, because they
determine the location of the depicted object;

= to depict an object of a higher level of classifica-

tion, compared to the sign with double articulation, in order to be able to understand base meaning of the
sign with double articulation, without understanding the meaning of the extra signs;

= to allow seamless addition of extra signs (without losing some of their content).

The greatest economy of the language is obtained when the extra signs can be combined with several principal signs.
Fig. 8 shows how an extra sign gives meaning to different principal signs by adding them to the warehouse and factory
signs. Thus, the reader has to memorize fewer notations and the probability of errors in assigning the meaning decreas-

€s.



3.3 Sign systems with three-level

affected explosives articulation

warehouse ) ) ) )
The sign with double articulation can

consist more than one extra sign. By add-
destroyed chemical ing more extra sign to the principal sign,
warehouse an additional meaning can be given to a
sign with double articulation. This allows
to show more characteristics of the objects
depicted on the map or to create an addi-
tional classification. Fig. 9 shows an ex-
cerpt from a sign system in which extra
signs on the one hand clarify the type of
materials produced or stored and also its
state in case of disaster.

unaffected factory for
hazardous materials

principal  extra extra double articulation
sign sign sign sign

Fig. 9 Two extra signs in a sign with double articulation ) . )
3.4 Sign systems with multi-level

(Marinova, 2018a) articulation

A cartographic example of multilayer articulation is shown in Fig. 10. The signs are from the manual for creating spe-
cial military maps of the US Army*. The total number of signs is over 1000. They cannot be remembered even by the
most intelligent reader. With the introduction of several levels of articulation, it is now necessary to memorize four
principal signs (Friend, Hostile, Neutral, and Unknown) plus a number of complementary symbols. Since four addition-
al levels of articulation have been introduced, the number of different characters is reduced to 50-60, which can be
memorized relatively easily. For example, the sign »— of the bottom row in all combinations means a place for repair
and can be added to any sign, indicating some kind of technique. The three-circle sign © © ¢, introduced on the penul-
timate line, indicates wheeled transport for all types of equipment in all signs.

Friend Hostile Neutral  Unknown

Principal signs:

Level of extra signs:

1. Armoured forces

2. Armoured amphibious

3. Armoured wheeled amphibious

4. Maintenance of armoured wheeled
amphibious

Fig. 10 Example for Sign systems with multi-level articulation

The multi-layered articulation results in a very large economy of language. However, the signs are read very slowly
because they look like Chinese hieroglyphs. On the one hand, they become very large in size (so that several extra signs
can be placed), and on the other hand, the assignment of the meaning of the signs is slow and requires some effort from
the map reader. Therefore, multi-layered articulation is only recommended when creating specialist map when the signs
are required to convey a large amount of information.

! Document COMMON WARFIGHTING SYMBOLOGY (US_Army, 2008) descripts all signs and contains 1090
pages.



4. HOW TO CREATE SIGN SYSTEMS WITH DOUBLE ARTICULATION
4.1 Principal signs

Principal signs can be of two types:

1. Large signs in which to place extra signs, such as those shown in Fig. 9 and Fig. 10;

2 Small signs around which to place extra signs;

4.1.1 Large signs

Shape Such signs do not show the exact location of the depicted

Orientation  °Piect, but they quickly attract attention, due to their size.
Other advantages are:

Size
a) The possibility of placing several extra signs in the area

Pattern of the sign (see Fig. 10 and Fig. 14), which describe the
object which is mapped better;

Colour ) o . ) ]
b) By using a combination of different visual variables of

Value the principal sign’s outline and background, a large number
of object characteristics can be represented on the map. Fig.
Outline Background 11 shows the possibility to present using all six visual varia-
) bles using different outlines and five visual variables using
Fig. 11 different backgrounds, which gives a huge number of com-
binations (not all of them are practically possible).

. 4.1.2 Small signs
= p0 Post Office

= pS  Police Station The size of these signs does not allow extra signs to be placed in them, but allows the
=FS Fire Station location of the depicted objects to be indicated exactly. Extra signs must be located around
= SES the principal sign. Their size must be larger to attract the attention of the map reader. Fig.
State Emergency 12 shows how public buildings are depicted on US Topo Maps. Principal sign allows to
=S  Services accurately display the shape and location of buildings, and the extra sign shows the type of
School building. The distance between the signs must be chosen so that they can be easily
. grouped visually and there is no doubt to which sign they belong. When using several

Fig. 12 extra signs, the fulfillment of this requirement is difficult to achieve.

4.2 Extra signs

Extra signs have various functions on the map: to give specific meaning to the signs, to present qualitative or quantita-
tive characteristics of the depicted object or to indicate its name. As extra signs can be used:

1. Graphic primitives
2. Graphic sign

3. Inscription



4.2.1 Graphic primitives

railway
one-way railway
two-way railway ,

three-way railway
principal extra double articulation extra double articulation
sign sign sign sign sign

Fig. 13 Creating a linear sign with double articulation through additional signs

Graphic primitives have no meaning on their own outside the sign with double articulation. They only serve to distin-
guish the signs. Fig. 13 shows an example of the usage of graphic primitives in the sign system of the medium-scale
topographic maps in Bulgaria when depicting railways. Principal sign shows the general direction of railways with a
line which is 0.8 mm thick. The extra signs indicate the number of lanes (one-way, two-way or three-way). To show the
electrified railways, a second extra sign is provided, which is placed across the first. Dashes are used, as extra sign,
which only makes sense when placed along the principal sign.

4.2.2 Graphic signs

As extra signs can be used symbols that are given a certain meaning in the legend or have their own meaning due to
their traditional use. Then the meaning of the sign with double articulation is perceived faster and more securely.

vegetation border low-stemmed vegetation  shrubs  deciduous shrubs height 2m
principal sign extra signs double articulation
sign

Fig. 14 Creating an area sign with double articulation by several extra signs

Fig. 14 shows an example of the Bulgarian topographic sign system for depicting shrubs. The principal sign shows the
boundaries of the area occupied by vegetation. The legend gives the graphic sign the meaning to depict bushes, and to
represent deciduous vegetation. The height of the bushes (2 m) is shown by an inscription.

4.2.3 Inscriptions

The use of inscriptions as extra signs has several advantages: they are perceived unconditionally; they allow a large

number of characters to be formed without having to remember the meaning of each of them; they give the opportunity
to write the name of the object and many of its characteristics. The inscriptions take
up considerable amount of space on the map, but when placed around small principal
signs they can be put in any free space around the sign. The meaning of the inscrip-
tions is appropriately assigned: it is very seldom wrong (usually when abbreviations
are used).

a b Inscriptions can be added in two ways: by placing them next to the sign (Fig.15a)
and by combining them within the sign (Fig.15b).
Fig.15
Inscriptions allow giving an exact quantitative characteristic to the object, as it is
done in Fig. 14 (bushes are 2 m high). Combining several quantitative characteristics can lead to confusion and misun-
derstanding of the meaning of each of the inscriptions. In Fig.16 it is shown the description that the
bridges of the small-scale topographic maps in Bulgaria have. The map user should know that the loca-
tion of the caption in the group indicates what feature it explains. In Fig.16 "44" shows the length of the
Fig.16 bridge in meters, "6" - its width, and "50" - the load capacity in tons. The inscription "XXB" explains the



type of construction - reinforced concrete. All these inscriptions well characterize the bridges, but can be understood
only after prior training.

A new meaning of the sign can be added through the inscriptions. Fig. 17 shows signs in which the meaning of the sign
is explained by inscriptions. Such signs are less likely to be mistaken and easier to be remembered, but they are not
associative (for example, if you do not know the meaning of abbreviations you cannot understand the meaning of the
sign). But once the meaning is understood, it is seldom misunderstood.

Unknown Friend Neutral Hostile

Military intelligence interrogation

Joint intelligence center

Shore patrol

Military police

Fig. 17 (US_Army, 2008)

5. CONCLUSION

The creation of sign systems with double articulation gives great advantages when making maps: it allows to make a
more detailed classification scheme; to show additional characteristics of the objects; to focus on their essential aspects.
In general, double-articulated characters allow more information to be presented on the map.

Limiting factors must also be taken into account: slower reading and perception of the characters, larger size of the
signs, which lead to a greater risk of overlapping and intersecting characters.
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Abstract

An important stage in the design of any Atlas is the creation of typical geographical bases, the number of which in the
Atlas can be different and depends on the coverage of the mapped territory, the purpose and subject of the Atlas.
Designing the typical geographical bases of the Atlas is a time consuming task due to the interrelated factors. The
article offers approaches and methods for automated creation of typical geographical bases with optimal density and
graphical load of objects. The study is based on the determination of quantitative indicators of the created basis, taking
into account the styles and sizes of symbols, the methods used for mapping general geographic and thematic content.
The proposed solutions will allow to quickly create geographical bases for various types of atlases (geographic,
complex (integrated) and thematic) and improve their quality.

Keywords: atlas mapping, cartographic databases, geographic base maps for atlas.

INTRODUCTION

An important stage in the design of any Atlas is the creation of typical geographical bases, the content of which is
represented by elements of boundaries, hydrography, settlements and routes. The number of typical bases in the Atlas
may vary. This depends on the coverage of the territory being mapped, the purpose and subject of the Atlas. Designing
the typical geographical bases of the Atlas is a time consuming task due to the interrelated factors. For example, if you
create typical geographical bases for the same territory, but at different scales, you should conduct a coordinated
selection of objects. When designing thematic and complex atlases, it is necessary to ensure the unity of content and
complete internal consistency of all geographic and thematic elements of the map. In this case, the same objects can be
both elements of the basis and the thematic content, and in some cases, the conditional signs of the thematic content
replace the conventional signs of the geographical basis. In addition, thematic maps differ in how they are mapped.

At present time the concept of automated creation of atlases [1] is developed in Moscow State University of Geodesy
and Cartography. It focuses on automatization of most labor-intensive processes of atlas mapping, among which is the
automated creation of typical geographical bases for Atlases.

SOLUTIONS FOR AUTOMATED CREATION OF TYPICAL GEOGRAPHICAL BASES FOR
ATLASES

To formalize the creation of the geographical basis of the Atlas, the method is proposed (Figure 1).
Selecting source data

In order to automate the process of creating a geographical foundations of Atlas it is proposed to use the cartographic
database as a data source. This choice is determined by the initial database composition (hydrography, settlements,
communications and borders), development the system of classification and coding of geographical objects, a single
fixed digital cartographic information record format, as well as the option to use semantic information about entities
from different sources. Thus, to create the basis for the territory of the Russian Federation, it is advisable to use a small-
scale cartographic database of 1:2 500 000 scale, formed on the basis of the General geographical map "Russia and
neighboring States" of 1:2 500 000 scale and representing a set of layers containing metric and semantic information.

To create thematic or complex regional atlases, in addition to the cartographic database, you must create a thematic
database containing quantitative and qualitative indicators of the object or phenomenon being mapped. To create socio-
economic maps, the main source data is statistical data. For example, for the territory of the Russian Federation, the
source of such data is the Federal State Statistic Service [2]. Databases created by international organizations (for



example, the UN statistical division, UNESCO, Eurostat, etc.) can also be used. In addition, statistics data for the
subjects of the Russian Federation and Federal districts can be obtained on the websites of territorial bodies of the
Federal state statistics service. In addition to statistical data, you can also use official, open, documented datasets from
Federal, regional, and other organizations to create thematic maps.

Figure 1. Methods of automated creation of typical geographic bases

When creating a thematic database for Atlas mapping, you need to develop tables that take into account all the
indicators on all the created thematic maps. At the same time, depending on the methods used for mapping images, and
therefore on the method of placing the mapped phenomenon, you can group indicators into a single table. For example,
for objects and phenomena located in administrative divisions, it is proposed to create a single table containing
indicators even for different methods of mapping (for example, for choropleth and diagram map). A separate table is
created for objects localized in localities. Statistical information is linked to the metric information of layers in the map
database by unique codes of administrative divisions and localities (for example, the OCTMO code). Table 1 shows an
example of the structure of tables with thematic data.

Table 1. Structure of tables in the thematic database

The name of the layer (mEthOdS of Field names A description of the fields
cartographic representation)
1 2 3
Code ISO Code state by ISO 3166
OCTMO Code OCTMO of subject / district
Theml mapl Parameter Nel of thematic map 1
THEME_ADMIN Them2 mapl Parameter Ne2 of thematic map 1
(chorqpleth, method of guantities and ThemK mapl Parameter NeK of thematic map 1
quality background, diagram map)
Theml mapN Parameter Nel of thematic map N
Them2 mapN Parameter Ne2 of thematic map N
ThemL mapN Parameter NeL of thematic map N




OKTMO Code OCTMO of human settlement

Theml mapl Parameter Nel of thematic map 1
Them2 mapl Parameter Ne2 of thematic map 1
THEME_NP - -
(Method of cartographic symbols) ThemK mapl Parameter NeK of thematic map 1
Them! mapN Parameter Nel of thematic map N

Them2 mapN Parameter Ne2 of thematic map N
Parameter Nel of thematic map 1
ThemL mapN Parameter Ne2 of thematic map 1

Determining the number and creating a list of geographical bases of the Atlas

Based on the developed structure of the Atlas and the identified groups of scales in which maps will be created, it is
necessary to determine the number and form a table list of typical geographical bases to be created, which for each base
will indicate the calculated and proposed scale, the mapped territory, the section(s) of the Atlas, the map type (General
geographic maps, nature maps, socio-economic maps). For thematic maps, you should also define and specify in the
table the elements of the General geographical basis that are shown on the map you are creating, depending on the map
topic. The main blocks of information are provided with the description of fields and possible values for some fields
(Figure 2). The connection between the list of typical geographical bases and tables of maps and sections should be
made by the unique number of the Atlas section.



Information about the base

Information about the adjacent territory

Base ID
The computed scale denominator
The proposed scale denominator

Layout option (1-floating. 2 — on the frame, 3-on
the map grid)

Name of the region to map
Codes of mapped region

Area of the mapped territory, km’
Area of the mapped region, km?
List of Atlas section numbers

Map type (1-General geographic. 2-nature,
3-socio-economic)

Elements of the General geographical basis
(0 —no elements, 1-river network, 2-localities,
3-road network).

Number of States on the adjacent territory

List of ISO 3166 country codes in the contiguous
territory

Number of administrative divisions of the 1st order
on the adjacent territory

The list of codes of administrative units

List of main categories of human settlements
shown on the adjacent territory

Area of adjacent foreign territory, mm?

The area of the adjacent territory (administr. units
of the 1st order), mm?

The total area of the adjacent area, mm>

Theoretical quantitative indicators
("'selection thresholds»)

Actual quantitative data
indicators

Optimal density of human settlements, number of
human settlements per 1 dm?

Coefficient of optimal density of the river network,
mm/mm?

Coefficient of optimal density of the road network,
mm/mm?

Number of human settlements

The total length of the rivers, mm

Total length of roads, mm

The graphics load of the rivers, mm’
Graphic load of human settlements, mm?
Graphic load of roads, mm?

Gra?hic load coefficient of the river network,
mm’/mm?

Gra};hic load factor of human settlements,
mm’/mm?

Road graphic load factor, mm?/mm?

Number of human settlements in the region being
mapped

Number of human settlementson the adjacent
territory

The total length of the rivers, mm
Total length of roads, mm
The graphics load of the rivers, mm2

Graphic load of human settlements in the region,
mm?2

Graphic load of human settlements on the adjacent
territory, mm?>

Graphic load of roads, mm?2

Graphic load coefficient of the river network,
mm’/mm?

Graphic load factor of human settlements , mm?/
2
mm-

Road graphic load factor, mm?/mm?

Figure 2. Information blocks for the list of standard geographical bases

Determination of quantitative indicators of typical geographical bases

At this stage, you should automatically set the theoretical quantitative indicators of the created base, ensuring optimal
density and graphic load of objects, as well as their alignment with the thematic content of maps. Depending on the type
of map being created (General geographic, thematic), an algorithm for calculating these indicators has been developed
(Figure 3).



Set of thematic maps in the Atlas
section

Determining the optimal number of
thematic objects

v

Creating a table for selecting thematic
objects

v

Calculating the actual graphical load of
thematic objects on each map

v

Calculating the graphical load of
thematic objects in the Atlas section

v

Calculating the optimal graphic load of
geographic elements

v

Determining the density of localities
and the density coefficient of rivers and
roads

v

Calculating the number of localities and
thresholds for selecting rivers and roads

v ¢
Creating a list of geographic Forming tables for selecting objects of
objects that must be displayed [ the typical geographical base

v

Determining the actual parameters of
the geographical basis

Figure 3. Algorithm for calculating theoretical and actual indicators of the geographical bases

To implement this, it is proposed to use a previously developed mathematical apparatus for solving the quantitative
aspect of automated selection of cartographic objects [3], which implies taking into account the relationship between the
density of the mapped objects and the map scale. The mathematical apparatus is based on an empirical approach to the
study of the density of cartographic objects on published topographic and General geographic maps of the following
scale series: 1:200 000, 1:1 000 000, 1:2 500 000 and 1:8,000,000. In this case, it is necessary to take into account the
styles and sizes of symbols and methods of cartographic representation of General geographical and thematic content.
As a result, the following parameters should be set: the optimal density of geographical items; thresholds for selecting
General geographical items - the number of localities, the total length of the river and road network

For Atlas mapping, quantitative indicators should be calculated for all typical bases of Atlas. The results of calculations
for elements of the General geographical basis should be entered in the table, and if thematic maps are created, the
calculations are adjusted depending on the graphical load of the thematic content [4].

Formation of the selection table of objects for each geographic base maps

The calculated thresholds for selecting elements of the geographical basis and the established rules for automatic
ranking allow you to create object selection tables for each typical geographical basis.the upper part of these tables



(above the selection threshold) contains objects to display on the basis being created (due to the significance of their
characteristics), and the lower part contains objects selected for deletion.

Interactive selection is used to determine related objects, as well as to account for objects in other layers that are related
to objects in the current layer. It should be noted that if geographical bases of different scales are created for the same
territory, the selection table for the basis of a smaller scale should be formed taking into account the selection table for
the basis of a larger scale. This ensures a consistent selection of objects based on all scales, which is especially
important for geographical and complex regional atlases.

The problem of generalizing elements of General geographical content (borders, coastlines, rivers and roads) can be
solved by using existing methods of simplification, smoothing, shifting and exaggerating objects, as well as available
tools of geoinformation systems.

CONCLUSIONS

The proposed solutions will allow you to quickly create geographical bases for different types of atlases and improve
their quality. The results of the research can be used not only for creating traditional atlases, but also electronic atlases,
including those based on geoportal solutions.
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Abstract

Keeping consistent and standardized records of geospatial data in terms of the attributes of elements of spatial setting such
as buildings, green areas, pedestrian and vehicular circulation facilitates the spatial planning activities in university
campuses by making it possible for the experts to conduct queries on these attributes and retrieve them. Within this
context, the aim of this study is to develop a framework for the Campus Spatial Information System (CSIS) based on web
and GIS (Geographic Information Systems). This framework will, on the one hand, allow dynamic interactions between
desktop GIS and Database Management Systems (DBMS) for the creation and manipulation of spatial data and relevant
attribute data, and on the other hand, integrate DBMS into a web-mapping platform serving maps from different sources
to the end users. Mugla Sitki Kogman University is designated as the case study area for the implementation of the
respective CSIS. Similar kinds of studies have been conducted by employing web mapping technologies for many of the
university campuses all around the world. Nevertheless, it is observed the number of studies conducted for the
establishment of CSIS by using mainly Free and Open Source Software (FOSS) for GIS is very limited. In this respect, one
of the principal objectives of this study is the demonstration of the fact that CSIS can be developed by employing FOSS
available for both GIS and web, and in this context another objective is the initiation of implementation of a pilot study for
Mugla Sitki Kogman University.

INTRODUCTION

The aim of the study is both to develop a framework for the Campus Spatial Information System (CSIS) based on GIS
that can be accessed via internet and easily configurable for those having administrative privileges, and also to initiate
the implementation of the respective information system for the selected pilot areas in Mugla Sitki Kogman University.
Keeping records of the existing settlement information in terms of the attributes of the elements of the spatial setting
such as buildings, green areas, pedestrian and vehicular circulation facilitates the spatial planning activities in university
campuses by making it possible for the experts to conduct queries on these attributes and retrieve them. In this context,
many researches and projects have been developed in both Turkey and other countries (see Dimopoulou, Christodoulou
and Polydorides, 1999; Schneider, Khattak and Zegeer, 2001; Jo et al. 2001; Aydinoglu and Yomralioglu, 2002; Tarhan
et al., 2006; Sinnakaudan et al., 2007; Hien and Jusuf, 2008; Jacob et al., 2009; Yang, et al., 2009; Huang et al., 2010;
Kahraman, Karas and Abdul-Rahman, 2011; Yildiz and Glimiisay, 2011; Cakir et al., 2011; Sari, Erdi and Kirtilloglu,
2011; Usun, 2011; Robles, 2014; Kiigliksar1 et al., 2014; Qutieshat, 2015; Ceker et al., 2016; Guduru and Keesara,
2016; Elwahab, 2017; Giimiisay, 2017).

In Turkey, similar kinds of projects are also supported by the central government institutions within the framework of
“Higher Education Facilities Investment Decision Support System” (Mek-Sis) and “The Inventory Classification System of
Higher Education Facilities” (YMESS) (meksis.gov.tr). Keeping the records of the existing building stock and the detailed
technical characteristics of this stock provides us with updated and synchronized information required in many fields. In this



context, employment of GIS as a spatial information system facilitates the production and harmonization of information
about the physical characteristics of campuses. The classification of the existing physical building stock of the universities
according to the different uses such as class rooms, office spaces, depots and so on, and subsequently making it queryable
together with the physical properties such as the size, width, and height, provides us with the instantaneous retrieval of the
information required by different bodies in the University and the identification of the most appropriate options for a
particular use. For example, the information in relation to the structure and infrastructure (SI) topic required in the
preparation of the action plans for the Green Campus project supported by GEKA (Giiney Ege Kalkinma Ajans1 — Southern
Aegean Development Agency) and implemented by Mugla Sitk1 Kogman University can easily be compiled by using CSIS.

Free and Open Source Software (FOSS) for desktop GIS and FOSS for network-based GIS are actively used for the
development of a systematic framework for the presentation and collection of spatial data in many projects and studies.
Whereas, it is observed that in the case of CSIS, mainly Proprietary Software (PS) for GIS are used in the majority of
studies concerned (see Dimopoulou, Christodoulou and Polydorides, 1999; Park, Kim and Jo, 2001; Aydmoglu and
Yomralioglu, 2002; Tarhan et al., 2006; Sinnakaudan et al., 2007; Huang et al., 2010; Kahraman, Karas, and Abdul-
Rahman, 2011; Yildiz and Giimiisay, 2011; Cakir et al., 2011; Usun, 2011; Kiiciiksar1 et al., 2014; Qutieshat, 2015;
Ceker et al., 2016; Gilimiisay, 2017). There are only a few studies using mainly FOSS for GIS in the establishment of
CSIS (see, for example, Robles, 2014; Guduru and Keesara, 2016). Unfortunately, the main contribution made in these
studies in terms of FOSS for GIS are not properly elaborated. In this respect, one of the most distinctive contribution of
this research is the fact that it is completely based on FOSS for GIS.

Within the introductory framework drawn above, one of the principal objectives of the study is the demonstration of the
fact that CSIS can be developed by employing FOSS for GIS and web, and in this framework another objective is the
initiation of implementation of a pilot study for Mugla Sitki Kogman University. Employment of FOSS in this project will
scientifically, on the one hand, facilitate the overview of the existing knowledge stock in a critical perspective, and on the
other hand, reveal the knowledge that can enrich the formulation of similar kinds of studies. Via the illustrative
implementation of CSIS in Mugla Sitki Kogman University, it is expected that particularly local private and public
institutions inspired by the project will be motivated to initiate similar kinds of processes owing to the demonstration of the
fact that spatial information systems and web mapping needed by these institutions can be realized with out any cost for
software. In this respect, on the one hand, public institutions can economize in their spending in relation to these systems,
and on the other hand, over time the use of FOSS for GIS leads to both an increase in the quality of the workforce, and also
the emergence of a social milieu in which experts effectively share their knowledge and experience.

In the subsequent sections, first, previous studies conducted for the establishment of CSIS are briefly reviewed together
with the suggested usef profile of the CSIS formulated in this study. In the 3" section, software system structure of CSIS
framework are elaborated by drawing on the components of the CSIS and alternative FOSS for each component of the
system. This is followed by a brief presentation of the stages of the implementation of CSIS in the 4™ section. Final section
draws on some concluding remarks.

PREVIOUS STUDIES ON CSIS AND DESIGNATED USER PROFILE

One of the first studies for the establishment of CSIS is conducted by Dimopoulou, Christodoulou and Polydorides
(1999) within the framework of the planning activities for Patras University in Greece, but without any consideration
for web mapping. The first two studies aiming at the development of a web-GIS-based CSIS were conducted by Jo et al.
(2001) for Kyungil University in Korea, and then, by Aydinoglu and Yomralioglu (2002) for Karadeniz Technical
University in Turkey. In the subsequent years, it is observed that, similar kinds of studies are conducted for other
university campuses all around the world such as for Izmir Institute of Technology by Tarhan et al. (2006) in Turkey,
MARA Technology University by Sinnakaudan et al. (2007) in Malaysia, National University of Singapore by Hien and
Jusuf (2008), National University of Ireland Maynooth (NUIM) campus by Jacob et al. (2009), Xinjiang University by
Yang et al. (2009) and Wuhan University of Technology by Huang et al. (2010) in China, Karabiik University by
Kahraman, Karas and Abdul-Rahman (2011), Yildiz Technical University by Yildiz and Giimiisay (2011), Cakir et al.
(2011) and Giimiisay (2017), Selguk University by Sar1, Erdi and Kirtiloglu (2011), Dokuz Eyliil University by Usun
(2011), Marmara University by Ceker et al. (2016) again in Turkey, University of San Agustin by Robles (2014) in
Philippines, University of Jordan by Qutieshat (2015), and National Institute of Technology Warangal by Guduru and
Keesara (2016) in India.

Parallel to Jo et al. (2001) and Aydinoglu and Yomralioglu (2002); Jacob et al. (2009), Yang et al. (2009), Kahraman,
Karas and Abdul-Rahman (2011), Yildiz and Giimiisay (2011), Sar1, Erdi and Kirtiloglu (2011), Usun (2011), Guduru
and Keesara (2016), and Giimiisay (2017) develop a concern for the establishment of CSIS on the base of web. Among
these studies Kahraman, Karas and Abdul-Rahman (2011), Yildiz and Giimiisay (2011), and Usun (2011) exclusively
focus on 3D modelling of the university campuses or individual buildings in the campus with little attention paid to the
provision of spatial data via web. It is observed that majority of the studies aiming at the establishmen of CSIS are



based on the employment of closed source software systems. Among the studies reviewed in this paper, only Robles
(2014) and Guduru & Keesara (2016) mainly use FOSS for GIS. However, neither in these studies nor in other studies,
user profiles and their authorizations in the system are not elaborated in a detailed framework. The elaboration of the
alternatives in FOSS for GIS in relation to the implementation of CSIS is also missing. In this context, in this study not
only FOSS for GIS and web alternatives are reviewed by focusing on the alternatives for each component of CSIS, but
also user profiles of the system are also elaborated in a detailed context.

In this respect, it is important to remark that the users of CSIS are structured at four different levels. In the first level,
there are users with some administrative privilages such as creating new layers in the database and modifying the spatial
data in the existing layers. At this level, selected technical staff of Computing and Information Services Office and
Construction and Technical Works Office will have privileges to create spatial data and, if necessary, modify it.
Selected staff of Administrative and Financial Affairs Office and Strategy Development Office will also have privileges
to modify the attribute table of the spatial data in the database. The users at this level will be created by system
administrator at Computing and Information Services Office, and they will be privileged to create new users at different
academic and administrative units of the university to create and modify data within their field of operation. At the
second level, there will be user with certain administrative responsibilities requiring preparations of reports requested
by either the central authorities or the University administration in relation to the allocation of physical space at the
university according to different functions and units. These users will have access to the databases concerned for the
preparation of these reports by conducting queries. They will also be able to use these databases for the spatial planning
activities in their own units.

The third level covers all the staff of the university and students. Provided that these users have IP addresses defined by
the Computing and Information Services Office, they will be able to navigate over the maps of campuses of the
university including the layout plans of the buildings in order to find a specific office, laboratory and etc. Within the
framework of the initial study, for only one or two buildings in the main campus of the university, spatial layouts of the
buildings concerned will be processed in order to construct building information system for navigation and other
purposes. The last level of users is composed of all users of the internet. These users will be able to navigate over the
maps of the campuses of the university in order to find a specific building or unit. At first phase, firstly, the main
campus of the university will be processed in order to construct campus information system for navigation and other
purposes.

SOFTWARE SYSTEM STRUCTURE OF CSIS FRAMEWORK

Software system structure of CSIS developed in this study can be seen in Figure 1. In line with this structure, firstly,
FOSS for desktop GIS programs appropriate for creating and editing the spatial data compiled from different
departments of the University, and FOSS for spatial Database Management Systems (DBMS) programs suitable for the
storage and retrieval of the spatial data processed by using desktop GIS programs are reviewed in order to design the
optimum system that can be used for the creation, maintenance and delivery of the spatial data.
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Figure 1. Software system structure of CSIS.

A desktop GIS allows the user to create, manipulate, analyze and visualize geographical data. In this respect, it is
important to notice that there are many FOSS alternatives for desktop GIS programs (Table 1) supporting operations on
both vector and raster data. Some reviews of FOSS for desktop GIS (FOSS4DGIS) programs are available in Steiniger
and Bocher (2009), and Beyhan et al. (2010). As remarked by Steiniger and Bocher (2009), each of these software
projects concentrates their efforts on a specialized set of functionality. However, thanks to flexible and modular FOSS
architecture, any FOSS4DGIS may easily draw on the functions available in other FOSS4DGIS. For example, all
SAGA functions can be accessed in QGIS via its Toolbox. In a similar fashion Whitebox and Orfeo ToolBox (OTB)
functions can also be accessed from within QGIS. Furthermore, SEXTANTE, an extensive extension developed on the
base of SAGA (Olaya, 2008), is available in many FOSS4DGIS including OpenJUMP and gvSIG.

Table 1. Comparison of FOSS for Desktop GIS Programs.

FOSS for Desktop GIS Programs
Properties Quantum Ma
. . p .
GIS SAGA gvSIG OpenJUMP | OrbisGIS | TerraView Window uDig
Data Type vector, vector, vector, vector, vector, vector, vector, vector,
Supported raster raster raster raster raster raster raster raster
PostGIS, PostGIS, PostGIS,
]S)ilzgg);’;gd 1;2’5;%15 PostGIS, | H2Spatial, | MariaDB, | PostGIS, | o . 1;;5;%15 MySQL,
Conmetion S gtiaLi ;| ODBC | SpatiaLite, | MySQL, H2GIS S gﬁaLi 7 | SpatiaLite,
p JDBC SpatiaLite p H2
Styling Format SLD, qml SLD, SLD,
Support qml import gvsleg Style.xml SE SLD mwlayer SLD

Source: qgis.org, saga-gis.org, gvsig.com, openjump.org, orbisgis.org, dpi.inpe.br/terralib5, mapwindow.org, udig.refractions.net

It is noticeable that QGIS, gvSIG, OpenJUMP and Terraview can directly write to PostGIS vector database. In SAGA,
PostGIS vector database can be replaced with the edited vector file, which actually results in the same result with the
ability to write to PostGIS vector database. Overall, this is one of the desired characteristics of the FOSS4DGIS
program that will be used in the CSIS as the desktop GIS component of the system. It is also important to remark that
except for QGIS, gvSIG and OpenJUMP, all the other FOSS for desktop GIS create problems when either space or
Turkish characters are used in the names of tables. In Terraview space character is not allowed to be used in the table



name. In SAGA and OrbisGIS, Turkish characters such as “1” creates problems when they are used in table names.
Thus, for practical considerations, the viable options for this study are QGIS, gvSIG and OpenJUMP.

Another desirable characteristic of FOSS4DGIS is the ability to export the style created for a particular layer to a
standard styling formats such as SLD (Styled Layer Descriptor). This is an important issue in the delivery of maps
created for web publishing. In this respect, the existence of SLD option in both Desktop GIS and server side deserves
attention and it is very important for the maintanence of the system. Handling sytles on server side is not an easy task
due to the restrictions of the environment. However, desktop GIS programs have better options for design of the
appearance of the layers. In this respect, it is observed that except for SAGA and MapWindow, all FOSS4DGIS
programs have options for the exportation of the layer style in SLD format. This actually provides an integration of
Desktop GIS with server side in terms of also cartographic design of the layers or maps concerned.

In a similar fashion there are many FOSS alternatives for Database Management System (DBMS) (Table 2) acting as a
backend in the system. A SDBMS can be described as a DBMS offering spatial data types in its data model and allowing
spatial-topological queries (contain, within etc.) and analysis operations (Steiniger & Hunter, 2013). Since the data used
in the CSIS is structured and further it is relational in character, SQL (Structured Query Language) based DBMS are
more suitable. SQL based FOSS alternatives for DBMS cover PostgreSQL, SQLite, MySQL, MariaDB and H2. Thanks
to the spatial extensions in these DBMS, spatial data can easily be stored in and retrieved from them (such as PostGIS
extension in PostgreSQL, SpatiaLite in SQLite and H2GIS in H2). A SDBMS may also support spatial indexing (such as
R-Tree). Among the relational SDBMS, it is observed that only PostGIS are supported in all of the FOSS4DGIS
programs reviewed in this study (Table 1). This creates a flexibility in terms of the options that can be used by the users
of the systems responsible for the creation and manipulation of the spatial data stored in the database. MySQL Spatial
comes after PostGIS in terms of availability as an option for connection to a SDBMS. It is followed by H2GIS. It is
remarkable that each SDBMS has at least one GUI tool for the administration of the database concerned. This issue is
also important in the maintenance and administration of the system in terms of creation of new users, adjustment of
privileges and other tasks.

It is important to note that SQLite is actually an ‘embedded’ database meaning that it’s serverless. Thus, as an extension
of SQLite, SpatiaLite is actually a file-based single user SDBMS (Garnett & Kanaroglou, 2016). SQLite reads and
writes directly to an ordinary disk file whose accebility permission is only conditioned by the underlying operating
system. This characteristic of SQLite makes Spatialite a poor choice for the applications requiring multiple users
having special access permissions that may be required in a comprehensive CSIS. Except for this, it is noticeable that
SpatiaLite is quite rich in terms of topological functions like PostGIS and H2GIS. MySQL and MariaDB, a fork of
MySQL with new options and extension, also offer a wide range of topological functions.

Table 2. Comparison of FOSS for Spatial Data Base Management Systems.

) FOSS for Spatial Data Base Management Systems (SDBMSs)
Properties
PostgreSQL-PostGIS H2-H2GIS SQLite-SpatiaLite MySQL-Spatial MariaDB
Data Type Supported vector, raster vector, raster vector, raster vector, raster vector, raster
Indexing Support R-tree-over-GiST R-tree R-tree R-tree, B-tree R-tree
. DB Browser, MySQL Database
GUI Tools pgAdmin H2 Console SQLite Admin Workbench Workbench
. . All, Covers, All, Covers, All, Covers, Equals,
Topological Functions Equals, Relate Equals, Relate Relate All, Covers All, Relate

Source: postgis.net, h2gis.org, gaia-gis.it/spatialite, mysql.com, mariadb.com/kb.

Notes: For Topological Functions, All includes Intersects, Contains, Crosses, Equals, Within, Disjoint, Overlaps, and Touches.

After selection of SDBMS, the second concern should be devoted to the specification of free and open source web
mapping server software (FOSWMSS) acting as a middleware tier and capable of delivering spatial data via certain
standards and within a user friendly environment (Table 3). In the delivery of spatial data to the users there are various
standards based interfaces, such as WMS, WMTS, WFS, WFS-T, and WCS (ogc.org/standards). A WMS (Web Map
Service) is a standard protocol developed by the Open Geospatial Consortium (OGC) for serving georeferenced map
images over the Internet. It delivers images of requested sections of geographic data as raster data ‘even when data is of
a vector nature’. WMTS stands for Web Map Tile Service. Although a WMS delivers one image per request, a WMTS
delivers tiles.



Table 3. Comparison of Free and Open Source Web Mapping Server Software Programs.

Free and Open Source Web Mapping Server Software Programs

Properties
GeoServer MapServer Deegree MapGuide OS
Tool for Administation- Web tool for Studio Web tool for MapGuide Maestro
Configuration-Styling all functions Fusion configuration Fusion
. SLD styles are part of

Styling Format Support QGIS QML mapfile, SLD SLD XML

PostGIS, MySQL, PostGIS, SpatialLite, MySQL, PostGIS,
Supported Databases MongoDB, Neo4j, H2 | MySQL, CouchDB PostGIS SpatiaLite

. oo OpenLayers, OpenLayers,
Web Mapping Libraries Leaflet Leaflet OpenLayers OpenLayers
. WMS, WMTS, WES, WMS, WFS, WMS, WMTS, WES,

Supported Web Services | \ypg 1 wes, wMcC WCS, WMC WCS, WPS, CSW WMS, WES

Python, Perl, Ruby,

PHP, .NET, Java, and

Extensibility Java Java, PLP Java JavaScript
Language Java C Java PHP, Javascript
Web Servers Apache Tomcat, Jetty Apache, IIS Apache Tomcat, Jetty Apache, IIS
Map Tile Server GeoWebCache MapCache deegree WMTS MapGuide tile server

Source: osgeo.org/projects/, geoserver.org, mapserver.org, ms4w.com, deegree.org, mapguide.osgeo.org, Steiniger & Hunter (2013).

The WFS (Web Feature Service) is created by OGC as a standard for direct fine-grained access to vector format
geographic information on the Internet at the feature and feature property level for querying and retrieval of features.
Complementary to WFS, a WFS-T (transactional Web Feature Service) allows creation, deletion, and updating of
features. The Web Coverage Service (WCS) allows for the configuration of metadata information common to WCS,
WES and WMS requests. Although the WCS is similar to a WFS as it enables access to geographic features, instead of
discrete geospatial features it can return either whole coverages, a set of features, or a grid coverage. In fact, as
Steiniger & Hunter (2013) remark, a web map server is a specialization of a standard web server for provision of these
services. Many FOSWMSS such as GeoServer, MapServer, and Deegree have majority of these services in their
software architecture.

Another desired characteristics of a FOSWMSS is its ability to allow easy configuration and administration of the
content. In this regard, GeoServer that is built on Java technology and run in an integrated Jetty or Apache Tomcat web
server environment is the most acknowledged FOSS having a web tool making the configuration and administration of
the system easy. Some FOSWMSS such as deegree and MapGuide OS (Open Source) have also similar tools. As a
FOSS for web mapping, deegree have various components for spatial data management, visualization, discovery and
security (deegree.org). MapGuide OS written in PHP and Javascript makes use of OpenLayers and includes an XML
database for managing content. Management of spatial data for MapGuide OS is realized via MapGuide Maestro, an
open source GUI tool and client for management of data, layers, maps and layouts (MapGuide OS, 2020). Another
FOSS tool used in MapGuide OS to build mapping applications is Fusion built mainly in JavaScript. Fusion can also be
used in MapServer.

In MapServer that runs as a Common Gateway Interface (CGI) application within the Apache web server environment,
the Mapfile is the core of server. It is a text file (.map) configuring MapServer application by informing the program
about the locations of data and output images. It also defines the area of maps and how maps are to be drawn (i.e.
projections and symbology) (mapserver.org). Studio allowing to manage MapServer mapfiles by using an easy-to-use
web interface is an administration tool for MapServer (camptocamp.github.io/Studio). It provides graphical tools for
editing styles and symbols with an ability to handle different datastores. For MapServer, map file generation can also be
aided by QGIS via employment of some plugins such as GeoCat Bridge that can be used to configure layers in
MapServer and to convert from QGIS Desktop to mapfiles (geocat.net/docs/bridge/qgis/v4.0). GeoCat Bridge can also
be used for similar purposes for GeoServer, but it is not comparable to GeoServer’s web admin tool.

Overall, compared with the other FOSWMSS and web mapping software, GeoServer seems to have one of the most
developed tool easy to use for the administration, configuration and styling of the content and components of web
mapping server. It is also simple to install the system. There is a platform independent binary that can be used to install
all the components of the system. In terms of installation of FOSWMSS, it is important to remark that there are



different options for some FOSWMSS. For example, binaries for MapServer can be installed by using various options
for different operating systems. One option is to use MapServer for Windows (MS4W) package that installs not only
Apache, PHP, MapServer CGI, and MapScript, but also provides the options for the installation of additional
applications such as GeoMoose, Mapbender, MapServer CGI Viewer, OpenLayers, pycsw and ZOO-Project WPS
Server (ms4w.com).

Among these applications, GeoMoose and Mapbender that can be used together with MapServer are web mapping
frameworks for viewing, editing, and querying geospatial data (geomoose.org, doc.mapbender3.org/en). pycsw is an
Open Source OGC CSW (Catalogue Services for the Web) server implementation written in Python (pycsw.org). In
web mapping, GeoNetwork opensource is another FOSS cataloging application written in Java for geospatial resources
(geonetwork-opensource.org). For a similar function, deegree offers its own CSW server. CSW servers make geo-
referenced databases and related metadata from various sources accessible by using the capacities of the internet in
order to enhance the spatial information exchange and sharing between organizations and their audience. pycsw and
GeoNetwork are used as CSW servers in a number of Spatial Data Infrastructure (SDI) suits such as geOrchestra,
GeoNode and MapFish. GeoServer itself is also packaged with GeoNetwork in order to provide default base layers for
the GeoNetwork map viewer. Actually, MS4W can also be considered as a SDI suit as it can be used to establish SDIs.
Although it is no longer maintained, based on FOSS, OpenGeo Suite in conjunction with GeoNetwork also allows
building a SDI (Astsatryan et al., 2012).

Overall, the modularity of FOSS provides FOSWMSS with more flexibility and extensibility. For example,
GeoWebCache, a map tile server used for accelerating and optimizing map image delivery, is available as a built-in
extension to GeoServer. For a similar function, deegree has its own WMTS as an implementation of the OGC Web Map
Tile Service specification. Another library used by many FOSS projects is GeoTools, an open source Java GIS toolkit
(geotools.org). Among FOSWMSS and web mapping software, GeoServer and GeoMajas are built on GeoTools. uDig,
as a FOSS4DGIS, is also built on top of GeoTools. In GeoTools that supports not only numerous raster and vector
formats and data access, but also database connections to many SDBMS including H2GIS, MySQL, PostGIS,
SpatiaLite, and XML bindings such as wcs, wfs, wms, gml, kml, and sld; once a DataStore implementation is written, it
becomes available for the projects built on top of it (geotools.org).

Spatial data stored in a SDBMS has no inherent visual component. Once it is served by a FOSWMSS, it needs to be
styled by specifying color, thickness, and other visual attributes that can be used to render data on a map. In this respect,
as discussed above, preparation of the sytles on FOSWMSS side is not an easy task due to the restrictions of the
FOSWMSS environment. Thus, the ability of FOSWMSS to import and explort styles of the layers is an important
characteristic. For example, once a style is created for a layer in a FOSS4DGIS, it can be exported to SLD format that
can be applied to the layer concerned in FOSWMSS having the ability to import styles in SLD format that preserves the
visual reliability of the spatial data. A SLD is an XML (eXtensible Markup Language) schema specified by OGC for
describtion of the appearance of map layers (en.wikipedia.org/wiki/Styled Layer Descriptor). It instructs a WMS how
to render a specific layer that can be either vector or raster data. The styling rules used in this process needs a styling
language that can be understood by the client and server. While the OGC Symbology Encoding (SE) Standard
(opengeospatial.org/standards/ symbol) provides this language, the SLD profile of WMS enables application of SE to
WMS layers using extensions of WMS operations (ogc.org/standards/sld).

In this respect, the last concern in the publication of maps in a CSIS via FOSWMSS is related to the specification of
FOSS library as a frontend for browsing and generation of maps from the served spatial data. In this regard, there are
again various options for Free and Open Source Web Mapping Libraries and APIs (FOSWMLAPI) such as
OpenLayers, GeoExt, Leaflet and Mapbox (Table 4). An overview of some of these options can also be found in Farkas
(2017) and Macleod and Hewitt (2018). In some of the webmapping FOSS such as GeoServer, some of these libraries
are available within the respective FOSS arhictecture and developer may easily use them for the generation of maps that
will be published. In this context, OpenLayers is integrated in GeoServer. Map Markup Language (MapML) module
can also be used in GeoServer by installing MapML extension in order to have an option for a Leaflet-based map
viewer. As it can be followed from Table 3, both OpenLayers and Leaflet are agnostic of server-side technologies
thanks to the provision of the data by FOSWMSS in a standard way (WMS or WFS) that can be understood by many
FOSWMLAPIs.

Table 4. Comparison of Free and Open Source Web Mapping Libraries and APIs.

Free and Open Source Web Mapping Libraries and APIs

Properties

OpenLayers GeoExt Leaflet Mapbox GL JS
Language JavaScript JavaScript JavaScript JavaScript
Supported data source WMS, WFS, WFS-T WMS, WFS, WFS-T | WMS, WFS, WFS-T WMS




from FOSWMSS

Projections Yes Yes Yes -
Support to load tiles Image / Vector Image / Vector Image / Vector Image / Vector
Query/Filter Yes Yes Yes Yes

Source: osgeo.org/projects/, openlayers.org, geoext.org, leafletjs.com, github.com/Leaflet, github.com/mapbox/mapbox-gl-js,
vincentbroute.fr/mapael/, polymaps.org, github.com/simplegeo/polymaps, d3js.org,

OpenLayers implements standard methods for geographic data access, such as OGC’s WMS and WFS protocols, KML,
GML and many other formats (openlayers.org). It is an all-encompassing mapping library containing all the required
features in the core library simplifying the addition of dynamic maps to web pages. The marriage between ExtJS and
OpenLayers results in GeoExt that enables building desktop-like GIS applications through the web (geoext.org).
Compared with the others, Leaflet library is very small. Nevertheless, it can be extended by using plugins
(leafletjs.com). As Leaflet's basic library is very small, it is a great option for mobile applications. Since the creator of
Leaflet library, Vladimir Agafonkin, was also involved in the development of Mapbox GL, one can observe some
similarities between two libraries. Mapbox GL JS library employs WebGL for rendering interactive maps from vector
tiles and Mapbox styles (docs.mapbox.com/mapbox-gl-js/overview). Although the core functionality of Leaflet doesn’t
support vector tiles, external plugins can be used for vector tiles (such as Mapbox GL Leaflet). Except for Mapbox GL
JS that uses the Web Mercator coordinate system, all mapping libraries reviewed support custom projections that can be
adjusted with Proj4 library which can do any transformation from one coordinate system to another.

STAGES OF THE IMPLEMENTATION OF CSIS FRAMEWORK

The first stage is actually the formulation of the software system structure of CSIS as elaborated in the preceding
section by reviewing alternative FOSS for each component of the CSIS. In the second stage, the spatial plan of the main
campus of the university will be created in GIS. After creation of the spatial plan, it will be ready for querying and
navigational purposes. Accordingly, the users will be able to navigate over the buildings in the map of campus for
finding a specific academic unit or department of the university such as an institute, faculty or highschool.

In fact, the existing spatial plans of the campuses of the University are partially digitized and available in CAD
(Computer Assisted Drawing) format at the Construction and Technical Works Office. Nevertheless, they are not
converted into common GIS file formats to be used in CSIS. Thus, first, these spatial plans have been converted to GIS
file formats. Since some of the new buildings are not drawn in these plans (for example, the building of Faculty of
Fisheries is missing in the spatial plan), layout plans of these buildings missing in the spatial plan will be georeferenced
by using the functions and tools available in FOSS4DGIS programs (such as warping tool in OpenJUMP and SAGA).
As usual in this process, two map are required; (1) a source map that will be georeferenced and a target map that will be
used as a reference.

Source maps in vector format were obtained from the Construction and Technical Works Office. Satellite photographs
of the campuses again obtained from the Construction and Technical Works Office were already georeferenced and
they are ready to be used both as target maps and also as the basemaps in the delivery of maps in the CSIS for different
purposes. Other missing spatial entities (such as pedestrian routes and connections, bycyle route etc.) in the existing
spatial plans are being drawn by the team members by using again these target maps in QGIS and OpenJUMP. Another
problem in the vector data obtained from the Construction and Technical Works Office is the existence of multiple but
slightly different drawings for the same geographic features. Thankfully, this problems can easily be solved by using the
topological functions available in the selected FOSS4DGIS.

After completing creation of spatial plans compatible with GIS, resulting vector files will be exported to SDBMS by
using QGIS. As discussed in the previous section, in QGIS, Data Source Manager can handle connection to many FOSS
for SDBMS such as PostGIS, SpatiaLite, and MYSQL. Owing to its advantages elaborated in the previous section,
PostGIS in PostgreSQL has been designated as SDBMS in the CSIS. Once a connection is established to the database
by providing the required parameters, shp files edited in QGIS can be exported to SDBMS via Data Manager. It is
planned that other FOSS4DGIS such as OpenJUMP and gvSIG can also be actively used in the maintanence of the
SDBMS by the staff of the Construction and Technical Works Office thanks to the capability of the FOSS4DGIS
concerned to directly write the changes made in the features to PostGIS vector database and their ability to handle table
names in Turkish.

In the third stage, the layout plans of the building designated as the pilot project will be converted to GIS file format and
georeferenced by using the already georeferenced spatial plan of the campus. In the first phase of this stage, the physical
characteristics of the spatial entities (rooms etc.) in the building will be queryable (such as the area occupied by a room,



its volume etc.). In the second phase of this stage, the functions of these rooms (office, depot, class etc.) will be defined
in the building information systems for querying and navigational purposes. At the end of this stage, those users of the
system having the required privileges will be able to compile statistical information from CSIS in relation to spatial and
functional characteristics of the units in their schools or buildings by using the web mapping platform or FOSS4DGIS
programs selected in the system.

Last stage of the framework is designated as the stage of informing experts about the installation and use of CSIS. In
this respect, for example, experts at the Computing and Information Services Office will be informed about the
installation and components of CSIS, and experts at the Construction and Technical Works Office will be informed
about the use of the system for creation and maintenance of spatial data, and also about the process of compilation of
statistics in relation to the physical characteristics of the spatial units. Experts at the Administrative and Financial
Affairs Office and Strategy Development Office will also be informed about the queries and analysis (such as listing
classes having projectors, spatial allocation of computers in the university according to academic units etc.) that can be
done by them if all the data required for such queries are entered by them into CSIS.

CONCLUDING REMARKS

As evident from this study, thanks to their modularity, openness, and extensibility, FOSS for GIS solutions may
remarkably contribute to the establishment of CSIS. Since their development objectives are different, none of the
FOSWMSS is actually better or worse. However, compared with the other FOSWMSS and web mapping software,
GeoServer seems to have some advantages for the CSIS framework formulated in this study. This mainly stems from
the profile of the users who will maintain the system in the University. Organizational dimension of GIS in terms of the
staff involved in the system is very important. The technical staff who will maintain the system at the Computing and
Information Services Office and the Construction and Technical Works Office don’t have an expertise in particular in
GIS and in general in web mapping. That’s why it is important for us to have an easy to use FOSWMSS component in
the CSIS for the administration, configuration and styling of the content and components of web mapping server.

The fact that GeoServer deals better with WFS and straightforwardly supports WFS-T is also an important factor for its
operationalization in CSIS together with its easy extensibility made possible with additional functionality added via
extensions. Indeed, while it seems that FOSS4DGIS is the feasible solution for creating and modifying spatial databasis
that will be used in the system, the attribute data for the spatial entities can be populated by using WFS-T service via
internet by those staff responsible for the management of the space in each academic unit. Accordingly, only limited
number of experts at the the Construction and Technical Works Office can be trained for the use of the selected
FOSS4DGIS in connection with creating spatial data, exporting it to PostGIS and editing it from within the
FOSS4DGIS concerned by connecting to PostGIS. Other staff can edit tabular data directly via internet by using WFS-
T protocol.

The fact that in the publication of the maps there are multiple options in GeoServer in terms of FOSWMLAPIs
available either as a built-in module or via an extension is another attracting factor for the FOSWMSS concerned. In
this respect, future studies can address the integration of routing functionality into the CSIS framework formulated in
this study. Although as an extension adding routing and other network analysis functionality to PostGIS/PostgreSQL
databases pgRouting can be used for this purpose, further research is necessary for the provision of the respective
function in the CSIS in terms of different modes of transportations (for example, car driving, cycling, and walking).
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Abstract

Light pollution in an urban environment is gaining interest due to its relevance for causing health problems,
threatening wildlife. In this study, the authors measured light pollution in urban environments in a typical small study
area (the city of Székesfehérvar, Hungary). The goal of the study was to analyse how well crowdsourcing could be used
to detect urban light pollution. One type of measurements was carried out with the Sky Quality Meter which can be
directly used to measure night sky quality. Parallel we used mobile phone equipped with an ambient light sensor with a
freely downloadable software Lux Light Meter which is measuring lux. The results were processed and analysed in
ArcGIS. During the test, we used approximately 70 measurement points in each study areas. We found that although
parks are not affected by light pollution as much as blockhouse area, they are not suitable to investigate night sky

properly.
Keywords: light pollution, GIS, project-based learning

INTRODUCTION

The process that started when the incandescent light bulb was invented is now in an advanced state. This process is light
pollution, which has led to the threatening of wildlife, human health, and a kind of nightlife that is part of our cultural
heritage. Also, we should be aware of the fact that it is a great waste of energy, with many negative effects on our lives.

We can distinguish three types of light pollutions. (1) Ecological light pollution (Longcore & Rich, 2004) is an effect on
the biology and ecology of species in the wild. It means that the effects of artificial lights can have a positive but mainly
negative impact on species, in some cases even it can lethal. (Horvath, et al, 2009). (2) Astronomical light pollution
(Cinzano et al, 2001) is the phenomena when the natural night sky cannot be observable because of artificial light. To
reserve natural night sky some night-sky protected areas were established (Kollath, 2010). (3) Impact on human health,
specifically harming effects on the human body are the consequence of counterfeit light that negatively affects
melatonin delivered by the pineal organ. Light pollution can be associated with many health problems such as breath
cancer (Kloog et al, 2010).

In Hungary the 211/2012 [VII. 30.] Government Decree on National Settlement and Building Requirements defined
first this phenomenon. According to the decree, light pollution is a disturbing light that is above the horizon or not only
points to the area what should be illuminated and or not for the appropriate period, thereby causing glare, an artificial
glare of the sky or damaging physiological and environmental effects, including negative effects on the wildlife.

In the decree, the trespassing by light pollution is also mentioned. Trespassing is the light that falls on the buildings and
surrounding the illumination area, causing dazzling or other discomforts. Lights on the windows, which disturb the
night rest, require special attention.



To eliminate light pollution, additional nature-friendly lighting solutions can be used, such as fully shielded lamps
towards the sky and neighbouring buildings, flexible illumination towards the level of traffic (Bruehlmann, 2014).

There are light pollution maps available (Bruehlmann, 2014), based on satellite images or in case of Falchi et al, 2016,
their world atlas of artificial sky luminance, computed with their light pollution propagation software using new high-
resolution satellite data and approximately 350,000 sky brightness measurements. In this paper, we also use their atlas
as a reference data to compare to our measurements.

The above-mentioned solution does not give detailed information about light pollution within certain cities, therefore
we used our project-based teaching method to gain more information about the value of light pollution within the city of
Székesfehérvar. The goal of our case studies was to (1) detect whether it is possible to measure light pollution within a
city and (2) to compare possible methods for measurement techniques in a potential crowdsourcing campaign. In the
measurement, our focus was mainly to detect light pollution which can be disturbing for locals.

PROJECT-BASED LEARNING APPROACH

We were involving students in a different type of project-based learning methods, in this way we have certain research
topics to investigate with the students as a model for crowdsourcing like fear of crime, noise and light pollution. (P6dor
et al, 2019). Distinctive learning techniques have been portrayed by researchers. The most popular is crafted by Dewey,
Piaget and Vygotsky on joint effort and collaboration between rises to (Wood 1994; Pound 2005). Different hypotheses
incorporate behaviourism, learning styles, multiple intelligences, constructivism, constructionism right brain/left brain
thinking (Cuthell 2005). Training for a long time bolstered the learning procedure called behaviourism in the
educational plan of surveyors at our college. Behaviourism is a learning procedure which is based on redundancy and
affirmation. The instructor transmits the learning material, the students retain repeats and compose it. Behaviourism was
the main learning strategy for the vast majority of the previous century. The other conventional strategy is cognitivism,
which implies that during the learning procedure we make a model about the outside world and we make it interior.
Teachers should present an appropriate model with their metacommunication (Kulcsar 2008).

Throughout the past years our university made efforts to introduce new types of learning methods in education. New
sorts of learning techniques, similar to Bruner's constructivist (Bruner, 1966) hypothesis, made it important that the
conventional instructive strategies should have been totally transformed. His hypothesis certifies that learning is an
active procedure and that students build new thoughts through their knowledge. In this procedure, students can choose
data, information, form hypothesis and make decisions. Then again, teachers have an alternative job. Teachers need to
change exercise resources into a structure that the students can comprehend and encourage them to gain experiences on
their own. Utilizing Bruner’s technique the teacher should plan the educational program such a way that it expands on
what students have known and gains ground and advancement with the students’ dynamic work in new fields (Smith
2002). As such, we made endeavours to change a part of our GIS course. The idea is that the teacher is not to teach the
students; instead of this, the teacher becomes a mediator of studying. Students construct understanding and draw their
conclusion through creative experimentation

In this manner, we designed a project-based learning style.
This kind of subject can aid those learning principles where the students are in the centre.
Some characteristics of the classes are:

e Active learning against passive.

e The autonomy of the students.

e  Assuring extracurricular learning.

e The connection among students are equal, the teacher acts rather like a mentor. (P6dor, 2011)
This GIS subject can model the workflow from data acquisition, database design, analyses to data publication. Each
year the teacher generates a project which is suitable to present the students the whole process. In each project the
students had to go through several steps consistently:

e Geodatabase design,

e Data acquisition,

e Processing of the collected data,

e Control of the accuracy of the data,



e Analysis of the data,
e Querying of the data,
e Publication of the data. (P6dor, 2011)

METHODS

As project-based learning (PBL) method and a possible model for crowdsourcing, we have been performing light
pollution measurements since 2015. In this study we introduce a high density measurement with SQM-L equipment
(since 2017), and a comparative study with SQM-L and a mobile device (since 2018). In both cases we processed
mesurement data with ArcGIS software using Inverse Distance Weighting (IDW) interpolation method.

Preliminary measurements in Székesfehérvar

In 2017 we accomplished a noise measurement campaign to demonstrate that it is possible to discover differences
within street segments in light pollution. According to lightpollutionmap.info, in Székesfehérvar on a Bortle scale, the
outskirt of the city can be categorized as class 5, the inner part of the city as class 6 in 2015 which equals to a suburban
sky on the scale (see Table 1.). Bortle scale, used by astronomers, is a nine-level scale where scale 1 means excellent
night sky in contrast 9 means inner city sky (Bortle, 2001). According to the recent scale of the map, we could not get
more detailed information.

Table 1. Zenith sky brightness info about Székesfehérvar from lighpollutionmap.info

Coordinates 47.17610, 18.43431 47.19365, 18.41097 47.19443, 18.40916
Sky Quality Meter (SQM) 20.04 mag./arc sec2 19.31 mag./arc sec? 19.31 mag./arc sec2
Brightness 1.04 mcd/m2 2.05 med/m2 2.05 mcd/m2
Artificial brightness 872 pued/m2 1880 ped/m2 1880 pcd/m2
Ratio 5.10 11.0 11.0
Bortle class 5 class 6 class 6
Elevation 108 meters 106 meters 113 meters

The last column is the main street in Székesfehérvar, Fé street. As a preliminary study, we wanted to investigate the
inner part of Székesfehérvar (e.g. Fé street) to see how global estimation and local measurement can coincide.

Following the PBL method, first we selected the measurements points. As part of the selection process, we created
maps with pre-marked and numbered points. The points were selected in a way that they should have been at equal
distances from each other in order to get homogeneous result.

The number of points was determined by the cross-section and length of the streets. As indicated in Figure 1, we
categorized streets into three groups, where we defined different sample density. In narrow streets, we have less, on the
widest streets and squares, we have several parallel measurements.




Figure 1. Arrangement of the measurement points in the different street categories

As part of the planning process, we have chosen 23:00 as the starting time, as the external light and the number of
passers-by is already uniform at this time, and 03:00 as the end time, as it will start brightening and pedestrians and
passers-by will appear, and it may influence the results.

Along the pre-planned route, measurements were taken. Some details about the measurements:

e Date of measurements: 01/11/2017-14/11/2017
e Measuring period: 23:00-03:00

e  Number of points measured: 712

A comparative study in Székesfehérvar

We thought that it is important to use the mobile phone measurement option because in this case, it is enough to install
only one software, and it is not necessary to buy a special device, and thus more people can be involved in the voluntary
measurements. In this study, we chose two sample areas inside the city. Both of them comprises from a local park with
a lake where presumably light pollution is less to a blockhouse area where light pollution is probably higher.

Table 2. Some details about the comparative measurement

Study area Study area A Study area B
Date of measurements 20/11/2018 08/11/2018.
Measuring periode 22 00-24.00 22.00-24.00
Number of points 63
measured 70
The temperature ranged The temperature ranged
Environment from (+2) to (+5) ° C. The | from (+2) to (+5) ° C. The
sky was cloudy all night sky was moonless.

In both cases, we measured the area around the lake in such a way that the points fill the measurement area at a
relatively equal distance from each other, like a lattice structure. In this way, homogeneity between points was
maintained. In both cases, we measured parallel with the SQM-L and the mobile device.

Equipment and software

A high sensitivity photometer was selected for the measurement. The Sky Quality Meter was designed by Unihedron,
the exact type what we used was SQM-L. It measures the brightness of the night sky in magnitudes per square arc
second (Unihedron).

This instrument is utilized generally for light pollution checking. SQM-L is handheld equipment; it gathers the light
from a moderately large angle. SQM-L is temperature-adjusted and gives the luminance with the accuracy of 0.1
mag/arc sec’®, which is comparable to 10 per cent in a direct luminance (cd/m?) units (Cinzano, 2005)



The instrument is simple to operate, holding down the single button on it and it will print the value, which is the
brightness value at that point. At each point, we recorded the measurement value and moved on to the next point.

In the comparative study, we wanted to include the possibility of mobile measurements, therefore we chose one
software. In this case, the software is using the camera of the mobile phone. The equipment was the Huawei P10 Lite
mobile phone and we used Lux Light Meter software on it.

The Lux Light meter phone application is installed on the phone for brightness measurement. This program uses the
phone’s light sensor to determine the intensity of light in each location. This measurement was done continuously by
the application, so when it was necessary, we have just looked at our phone and the result have been printed.

This application can measure light intensity in two units, FC (foot candles) and LUX. We used the latter in our
measurements. Illumination is the luminous flux incident per unit area, so its unit is Im/m?. As this unit also occurs
frequently, it has also been given a separate name: lux and its abbreviation is Ix. Holding the mobile device at chest
height, horizontally towards the light source, the software displays the value immediately.

RESULTS

The results of the preliminary test measurements clearly showed that with this method it is possible to detect spatial
differences in light pollution. On Figure 2, we can see the interpolated results of the measurements. On the map, the
blue colour indicates fairly darker areas, meanwhile yellow and red colours display strongly illuminated areas. Photos
from StreetView give an explanation behind the darker areas: one site is under construction, the other one is partly
planted with trees that provide protection from light pollution.

Figure 2. The results of high-density measurement reveal spatially diverse light pollution. Google StreetView photos.

The opposite case is also well observable on the map, as the street lights used in front of the theatre provide very strong
illumination at night, however, there are no private homes in this area, so this is not disturbing for those living nearby in
the area.

Figure 3. The results of high-density measurement in front of the theatre. Google StreetView photo.



Comparing the results of the lightpollutionmap.info (see Table 1) to our map (Figure 3) we can declare that high-density
measurement can provide greater distinction within street segments. Also, globally lightpollutionmap.info can give a
very good estimation which is corrected with on-site measurement usually with SQM. Although if we look at the
histogram of the measurement (Figure 4) we can conclude that the majority of the measurements is less than the
estimated one. This can be the result of the scale, as in the outskirts of the city there are huge industrial parks which
would enhance the level of light pollution to a great extent.
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Figure 4. Histogram of the high-density measurement

Generally, it is very difficult to compare the results of the two parallel measurements as the two devices measure
different things because they were designed for measuring contrasting things. In the case of Lux meter, we were
interesting in how much light the lamps are emitting, in the case of SQM-L we are concerned about how dark is the sky,
how well stars and planets are observable. Although in this case, visual interpretation can support the idea that both
types of equipment can uncover illuminated areas within the neighbourhoods. Similarly, they indicate darker areas as
well.

The visual interpretation of the comparative study (Figure 5) shows that although we can notice slight differences
between the two type of measurement, both clearly indicates the highly illuminated areas and darker areas. At Case
Study A we can notice that the bus station and traffic junctions are well illuminated, but inside the blockhouse area (in
the middle of the map) there is not much light, allowing those living there to rest at night. At Case Study B we can
experiences brighter lamps along the lake, and similarly, at the edge of the park, we can see brighter lamps.



Figure 5. The interpolated results of the parallel measurements at Case Study A and B with the measurement points.
Map source: OpenStreet Map.

As we measuring different phenomenon, we expected a negative correlation between the parallel measurements. At
Case study A Pearson product-moment correlation coefficient was r=-0,7207428, at Case study B r= -0,85113497.
These results also support that both approaches can be used in a crowdsourcing campaign, however during data
processing and interpretation we need to pay attention to what data we are working with.

CONCLUSION

Light pollution is recently recognized as a serious environmental pollution problem. It has many aspects, one of them is
the connection and correlation between light pollution and certain illnesses. As lightpollutionmap.info can give a very
good overview of light pollution situation all over the world, if we would like to detect light pollution trespassing within
the neighbourhood level, it is necessary to execute high-density measurement campaign. In general, very good
equipment for this is SQM-L meter, although it is necessary to purchase it. This equipment is also used by many
amateur astronomers and also in various crowdsourcing campaign, Another option for detection of over illuminated
areas the usage of our mobile devices with appropriate software installed on it. In our study, we used Lux Light Meter,
as freely downloadable software. In our study, we compared the results of the devices with parallel measurement and
we have found that there is a strong negative correlation between the results. As one equipment is detecting darkness,
the other is brightness, so these results support that both approaches can help us to create a detailed map of the light
pollution situation in our neighbouring areas.

For visualization of the results we used IDW interpolation method. We had to be careful to use reverse colour-coding of
the results. With this simple mapping method we could create maps which were suitable for visual interpretaton and
comparison. Not only the negative correlation of the measurement result of the different methods, but the visual
interpretation of the maps confirmed that both equipment and method can reveal overlit areas.
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Abstract

Python programming language is widely used in GIS, machine learning, and data analysis applications. The richness of
powerful libraries, together with the speed of coding and rapid learning curve, makes Python language a valuable tool
for various tasks connected with spatial data analysis and data analysis in general.

On the other hand, Python language gives coder, in comparison with, e.g., Java language, a high level of freedom,
which can lead to poorly arranged and hardly manageable spaghetti application code.

Fortunately, such problems can be overcome with the careful organization of the application code and settings (or
configurations). Owing to this fact, one of the very first steps in the organization of application code must be a design of
the hierarchy and structure of application settings files and their processing mechanism.

In this contribution, we would like to show one of the possible approaches to application settings files organization and
processing. Our approach is based on the careful analysis of the application setting needs, its separation to the
hierarchical structure of files, file processing, and final creation of the tree of the dynamically build classes and its
attributes containing easily accessible application task settings.

Keywords: Python, settings, configurations, processing

INTRODUCTION

Sooner or later, each programmer or coder will face the problems connected with the organization and processing of
application settings. Unfortunately, wrong decisions in this area can make further work a nightmare, substantially slow
down the progress of work, make application error-prone. They can cost additional demanding efforts to correct it. It
also negatively influences the feature development of the application.

It is very tempting to neglect issues concerning the settings because it is “useless work” that provides no immediate
results related to the application's main aim. On the other side, if we overcome this temptation, we will soon discover
that the time and work invested into the organization and processing of settings will return, and the further development
of the application will be much easier.

The approaches described in the further text were used during the development of the application used for the
generation of the maps and charts for the Statistical Yearbook of Fire and Rescue Service of the Czech Republic. This
Yearbook is published every year in the March issue of the 112 magazine [1, 2] in the Czech language. It contains about
60 maps and charts, which must be carefully prepared from the data collected during the year on various departments of
General Directorate and regional directorates of Fire and Rescue Service of the Czech Republic. Besides, some of the
maps and charts are selected for the English version of the Yearbook.



The preparation of the Statistical Yearbook of Fire and Rescue Service of the Czech Republic is time and precision
demands. It requires careful processing of a large amount of data of various types from various sources. Because of that
fact, it was decided to create an application for data processing and map and charts creation. The main aim of the
application is to make the whole process as much as possible automatized, standardized, repeatable, and less error-
prone.

ORGANIZATION OF THE SETTINGS FILES

The buildup and maintenance of such an application, as is previously mentioned, is hardly ever possible without
external settings files. They enable rapid reaction to the demands concerning the application outputs. Owing to this fact,
great attention was paid to its organization, hierarchy, internal structure, and processing. The starting point for the
design of structure and procedures for the processing of settings files was a careful analysis of the application processes.
During the application design phase, the following application model was proposed:

1. The application will produce in principle two types of graphical outputs, maps, and charts in various formats.

2. Each output (map or chart) will be an application task.

From the application model, follow the hierarchy of the entities mentioned above:

1. Application.

2. Task type (map or chart).

3. Application task.

Owing to these facts, the five types of settings files where proposed:

1. Main application settings file, which contains application-wide settings. It encompasses both settings of
application as is and common and default settings of task types and tasks carried out by the application. The
main settings file also contains the instruction for processing the settings in it, which will be taken over by the
task type settings and task settings.

2. Settings file of map task. It contains the settings common to all map tasks. During the processing, it takes over
the settings from the main settings file and overwrites it, if more specific settings are given. This settings file
also contains the instruction for processing the settings in it, which will be taken over by the task settings.

3. Settings file of chart task. It contains the settings common to the all chart task. During the processing, it takes
over the settings from the main settings file and overwrites it, if more specific settings are given. This settings
file also contains the instruction for processing the settings in it, which will be taken over by the task settings.

4. Settings file of the particular task. It uses main application settings and map or chart task settings and
overwrites it if settings that are more specific are given in it.

5. The application uses a logging framework for protocoling of its run [3]. The settings of the logging is
independent on the other settings of the application. Because of that fact, it was decided to store logging
settings into a separate file. Application mechanism is used for its load, and the standard mechanism of the
logging library is used for logging initialization with settings in the form of a dictionary [4]. After its load, the
settings file is only slightly modified to set the actual path for the log file because all outputs generated by the
application, including the log, are stored in the output folder and subfolder.

FORMAT OF THE SETTINGS FILES

The application settings must be stored in some hierarchical and structured form. Usually, three types of file formats are
used for storing such kinds of information, xml [5], json [6], and yaml [7]. Each of these formats has its strengths and
weaknesses. The xml file format is for a long time established and used. There are well-established tools for its
processing and validation. Some languages, like, e.g., Java, have a mechanism for its automatic conversion into a tree of
full-featured objects.

The Python 3.X language was selected for the creation of the application. The main reasons for its selection were the
existence of the well-established libraries for productions of the maps and charts, the ArcPy [8], and Matplotlib [9]
libraries. In the light of the selection of the Python language, the possible formats of the settings files were compared,
and json format was selected. The main reason for its choice was its simple conversion to the Python natural language
structure — dictionary [10]. The settings are stored in the JSON file format, which is in principle kind of text file, both
human and machine-readable. It can be quickly loaded from a file as a string and further processed into the Python
dictionary. On the other hand, the Python dictionary does not provide dot notation for access to lower levels of
information and does not give the possibility to define their own methods. Its conversion to the object with a complex
structure and modifiable attributes is not simple. Owing to these facts, the simple mechanism for the transformation of
the dictionary to the full-featured object is further discussed.



SETTINGS FILES PROCESSING

The task settings were processed in the form of a tree of user-defined classes and their attributes. This approach enables
a better and more logical organization of the application code. The task settings respects hierarchy of settings files and
usage of the values specified on the highest levels of hierarchy enables the basic unification of the tasks, especially the
unification of the maps and charts look. The values defined on the highest level are taken over if no more specific value
is defined.

The instruction for processing the dictionary of task settings into the tree of the classes and its attributes are created by
the merging of the instruction contained in main settings and task type settings. They describe the classes and attributes
to which the settings of the task will be converted and its place in the hierarchy tree. It is the dictionary with class
names as keys. The value in the key-value pair in the dictionary is a list of the dictionaries with instruction for
processing particular class attribute. The instructions consist of the following entries:

1. Name of the attribute.

2. The initial value of the attribute, which is used if the value that is more specific is not given.
3. Description of the attribute, which is used in the string representation of the class.

4. Name of the class, if attribute value will be converted into a class of a particular type.

5. Special parameter signalizing if a list of text string will be joined into one text string. This parameter is used
exclusively during the processing of the SQL queries, which are responsible for downloading and treatment the
data from the database. The SQL query has a form of a list of strings in the settings file because this enables its
better readability in the settings file. This list of strings must be converted to the string before its sending to the
database.When task settings as a dictionary are ready together with its instruction for processing, they are send
to the special class — task settings factory, which generates the task settings as tree of classes and its attributes.
During the generation the more specific values replaces the less specific predefined values. For each class its
variables, constructor and string representation are set.

During the creation of the constructor, the class variables are defined, and its values are set. This process is simple
except the situation when the class variable is an instance of another class or list of instances of the other classes. In this
case, the procedure for class creation is recursively invoked. It can be invoked one time if the creation of the one class is
necessary or many times if there is a necessity to create a list of classes.

The class variables use a slot [11] mechanism for its storage. The special attribute __slots__ allows you to explicitly
state which instance attributes you expect your object instances to have, with the expected results:

1. faster attribute access,
2. space savings in memory.

The string representation of the class is created by iteration through the class variables. Each variable is represented by
the string consisting form the variable description and its value. The string representation also respects the hierarchy of
the classes in the task settings class tree and gives appropriate ident to the string representing the particular class.

The description of the procedures for the dynamic creation of the class during the application run can be found in the
literature [12]. The algorithms described there was taken as a background for task settings processing and was
substantially modified and extended.

CONCLUSIONS

The proposed approach to the settings file processing was successfully tested and deployed for processing of the
settings files of the application for maps and charts preparation for the Statistical Yearbook of the Fire and Rescue
Service of the Czech Republic.

It provides an easy and straightforward way from the settings files in the json format to the dynamically created classes
and its attributes containing application settings. The process of class creation is fully under coder’s control and can be
easily modified according to the current needs. The settings, which control the creation of the tree of classes, are simple
parts of the json files.



The application uses direct access to the class variables containing settings. Still, the addition of the code for generation
of the setters and getters methods for accessing the class attributes is simple, if it will be needed in the future.
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Abstract

To achieve a successful implementation of SDGs, good land governance as well as a well-functioning land
administration system are indisposed. From SDGs’ 17 goals and 169 targets many directly and some generally related
to land. Some of them are, secure tenure rights to land, ending hunger, peace, justice, sustainable cities etc. For SDGs’
success not only a country level adoption is required, but cross-border cooperation, harmonization are needed as well.
Hungarian Land Administration as an integrated system (cadastral mapping and land registry are integrated in one
institutional framework) is functioning really well, and is able to serve the state for the implementation of a good land
policy, land governance. International issues in land administration (in cadaster) are interesting. Different legislations,
traditions strongly influence the cooperation in this field. For better, and flexible communication, data exchange,
information sharing among land administrations, standards are required.

Keywords: Sustainable Development Goals, Digital Cadastre, Land Administration Domain Model

INTRODUCTION

Land Administration is a process. Land Administration is the process of determination, recording and dissemination of
information on the relationship between the land and people (LADM, 2010). Land Administration is not only one
process, it is better to speak about a set of processes, which provide reliable, and secure land tenure.



Digital Land Administration is not only a Land Administration with digital format data, and their relationships (e.g.
constrains, connections). In Digital Land Administration the above mentioned processes are also digitalized anyway,
and IT environment is able to help the operation of the whole Digital Land Administration.

Land Administration and as a part of it, Cadastre is a key element in implementation of Sustainable Development
Goals.

Cadastre is a core element of any Land Administration system. In this case an integrated, multipurpose cadastral system
is taking into account, where cadastral mapping and the registration of rights, restrictions and responsibilities (in
LADM, ISO 19152:2012 Standard, Land Administration Domain Model; term RRR) are realized in an integrated
system, called Cadastre. Such an integrated system can be developed independently from the institutional or
organizational issues, based on the modern IT technology. (Ivan, 2019.)

Land administration services unfortunately are not available for all people around the world. 70% world’s population
have no access to formal Land Administration services, while only 25% of the 6 billion land parcels worldwide are
formally registered and have robust security of tenure. Therefore UN and its organizations (FAO, HABITAT), FIG,
Worldbank and others are focusing on the development of Land Administration (Cadastre) in the countries, where these
services are not accessible, and trying to provide secure land tenure for people. (McLaren, Enemark, 2017)

Mentioned activities of these organizations are really important, and it is natural, that they are concentrating on the
different tools, which will solve this huge problem (like Fit-for-Purpose Land Administration), and after all the success
of Sustainable Development Goals.

LAND ADMINISTRATION AND SUSTAINABLE DEVELOPMENT

Sustainable Development has been a key issue for a long time in Land Administration. The Bathurst Declaration on
Land Administration for Sustainable Development dealt with it generally at first time (FIG, 1999). The joint United
Nations and International Federation of Surveyors Bathurst Workshop on Land Tenure and Cadastral Infrastructures for
Sustainable Development has responded to this challenge. As it was written in this Declaration;

»Almost all societies are currently undergoing rapid change brought about by a diverse range of factors that include
growing population pressures on the land, especially in urban areas. The world's population has already reached six
billion people. The poor are becoming increasingly concentrated in slums and squatter settlements in our ever-
expanding cities. The gender inequities in access to economic and social opportunities are becoming more evident.
Within 30 years, two-thirds of the world's population will live in cities. Fresh water availability is now approaching
crisis point. At present consumption levels, two-thirds of the world’s population will live in water-stressed conditions
by the year 2025. The challenge is not only to meet world population needs for food, shelter and quality of life, but also
to ensure that future generations can also have their needs met.

Insecure property rights inhibit use and investment in rural and urban land. They hinder good governance and the
emergence of engaged civil society. Uncoordinated development, poor planning and management of land and its use,
and the increasing vulnerability of populations to disaster and environmental degradation all compound the difficulties
of meeting this challenge. Without effective access to property, economies are unable to progress and the goal of
sustainable development cannot be realised.

However, the world is changing. Growing awareness of the issues, better understanding of the consequences of actions,
and greater capacity to secure and use relevant information are helping to bring about the necessary changes. These
issues are forcing the re-engineering of land administration systems to ensure that they support sustainable development
and efficient land markets. Land administration frameworks will be forced to respond rapidly to these unprecedented
changes.”

Bathurst Workshop defined the following recommendations, as a global commitment to:

1. Providing effective legal security of tenure and access to property for all men and women, including
indigenous peoples, those living in poverty and other disadvantaged groups;

2. Promoting the land administration reforms essential for sustainable development and facilitating full and equal
access for men and women to land-related economic opportunities, such as credit and natural resources;

3. Investing in the necessary land administration infrastructure and in the dissemination of land information
required to achieve these reforms;



10.

11.
12.

13.

14.

15.

16.

17.

18.

Halving the number of people around the world who do not have effective access to secure property rights in
land by the year 2010.

The Workshop in confirming the UN-FIG Bogor Declaration on Cadastral Reform, extending the
professional debate on desirable land administration and recognising that the community of nations have
committed themselves to the various United Nations Global Plans of Action arising out of the UN Summits
over the last decade, recommends the following:

Encourage nations, international organisations, Non-Government Organisations (NGO)s, policy makers,
administrators and other interested parties to adopt and promote the Bathurst Declaration in support of
sustainable development.

Encourage all those involved in land administration to recognise the relationships and inter-dependence
between different aspects of land and property. In particular there is need for functional cooperation and
coordination between surveying and mapping, the cadastre, valuation, physical planning, land reform, land
consolidation and land registration institutions.

Encourage the flow of information relating to land and property between different government agencies and
between these agencies and the public. Whilst access to data, its collection, custody and updating should be

facilitated at a local level, the overall land information infrastructure should be recognised as belonging to a
national uniform service to promote sharing within and between nations.

Improve security of tenure, access to land and to land administration systems through policy, institutional
reforms and appropriate tools with special attention paid to gender, indigenous populations, the poor and other
disadvantaged groups. In many nations, this will entail particular efforts in areas under customary or informal
tenure and in urban areas where population growth is fast and deficiencies are most prevalent.

Recognise that good land administration can be achieved incrementally using relatively simple, inexpensive,
user-driven systems that deliver what is most needed for sustainable development.

Recognise that the unacceptable rise in the incidents of violent dispute over property rights can be reduced
through good land tenure institutions that are founded on quality land information data. Good land information
underpins good governance. Where conflict arises, there must be inexpensive land dispute resolution
mechanisms in place that are readily accessible to all parties concerned.

Encourage national and local government bodies to document and manage their own land and property assets.

Recognise that land markets operate within a range of land tenures of which freehold is but one. It is important
to facilitate the efficient operation of land markets through appropriate regulatory frameworks that address
environmental and social concerns.

In order to increase knowledge of the global situation of land administration and land tenure, the United
Nations undertake a study of global land administration issues such as the range of tenure issues, gender,
urban agglomeration, land disputes, problems and indicators with a view to producing a global atlas and
related documentation. Much of the needed data are already available in different UN databases.

Recognising the difficulties in interpretation of the many land administration related terms, develop a readily
accessible thesaurus, translated into appropriate languages, to facilitate a better understanding of the
terminology used. Further, on the basis of selected criteria, use this to prepare examples of best practice in the
field of land administration. This can be done using work already completed by FIG and FAO.

In view of the crucial importance of human resources in the management of land, ensure that there is sustained
education and training in land administration. In particular, international agencies should seek to develop
multi-disciplinary, multi-national training courses in land administration and make these available at the local
level through the use of modern information technology.

International and national agencies, NGOs and other interested parties to arrange workshops and conduct
studies with regard to such matters as the quality of access to land and information, gender issues, customary
law and indigenous rights, land tenure systems, interaction between land and water rights, maritime cadastres,
and the management of land administration systems.

In order to coordinate foreign assistance, countries seeking help should play a more active role in the
coordination of aid and prepare a country profile analysis, describing the status of land administration and the
need for improvements. Based on this the countries should then prepare a master plan to which all land
administration, initiatives and projects should adhere.

In order to ensure sustainable development of territorial oceans claimed under UNCLOS (United Nations
Convention on the Law of the Sea), the United Nations emphasise the need for claimant countries to develop



their capability to support effective marine resource administration through the national spatial data
infrastructure.

19. Undertake analyses and develop performance indicators that can monitor the effectiveness of land
administration and land tenure systems in relation to sustainable development and poverty alleviation.

20. That the Workshop and FIG strongly support the "Global Campaign for Secure Tenure" undertaken within the
implementation of the Habitat Agenda, presently launched by the UNCHS (Habitat), and commit to promoting
activities in terms of this campaign in future FIG programs.”

As a continuation of this Declaration the famous book on ,Land Administration for Sustainable Development” was
published in 2010 (Williamson et. al., 2010). In this book the relationships between Land Administration and
Sustainable Development deeply analysed. It defines four components within the broad goals of sustainability:

e Efficiency and promotion of economic development,
e Equality and social justice,
e Environmental preservation and a sustainable pattern of land use,
e Institutional and government capacity to deliver sustainable development.
Figure 1. shows the connections between Land Administration components and Sustainable Development:

Figure 1.: A Global Land Administration Perspective (Enemark, 2004)

The four land administration functions (land tenure, land value, land use, and land development) are different in their
professional focus, and are normally undertaken by a mix of professionals, including surveyors, engineers, lawyers,
valuers, land economists, planners, and developers. Furthermore, the actual processes of land valuation and taxation, as
well as the actual land-use planning processes, are often not considered part of land administration activities. However,
even if land administration is traditionally centered on cadastral activities in relation to land tenure and land information
management, modern LAS designed as described in Figure 1. deliver an essential infrastructure and encourage
integration of the four functions:

Land tenure: the processes and institutions related to securing access to land and inventing commodities in land and
their allocation, recording, and security; cadastral mapping and legal surveys to determine parcel boundaries; creation of
new properties or alteration of existing properties; the transfer of property or use from one party to another through sale,
lease, or credit security; and the management and adjudication of doubts and disputes regarding land rights and parcel
boundaries.

Land value: the processes and institutions related to assessment of the value of land and properties; the calculation and
gathering of revenues through taxation; and the management and adjudication of land valuation and taxation disputes.



Land use: the processes and institutions related to control of land use through adoption of planning policies and land-
use regulations at the national, regional, and local level; the enforcement of land-use regulations; and the management
and adjudication of land-use conflicts.

Land development: the processes and institutions related to building new physical infrastructure and utilities; the
implementation of construction planning; public acquisition of land; expropriation; change of land use through granting
of planning permissions, and building and land-use permits; and the distribution of development costs. (Williamson et.
al. 2010).

Sustainable development policy requires the four functions to be integrated. This is achieved in four general ways:

1. Intheory, the functions are approached as four parts of a coherent whole, not as independent activities. This
means that each function is not an end in itself, but all four together are the means to support sustainable
development.

2. The processes used to perform the functions must pursue sustainable development, ideally within a broad
framework of monitoring and evaluation of performance against sustainability outcomes.

3. Information and outputs generated by processes need to be mutually shared and made widely accessible.

4. All functions must be built on core cadastral knowledge. (Williamson et. al. 2010).

TECHNOLOGICAL CHALLANGES

Technological developments strongly influences our world into the direction of openness. Internet, Social media, Meta-
platforms are all opening the world for everyone and everywhere. Fast transport, information exchange and others are
also increasing this openness among countries, societies and individuals. Everyone can be informed of anything. It is
very important, that not only the rich, developed countries’ citizens are coming in for this information, data sharing, but
the poorer side of the world as well, thanks for the advanced communication technology. All in all technological
developments strengthens globalism.

But after the global economic crisis in 2008, new economic and political concepts have arisen, which affect into the
opposite direction than globalism. The countries became more-closed, national interests were increased against the
global needs. As it was mentioned by Mr. Nick Wilkinson (Interview with Mr. Nick Wilkinson, Former DA-Notice D-
Notice Secretary UK, in the newspaper Magyar Nemzet, Budapest, Hungary, on 13th September 2017. Translated from
Hungarian by the authors): ,,Accelerated globalism kindles nationalist emotions, which are not compatible with the
laws of liberal market economy. Political leaders are not able to resolve this contradiction.”

And the citizens, the people, both in the developed and developing side of the world, are staying under this double
pressure. They like to come in for the benefits of the globalism, but are living in a more-closed political, societal
environment. But what a citizen needs? Safety and peace, which are not really achievable in such a situation. (lvan,
2018.)

Checking the trends, which influence Land Administration in our days, the following could be found (Figure 2.):



Figure 2.: Trends in Land Administration

The fast development of InfoCommunication Technology (ICT) has the strongest influence in Land Administration
processes. Usage of Services in economy and society is increasing together with ICT and the number of Land
Administration Services, but the Reaction time of Land Administration is getting less and less. This is one of the main
challenge for Land Administration in these days.

Above only the trends were mentioned, but the continuous developments of different instruments, sensors in the field of
positioning (e.g. UAVs, LIDAR, In-door positioning) become more and more important not only for the determination
of location, but the monitoring of changes.

In the field of Land Administration, Land Management Remote Sensing methods and technics are generally not
discussed on the level, which they should be deserved. As an example, Department of Geodesy, Remote Sensing and
Land Offices of the Government Office of the Capital City Budapest, Hungary has really good results in the usage of
remote sensing technics on Land Management. Own-developed solution for the mixed use of optical and radar-
polymetric are successfully utilized in the monitoring of different agricultural hazards, from the effect of western corn
root worm till hailstorm damages (Figure 3. and 4.).



Figure 3.: Western corn root worm damages (Surek et. al. 2012)

Figure 4.: Hailstorm damages (Surek et al., 2016)

New devices introduced new definitions in our profession. Positioning replaced field measurements, smart devices
arose crowdsourcing (FIG Commission 7. WG 7.3), new, multispectral sensors increased the importance of change
mapping. In some cases algorithms solves positioning problems, usage of augmented reality is a reality, cadastral
parcels become an intelligent object on the field etc.

This fast technological development requires new conceptual solutions such as Land Administration Domain Model
ISO 19152:2012 Standard (LADM). Introduction of this standard was one of the most important result in Land
Administration in the last decade. It is a conceptual model for designing Land Administration systems, an interface for
exchanging information among Land Administration Systems. LADM became a common Land Administration
“language” all over the world. And it a very a very important issue, that the development of LADM continues.

A real high technological (and legal) challenge is 3D Cadastre. A joint working group of FIG Commission 7. and 3. are
working on this issue. 3D Cadastre is not only the extension of traditional cadaster to the third dimension. In 3D
Cadastre the most important theme is the handling of 3D rights, restrictions and responsibilities (RRRS).



Building Information Modeling (BIM) is a new, real complex solution for the management of physical and functional
characteristics of places, structures etc. Spatial (and sometimes legal) information are indispensable in design,
construction, operating and maintenance of buildings. Therefore the importance of surveyors, spatial and land
knowledge are increasing in BIM. Based on the spatial knowledge of surveyors, we surveyors have an integrating role
in any BIM solution. It is interesting, that in many languages the word “engineer” is derived from engine (motor). But
in Hungarian language this word derived from ”surveyor” (mérnok), which shows this integrating role of geodesist.

Financial techniques (Fintech) have just arrived in Land Administration, thanks for the wide usage of blockchain
technology. Blockchain is a real challenge, since it looks like, is able to revolutionize Land Registry, and Land
Administration all over the world. by the use of blockchain technology all transactions will become transparent,
irreversible and publishable, which shows its importance. (van Bochove et al., 2016) But an important question arises
related to this characteristics, all the politicians like such a Land Administration system?

The above mentioned technological challenges strongly influences the future of Land Administration systems. The
operation of systems should be faster, more reliable and highly automated, including document handling, processing
and decision making. This is not only a technological challenge, but a defiance in organizational structure of Land
Administrations as well, including human resource management. Since Land Administration “is the process of
determining, recording and disseminating information about the relationship between people and land” (LADM, 2012),
these changes also impact the society, the people. Therefore Land Administration has a great responsibility to prepare
citizens for these new situation. (Ivan, 2018.)

HUNGARIAN ACTIVITIES IN THE IMPLEMENTATION OF SUSTAINABLE DEVELOPMENT
GOALS

UN Agenda 2030 for Sustainable Development were adopted by all UN Member States in 2015. It is a universal call for
developing social, environmental and economic sustainability. Efficiency of the Agenda is influenced by global and
local level cooperation based on the skills, interests, capabilities and the intentions of the participants. Global actions
are executed by governments, industry, education and academic sector, businesses and global NGOs. Local actions are
based on the activities of local governments, national NGOs and the people themselves.

Large part of the Sustainable Development Goals and related tasks are referred to spatial information. In the
implementation, change monitoring and documentation of the goals and tasks, geodetic reference frames, Earth
observation data and geoinformation datasets are playing fundamental roles.

A volunteer Working Group started its work in 2017 for the national awareness raising of the importance of spatial
information for Sustainable Development Goals. Executive Board of the Hungarian Society for Surveying, Mapping
and Remote Sensing (MFTTT) recognized this work and established a permanent committee for national and
international activities in this field, in its No. 16/2018. (XII. 10.) resolution. Because of the international activities the
name of the committee derived from an English abbreviation “MFTTT-WG4SDG”.

During the execution of UN Agenda 2030 focusing on the measurement, monitoring and documentation of Sustainable
Development Goals’ indicators needs a special attention by the utilization of statistical, geoinformation and Earth
observation data.

It needs special efforts from the participating countries to provide policies, actions, cooperations, knowledge base,
human resources, organizational and financial background.

Direct support by EO/GI tools of SDG has not been established yet in Hungary. During the years 2017-2018 MFTTT-
WG4SDG made preparation works, by the motivation of public and private sector for cooperation.

Results of these activities should be included Voluntary National Review of Hungary and in the report of national
EOQ4SDG Group as well.

Actions should be taken:

e Continuing the involvement of national geoinformation and Earth observation bodies,
e  Strengthening collaboration with UN and SDG bodies on national and international level,
e Starting geoinformation and Earth observation services for SDGs and establishing related jurisdiction,

e Establishment of Hungarian National Spatial Data Infrastructure, including the legal framework, data policy
and interoperability.



e Integration of statistical, Earth observation and geoinformation data,

e Establishment connections to Governmental organizations responsible for the achievement of SDGs in
Hungary.

In 2019 WG4SDG recommended the following actions for MFTTT:

e Survey on the higher education and trainings in Hungary and SDGs related international experiments
e MFTTT-WG4SDG recognized the main institutions and experts play important roles in education
e MFTTT-WG4SDG digested:

0 starting packs of education materials

0 themes to be educated

0 national education institutions related to SDGs

o0 Starting the initiation of:
= legal,
= financial,
=  capacity and
= organizational

conditions for education in EO/GI for SDGs theme. But at least, organically inspire the potential
players, and concerned people.

0 Starting

=  Adoption of education packages,

=  The work with the related education institution experts.
0 Continuing the cooperation with international institutions.

o At CEOS-WGISS-47 Workgroup meeting, NOAA, 29 April — 2 May 2019, Silver Spring, USA, a wide-range
of international experts were informed about the Hungarian activities, including

o Earth observation,

0 Space Industry Cluster

0 Activities of Hungarian experts in Copernicus and SDG monitoring
o]

Activities of Hungarian Bodies (Hungarian Space Research Office, MFTTT-WG4SDG, Airbus-DS-
GEO-Hungary, GEODATA Ltd., Lechner Ltd., COSIMA Ltd., Governmental Informatics
Development Agency

e Operated by the Ministry of Foreign Affairs and Trade, the Hungarian Space Office (HSO) should consider to
join CEOS, where MFTTT-WG4SDG could play an important role.

e MFTTT-WG4SDG recommends the extension of Hungarian Earth observation activities with SDG purposes,
surveying and geoinformation activities.

CONCLUSIONS

Land Administration is a key element of the implementation of UN Agenda 2030. The Agenda defines the Sustainable
Development Goals, which have many relationships to Land Administration. The modern Land Administration must be
based on cadastral knowledge. An as a result, these new Land Administation systems must be built to serve the
sustainable development objectives of economic development, environmental management, social justice, and good
governance.

Fortunately, thanks to the fast development of technologies (including positioning, remote sensing, ICT), building-up
these Land Administration systems, supporting SDGs, is not hard, as it seems.
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Abstract

An e-government has been under construction under the auspices of the Home Office of the Czech Republic for many
years. This system is a complex of application tools, that should make contacts between public and administration
authorities easier and more effective. The GeolnfoStartegy has been implemented in this complex since 2014, based on
Government Regulation. Its main task was to effective administrate and spatial data guarantee. Every individual
information system works well in vertical relation (state — regions — districts — municipality), but isolated without any
horizontal relations currently. There is a system, that will integrate individual components of applications system used
by authorities in spatial data management, designed in this article. Components of GeolnfoStrategy are ISKN
(Information System of Cadastre of Real Estates), system of basic registers, ecpecially RUIAN (Register of Territory
Identification, Addresses and Real Estates) and NIPI (National Infrastructure for Spatial Information) and relations
among them are very important. Considering the relation with problematics of BIM (Building Information Modeling) is
very perspective. The System of Construction’s Register is designed by authors in order to build a tool for digital
construction proceedings. Due to unclearly defined inputs, insufficient legal base and inconsistent user’s requirements
of the process, it is in general very difficult problem. There is also another point of view that has to be considered,
primarily the necessity of international standards observing and also respecting of contemporary systems of e-
government.

Keywords: eGgovernment, spatial data, System of Construction’s Register, BIM

1. INTRODUCTION

1.1 Definition of the solved problem

In 2018, Resolution No. 629 of the Government of the Czech Republic on the Digital Czech Republic Program [1] and
a proposal for amendments to the Statute of the Government Council for the Information Society were adopted. The
"Digital Czech Republic" program is a set of concepts ensuring the preconditions for the long-term prosperity of the
Czech Republic in the environment of the ongoing digital revolution. Its content can be defined by the term: "Strategy
of coordinated and comprehensive digitization of the Czech Republic 2018+". "Digital Czech Republic" covers three
main pillars (partial concepts / strategies), which form one logical unit with a large number of internal links, but at the
same time in the structure reflect the targeting of different users as well as differences given by the current legislative
definition:

1. The Czech Republic in digital Europe (under the responsibility of the Office of the Government).
2. Information concept of the Czech Republic (under the responsibility of the Ministry of the Interior).
3. The concept of Digital Economy and Society (under the responsibility of the Ministry of Industry and Trade).

Within the strategy ad 2) (Information Concept of the Czech Republic), among other things, objective No. 5 is defined -
“Effective and centrally coordinated Information and Communication Technologies (ICT) of Public Administration”.
The scope of fulfilling this important goal includes in particular the overall management of the implementation of the
Information Concept of the Czech Republic (IKCR) and the overall central coordination of the development of
eGovernment. One of the sub-objectives is item 5.11 on the title Geolnformation. The aim is to design and implement
data policy, ensure interoperability, eliminate duplication and make spatial information owned by the public



administration and in the public interest accessible to friendly public services in the same / similar way as for other
reference and authoritative data (e.g. online applications in construction proceedings). It is also necessary to connect
central shared spatial information with information in the administration of regional data centers and other systems of
local governments, which serve mainly for spatial planning, crisis management and other areas using geoinformation, in
the form of Digital Technical Map of the Czech Republic and data sources created BIM - Building Information
Modeling. The potential of geoinformation and construction information as open data will be further developed.

1.2 The aim of the paper

Within eGovernment of the Czech Republic, functional agenda information systems are in the vertical line, i.e. state -
region - district - ORP (municipality with extended powers) - municipality, but in the horizontal line (systems at the
same level) manual or semi-automated information transfer predominates. The same situation is in the process of
construction proceedings, in which 2 categories of documents are assessed:

1. textual (justification of the construction plan, comments of the participants, etc.), and
2. graphic (project documentation of the construction).

In accordance with Act No. 183/2006 Coll., On Spatial Planning and Building Regulations (Building Act), the Ministry
for Regional Development (MRD) has launched the project “Digitization of Building Management and Spatial
Planning” [2], the aim of which is to build a live digital system, which will facilitate the process for all participants in
the construction proceedings, as it will no longer be necessary to bypass the authorities, but everything will be handled
from the comfort of home.

The aim of this paper is to propose the concept of automated support for digital construction management in the field of
assessment of graphic project documentation. From the point of view of the whole concept of digital construction
management, it is only a specific partial part, which is, however, the most time-consuming and content-intensive of all
related processes..

2 CURRENT STATE OF THE PROBLEM

In order to be able to design the optimal automation of processes within the goal defined in the previous chapter, it was
necessary to obtain information about the current state of construction practice in the field of construction management.
This information was obtained through interviews with actors from public institutions and experts in the field. The
consultations took place at the territorial workplace at the level of the ORP (municipality with extended powers),
specifically at the Kufim Building Authority (Czech Republic). Further consultations concerning construction
proceedings from the point of view of public contracting authorities took place in the companies Railway Infrastructure
Administration (SZDC) Brno and Railway Transport Automation (AZD) Prague. These institutions were selected
because they have a rich investment activity in the construction industry both in the Czech Republic and abroad. The
aim of the survey was to find out the state of the partial processes related to building permits, to identify critical points
and to design suitable automated processing for these procedures..

The investigation revealed that the building authorities I11. categories (territorial workplaces at the ORP level) mostly
use proprietary software purposefully created by IT companies, e.g. VITA software, s.r.o. The applications have a
functional repertoire in accordance with the Building Act and related regulations. Furthermore, they enable partial
compatibility with agenda information systems of state administration and self-government through standard or
interchangeable formats. The disadvantage of these applications is that they are mostly database or registration, while
many analytical functions are not available. Another disadvantage is that these software products were designed
relatively in isolation and their analysis took place at the local level, which means that in many cases they are not
connected to related structures of eGovernment, GeolnfoStrategy - National Infrastructures for Spatial Information
(NIPI), BIM and others. In addition, the SW design is based on a local ontological model and European standards and
metainformation are not fully respected as proposed, for example, in [5].

The final decision based on the assessment of textual or graphical documents is thus up to the user - the official.
Another problem of the current construction procedure is the communication between the individual participants. This
takes place either electronically via data boxes or classically by official letters delivered by the Czech Post. The
disadvantage is that the comments of the last participant must be awaited throughout the proceedings, and in the case of
communication by letters, the entire construction process is disproportionately prolonged. The situation is even more
complicated in the area of assessing graphic materials, i.e. project documentation of a construction. If the
documentation is in the form of paper drawings, it is assessed visually, if it is in electronic form (PDF, DWG, etc.), it is
viewed by an official on a computer screen. The problem is that with extensive documentation, the entire content does



not fit on the screen in a readable form and it is necessary to view the drawing in sections. In this case, it often happens
that the user loses the context of the overall image, which can lead to overlooking critical parts of the drawing. It
follows that in the case of extensive electronic documentation, its visual viewing is no longer effective and it is
therefore necessary to automate the entire process. This is the issue that our article deals with.

3 MATERIALS AND METHODS

A mixed strategy was chosen for the design of part of the digital construction management, partly from the “top-down”
method - in order to respect the integration into superior structures and partly from the bottom-up, which is to ensure the
functionality of the proposed application and adapt to end users and their current customs as much as possible. The top-
down design was based on the concept of digital building management, which is shown in Fig. 1. In practice, this is the
design of the bold block marked in Fig. 1 as “New SW of building authorities”.

DIGITALIZATION OF CONSTRUCTION MANAGEMENT -

CITIZEN PORTAL

NIA ISZR ISKN ISDS
INTEGRATION PLATFORM OF CONSTRUCTION MANAGEMENT DIGITALIZATION
Public part CONSTRUCTIONER PORTAL Non-public part
General information Interactive forms
Methodologies Notification
Life situations Calendar of proceedings
Utility report Connection to other systems Identif. numbers of buildings
Existing SW of New SW of
build. authorities build. authorities

Technical equipment of building authorities

INFORMATION INFORMATION NATIONAL DIGITAL MAP OF
SYSTEM OF SYSTEM FOR GEOPORTAL OF PUBLIC
REGISTRATION OF RECORDING LAND PLANNING ADMINISTRATION
TERRITORIAL AND ELECTRONIC f - (communications, networks
CONSTRUCTION DOCUMENTATIONS Information system and selected obijects)
PROCEDURES Project for spatial planning
Records of actions, documentation, and administration DIGITAL
procedures, decisions, optionally DWG, BIM of land use TECHNICAL MAPS
measures, statements

Complementary information systems of public administration (regional geoportals, IS mapping VR, ...)

Fig. 1. Concept of digital construction management [3]



Explanatory notes to Fig. 1:

NIA - National point for identification and autentization is information system of public administration supporting
proces of electronic identification a autentization by qualified system.

ISZR - Information system of basic registers
ISKN — Real Estate Cadastre Information System

ISDS - The information system of data boxes is established and operated on the basis of Act No. 300/2008 Coll. (CR),
on electronic acts and authorized conversion of documents, as amended. Its administrator is the Ministry of the Interior
of the Czech Republic. The ISDS operator is the holder of a postal license, Ceska posta, s.p. ISDS is a public
administration information system in the sense of Act No. 365/2000 Coll. (CR), on public administration information
systems, as amended.

The bottom-up method consisted of a survey of the current state of construction management, which had its basis in
interviews with actors of public institutions and experts in the field - see Chap. 2. The actual design of a suitable SW
was based on a mathematical model of the entire construction process, which can be expressed in relation:

P=f(L,T,C,D,R) @

where

P is a Boolean function that takes 2 values: 0 = construction is not allowed, 1 = construction is allowed,
L is the location where the building is to be located,

T is the time, i.e. the time when the permit is processed,

C are the comments of the participants in the construction proceedings at time T,

D is the project documentation of the construction,

R is the legislation and regulatory measures in force at time T.

Because according to the goal set in the introductory chapter, the subject of the solution is only the assessment
of the graphic part of the construction documentation, we can rewrite equation (1) into the form:

P’ =f(L, T,D,R) 2)

4. DESIGN OF THE POSSIBLE SOLUTION

The concept of the design of a suitable SW for the assessment of the graphic project documentation of the construction
is shown in Fig. 2. In the input block in Fig. 2 is a collection of graphic documentation in a suitable format that is
compatible for further processing in the concept of digital construction management (Fig. 1). One option is to use the
IFC (Industry Foundation Classes) format or a special universal interchange format. It is assumed that the
documentation will also include a digital technical map and other relevant documents. Block 2 identifies the entities and
attributes of the documentation. It is based on the recommended classification of buildings according to the ISO
12006.2 standard, which divides the elements hierarchically as follows: built space - construction complex -
construction entity - construction element - attributes. In block no. 3, spatial analyzes are performed. The functions and
values of the parameters of these analyzes are contained in the valid legislation or regulations (block no. 5) and can be
implemented in the application, for example, in the form of a text file with a line format:

< key word > <relationship> <value>. E.g. < distance from the border of the neighboring plot > >= <2m>.

In the next block No. 4, the inspection is carried out according to legislation and regulations, which can be
implemented, for example, by a special script in the GIS / BIM environment. The result is a report on whether or not to
recommend a building permit. In case of non-recommendation, the project documentation of the construction is
returned for revision.
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Fig. 2. Digital construction management - assessment of project (graphic) construction documentation

5. CONCLUSION

The article proposed one of the possible variants of applications for automated assessment of graphic project
documentation in the process of digital construction management. Currently, several projects are underway, where the
issue is addressed. One of them is the project CZ.03.4.74 / 0.0 / 0.0 / 15_025 / 0007522 “Strategy of introducing the
methodology of information modeling of buildings for the needs of public contracting authorities”. The final decision
depends on the results of this and other relevant projects. In practice, 2 possible variants of the solution can be expected

[4]:
1. New application SW + HW for building authorities (addressed in our paper).

a. The advantages of this variant lie in the multi-license and in the unified simple and flexible
administration and operation.

b. The disadvantages of this solution are higher acquisition costs and a new user environment.
2. Use of existing application SW and HW and its modification according to legislative changes

a. The positive aspects of this variant are the knowledge of the user environment and thus faster
adaptation of officials

b. The downsides are the possible vendor lock and the demanding management and operation of the
information infrastructure.

Further research will continue in the design of an algorithm for processing comments from participants in construction
proceedings, which were not addressed in this article. It is assumed that these comments will be implemented in the
form of forms that can be easily and reliably evaluated automatically, eg by a script, and incorporated into the system
design in Fig. 2.
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Abstract

The article deals with technological GIS support of property settlement of large structures. The builder is obliged to
realize the construction on his land to which he has the ownership right or secured another legal relationship. The
process of proprietary settlement begins in the process of planning permission and ends with the issuance of a building
permit. Property settlement of a structure includes the identification of existing land parcels and its owners in the area
of the boundaries of the future structure, ie. permanent and temporary occupation. The analysis is performed using
digital cadastral data. The aim is to generate the necessary data on the participants in the construction proceedings
and prepare the documents for writing purchase or lease contracts in favor of the builder, and analysis of price and tax
information. for Underground technical infrastructure objects the preparation of documents for marking and recording
easements is solved. The data of the occupation report process are part of the structure BIM. Due to the different
quality of cadastral and other background data, and related legal links, their analysis is a complicated problem.

Keywords: GIS, BIM, property settlement, construction

INTRODUCTION

The preparation of constructions in the Czech Republic currently takes many years, and a large amount of documents is
required. Long preparation hinders the development of construction and therefore the process of digitization of land and
construction management is intensively addressed. The main goal is to speed up the whole process of building permits.
The most time-consuming is to provide the necessary statements of the participants in official proceedings on the future
construction, including the impact on the environment. Within the territorial management process, the preconditions for
the sustainable development of the territory are ensured by a systematic and comprehensive solution of the efficient use
and spatial arrangement of the territory with the aim of achieving a generally beneficial harmony of public and private
interests in the development of the territory. To this end, it monitors the social and economic potential of development.
The tool of spatial planning is statistically recorded data on the territory, the so-called territorial analytical documents,
the use of which is enshrined in legislation in the Building Act No. 183/2006 Coll. with the aim of continuous
monitoring of the state and development of the territory. Spatial analytical data are acquired by the relevant acquirer on
the basis of surveys of the territory and on the basis of data on the territory, which are information or data on the state of
the territory, rights, obligations and restrictions related to a certain part of the territory, such as area, land, natural
formation or building. , and which arose or was found out mainly on the basis of legal regulations, as well as
information or data on intentions to make a change in the territory. Territorial data also include information on their
origin, acquisition, processing, possible approval or entry into force and effectiveness (hereinafter referred to as
"territorial data"). The technical map can also be the basis for the acquisition of spatial analysis documents.

The investor is obliged to carry out the construction on his land, to which he has the right of ownership or another legal
relationship is ensured. In this sense, every major building cannot do without property preparation. The process of
property preparation of buildings begins in the process of land management and ends with the issuance of a building
permit. Obtaining a land decision and a building permit is often time consuming and takes several years. Negotiations
take place with a large number of owners, technical infrastructure managers, relevant stakeholders and other entities.
Digitization of property rights preparation brings the advantages of portability and unambiguity of information,
productivity, data timeliness, archiving, etc. The necessary basis for property rights preparation is an occupation report,
which determines the scope of property rights preparation of the construction. The aim of the occupation report is to
speed up and manage the process of property settlement of the land affected by the construction. In connection with
large constructions, especially line constructions, many affected plots enter into the process of property settlement and
with it a large number of legal relations that need to be resolved. The state of the cadastral map also plays an important
role in this process, especially its accuracy, which is different (decimeters to several meters) and is given by the quality



of source graphic data (directly measured digital geodata or digitized graphic data from historical analog cadastral
maps).

RELATED WORK

The issue of using information systems in the construction process is a current topic. A comprehensive description of
the construction process in the Czech Republic and its documentation is dealt with, for example, in articles [1], [2]. The
dominant information system in the phase of construction preparation is the Real Estate Cadastre Information System,
which integrates descriptive and graphic data on real estate and their legal relations. Large cities are building smaller
information systems with the aim of their effective use for regional spatial planning and official building permits.

Article [3] presents the use of GIS technology in urban planning and analyzes the factors that affect the orientation of
cities. Key factors include the geographical location, natural resources, the international political situation of the city of
Altay and at the same time identify the position of the city in the national strategic model. The analyzes of data by the
GIS tool showed an upward trend in dynamic orientation.

The issue of the environment and construction is also dealt with in the article [4]. Construction significantly affects our
environment. The most effective way to protect the environment and prevent pollution is to use best management
practices (BMP) on construction sites. In recent years, intelligent systems have been widely used in a variety of
applications, including environmental studies. To reduce environmental pollution from construction activities, the
CSBMP expert system software on the Microsoft Visual Basic platform was used, which displayed system
recommendations in the form of reports provided and thus informed and supported environmental engineers and
decision-makers during construction activities.

At present, BIM modeling technology is intensively penetrating the construction industry [5]. The construction industry
is increasingly adopting technologies and methodologies that support the development of buildings with low
environmental, economic and social impacts. Current research focuses on the environmental and economic impacts of
construction and integrates building information modeling (BIM) technology with life cycle assessment (LCA) and life
cycle costing (LCC) methods for the environmental and economic assessment of buildings. Various software tools are
used to support decision-making processes, e.g. to verify the feasibility of constructions.

Partial specialized information systems are then used on large and complex constructions, especially in connection with
their monitoring, e.g. in tunnel constructions [1]. These information systems integrate electronic implementation project
documentation and partial important documents related to the construction. The information systems of buildings
include image data (photographic monitoring, video monitoring) and data of geodetic and non-geodetic monitoring. The
basic feature of the use of electronic information systems is selective accessibility to selected data and target groups of
users with the possibility of online access via smartphones anytime and from anywhere.

The article [6] addresses the issue of estimates of construction costs in connection with the solution of savings in a
construction project. During the project life cycle, several estimates are made to allow the project to be decided with
stakeholders. Historical data and experience are often used and applied appropriately to future construction activities.
The method of building location cost optimization (LCAF) for selected sample sites in North America is described.
Spatial interpolation and prediction methods were used. The WEKA and ArcGIS packages were used to develop and
test the prediction models. It was found that the prediction models did not outperform the interpolation methods as
expected. In addition, between the two prediction models, the GIS-based regression model (GISBR) slightly
outperformed the WEKA-based regression model (WEKABR).

In the Czech Republic, in connection with the digitization of the processes of preparation and permitting of
constructions, the automation of property rights preparation of constructions is intensively addressed in connection with
the information system of the Real Estate Cadastre. Article [7] presents specific applications of a software web solution
for asset management and transaction prices. The subject is a comparison of the registered and actual state, the creation
of user overviews and analyzes of ownership and context and the use of results in the design of buildings. It deals with
the advantages of digitization of property rights preparation, portability and unambiguity of information, productivity,
timeliness of data and their effective archiving [8]. In cooperation with the two largest investor state organizations, the
Railway Administration and the Directorate of Roads and Motorways, a suitable digital exchange format for occupation
reports has been defined [9].

PROPERTY PREPARATION OF CONSTRUCTIONS

The property law preparation of the construction includes the identification of the existing lands and their owners in the
area of the boundaries of the future construction, ie. permanent and temporary occupation. The analysis is performed on



digital cadastral data. The aim is to find out the necessary data about the participants in the construction procedure and
to prepare documents for drafting purchase or lease agreements in favor of the builder, analysis of price and tax
information, etc. In the case of underground technical infrastructure facilities, the preparation of documents for the
marking and registration of easements is addressed. The data of the construction preparation process are then part of the
construction BIM.

In Fig. 1 are schematically shown on the timeline the phases of the life cycle of a building in connection with the
process of property preparation of buildings. The focus of property preparation of buildings is in the phases of land and
construction proceedings.

Commissionin

Land Construction Construction Realization of g of the Construction
Study |_' proceedings [~ proceedings [ assignment [~ construction [ construction | operation

y

| Property law preparation |

Construction life cycle timeline

Figure 1. Scheme of partial phases of the construction life cycle on the timeline

In Fig. 2 is an example of spatial analysis of land properties of a part of the territory over digital cadastral data realized
in the SYMAP application [7]. Sub-plots are marked in color according to the specified property. From the point of
view of construction preparation, important data are data on landowners, which lands are private, which are state,
regional, municipal.

owner unknown
execution / insolvency
more than 10 owners

owner legal entity

Figure 2. Specification of land properties of the locality of interest from cadastral data

In terms of ownership, it is necessary to distinguish between the ownership of a natural person and a legal person.
Complications of property rights preparation are legal relations and encumbrance of land, for example by execution or
insolvency. From the point of view of resolving legal relations, ownership by many shareholders is also problematic.
Based on the analysis of land properties, it is possible to effectively plan the location of the building in the field.

In Fig. 3 is an example of a spatial analysis of the state of property settlement of the affected lands during the course of
line construction implemented in the SYMAP application [8]. The basis is digital cadastral data and the circuit of the
projected permanent and temporary land acquisition. It compares the state registered in the real estate cadastre and the
actual state. The result is a list of land that must be resolved in property, including the issue of utilities and easements.
In conjunction with the Land Register (LPIS), it is also a tool for property settlement with agricultural cooperative
administrators. For connoisseurs and appraisers, real estate agents can create output based on location and time
variance. The output includes proceedings in the given cadastral area, acreage of the affected plots, acreage of
individual types of land and recalculated transaction prices for 1 m?.



In order to automate the process, it is necessary to ensure unambiguous and error-free geodata, which has a fundamental
influence on the quality of subsequent property rights activities. The quality of cadastral data is crucial. Due to the
different quality of cadastral and other background data and related legal links, the analysis is a complicated problem.
Any ambiguities and errors in the geodata are then transferred to the contractual documents and must be resolved
individually with the landowners. The advantage of the automated solution is the resolution of all discrepancies before
the start of construction, which allows you to significantly save time and money.

The output is a color designation of the affected parts of the land and associated information on the status of the legal
solution (not yet initiated or negotiated, or already closed legal proceedings, or blocking the land in the form of
disagreement or other changes to the affected land).

Legend:
Not started

Disapproval

Figure 3. Identifikace stavu rozjedndni pravnich vztahii dotéenych pozemkii liniové stavby

Real estate cadastre data linked to user data subsequently facilitate land administration, tax returns, occupation
purchases, and the conclusion of contracts with automated deposits in the real estate cadastre. Data is visualized in
ArcGIS over maps, which helps better planning, decision-making, control and risk prevention.

Cadastral data are an irreplaceable source of information for property preparation of buildings, land management, taxes,
leases and others, and therefore it is important to work with them effectively in these areas. The aim is to use smart
applications to make it easier for interested participants to work with real estate cadastre data, visualize their business or
management over the map and reduce the traditional paper agenda. Property law applications combine information from
the occupation report and the real estate cadastre, keep the data up-to-date, generate all the necessary documents,
monitor deadlines and provide users with a uniform, clear guide throughout the process.

OCCUPATIONAL ELABORATION

The occupational elaboration is the basic comprehensive basis for property rights preparation of buildings and is created
in the phase of zoning or construction proceedings. It integrates spatial geodata on the location of the building given by
the project documentation in relation to the spatial geodata of the property boundaries of the lands registered in the real
estate cadastre (KN). Thus are identified the plots affected by the construction of in question, for which it is evaluated
whether they are subject to exclusion from the land of the agricultural land fund (ZPF) or from land intended for the
performance of the forest function (PUPFL). Official land decisions and building permits are issued on the basis of the
occupation report.

The occupational elaboration indicates the ranges of permanent occupations, temporary occupations and easements. It
consists of tabular and graphic parts.

Permanent occupation means parts of land for which, as a result of their occupation by the construction of a building,
a property settlement must take place through sale or purchase and, as a result, a change of owner or a change in the
right of jurisdiction over state property management.

Temporary occupation lasting more than one year means the contractual securing of parts of the land for a period
longer than one year, without changing the ownership relations to the land. Temporary occupation, which can be limited
in time to less than one year, means short-term occupation of parts of land for the needs of, for example, descent to land



or short-term manipulation of land for construction or access for cleaning ditches, handling space during construction of
engineering relocations.

Encumbrance means a right in rem to another's property restricting the owner of the land, which serves primarily to
ensure the access of authorized entities, especially in connection with the construction and maintenance of utilities.

The occupational elaboration serves as a basis for the preparation of the relevant geometric plans, usually in the
construction proceedings phase, and is one of the essential components of project documentation. This corresponds to
its technical form, factual accuracy and corresponding geometric accuracy. An example of the graphic part of the
occupation elaboration is shown in Fig. 4.

LEGEND OF OCCUPATION
KN parcel number and boundaries
property rights with an indication of KN parcel number and boundaries according to GP

. Merged boundary
operational damage
Permanent occupation

Permanent occupation - operational damage

pattern of the occupation elaboration situation

Temporary occupation over 1 year

Temporary occupation up to 1 year
Encumbrances

Figure 4. Sample of the graphic part of the occupational elaboration [10]

EXCHANGE FORMAT OF OCCUPATIONAL ELABORATION

The interchangeable format of occupational elaborations was created for the sake of mutual portability and
compatibility between different information systems. It is a format that is to unify and standardize the current digital
data of occupation elaboration into one file so that it is machine readable. In addition to their usability in various
information systems, it is also possible to use them in a BIM environment. The main goal of creating an interchangeable
format was to ensure the automation of data transfer and updating in the process of property settlement.

The interchangeable format of the occupational elaboration contains a graphic part, i.e. the geometry of the drawing of
the areas of occupations, easements, buildings and plots and a descriptive part with information on acreage, types of
occupations, acquirers and authorized entities. The exchange format also includes meta-information about the
construction, the contractor and the export. The interchangeable format is supplemented by predefined code lists of
occupation types and levels of documentation. The exchange format does not contain information on real estate cadastre
data, but only parcel identifiers linked to the real estate cadastre information system, including the validity of the state
of the cadastral data..



The documentation describes the basic scheme and parameters of the format, and especially its mandatory and optional
content.

Basic parameters of the exchange format of the occupational elaboration:
1. Custom data is stored in Extensible Markup Language format (XML).

2. The geometries are stored in the formal Geography Markup Language (GML) according to the ISO 19136:2007
standard.

3. Character encoding is allowed only in UTF-8 standard. Elements with the data type string can contain text
exclusively in the national language.

4. The geometry can only be stored in the binding East North state coordinate system, which is registered in the GML
with the EPSG:5514 code. Coordinates in GML are given to 2 decimal places.

5. The file always contains complete status data. Transmission of difference data to status data is not permitted. It is
always necessary to transmit complete data, i.e. to modify the original data according to new facts and submit it as a
new unit. Difference data can only be obtained by application comparison of two versions of interchangeable format
files.

6. The content of the interchange format is divided into individual data blocks. Not all attributes in individual blocks are
required.

7. Export to the exchange format also stores descriptive information, i.e. version of the exchange format, version of the
occupation report, validity of the state data of the Real Estate Cadastre, date of export, data on data authorization.

8. Descriptive information about the investment project, including the location of the area and other information, i.e.
name, investor, contract, level of documentation.

9. Information on the division of the project into several sections or stages of construction in the event that the
investment project is thus divided. Occupations, objects can be distinguished by assigning a number and the name of a
section or stage.

10. Information on occupations linked to the land and objects concerned, i.e. description of geometry, acreage, type of
occupation, future acquirer.

11. Information on buildings and operating files, i.e. description of geometry, designation, name, acquirer.

12. Information on encumbrances on the affected land, i.e. description of geometry, length and area, connection to the
object, connection to the geometric plan.

13. Information on geometric plans, i.e. contractor, number, cadastral area, purpose, verifier and information on future
plots from the geometric plan, ie description of geometry, new parcel numbers, acreage, type and method of use.

14. Information on the comparison of the current and new state with the records of legal relations from the geometric
plan.

15. Control information on the plots concerned.
16. Description of the geometry of lands managed only by analog.

17. Code lists as fixed values of types of occupations, levels of documentation, types of protection and organizational
units.

Files in the XML structure can be easily validated using an XSD template, which verifies the correct structure and
content of the file, filling with mandatory and optional data blocks and attributes. The second stage of control is a
solution using software, where you can check the correctness of the format of geometry description, rounding, area of
occupations and encumbrances, links to code lists, interconnection between data blocks and the valid state in the real
estate cadastre information system.

With the introduction of the interchangeable format of the occupation report, there was a clear definition and control of
the transmitted digital geodata of the occupation reports with the property of connecting descriptive and graphical data.



Occupational elaboration can be transferred by export / import functions to other SW, which ensure other processes in
construction preparation.

CONCLUSION

A suitable software solution allows you to automate, streamline and improve the quality of individual processes. No
software application will replace direct dealing with owners. The newly defined interchangeable format of the
occupation elaboration allows to significantly improve and speed up the process of preparation of constructions and by
solving all problems even before the implementation of construction saves money and time that would have to be spent
on unresolved property rights identified with delays. The new exchange format is therefore incorporated into the
internal regulations [10], [11], which are subsequently part of the contractual conditions for the implementation of all
constructions of the largest investor state organizations in the Czech Republic, namely the Railway Administration and
the Roads and Motorways Directorate. In connection with the use of BIM technology for construction management, the
process of property settlement is fully compatible and usable throughout the life cycle of the construction.
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Abstract

This study presents an approach for integrating GIS with fuzzy logic multi-criteria evaluation for locating emergency
facilities in Istanbul region. In the proposed fuzzy logic model, six influencing criteria were fuzzified (or standardized)
into appropriate fuzzy membership values by a semantic import (SI) procedure that relied on expert input to define
values of criteria suitability. Using these appropriate fuzzy membership functions, values ranging from 0 to 1 were then
assigned to each criterion in a GIS environment. Based on these analyses, the criteria layers were subsequently
aggregated using the fuzzy OR and AND overlay operators and reclassified to produce a final raster suitability map of
Istanbul that could be visualized to show favourable areas for new emergency facilities. The research result provided a
model that could be used by decision-makers for enhancing the planning of emergency facility locations and supporting
fire disaster mitigation efforts in parallel with future urban growth and developments.

Keywords: fuzzy logic, fuzzy overlay, geographic information system (GIS), multi-criteria analysis

1. INTRODUCTION

Urban population growth and infrastructural expansion in tandem with human activities have had wide-ranging impacts
on urban environments, worldwide (Dociu and Dunarintu, 2012). Prime among these impacts negatively affecting the
sustainable development of urban regions is the increased risk of fires and the occurrence of fire-related incidences in
Istanbul, a commercial and cultural centre of Turkey. Istanbul has a population of 15,519,267 people accounting for
about a fifth of the country’s total population and a large population density of 2,869 people/km? registered in the last 5
years (TUIK 2019). Fire incidences surpassing 58,000 have been experienced in the province that had average response
times of more than five minutes (IMM 2016). This study, therefore, suggests the use of GIS-based fuzzy logic multi-
criteria analytical methods for land-use suitability analysis of selecting new emergency facilities in Istanbul province.

Combined usage of Multi-Criteria Decision Analysis (MCDA) techniques and Geographic Information Systems (GIS),
hence referred to as GIS-MCDA, has been motivated by the need to enhance GIS capabilities for decision-making and
planning (Sugumaran and Degroote, 2010). The GIS-MCDA integrates geographic data (input maps) and preferences of
experts or decision-makers (DMs) to be processed into a decision (output) map (Malczewski 1999; Malczewski and
Rinner, 2015). Over the years several multi-criteria or multi-attribute evaluation methods implemented in GIS for land-
use suitability assessment applications have included Weighted Linear Combination (WLC) or simple additive
weighting (SAW) and its variations (Carver 1991; Eastman 1997), ideal point methods (Jankowski 1995), concordance
analysis (Joerinet et al., 2001) and analytic hierarchy process (AHP) (Banai 1993; Nyimbili, Erden and Karaman 2018).
In such methods, DMs or experts have been directly involved in assigning criteria weights to each attribute map layer
for aggregation using overlay techniques to determine land-use suitability or composite (output) map layer. However,
some limitations exist in the GIS-multicriteria evaluations in a decision-making procedure (Jiang and Eastman, 2000)
such as the inaccuracy, imprecision, and ambiguity of the input-data (attribute values and expert preferences) that can
be resolved by utilizing computational intelligence (Al) approaches, particularly, fuzzy logic (Malczewski 2004).
Conventional land-use suitability analysis procedures have been criticized due to the unrealistic underlying assumptions
that input data is crisp (precise) (Malczewski 2004). In complex real-world scenarios of land-use suitability analysis and
decision-making, it is arduous to specify requisite precise mathematical information from conventional techniques
based on Boolean algebra. For example, in many cases, attributes related to land use lack natural thresholds or
constraints (cut-offs) that define distinct boundaries between suitable and unsuitable areas. There usually exists
ambiguity, imprecision, and the assumption that criterion weights are provided in numerical form (contrary to linguistic
variables that indicate the importance of weights) when defining such thresholds. Therefore, fuzzy logic and fuzzy set



theory (Zadeh 1965; Fisher 2000) can address these issues associated with ambiguity, vagueness, and imprecision for
resolving land use suitability-related decision-making problems (Malczewski 2004; Nyimbili and Erden, 2020).

An extension of the classic binary logic is described by fuzzy logic and is characterized by the likelihood of defining
sets without crisp boundaries or partial membership of elements belonging to a particular set (Zadeh 1965). A fuzzy set
is defined as a class of objects with members having degrees or grades of membership ranging between 0 and 1 whereas
the classical set contains elements that must have a membership degree of either 0 or 1. The membership function is the
underlying concept of fuzzy set theory and is represented numerically as the degree to which a specified element
belongs to the set. The fuzzy set theory describes a framework for resolving uncertainty related to vagueness,
imprecision, and lack of information. Three (3) methods for fuzzy membership definition include the semantic import
model, similarity relation model, and experimental analysis (Burrough and McDonnell, 1998; Fisher 2000). The
semantic import model uses some form of expert knowledge to assign a membership relative to a property measurement
while a similarity relation procedure runs data searches for fuzzy membership based on pattern recognition algorithms.
Additionally, experiments involving humans can be used to empirically identify membership functions.

Several GIS-based studies utilizing the concept of fuzzy logic and membership function have been reviewed in the
literature involving site selection, risk susceptibility mapping and groundwater quality assessment (Ahmed, Rogers and
Ismail, 2014; Alves et al., 2018; Charnpratheep, Zhou and Garner, 1997; Cakit and Karwowski, 2018; Loro et al., 2016;
Soroudi et al., 2018; Venkatramanan et al., 2015). To the best of our knowledge, no research applying fuzzy logic
spatial multi-criteria evaluation techniques has ever been undertaken within the domain of emergency facility selection
and suitability analysis for Turkey and Istanbul, in particular. Several advantages of applying fuzzy logic over
conventional methods as applied to spatial decision-making problems and land suitability modelling have been stated by
some researchers (Hall et al., 1992; Burrough and McDonnell, 1998; Fisher 2000). Burrough and McDonnell (1998)
recommended the use of fuzzy membership procedures as ideal for boundary delineation between diverse land-use
suitability classes. The authors demonstrated the resultant effects of information loss and an increase in the likelihood of
errors when a spatial decision problem comprises imprecise data in conventional methods. Castanho (2005) further
reinforced the advantages of using fuzzy logic as being able to mathematically model inaccurate information from
natural to human language and the use of values without specifying rigid thresholds between classes. The preservation
of complete partial membership information while considering the uncertainty and imperfections is characteristic of the
fuzzy logic approaches.

This paper, therefore, proposes the use of a fuzzy-oriented GIS-based multi-criteria analysis approach and fuzzy overlay
analysis for suitability mapping of new emergency facilities in Istanbul province.

2. RESEARCH METHODOLOGY
2.1 Criteria selection, data collection and processing

Based on a previous study by Erden and Coskun (2010) that utilized the AHP method, as well as a literature and project
report review (Gay and Siegel, 1987; IMM 1989; Johnston 1999) six criteria/attributes were established as influencing
factors for suitability mapping of new emergency facilities in Istanbul province. These selected attributes were the
distance from existing emergency/fire facilities (DEF), closeness or nearness to main roads (NMR), distance from
earthquake risk-prone areas (DER), high population density (HPD), hazardous material density (HMD) and wooden
building density (WBD). Most of the representative attribute data were collected from the Istanbul Metropolitan
Municipality Fire Department and were in vector-based polygon data. Using ESRI ArcGIS software, these data were
processed, standardized (fuzzified), and analysed in raster criteria map layer formats per sub-district area of Istanbul to
a spatial cell resolution of 50 x 50 m% Fuzzy overlay analysis was performed to aggregate the fuzzified criteria map
layers into a fuzzy suitability map. Subsequently, defuzzification was carried out by a reclassification using the natural
breaks (Jenks) classifier and converted into a conventional final suitability map for selecting new emergency facilities
of Istanbul.

2.2 Conceptual flow chart

Implementation of the GIS-based fuzzy logic suitability modelling approach was conducted in a fuzzy expert system
that involved expert knowledge in the structuring of the system elements. A fuzzy system is a system containing some or
all variables which are fuzzy sets (Klir and Yuan, 1995; Qiu et al., 2014). The conceptual flow chart of this fuzzy model
as illustrated in Figure 1, comprises of the selection factors, a fuzzification or standardization procedure for fuzzy
suitability membership derivation, a fuzzy inference process, a fuzzy suitability map, defuzzification by reclassification
into a final conventional suitability map.



Figure 1. The conceptual model for the study

Within the proposed fuzzy logic model, fuzzification is carried out to convert the selection factors under evaluation for
suitability mapping of new emergency facilities into the relevant fuzzy set expressed by grades of membership of each
land unit respective of the suitability class it belongs to. These fuzzy membership grades acquired for all the six
established criteria were then aggregated into a fuzzy suitability map by a fuzzy inference process based on particular
fuzzy rules. The aggregated fuzzy suitability map defined the overall measure of suitability for the distribution of the
new emergency facilities, ensuring a continuous suitability domain across the entire study region. Such a fuzzy
suitability map is said to be more informative than the conventional crisply-defined suitability/unsuitability map (Qiu et
al., 2014). In a defuzzification procedure, the fuzzy suitability map may be converted to a conventional suitability map
with clearly defined boundaries.

2.3 Implementation of the fuzzy logic model approach

As earlier discussed, the fuzzification process is a form of standardization that converts raw criteria measurements into
fuzzy membership grades based on fuzzy membership functions defined by an expert for each suitability index ranging
from values between 0 and 1. In this study, the semantic import (SI) method was selected as appropriate to evaluate the
fuzzy membership functions due to the non-availability of training data and the convenience of having a general idea of
boundary definition of suitability classes based on expert knowledge (Burrough and McDonnell, 1998). Although
difficult to precisely define criteria thresholds of suitability values using the Sl approach, the previous study by Erden
and Coskun (2010) provided a rationale for delineating the associated suitability boundaries between classes.

Using the fuzzy logic analyses functionality in ArcGIS software, fuzzy membership functions were assigned to the
relevant attribute values in the criteria map layers between 0 and 1 and the fuzzy overlay tool was used to merge the
multiple fuzzy membership result maps into a composite fuzzy suitability index map (Caniani et al., 2011; Cakit and
Karwowski, 2018). The fuzzy overlay analysis utilizes the fuzzy logic concept and is applied in various GIS-based
decision-making problems (Cakit and Karwowski, 2018; Loro et al., 2016; Qiu et al., 2014; Venkatramanan et al.,
2015). The fuzzy overlay procedure permits analysis of the possibility of a phenomenon associated with multiple sets



and their inter-relationships in a multi-criteria overlay analysis in four key steps: collection/processing of source criteria
map layers, fuzzy membership value assignment for each map layer, aggregation of the fuzzy criteria map layers into a
fuzzy suitability map and result assessment (Cakit and Karwowski, 2018).
2.3.1 Fuzzy membership functions
Comparing with conventional standardization procedures, a broader variety of suitability membership functions were
reviewed for use with the semantic import (SI) method in this study to derive the fuzzy membership grades that
included the sigmoidal shaped functions of fuzzy linear, fuzzy small and fuzzy large. A brief description and formula
expression of these functions are given below (Raines, Sawatzky, and Bonham-Carter 2010).

e Linear: An increasing linear or decreasing linear membership between two input values depicted by a

linearized sigmoid shape.

Ui = 0if x <min, ugy = 1if x > max, (1)

. x — min
otherwise pi,y = ( )/(max — min)’

where min and max are user inputs.

e Small: Large membership for small input values represented by a sigmoid shape.

=1

2

where user inputs f; is the spread and £, is the midpoint.

e Large: Large membership for large input values represented by a sigmoid shape.
-1
ey = / i ©)
1+x 7/ £

where user inputs f; is the spread and £, is the midpoint.

Table 1 shows the membership functions subjectively determined for modelling the selected criteria to define the fuzzy
suitability membership grades used in this research.



Table 1. Fuzzy membership and respective minimum and maximum suitability values of the selected criteria

Fuzzy membership Minimum value of Maximum value of
function for suitability suitability
Criteria fuzzification
DEF (coverage area in
minutes) Increasing linear 1 5
NMR (metres) Decreasing linear 300 0
DER (PGA values in g) Small 2.38 0.05
HPD (people per hectare) Large 0 1,333.2
HMD (no. of, per sub-
district) Large 0 153
WBD (ratio of, per total
building numbers) Large 0 1,781.8

The representative fuzzy membership functions for the criteria are as illustrated in Figure 2 a) —f).

a) DEF (increasing linear) b) NMR (decreasing linear)

c¢) DER (small) ¢) HPD (large)



e) HMD (large) f) WBD (large)

Figure 2. Representative fuzzy membership functions for the a) DEF, b) NMR, ¢) DER, d) HPD, ) HMD and f) WBD
criteria

The fuzzy increasing linear function for the DEF criterion assigned high fuzzy membership to large user-specified
travel distance values (in minutes) which increase at a constant rate while the fuzzy decreasing linear function for the
NMR criterion assigned high fuzzy membership to small distance values (in metres) that decrease steadily. Small PGA
(peak ground acceleration value in units of gravity) values for the fuzzy small function of the DER criterion were
allocated high fuzzy membership. The fuzzy large function for the remaining HPD, HMD, and WBD criteria distributed
high fuzzy membership to their respective large values.

The corresponding fuzzified criteria map layers were as displayed in Figure 3 a) — f).

a) Fuzzified DEF criterion map layer b) Fuzzified NMR criterion map layer



¢) Fuzzified DER criterion map layer d) Fuzzified HPD criterion map layer

e) Fuzzified HMD criterion map layer f) Fuzzified WBD criterion map layer

Figure 3. Fuzzified map layers for the a) DEF, b) NMR, ¢) DER, d) HPD, ¢) HMD and f) WBD criteria

2.3.2 Fuzzy overlay operators

The following fuzzy operators were reviewed for use as appropriate overlay aggregator types of each raster cell’s
membership to the multiple input criteria map layers relative to the desired fuzzy suitability map output: Fuzzy OR,
Fuzzy AND, Fuzzy PRODUCT, Fuzzy SUM, and fuzzy GAMMA (Raines, Sawatzky and Bonham-Carter 2010).

1. Fuzzy OR

The Fuzzy OR is a maximum operator described by the union function based on the Boolean OR logic, which
takes the maximum (largest) membership value for a particular location of the output map layer.

It is specified by the equation:

ﬂ(x) = Max (#A' Up, Uc, ) (4)

where 11, indicates the degree of membership of x in a specified map layer and p,), (s), U (c) etc.
are the membership values of the map layers 4, B, C at a particular location.



Fuzzy AND

The Fuzzy AND is defined by the intersection function, given as the minimum (smallest) membership value
for a particular location of the output map layer, expressed by the equation:

Koy = Min (:uA' HUp, He) ) (5)

Fuzzy PRODUCT

The Fuzzy PRODUCT operator generates an output function at a particular location that is less than or equal to
the given lowest function of all the input map layers and therefore has a decreasing effect because of the
multiplication of each map layer’s membership value.

It is given by the equation:
HUproduct = H?zl Hi (6)

where y; is the membership value of the i™ map layer at a specified location and n is the number of
respective maps to be multiplied.

Fuzzy SUM

The Fuzzy SUM is complementary to the fuzzy product operator and can be described by the following
equation:

Usum =1 — ?=1(1 = W) (7)

where n is the number of map layers to be integrated and y; is the membership value of the i map layer.

The combined effect of the input map layers is larger (or equal to) the largest membership value and therefore
this operator has a resultant increasing effect at a defined location.

Fuzzy GAMMA

The Fuzzy GAMMA operator is an algebraic product of the two Fuzzy SUM and Fuzzy PRODUCT, which are
both raised to the power of gamma therefore moderating the increasing and decreasing effects, respectively.

The general form of the function is characterized by the equation:
uy = (T2 w7 A =TT (X — )" (©)

where y is a user input variable selected from the range [0, 1].

When the specified gamma is 1, the output is equivalent to the Fuzzy SUM and if gamma is 0, the combination
is the same as Fuzzy PRODUCT. In-between values permit combinations between these two extremes, thereby
establishing relationships between input criteria without returning the value of a single membership function as
does either the Fuzzy OR and Fuzzy AND. Therefore, the optimization of membership combination can be
achieved by the proper selection of the gamma.

Fuzzy GAMMA can be used when values greater than Fuzzy PRODUCT but less than Fuzzy SUM are
desired.



3. RESULTS AND DISCUSSION
3.1 Development of the fuzzy overlay model

The fuzzy overlay analysis was implemented in ESRI ArcGIS 10.3 software using the fuzzy membership tool for
assigning appropriate ratings of 0 to 1 scale for the input criteria raster map layers based on the respective fuzzification
algorithms. Aggregation of the multiple fuzzy membership result layers into the fuzzy suitability map was performed
using the fuzzy overlay tool. Figure 4 shows the fuzzy logic model that was executed using the ModelBuilder application
of ArcGIS for automating the sequences of geoprocessing tools and workflows.

Figure 4. The fuzzy overlay model geoprocessing workflow for fuzzy suitability map generation

In the fuzzy overlay analysis, as shown in Figure 4, the fuzzy AND operator was used to merge the fuzzified DEF,
NMR, and DER criteria while the fuzzy OR operator was performed to combine the remaining HPD, HMD and WBD
criteria. The selection of the appropriate combinations of fuzzy overlay operators was subjectively done based on the
visual inference of outputs and how the evidence rasters interact. The use of these operators provided a greater
flexibility level compared to the weighted-sum or weighted-overlay procedures because they allowed for the
incorporation of greater sensitivity based on expert knowledge and inference of desired result rasters (Raines, Sawatzky
and Bonham-Carter 2010). For the final procedure, the fuzzy AND operator was used to aggregate the preceding map
results from both the fuzzy AND and OR operators to generate a fuzzy suitability map of new emergency facility
locations. The fuzzy suitability result map produced in this process is illustrated in Figure 5.



Figure 5. Fuzzy suitability map

As observed from the fuzzy suitability map, the fuzzy values ranging from 0 to 1, represent areas of lowest and highest
suitability, respectively which also coincide with corresponding zones of lowest and highest risk of urban fires. This
fuzzy map result indicated the continuous spatial variation of the suitability indices for new emergency facility sites as
well as the potential urban fire risk phenomenon under investigation in this study. The fuzzy membership methodology
was considered appropriate for boundary definitions between the suitability classes and as reiterated by Burrough and
McDonnell (1998), is a better approach compared to conventional methods which tend to lose information and increase
the likelihood of errors. This is characteristic of spatial problems involving imprecise data.

3.2 Final suitability map of new emergency facilities

Defuzzification procedure was executed using the reclassify tool, to convert the fuzzy scaled values of the map into a
final suitability map with the new re-scaled range of crisp values that could be easier to visually interpret by most users.
The natural breaks (Jenks) classifier method was used to classify the map into five class values ranging from 1 to 5,
indicating the least and highest suitability, respectively as shown in Figure 6.



Figure 6. Final reclassified suitability map of new emergency facilities in Istanbul province

From the final conventional suitability map shown in Figure 6, the clear-cut boundary class values labelled 1, 2, 3, 4,
and 5 represent classes depicting suitability ranging from very low, low, medium, high, and very high respectively.

Most of the areas with high suitability shown in yellow, orange, and red colour were concentrated around the most
densely populated city centres of Istanbul. These are highly urbanized clusters of large commercial/industrial, trading
and tourist activities that are prone to the risk of urban fire and are in urgent need of new emergency facilities for
adequate fire protection and related services. Particularly, these potentially high-risk areas are situated in the district
regions that include Fatih, Beyoglu, Sisli on the European side of Istanbul while those on the Asian side consist of
Uskiidar, Kadikoy and Umraniye.

4. CONCLUSIONS

The potential of the use of fuzzy logic multi-criteria evaluation in a GIS-based suitability modelling framework has
been demonstrated by mapping the optimal distribution of new emergency facility locations in Istanbul province to
augment complex planning and decision-making processes. The fuzzy logic modelling procedures involved data
collection and processing into criteria map layers, fuzzification (fuzzy membership assignment) of each raster criterion
map layer, aggregation into a fuzzy suitability map by use of fuzzy overlay analysis using a fuzzy inference process,
reclassification into a final suitability map and result evaluation.

Visual interpretation of the final suitability map output indicates favourable locations for planning new emergency
facilities distributed around the most densely populated and industrial zones of Istanbul. These areas ranging from
moderate to very high suitability shown in corresponding yellow, orange, and red colours which also depict exposure to
urban fire risk requiring urgent planning of new emergency facilities as a remedial action.

The effectiveness of the use of the GIS-based fuzzy logic multi-criteria model approach that is easy to implement has
been established in providing a suitability map. The model output could be used by decision-makers, planners and
policy-makers to reliably and comprehensively plan for the necessary fire protection and emergency services as well as
in solving spatial emergency facility location problems within the context of planned future urban growth.
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Abstract

The present study aims to estimate average erosion and investigate spatial distribution of soil loss as well as the
calculation of the amount of removed soil in the period between 2000 and 2018. In order to be achieved soil erosion
potential and sediment yield in Mitrovica region (Kosova), Erosion Potential Model (EPM) also known as Gavrilovic
method has been implemented, as the most used model in our region. The EPM is a quantitative method of estimation
soil loss. An approach of Geographic Information System (GIS) and Remote Sensing (RS) have been presented and
demonstrated in the present study. The model was implemented in two time series, annually. The input data such as
climate parameters (precipitation and temperature) as well as other parameters (geology, topography, land cover) have
been collected and recorded from different local and freely available datasets. Unaviable or unreliable data necessary
for the model are calculated within the software procedure. Because of the lack of input data according the
requirements of the model, the necessary data have been computed. The combination of GIS and RS have enabled to
develop the reliable model. The performed results on this study will be m*km?/year. The spatial-temporal distribution
of erosion intensity maps and soil loss map in two time series were generated as thematic maps of 20m spatial
resolution.

Keywords: Erosion Potential Model, Geospatial Technologies, Erosion Intensity, Soil Loss, Time Series Maps.

INTRODUCTION

One of the nine leading processes causing soil degradation in the European countries is soil erosion (Dragicevi, 2016).
Soil erosion is a process of mechanical detachement of the soil under the influence of erosive agents such as water and
wind that consists of a detachment of soil practices, transportation of detached soil and its deposition (Dragicevi, 2016).
Blinkov (2012) pointed out that the difference between soil loss and sediment production (erosive material production)
is the crucial thing. The main influence on erosion porcesses are considered to have climate, soil, topography,
vegetation cover and antropogenic factors (Dragicevi, 2016). Techniques like remote sensing and GIS are nowadays
applied to evaluate erosion risk (Elhag et al., 2019). Erosion rate is very sensitive to both climate and land use, therefore
southern Europe and the Mediterranean region is particulary prone to erosion because it is subject to long dry periods
followed by heavy bursts of erosive rain, falling on steep slopes with fragile soils (Globevnik et al., 2003). Because of
the uncontrolled deforestration, inappropriate land use and due to human impact, the Mitrovica region is highly exposed
to erosion. For assessment of soil erosion risk, generally, three types of approaches exist in Europe (Eskelmann et al.,
2006): qualitative approach, quantitative approach and model approach, all of which vary in their characteristics and
applicability (Milevski, 2015). In last two decades, already developed models and approaches are improved through the



use of geospatial databases developed using GIS technology. There are several well-evaluated empirical models such as
USLE, RUSLE, PESERA, etc. Moreover, a widespread empirical model is the Erosion Potential Model (EPM), also
known as Gavrilovic method (Gavrilovic, S., 1962; 1970; 1972), as long as its modifications (Lazarevic, 1968a; 1985).
The method takes under consideration six factors, depending on surface geology and soil properties (Y coefficient/
erodibility factor), topographic features (mean slope, J), climatic factors {mean annual rainfall (H), mean annual
temperature (T)}, land use type and distribution (x coefficient/ soil protection factor) and the catchment’s degree of
erosion (¢, erosion and stream network development coefficient) (Efthimiou et al., 2016). Efthimiou et al. (2016)
pointed out that EPM has been widely implemented throughout the Balkans as well as in other countries [Serbia
(Gavrilovic Z., 1988), Croatia (Petras et al., 2005), Slovenia (Zemljic, 1971), Germany (De Cesare et al., 1998), Italy
(Fanetti and Vezzoli, 2007; De Vente et al., 2006), Argentina (Rafaelli et al., 1998), Belgium (De Vente and Poesen,
2005), Greece (Stefanidis et al., 1998; Emmanouloudis and Filippidis, 2002; Emmanouloudis et al., 2003; Kalinderis et
al., 2009)], providing reliable results on qualifying soil erosion severity, estimating mean annual soil loss/ sediment
yield as well as implementing torrent regulation and other erosion control measures. The assessment of soil erosion and
sendiment transport in hydrological catchment is imperative, in different temporal and spatial scales, in order to protect
and preserve soil (Efthimiou et al., 2016). Empirical models are widely applied, especially in countries where the
availability of input data is often scarce and the validity ambiguous (such as Kosova, Mitrovica), because of their
simplicity and ease of use, having less input data and computations demands than the comprehesive ones (Efthimiou et
al., 2016). The present study demonstrate the incorporation of EPM into GIS environment, in which was tested and
implemented in detail the Mitrovica erosion. Considering the abovementioned issues, the present study aimed to
assessment the soil erosion in two time series, 2000 and 2018. The Mitrovica area was selected for this purpose beacuse
of the climatic, topographic and anthropogenic parameters. The EPM was implemented into GIS environment in full
accordance with its requirements. The remote sensed data were used to compute specific parameters according to model
requirements. The erosion process is one of the key issue in the process of environmental monitoring and management,
thus it should be taken into account and should be adresses as well.

STUDY AREA

The Mitrovica is bounded in the north part of Republic of Kosova, only 25 km from the capital Pristina. The study area
extends along to shore of the Sitnica river. The study area bounded coordinates are in the North (42°57°02"" and
20°54’36’) and the South (42°52°13"" and 20°54°19°"). The toal study area covered 41km? while the minimum
elevation is 502m and the maximum elevation is 991m. The annual average precipitation is around 750 mm and
moderate winds blowing predominantly from the northeast, average speed ranges 20 m/sec to 4.4 m/sec (Maliqi et al.,
2018). Average speed ranges 20 m/sec to 4.4 m/sec. As well as the winters are colder with medium temperatures above
-10 °C, but sometimes down to —26 °C. The summers are very hot with average temperatures of 20 °C, sometimes up
to 37 °C (Maliqgi et al., 2018). The study area consists of 15 settlements including here urban and rural area. The
Republic of Kosova map in which is located study area, is shown in the Figure 1.

Figure 1. Map of the study area.



DATA AND METHODOLOGY

It is known that many empirical approaches for the intensity of soil erosion and sediment transport cannot be easily
applied in different countries, despite many efforts to make truly ‘universal” models (Kostadinov et al., 2018). One of
the most widely known and accepted model for erosion estimation and sediment transport in the Balkan region, East
and Central Europe, is the Erosion Potential Model (EPM), aslo known as Gavrilovic method.

The Erosion Potential Model (EPM)

According to the method, the anual volume of detached soil due to erosion has been calculated by the following
equation (eq. 1.). The Equation 1 is the average annual erosion, which can be expressed as follow:

W=T-H-m-Vz? F Q)

Where, W is the average annual erosion (m®year™), T is the temperature coefficient, h is mean annual rainfall (mm), F
is the catchment area (km?).

The equation which calculates the temperature coefficient is (eq. 2.)

T = *J'{% +0.1) @

Where, t is mean annual temperature (°C).
The erosion coefficient (z), being the meausre of intensity or density of erosion processes (Staut, 2004) was calculated
by next equation (eq. 3.) It is known as risk coefficient as well.

~
z=x'y (0+.]) ®

Where x is the soil protection coefficient, y is the soil erodibility coefficient, ¢ is the erosion and stream network

catchment and J is the average slope of the watershed (%) (Efthimiou et al., 2016).

Zemljic (1971) has classified the z coefficient and the table 1 is presented as follow.

Table 1. Classification of the z coefficient.

Erosion Intensity z
Very low <0.19
Low 0.20-0.40
Moderate 0.41-0.70
High 0.71-1.00
Very high >1.00

Having calculated the total annual soil erosion rates, we calculated the sediment delivery ratio, which is needed for the
actual sediment yield calculation (Kostadinov et al., 2018). The appropriate form of the equation in order to determine
sendiment delivery rate was suggested by Gavrilovic as follow:

_ vop
R, = 0.25-(L+10) “)

Where, R, is the coefficient of retention of the eroded material, O is perimeter of watershed (km), D is average
diferences of elevation of the watershed (km) and L is length of the watershed (km).



By multiplying the potentially eroded material and the coefficient of the retention (W,* R,), the average annual
sediment transport (G) arriving at the mouth, will be calculated as:

Gyear = Wyear* Ry (ms/yeaf) (5)
Source data and Data processing

The present study were conducted by using the secondary data. The data sets have been collected and processed to
derive soil erodibility factor, mean slope, mean annual rainfall, mean annual temperature, soil protection factor, erosion,
and stream network coefficient (Maligi and Singh, 2019). The secondary data were considered data which are not
captured directly from the environment. Numerous source data were obtained and used in the present study (Maligi and
Penev, 2018). The modeling is based on the numerical evaluation of the factors that influence erosion using
classification and quantitative methods (Milevski and Ivanova, 2013). The erodibility factor (Y) was obtained on the
basis of geological map in scale 1:100000, which was digitized in GIS software. In the appropriate procedure
coefficients within the study area were given to the lithology units in form of soil erodibility coefficient (Y).

The datasest images used in the study were obtained from Landsat 7 and Landsat 8 in different time series (2000 and
2018) provided by U.S. Geological Survey. The spatial resolution of Landsat 7 (2000) and Landsat 8 (2018) used has
been 30m. The Landsat 7 Enhanced Thematic Mapper (ETM) and Landsat 8 OLI/TIRS were downloaded from U.S.
Geological Survey thorugh EarthExplorer (www.earthexplorer.usgs.gov). The Landsat 7 ETM datasets for 2000 and
Landsat 8 OLI/TIRS datasets for 2018 of Mitrovica have with 30m spatial resolution. The spectrals band 3 of Landsat 7
ETM and band 4 of Landsat 8 OLI/TIRS, have been used in oder to generate the erosion and stream network catchment
coefficient (¢). The Land Cover map was provided by Copernicus Land Monitoring Service (www.land.copernicus.eu).
The CLC 2000 and CLC 2012 datasets were used and in this way the soil protection coefficient (x) has been generated.
Because of the lack of updated Corine Land Cover dataset (for 2018), in the present paper CLC 2012 dataset was used
insetad of the CLC 2018. In order to generate the average slope of the watershed in percentage (%) the J factor, 20m
ALOS (Advanced Land Observation Satellite) Digital Elevation Model (DEM) was used. The GIS software has been
used to calculate the average slope of the study area in percentage (%) from ALOS DEM. The climate coefficients such
as the Temperature coefficient (T) of 2000 (base year), were obtained from 1km resolution WorldClime (v.2.0)
(www.worlclim.org). The 2018 (comparative serie) temperature coefficient (T) was calculated by using the algorithm
given by Avdan and Jovanovska (2016). The algorithm uses USGS formulas, which in the present paper have been used
to calculate Land Surface Temperature (LST) using the Landsat 8 bands. This methodology requires applying a set of
equations through raster calculator in any GIS software (QGIS). In particular the methodology requires band 10, band 4
and band 5 to calculate the LST. The same methodology was used, in order to calculate the T coefficient for the 2018.
The mean annual rainfall in mm (H) was generated by applying vertical gradient method because the lack of the
permanent active meteorological stations in Mitrovica or within the study area. The h factor was prepared by combining
the real data from meteorological stations in Republic of Kosova and corresponding vertical gradient. Due to various
sources of input data, which were obtained and collected in different formats and reference systems. Data
harmonization process is made at first. The input data were proccessed in QGIS software and the reference system in
which all data were transformed has been KosovaRefOl (Kosovo coordinate system), a local coordinate system in
Gauss-Krugger projection in ETRS89 datum. In order to improve the data quality, the satelite imagery geometric
corrections were done as well. The cartographic outputs (Erosion Intensity map & Average annual erosion map) were
generated for two time series (2000 and 2018) and the digital maps were generated in the GeoTIFF format. The
unsupervised classification methodology was selected that the cartographic output to be classified as a multicolor
pattern in order to show the maps range values or map classes. It has helped that maps to be interpreted easily. The
implementation of EPM in the present study area, was done supporting geospatial technologies such as Remote Sensing
(RS) and GIS, thus the maps layout was compiled using the QGIS software tools.

MODEL IMPLEMENTATION

In order to determine each individual factor according EPM requirements were proccessed the input data, described in
the previous chapter (Chpater 3). According this approach were calculated the model factors, based on mentioned
equations (Eq. 1 & Eq. 3). In general this was done into GIS environment and raster calculator in particular. Each factor
required by EPM was modeled in the form of digital map (vector and raster). However, the final format of individual
factor was converted into the raster format to make suitable for model implementation (Maligi and Singh, 2019). The
EPM flowchart has been sketched in the following diagram, adapted by Efthimiou et al. (2016). This diagram (Figure 5)
clearly has expressed the origin of the factors and data modelling according the EPM method, which is based in the
input data as well. In order to be analyzed in detail the soil loss and intensity, the model has incorporated two main
equations (Erosion Intensity & Average annual erosion), which will be explained in the next sub-chapter. This approach



has been repeated in two time series (2000 & 2018) and cartographic output (Erosion intensity maps & Average annual
erosion maps) was performed.

Figure 5. The flow diagram (adopted by Efthimiou et al., 2016).

Erosion intensity

In order to determine the erosion coefficient (z), the calculation of the each individual factor through Equation 3. is
required (Efthimiou et al., 2016). The erosion intensity or erosion risk was calculated based on soil protection
coefficient (x), the soil erodibility coefficient (y), the erosion and stream network coefficient (¢) and the average slope
(J). This derive from empirical composition of the equation (Eq. 1). According the z coefficient values based on the
Zemljic (1971) classification and equal interval classification used into GIS environment, the erosion intensity maps in
two time series fall in five categories (Table 1). The most of area for the 2000 erosion intensity map falls in these
categories “Moderate” (0.41<z<0.70), “High” (0.1<z<1.0) and “Very high” (z>1.0). In the same methodology was
acted for the erosion intensity map of 2018, as well as the most of area in 2018 serie falls in these three categories:
“Low” (0.20<z<0.40), “Moderate” (0.41<z<0.70) and “Very high” (z>1.0). The coefficient translated in the percentage
ranges as follow; to the erosion intensity map of 2000 according equal interval classification in GIS the “Moderate” is
23.4%, “High” is 31.7% and “Very high” is 27.5%. The erosion intensity maps of 2018 according equal interval
classification as well, has demonstrated that most of the study area fall in categories: “Low” is 19.6%, “Moderate” is
39.7% and “High” is 27.3%. The erosion intensity coefficient (z) can be viewd as a soil loss indicator as well.

The following figures (Figure 6) has shown visually the comments explained above. The cartographic outputs (raster
maps) have been compiled in full accordance with the EPM equation requirements with 20m spatial resolution using
unsupervised raster classification methodologym, exactly equal interval classification supported by QGIS software.
Then, the z coefficient will be included in the calculating of the average annual erosion (m®year™) but in the appropriate
form that the EPM equation (Eq. 1) requires. In the table below (Table 2), has been calculated and expressed several
important data derived from the study. These data were generated in order to validate the erosion intensity coefficient
(2). In the current form and format, these data incuding erosion intensity maps in the raster format for 2000 and 2018
(Figure 6) and analytical calculations derived from this, will be used easily for multiple purposes. The erosion insteniry
coefficient if one of the most generated parametrs in order to calculate spatial soil loss as a mian objective of the present
study and it will be addressed in the following sub-chapter.



Figure 6. Erosion inensity (z) map for 2000 & 2018.

By analysing carefuly the below table (Table 2), we can see that there are some decreases and increases throughout the
erosion intensity categories, within the study area. The interpretation of the performed results in the table between two
time series (2000 and 2018) tell us that the most decrease is in the “Very high” categorie (16.2%) and the most increase
is in the “Moderate” categorie (16.4%).

Table. 2. Time series data of erosion intensity coefficient (z) according Equal Interval classification.

Soil erosion potential

Nowadays, various models are being applied for soil erosion assessment. Erosion Potential Model has the potential to
estimate erosion and sediment transport in the Balkan region, East and Central Europe (Maligi and Singh, 2019). There
are several classifications of these soil erosion models and one of them is conceptual model in which falls EPM.
According to Thiemann (2006), conceptual models provide an indication of quantitative and qualitative processes
within a watershed. The present study demonstrate the EPM as a quantitative approach. The methodology for the soil
erosion assessment method selection is based mainly on in two criteria: area of the study area and input data availibility.
The literature has shown that EPM has significant role in the soil erosion assessment in local scale. The evolution of the
Gavrilovic (EPM) model has began with the use of geospatial technologies such as GIS and RS. In the present study
were generated the soil erosion maps in two time series (2000 and 2018). The raster soil loss maps were compiled with
20m spatial resolution in two time series. The detached soil map of 2000 has shown that the minimum volume of the
detached soil was under 100 m*km?/year, whereas the maximum volume of the detached soil was above 2000
m3/km?/year. This raster map were classified in five classes based on (Equal Inerval calssification) unsupervised
methodology supportin by QGIS software (Figure 7). Based on the same methodolody was acted in the comperative



serie (2018) and the output raster has shown that the minimum volume of the detached soil was under 150 m*/km?/year,
as well as the maximum volume of the detached soil has been above 2200 m*/km?/year. In addition the soil erosion
raster map was classified in the five classes as well (Figure 7). The minimum difference of the detached soil volume
between 2000 to 2018 series was 50 m3/km?/year and the maximum difference of the soil loss volume was above 200
m*/km?/year. According time series raster maps, the detached soil based on the EPM model between period 2000 and
2018, to the minimul volume was increased about 0.4% and has been decreased 3.4% to the maximum volume in the
total soil loss volume within a single serie. It can be expressed as well for year therefore the increased of the detached
soil volume is about 5.5% (the rate per year). The annual sediment transport was 770.55 m*/km?/year in 2000 while it
amounted to 968.8 m*/km?/year in 2018. In addition the erosion intensity and detached soil are linked with EPM six
factors, which have derived from input data and the accuracy of the input data has affected directly the accuracy of the
performed results in this paper. Thieken et al. (1999) and Vogt et al. (2003) pointed out that reliability of the final
results within GIS is strongly correlated with the accuracy and level of detail of input data. The lack of the Land Cover
dataset of 2018, in the present paper was used dataset of 2012 instead of 2018. Therefore, this has affected the finally
result of the study. But this research is at the local scale, so the impact in the performed result has been not relevant
almost. The figure t. demonstrates the potential detached soil in milimeter per year (mmyear™).

Figure 7. The soil loss map for 2000 & 2018.

CONCLUSIONS

Geospatial assesment of soil erosion and sendiment transport and its mapping is one of the most important technique to
determine the changes in environment. There have been no attempts to asses the risk of soil erosion at local and national
level in Kosova by using geospatial technologies. The main objective of this study was to apply the Erosion Potential
Model (Gavrilovic method) in conjuction with RS and GIS to the Mitrovica region, in order to estimate soil erosion and
sendiment yield and transport as well as its spatial distribution. The performed results have been in two time series
(2000 and 2018) and they were compared as well. In the area of this study from the early years till now, local works on
the protection against erosion and torential floods were not carried out ever. Therefore, was chosen to esimate soil
erosion and sendiment transport in two time series, in two last decades. The erosion is a physical process and control of
erosion is a worldwide environmental problem. Hence, the European Commission’s Soil Thematic Strategy has defined
soil erosion as a significant problem and monitored soil erosion in Europe (Kostadinov et al., 2018). Due to global
warming and antropohenic activities such as land use and land cover changes (LULCC), the erosion rate is ecpected to
be increased in this century. The statistics about meteorological conditions in Kosova between 2000 and 2018 has
shown that average annual precipitation and mean temperature were increased generally. Beacuse of this, the study has
demonstrated that the erosion intensity coefficient and amount of soil loss and sendiment yield and transport were
increased as well. Numerous data were obtained and used in the present study, which can be named as secondary. These



data were not captured directly from the environment such as erodibility factor, slope, mean annual rainfall, mean
annual temperature, soil protection factor, erosion and stream network coefficient. These data were free of charge and
the accuracy of the study depends by those secondary data.

The results of the study showed that in 2000 the minimum of the soil loss was under 100 m*/km?/year and the maximum
of the soil loss was above 2000 m*km?/year. As well as the minimum of the soil loss was under 150 m*/km?/year and
the maximum of the soil loss was above 2200 m*km%year in 2018. It spatial distribution in two time series was
compiled as thematic maps in a raster format with 20m spatial resolution. In the serie of 2018, soil erosion was
calculated by using as the soil protection coefficient (x) obtained from CLC2012 instead CLC2018 because of the lack
of the updated Corine Land Cover dataset (2018), which ecpect to be updated soon. As well because of the lack of
permanent active meterological stations within study area, was applyied the vertical gradient method in order to
generate the H coefficient. In this way was acted in two time series. According field and abservations the performed
results in the study have been confirmed.
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Abstract

The purpose of the study is to map the soil properties and distribution of natural radionuclides “°K, ?*®U, %?Th, and
artificial radionuclide **'Cs along a case study transect in the polar region of Livingston Island (Antarctica). The
activity concentrations of radionuclides in surface soil samples collected from 21 experimental sites were analyzed. The
studied polar ecosystems are differentiated according to the type of vegetation cover. The results obtained are discussed
in relation to soil characteristics such as pH, organic carbon and nitrogen content, mechanical composition. The
results for the activity concentration of *'Cs in the samples are indicative of radionuclide deposition and radionuclide
contamination even in the remote polar regions of Antarctica as a consequence of the Fukushima accident (May 2011).
The results are visualized using GIS technics generating first soil maps for the polar region of Livingston Island
combined with maps of the distribution of the studied radionuclides. The results obtained indicate the presence of great
variability of studied indicators and complement the information on polar ecosystem components in the context of
radioactive and environmental studies.

Keywords: Soil properties, Radionuclides, Polar ecosystems, Mapping

INTRODUCTION

Remote and isolated polar areas, such as Livingston Island (South Shetland Islands) are likely to represent pristine
environment where the ecological state of the ecosystems are recognized as reference baseline level for concentrations
of certain contaminants. In recent years, Antarctica is undergoing rapid and constant environmental changes due to both
climate trends and anthropogenic factor. Special interest is paid on distribution of radioactive contaminants, both natural
and artificial. The accidents with Chernobyl Nuclear Power Plant (NPP) in 1986 and later with the Fukushima NPP in
2011 resulted in the uncontrolled release of radioactive contaminants into the atmosphere, which affected the
environment of the whole world, also the remote Polar Regions. The concentration of the artificially produced
radionuclides in Antarctic and sub-Antarctic areas is controlled by their long-range transport. For tropospheric
transport, a 30-day transit time of the air masses from distant continental regions to the South Pole has been suggested
by Maenhaut et al. (1979). Pourchet et al. (1997) concluded that despite its isolated location, the radioactive fall-out of
artificial long-lived radionuclides over Antarctica has been ten times greater than for natural radionuclides. Pourchet et
al. (2003) provided a detailed and comprehensive map of the distribution patterns for selected natural and artificial
radionuclides over Antarctica and underlining the irregular distribution of the radionuclides and need of more research
studies. There is limited knowledge on the distribution patterns and sources of natural and artificial radionuclides is
soils of Maritime Antarctica. The distribution and deposition of ?°Pb, **¥’Cs and #°Pb in snow, soil and organisms is
mostly studied in the Antarctic Peninsula (Sbrignadello et al., 1994; Roos et al., 1994, Pourchet et al., 1997, 2003).
Natural radionuclides such as uranium, thorium and potassium occur in soil minerals and make the major contribution
to the total terrestrial gamma-ray flux (Beck, 1972; Kiss et al., 1988). In regards to the artificial radionuclides, the
distribution in these remote Polar Regions is related to the airborne transfer of pollutants and nuclear accidents that lead
to changes in the radiological status of the components of polar ecosystems.

Knowledge on detail analyses and visualization of soil properties and radionuclides distribution with limited area
coverage is needed for further investigations, conservation, and monitoring environmental impacts. Due to atmospheric



conditions remote sensing techniques find limited application for the area of Livingston Island; therefore terrain
parameters needed to be obtained on site during the Antarctic summer season. Mapping soil properties such as pH,
carbon (C) and nitrogen (N) content, is important to study soil functions, but the spatial resolution and efficiency of
statistical models to create accurate soil maps, require a number of samples with an appropriate distribution across the
study area.

In this paper, we present methodology for spatial analysis and mapping of a case-study area located in the polar region
of Livingston Island in Antarctica based on qualitative biophysical parameters. The applied mapping approach
highlights the role of GIS to study the environmental changes in components of the remote polar ecosystems in order to
optimize the biomonitoring system in Livingston Island.

MATERIALS AND METHODS

Study area description

Livingston Island (62°36'S, 60°30'W) is a part of the South Shetland Islands archipelago and is the second largest after
King George Island. The glaciers cover almost entirely the island, where the ice cap occupies 87.6% of the surface and
only about 10% of the coastal area is uncovered by ice during the short polar summer (December-February). According
to data for Western Antarctic Peninsula, polar territories, characterized by high levels of sensitivity to environmental
changes, and give clear picture about the impact and pace of the global climate changes. Over the past 50 years, the
average annual temperature has increased by 3.4°C and average winter temperature - by 6.0°C, making the area one of
the hottest points of global warming (Bockheim et al., 2013). The average annual temperature on Livingston Island is -
1°C and the temperatures are rather constant during the day, reaching 3°C in summer and dropping to -15°C in winter.
Strong winds, however, may decrease the real feel and temperatures to drop with 5-10°C lower. The highest daily
temperature measured so far is 19.9°C and the lowest is -22.4°C (CEP 2011). The average relative humidity is above
80% and annual wind speed on is 13.3 km/h. The prevailing winds come from south-southwest and maximum wind
gust of 150 km/h from east-northeast direction has been recorded in March (Labajo 2008).

The Bulgarian Antarctic Base “St. Kliment Ohridski” (62°38°25.7”’S, 060°21°54.9”W) is situated on the northern part
of Hurd peninsula and the innermost part of South bay, located on the south part of Livingston Island (Fig. 1). The case-
study area represents the ice-free coastal zone near the Bulgarian Antarctic Base (BAB) and sampling sites are selected
in terms of accessibility and specific landscape characteristics.

Figure 1. Study plots in the experimental transect of Livingston Island, Maritime Antarctica



All sampled soils referred to the type Gelisols (Latin “gelare” - freezing) and the soil profiles reveals evidence of
taw/freezing processes near the soil surface. Buol et al. (1997) subdivides Gelisols in three groups: Histels, Orthels, and
Turbels. Due to very slow soil formation process during the short summer season and limited vegetation growth, most
of the soils store large amounts of organic carbon, accumulated in the upper soil layer. In most areas under the influence
of glaciation, Gelisols are not very fertile, since nutrients like calcium and potassium are easily leached over the
everlasting frost layer (Bockheim, 2015).

Sampling design and data collection

The sampling was realized during the Antarctic summer season 2018/2019 and the 27" Bulgarian Antarctic expedition.
An established transect of around 5000 m followed an altitudinal gradient between 0 and 75 m ASL in South Bay
starting from Bird bazaar to Caleta Argentina. All selected sampling sites are situated along the transect and are
differentiated by the vegetation cover. The sampling sites are located in 7 areas, in the north and south of BAB as
follows: Bird Bazaar (BP) - "Bird's Market "(Cape Espanola); The Sanctuary (SV) — “The Sanctuary”; Playa Bulgara
(PB) - “The Bulgarian Beach”; Hesperides Point Pluton (HPP) — “The Squa’s nest”; Hesperides Point Pluton (HPP-B) —
“The Bay”; Punta Hesperides (PUN-H) - "Todorini Buzi Lake"; Caleta Argentina (CA) - "Caleta Argentina" (Tabl. 1).

The soil samples were collected in December 2018 from the top layer with depth 0-5(7) cm in all sites in 3 repetitions.
The soils were sampled using stainless shovel and GPS coordinates in WGS-84 coordinate system were determined for
each sampling point. A total number of 21 samples were collected and analyzed.

Table 1 General characteristic of the studied sites

No. Name Coordinates Vegetation cover
/Abbreviat S W Altitude,
ion/ m
1 BP 1 62°38'06.9" | 60°21'14.7" 1 Sanionia georgico-uncinata
2 SV3 62°40'08.8" | 60°24'08.7" 2 Usnea antarctica
3 PB 1 62°38'22.3" | 60°21'50.6" 45 Leptogium menziesii
4 PB 2A 62°38'21.9" | 60°21'49.5" 39 Sanionia georgico-uncinata
5 PB 2B 62°38'21.9" | 60°21'49.6" 38 Usnea antarctica
6 PB 3A 62°38'32.5" | 60°21'59.9" 71 Sanionia georgico-uncinata
7 PB 3B 62°38'33.4" | 60°21'59.7" 70 Usnea antarctica
8 HPP 1A 62°38'36.6" | 60°22'10.6" 40 Sanionia georgico-uncinata
9 HPP 1B 62°38'36.4" | 60°22'10.5" 39 Usnea antarctica
10 HPP 2A 62°38'35.9" | 60°22'14.6" 46 Sanionia georgico-uncinata
11 HPP 2B 62°38'35.7" | 60°22'14.4" 47 Leptogium menziesii
12 HPP B1 62°38'39.7" | 60°22'23.2" 2 Sanionia uncinata
13 HPP B2A | 62°38'39.5" | 60°22'23.3" 2 Usnea antarctica
14 HPP B2B | 62°38'41.3" | 60°22'22.1" 7 Sanionia georgico-uncinata
15 PUN-H1 | 62°38'49.3" | 60°22'16.7" 50 Sanionia georgico-uncinata
16 PUN-H2A | 62°38'49.2" | 60°22'16.5" 49 Usnea antarctica
17 PUN-H2B | 62°38'49.7" | 60°22'18.7" 45 Sanionia uncinata
18 CA 1A 62°38'10.5" | 60°21'29.3" 11 Sanionia georgico-uncinata
19 CA 1B 62°38'10.1" | 60°21'29.1" 13 Sanionia georgico-uncinata
20 CA3 62°38'10.0" | 60°21'29.3" 14 Usnea antarctica
21 CA4 62°38'09.2" | 60°21'27.6" 4 Sanionia georgico-uncinata

Laboratory analyses

All soil samples have been air-dried at room temperature in the laboratory of the Bulgarian Antarctic Base to reach an
air-dry state and later stored in plastic bags in order to be transported to Bulgaria. In the Laboratory of Soil Science in
FRI-BAS, Sofia, the samples have been dried additionally, ground to pass a 2 mm sieve and prepared for further
analyses. The total weight of the samples, as well as fine and coarse fractions were determined and calculated after dry
sieving. Standard soil analyses were performed for pH, organic matter, total carbon and nitrogen content. Granulometric
analyses of the sand, silt and clay size fractions was realized.



The radioactivity in soil was determined by means of high-resolution non-destructive gamma-spectrometric analysis of
40 g sample to determine the content of natural and artificial radionuclides **’Cs, “°K, %®U, Th. Gamma spectrometric
measurements have been accomplished with H.P.Ge spectrometer product of CANBERRA with 35% efficiency and
resolution of 1.8 KeV resolution for ®°Co. The same geometry for all samples is used for calibration at energy rate in
energy rate 40-2000keV and measurements were made between 19 and 24h period to obtain well-expressed isotope
peaks. The authenticity of results is confirmed by regular successful participation in interlaboratory comparisons and
proficiency tests schemes and the use of certified reference materials. The spectra of the measured samples were
processed in line with BSS 1SO 18589-3:2018, using the specialized software CANBERRA Genie 2000.

Geospatial analysis and statistics

There are various methods and techniques for spatial prediction and comparative evaluation of soil properties. The
initial step is to visualize the data, identify appropriate coordinating system and manipulate inconsistent results. Basic
statistics and description of data values is achieved through means, standard deviation, histograms and cluster analysis
in order to examine values of data outliers. The sample size and values opted for the application of Kernel density
estimation (KDE) to estimate the probability density function of random variables. The Kernel density function
produces an empirical surface based on individual locations of all sampled data. The applied algorithm calculates
density of values around each neighborhood within predefined search radius and creates smoothly curved surface
around each point (sampling plot). The non-parametric estimates of probability density is selected to display the density
at each output raster cell, by defining the number of times to count the point value. The bandwidth is a free smoothing
parameter that limits the extent of the surface values.

An ANOVA test was used to assess the statistical significance of the differences in the means of the study parameters at
a p<0.05 (Tukey test). Cluster analysis and Pearson correlation were performed in order to clarify the relationship
among the variables, especially the influence of soil parameters on distribution of natural radionuclides. Cluster analysis
is a useful statistical method, which presents visually the degree of association among different variables.

RESULTS AND DISCUSSION

General properties of polar soils

The soils are characterized by higher skeletal content at all sampling sites, while more than 20% of skeletal fraction >1
mm are established for sites in the Punta Hesperides (PUN-H), the Sanctuary (SV3); Caleta Argentina (CA3 & 4). On
Table 2 are presented the results of the physical-mechanical characteristics of the soils in the sites of the polar

ecosystems of the Livigston Island.

Table 2 Soil parameters for the study transect

Coarse fractions, % Granulometry, % Relative C,% N, % C:N pH

density (H,0)

No. | >1mm >3mm clay silt/sand | fine clay

<00l | >001 | <0.001
1| 1304 | 1027 | 1027 | 8973 0 2.4 06942 | 00888 | 782| 5.76
2 119 2208 612 93.88 0 » 46609 | 04030 | 1157 | 529
3 19.2 4495 | 1030 | 89.70 0 2.4 0.7934 | 00874 | 9.08| 6.3
41 124 | 1153 7.16 92.84 4,09 2.7 3.1734 | 02608 | 1217 | 6.04
5 | 1199 | 1234 9.20 90.80 4.07 25 12892 | 01041 | 1238 |  6.09
6 | 1023 | 3684 9.15 90.85 4.03 37 0.1983 | 0.0306 | 648 | 5.93
7| 1867 10.6 5.0 94.91 4.07 2.6 21817 | 0.1305 | 1672 |  5.97
8 13 ™ 1602 | 8398 a1l ”7 1.8842 | 0.1572 | 11.99 | 562
9 | 651 35 1027 | 89.73 0 ”7 0.6942 | 00613 | 11.32| 518
10 | 1879 | 2779 925 90.75 0 33 0.4958 | 0.0796 | 6.23 | 5.9
1T | 649 ] 979 9021 0 26 1.7851 | 0.1871 | 954 | 556
12 | 413 8.26 611 93.89 107 » 01983 | 00311 | 6.38| 561
13| 193 1414 50 9458 0 ,5 00992 | 00122 | 813 | 585
141 1233 | 3024 6.11 93.89 4.07 1.4 00879 | 0.0122 | 720 | 6.08




151 2652 | 2012 | 206 | 97.94 0 2.6 04958 | 00613 | 809 | 582
16 | 3540 ] 216 | 924 4,09 - 10908 | 0.1103 | 989 | 5.78
171 2928 | 8064 | 818 | 9182 4.09 2.6 2.7767 | 02451 | 1133 | 545
18 ) ) 513 94.87 0 26 3.4709 | 0.3761 923 | 575
19 - - 5.10 94.90 0 2.6 4.1736 | 0.5852 7.13 7.47
20 | 3600 | 437 | 1124 | 8876 0 25 2.1817 | 0.2389 | 913 | 492
2L | ,800 | 299 513 | o487 0 »3 15867 | 0.1896 | 837 | 4.77

The analysis of the soil samples shows stronger acidification at Hannah Point (HAN) with pH 4.57-4.93, followed by
Caleta Argentina (CA) - "Caleta Argentina" with pH 4.77-4.92. In such cases, the influence of climate factors plays a
significant role. The decomposition of organic matter cannot reach its final products under these conditions due to the
limited temperatures and the high humidity. For all other sites, slightly acidic soils with a pH of 5.5-6.5 predominate.

Carbon and its compounds play an exceptional role in the biosphere. The cold Arctic favors the humus conservation in
the soil. The concentration of organic carbon in soil substrates for sites without vegetation is particularly low. These are
Hesperides Point Pluton HPP B1 and B2 sites, Playa Bulgara PB1 sites, with organic C not exceeding 1%.

Total nitrogen is also a very important biophilic element in one ecosystem. The biophilicity of nitrogen is high and
comparable only to that of carbon. In the soil cover of the Livingston Island polar ecosystems nitrogen content does not
exceed 1% in all sites observed, but corresponds, in quantitative terms, to the carbon content.

The C:N ratio, as an indicator of the rate of mineralization processes occurring in the soil cover, range from 9.09 to
19.53 and indicate a biological cycle delay in the soil system of Playa Bulgara (PB) site - The Bulgarian Beach.

Radionuclides in soils

Until now, no regulatory document that limits the content of natural radionuclides in the soils exists. The detected
values for the region of Livingston Island can be assumed as background levels and can be compared with other
background values defined after multiple measurements characterizing soils not affected by industrial and commercial
activity in other polar regions of the world. The average **Cs activity concentration in soils along the studied transect
was 5.51+1.38 Bg/kg with a range from 0.51 to 24.27 Bq/kg. These values are much higher than previously reported
values by Navas et al. (2005, 2018) for South Shetland Island and for soils developed on moraines and marine platforms
of Elephant Island., but are lower than reported by Gwynn et al. (2004) for the environment of Svalbard area, Norway.
The concentration of the studied natural radionuclides ranged between 171.19 and 597.60 Bq/kg for “°K, with average
value 275.89+26.52 Bg/kg (Table 3 and 4). The average concentration of ??Th is 11.46+1.16 Bg/kg with minimum and
maximum values 4.81 and 24.57 Ba/kg, respectively. The “®U was detected in three samples where it ranged from
37.55 Bag/kg to 106.04 Ba/kg, while in all other samples its activity was under the limit of 0.04 Bg/kg. The mean
activity values fall within the normal ranges in nature and are comparable with values obtained by Navas et al. (2005,
2018) for soils of Byers Peninsula, South Shetland Islands and Elephant Island (Maritime Antarctica).

Table 3 Radionuclides in soils

137 Cs 40K 238U 232-|—h
No. site Ba/kg Ba/kg Ba/kg Ba/kg
1 1.86 477.86 <0.04 18.97
2 11.15 350.83 <0.04 19.35
3 0.90 470.48 <0.04 21.11
4 5.34 375.88 52.85 14.06
5 6.41 286.99 <0.04 10.26
6 0.51 315.76 37.55 8.85
7 <0.04 597.60 <0.04 24.57
8 24.27 174.31 <0.04 8.22
9 2.04 189.54 <0.04 8.78
10 1.00 176.46 <0.04 7.31
11 17.99 189.82 106.04 8.73
12 2.64 171.19 <0.04 7.83
13 2.43 187.84 <0.04 4.81
14 0.53 177.38 <0.04 7.29




15 2.49 231.85 <0.04 11.70
16 5.94 178.33 <0.04 7.98
17 13.23 216.25 <0.04 9.85
18 3.19 343.87 <0.04 14.21
19 1.64 285.01 <0.04 10.66
20 6.91 216.03 <0.04 8.98
21 511 180.37 <0.04 7.09

Pearson correlation coefficients, calculated between radionuclides and main soil properties as grain size, carbon and
nitrogen content and pH, have demonstrated that some of them are statistically significant at the level 0.05 — 2-tailed.
Concerning the grain size, it is commonly known that radionuclides are adsorbed onto clay surfaces or fixed within the
lattice structure (Jasinska et al. 1982; VVan den Bygaart and Protz 1995; Van den Bygaart et al. 1999).

Table 4 Pearson correlation coefficients among the radionuclides

137 CS 40K 232-|-h 238U
B7cs 1
K -0.212 1
Z2Th -0.077 0.938** 1
28y -0.331 0.200 0.995 1

**Correlation is significant at the 0.01 level (2-tailed)

For good correlations among natural radionuclides and between them and some soil properties, especially carbon
content, have been reported by Navas et al. (2002), but they also found significant correlation of **’Cs with sand and silt
content. The pH values showed weak positive correlations with natural radionuclides.

Mapping the distribution of radionuclides in the study area

The applied GIS analysis in ESRI ArcGIS generated distribution maps of radionuclides within a variable search radius.
The graphics on Fig. 2 A-C represent the predicted density values for the sampled soils along the study transect. We
used WGS84 coordinate system and Universal Transverse Mercator projection, zone 20S for the spatial analysis.
Concentrations of *®U have are detected only in three samples, therefore the generation of density map was of low
contingency in the case.

Figure 2. Distribution of radionuclides’ concentrations in the experimental transect of Livingston Island

The spatial overlaying has limiting functionality, as it requires complete correspondence of the geometry of the
mapping units. Therefore, information on specific soil characteristics has been combined to produce estimates of soil
properties, which are not demonstrated in the analysis itself. The underlying information and soil data was aggregated
for a specific sampling plot and linked to a single representative value. The statistically aggregated data and lack of
information about the mapping unit allows the performance of probability density visualizations over a smoothly
tapered surface.



The distribution of radionuclides depends on various factors and the calculated Pearson correlation coefficients between
radionuclides and main soil properties define dependences. Higher content of organic matter and carbon were related to
higher “°K and #?Th activities, indicating positive and statistically significant correlation coefficients (r=0.491*;
r=0.446* respectively). The pH values show weak positive correlations with natural radionuclides. At sites where there
is soil, moss cover the content of soil organic carbon has highest values. This confirms the close link related to the
preferential fixation of the radionuclide by the organic matter as pointed by Gaspar and Navas (2013), Gaspar et al.
(2013) and explain its associated redistribution with soil by physical processes (Soto and Navas, 2004).

CONCLUSIONS

GIS applications have salient analytical capabilities to estimate and visualize area that could be more or less affected by
contamination as well to help determine risks to populations. The combination of different sources of quantitative
information into a spatial model has various advantages as it allows performing real time analysis, creating, and opening
system for geospatial analysis. The study of radionuclides activity provides valuable information on soil factors and
processes that affect their spatial patterns in extreme environmental conditions in Antarctic ice-free areas. The results
indicate the presence of great variability in the concentrations within the study area. The activity concentrations of
natural radionuclides were similar with those reported for Antarctic region and in general comparable with
radionuclides activity for other environment. Results of radiometric study on the distribution of natural and artificial
radionuclides in polar ecosystems in Livingston Island indicate that anthropogenic radioactive contamination is
generally low, as per the Antarctic region. There is significant correlation between radionuclides concentrations and
basic soil properties, which confirms the close link in between.
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Abstract

The economic valuation of climate-regulation ecosystem services (CRES) provided by forest ecosystems in a protected
area (PA) case-study of Western Rhodopes were analyzed and mapped. Assessment and mapping of the current
condition of forest ecosystems have been done and analysis of their potential to provide CRES has been performed by
processing the available data from Forest Management Plans and Natura 2000 sites Standart Data Forms, and by
applying modern GIS-based methods and models. Results show that middle to young-aged forest ecosystems deliver
higher value of the CRES, whereas aged forests and shrubland ecosystems have higher capacity to store and
sequestrate carbon. The elaboration of the maps was based on available spatial information for forest stands by: type
of forest, total biomass stock and average age. The mapping of the economic valuation of ES can significantly
contribute to the integration of PAs in the regional development and support the decision-makers in their planning
activities.

Keywords: Forest ecosystems, Ecosystem services, Assessment, Mapping, Economic valuation

INTRODUCTION

Assessment and mapping of ecosystems and their services is an important activity that can effectively contribute to
understanding how ecosystems support human well-being and furthermore to promote the sustainable use of natural
resources (Burkhard and Maes 2017). Nowadays, the understanding of the concept of ecosystem services (ES) and the
number of studies suggesting the link between biodiversity and the supply of ecosystem services are constantly
increasing (e.g. Ingram et al. 2012, Cordingley et al. 2015, Seppelt et al. 2016), and several global, regional and national
initiatives have been set up (Schroter et al. 2016). The adoption of the concept by European decision-making bodies
(Bouwma et al. 2018), including at the strategic level as illustrated by the 2020 EU Biodiversity Strategy (European
Commission 2011) and following the modern approaches for environmental management which highlight ES
importance (e.g. de Groot 1992, Daily 1997, Costanza et al. 1997) will contribute to the conservation and restoration of
Europe’s biodiversity, recognised as one of the major benefits to the society and economy.

The methods for mapping and assessing ecosystem services principally involve measuring and accounting the spatial
variation of the economic value of ecosystem services and structuring this information to support decision-making and
the design of policy instruments. According to the cascade model of Potschin and Haines-Young (2011) the economic
methods operate on the right side of the ecosystem services model to quantify the benefits to humans. Therefore any
economic valuation mapping or assessment fundamentally relies on biophysical data and methods to quantify the
capacity of ecosystems to supply ecosystem services (Burkhard and Maes 2017). Despite the multiple challenges
involved in conservation efforts, the use of economic valuation of ecosystem services as a tool to ensure that economic
benefits provided by protected areas (PAs) are properly considered in decision-making process in such a way to
guarantee their ecological heterogeneity (Troy and Wilson 2006, Paletto et al. 2015). This could favour to bringing the



spatial dimension of economic valuation as a tool to ensure that economic benefits provided by protected areas are
properly considered in the decision-making and help in the integration of PAs in the regional development planning and
practice.

The objective of this work is to present an approach for mapping the economic valuation of recognised as important
climate regulation ES provided by PAs. The approach was tested by “carbon storage” in a case study of NATURA 2000
site “Yadenitsa”, Western Rhodopes Mt. and could be applied in mapping and assessment of forest ecosystems and their
services at a national scale. The recognition and demonstration of the valuation of ecosystem services from the Natura
2000 network can significantly influence stakeholders’ attitudes and help in the integration of the network in the
regional development planning, considering the supply of climate regulation by forest ecosystems as integrity.

MATERIALS AND METHODS

Study area

The case-study area is a part of Natura 2000 site “BG0001386 Yadenitsa”, designated for conservation of the natural
habitats and wild flora and fauna (Fig. 1). It is an important biocorridor between Rila National Park and Western
Rhodopes and habitat of great significance for reproduction and migration of bears. The forests territories are almost
untouched by human activities, dominated by spruce (Picea abies Karst.) and Austrian pine (Pinus sylvestris L.),
distributed in the range 550-1850 m a.s.l., predominantly (94.3%) in the alpine and less (5.7%) in the continental
biogeographical regions (NATURA 2000 Standard Data Form).

The site “Yadenitsa” is located in South Central region of Bulgaria in the temperate climatic zone and Trace forest
region, sub-zone of the Western Rhodopes (Sabev & Stanev 1963). The average annual precipitation in the region is
630.5 mm with peaks from May to July, and the mean annual temperature is 7.2 °C. A specific feature of the regional
climate is the period of increasing temperatures, which starts from early October to mid-November (Sabev & Stanev
1963). The total area of the site is 17 016.2 ha, and the study area covers about 56.7% (9 642.6 ha), on the territory of
Velingrad Municipality.

Figure 1. Case-study area in Western Rhodopes Mountain

Data collection and processing

The data from Forest Management Plans (FMPs) of State Forestry Enterprise “Alabak” and Training Experimental
Forestry Enterprise “Georgi Avramov” - Yundola were used for characterization and for assessment of the condition
of forest ecosystems and ecosystem services they provide (FMP Alabak, 2018; FMP “G. Avramov - Yundola, 2009).
The assessment of the condition of forest ecosystems and ES are based on the “Methodology for assessment and
mapping of the condition of forests and forest ecosystems and ecosystem services in Bulgaria” (Kostov et al., 2018),
which indicates in detail and step by step the collection and identification of basic data presenting a set of informative
indicators with their respective parameters (real and measurable).



The ecosystem service “Mitigation and regulation of the impacts of climate change” belongs to the CICES Class
“Regulation of chemical composition of atmosphere” (CICES, 2017) and further used as “climate regulation
ecosystem service — CRES” was analysed. The indicator used for the analyses was the carbon storage in forest
ecosystems. The service was calculated as a sum of the total carbon stored in different compartments of forest
ecosystems - aboveground and belowground biomass, forest floor and forest soils. The total carbon in biomass was
calculated using the following formula (IPPC, 2006):

Cem =2.{Aj oVj ¢ BCEFsi ¢ (1+ Rj)eCFj } Q)

where:

Cgwm - total carbon in biomass;

A - area of forests, ha;

V - merchantable growing stock volume, m* ha;

i - type of forest (i = 1 to n);

R - ratio of belowground biomass to aboveground biomass, ton dry mass (d.m.) belowground biomass
(tones d.m. aboveground biomass)™*;

CF - carbon fraction of dry matter, tones C (tones d.m.)™;

BCEFS - hiomass conversion and expansion factor for expansion of merchantable growing stock volume to
aboveground biomass, ton aboveground biomass (m® growing stock volume)™.

The data for the merchantable growing stock volume and the area of forests were extracted from FMPs.

For the values of R, CF and BCEFS the data and reference tables from IPCC Guidelines for National Greenhouse
Gas Inventories were used (IPCC, 2006), as follows: R coniferous - 0.29, R deciduous - 0.23; CF coniferous - 0.48 t
d.m.™, CF deciduous - 0.51 t d.m.™, BCEFS coniferous - 0.7 m® growing stock volume™, BCEFS deciduous 0.8 m®
growing stock volume™.

For the calculation of the total carbon in forest floor were used the relevant data from IPCC Good Practice Guidance
for LULUCF (IPCC, 2003). The average carbon stock for "warm, moderately moist climates” is 20.3 t C ha™ for
coniferous forests and 28.2 t C ha™ for deciduous forests. The total carbon in forest soils was determined according
to the relevant data from Bulgaria’s National Inventory Report 2019 — Submission under the UNFCCC and Kyoto
Protocol (MOEW, 2019). The reference carbon stock in forest soils is 78.26 t C ha™ (0-40 cm). The total carbon
absorbed by the forests in studied area was calculated as the sum of the carbon, absorbed by the components of
forest ecosystems, using the formula (IPCC, 2003):

C=Cam+Crrt+Cs (2)

where:

C - total carbon;

Cgwm - total carbon in the forest biomass;
Crr - total carbon in the forest floor;

Cg - total carbon in the forest soils.

The capacity of the forests to utilize CO, was calculated in tons of carbon dioxide equivalent (eqCO,, t) by converting
the data for total carbon. The atomic mass of the carbon is approximately 12, and the atomic mass of the oxygen is
approximately 16, hence one ton of carbon equals to (12+2.16) / 12 = 3.67 t CO,. The value of the CO, sequestration
and storage in the forests in studied area per hectare and for one year (CO,yy) was calculated according to the
following formula:

COyyy = (eqCOz° V/H ) IA (3)

where:

C - total carbon sequestration and storage in the forests;

H - average age of the trees;

V - price of 1 tone emissions (the reference market price of carbon dioxide emissions for the period from 01.01.2019
to0 31.12.2019 is 8.93 EUR / ton CO, emissions (the reference market price of carbon dioxide emissions for the period



from 01.01.2019 to 31.12.2019 is 8.93 EUR / ton CO, (item 12 of Decision C (2012) 4560 of 06.07.2012 of the
European Commission, Order No E-RD-16-436 of 02.08.2018 of the Minister of Energy);
A - total area of the forests.

The average age of the forests was calculated using the formula:

H=3{H, sA}A (4)

where:

H - average age of the forest;
A - area of the forests;

i - parcel (i =1ton).

Mapping procedure

The methods applied for mapping and assessing ecosystem’s state for Yadenitsa follow the Methodology for assessment
and mapping of woodland and forests ecosystems’ condition and their services in Bulgaria (Kostov et al., 2017). The
generated maps are set in UTM coordinate system WGS84, zone 35N by using ESRI ArcGIS software. Forest data was
retrieved from the available Forest Management Plans and transferred into uniform database for further analysis. The
afforested territories (completeness ranging from 1-10) of FMP Alabak and FMP “G. Avramov - Yundola, have been
considered. We applied the Methodology to assess several indicators by the information provided on parameters and in
combination with expert-based assessment.

The mapping prosedure comprised 2-tier approach in order to provide flexibility and completeness of the overall
assessment. Tier 1 represents assessment based on biophysical indicators. A score from 1 to 5 was assigned to each
indicator (such as Plant diversity, Animal diversity, Habitat diversity, Soil heterogeneity, Geomorphological
heterogeneity, Matter storage) in regards to the data for the specific parameter per subunit (smallest mapping unit). Tier
2 consists of GIS analysis and application of spatial analysis tools. The territories occupied by forests on subunit level
outline polygons that have been related spatially to the corresponding score 1-5. The latter was applied to map the
ecosystem state and to map the economic value of the ES.The ES considered in the analysis and the economic
evaluation is “Global climate regulation by reduction of greenhouse gas concentrations”. According to CICES the
indicator for this ecosystem service is the total carbon sequestration and storage in the forest ecosystems that was
calculated for forests of different age classes.

RESULTS AND DISCUSSION

Each habitat type in the site “Yadenitsa” has been attributed to one of the following ecosystem types: grasslands,
woodland and forests, heathland and shrub and sparsely vegetated land, in order to assign each habitat type to the
relevant MAES level 2 ecosystem types (Table 1).

Table 1. Typology of ecosystems and correspondence of the habitat types with the MAES ecosystem categories and
types (Level 1 and Level 2); asterisk (*) indicates habitat types of conservation priority in Europe

MAES categories Natura 2000 Habitat types’ codes
Major ecosystem Ecosystem type
category (Level 1) (Level 2)

Terrestrial Grasslands 62D0, 6520
9110, 9130, 9170, 9180*, 91AA*, 91BA,
Woodland and forest 91CA, 91DO*, 91EO*, 91MO, 91WO,

9170, 9410, 9530*

Heathland and shrub 5130

Sparsely vegetated land 8220




According to Corrine Land Cover (CLC, 2018) the forests in the study area are 7507.45 ha. With the largest area was
recognized CLC class 312 Coniferous forest — 3123.66 ha, followed by CLC class 311 Broad-leaved forest — 2779.22
ha and CLC class 313 Mixed forest — 1604.57 ha (Fig.2A).

The analysis of the data from FMPs showed that about 74% of the forests are with seed origin, predominantly natural.
The forests with recreational functions predominate (4818.28 ha). Catchment areas also cover a significant part of the
survey area (1594.96 ha), while the forests for timber production and with environment-forming functions cover a
total area of 1188.72 ha). The average age of the forests in the case-study area is 80 years. About 50% of them are
aged between 40 and 100 years and about 30% are older than 100 years. The largest area is occupied by forests,
dominated by Pinus sylvestris (2463.02 ha), Quercus petraea (2047.40 ha), Abies alba (1362.03 ha), Picea abies
(1194.63 ha), and Fagus sylvatica (919.41 ha). Pinus nigra, Carpinus orientalis, Quercus frainetto, Quercus cerris,
Robinia pseudoacacia and Carpinus betulus cover relatively small areas.

Figure 2. Land-cover characteristics of the forests in the study area

The total merchantable growing stock volume per tree species in the study area is presented in Figure 3. Highest
growing stock was obtained for Abies alba Mill. (29.0%) followed by Pinus sylvestris L. (28.6%), Picea abies H.

Karst. (17.8%) and Fagus sylvatica L. forests (11.7%). The growing stock of other tree species, distributed in the
study area does not exceed 10% of the total.

Figure 3. Total growing stock in the study area

The analysis of the results from the assessment of the condition of forest ecosystems in the case-study revealed that
84.35% of them are classified as ecosystems with moderate condition (score 3) (Fig. 3). With bad condition (score 2)
are characterized 12.03% of forest ecosystems and only 1% are in the category with “very good” condition (score 5).



The total carbon in the forest soils in the case-study of “Yadenitsa” PA is 662 220.40 t with highest values obtained for
forest ecosystems over 100 years of age and the lowest for the 1™ age class (0-20 years) in both Yundola and Alabak
(Table 2). The total carbon in the forest floor is estimated at 200 163.20 t or 35.08% for forest >100 years old, followed
by these from 81 to 100 years old (26.28%) and the lowest amount for the youngest 0-20 years old forests (2.55%). The
similar is the distribution among different age classes for carbon storage in biomass with 45.80% for century old forests,
followed by forest in V™ age class (81-100 years) — 22.66% (Fig. 4). The total carbon stored in forest biomass is

Figure 3. Map of the condition of forest ecosystems in the case study

calculated at 723 461.70 t.

Table 2. Carbon storage in forest ecosystems in “Yadenitsa” case-study area

Yundola
Age Biomass, Forest Soil, Total, EqCO,, Carbon Value,
classes tC floor, tC tC t storage, EUR
tC t/ha year” ha
0-20 563.47 554.19 2136.50 3254.16 11942.77 124.05 244.94
21-40 11331.49 3632.01 13992.89 28956.39 106269.90 162.62 165.30
41-60 22655.21 3840.00 14642.45 41137.66 150975.20 216.74 131.02
61-80 26582.53 3449.91 13092.90 43125.33 158270.00 251.55 107.54
81-100 84454.05 8889.37 34270.05 127613.50 468341.50 274.06 94.45
>100 125782.10 | 16552.62 | 63813.20 206147.90 756563.00 240.45 62.87
Alabak
Age Biomass, Forest Soil, Total, EqCO,, Carbon Value,
classes tC floor, tC tC t storage, EUR
tC t/ha year” ha

0-20 2466.82 4546.77 15558.09 22571.68 82838.05 114.56 248.05
21-40 35048.23 17613.45 | 60870.63 113532.30 416663.60 159.58 147.11
41-60 76238.82 2214452 | 75262.64 173646.00 637280.80 189.52 123.73
61-80 53291.41 21562.74 | 64760.15 139614.30 512384.50 186.43 82.68
81-100 79478.73 43711.34 | 125709.00 | 316776.10 | 1162568.00 167.81 31.33
>100 205568.80 | 53666.27 | 178111.90 | 437700.10 | 1605063.00 198.36 54.86




Figure 4. Distribution of carbon storage in biomass of forest ecosystems by age classes (A-Yundola, B-Alabak)

The total carbon stock in forest ecosystems in the case-study is 1 654 075.00 t or 190.45 t/ha. The forests older than 100
years sink 38.93%, followed by the forests, aged between 80 and 100 years — 26.87%. The youngest forests store the
lowest quantity of carbon — 1.56%. Such distribution of carbon stock corresponds well to the total areas occupied by
each of the forest age classes in the case-study area. The similar trend was also established for the capacity of forests to
absorb carbon dioxide, assessed via carbon dioxide equivalent. The total amount for carbon dioxide equivalent
calculated for forest ecosystems in the study area is 6 069 160.00 t or 699.01 t/ha.

Figure 5. Spatial quantification (A) and economic valuation (B) of Carbon Storage in “Yadenitsa™

The value of the total carbon sequestration and storage in the forest ecosystems in the study area, belonging to the
CICES Class “Global climate regulation by reduction of greenhouse gas concentrations” is 124.49 EUR year™ ha™. The
highest values was calculated for young forests (0-20 years) and the lowest for century old forests (>100 years).

The carbon storage mapping procedure in the case study “Yadenitsa” was realized by assigning the carbon storage
estimations to each polygon of forest ecosystems in GIS database (Fig. 5). After clustering the results and analysing



data distribution, all estimates have been grouped in defined intervals, which ensures the most appropriate statistical
distribution for this particular case. The map shows that in predominant part of the forest ecosystems the level of
carbon storage ranges between 200-250 which corresponds to age classes of forests above 80 years and have the
lowest economic values. Results show that middle to young-aged forest ecosystems deliver higher value of the
specific ecosystem service (125-245 € per ha per year ), whereas aged forests and shrubland ecosystems have higher
capacity to store and sequestrate carbon (over 250 tons per ha).

CONCLUSION

The demand for monetary estimates of the economic value of ecosystem services (ES) is increasing in many countries
in Europe following the expected future integration of ES approach in decision making process and for natural capital
accounting. The assessment and mapping of ES is an important activity and can significantly contribute to better
understanding of the importance of ecosystems to human well-being and to promote the sustainable use of natural
resources. The analysis of the results from the assessment of the condition of forest ecosystems in the case-study
revealed that the largest part of them is characterized with moderate condition.

The highest content of total carbon in the forest soils and forest floor in the case-study of “Yadenitsa” protected area
was obtained for forest ecosystems over 100 years of age. The similar was established for carbon storage in biomass.
The forests older than 100 years sink about 40% of carbon, followed by the forests aged between 80 and 100 years and
have the lowest economic values. Results show that middle to young-aged forest ecosystems deliver higher value of the
specific “climate regulation ecosystem service — CRES”, whereas aged forests and shrubland ecosystems have higher
capacity to store and sequestrate carbon. The mapping of the economic valuation of ES in the case study “Yadenitsa”
can significantly contribute to the integration of PAs network in the regional development and directly support the
decision-makers in their planning activities.
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Abstract

The Paris Agreement provides a good opportunity for revising methodology and improving the practice of net carbon
sink assessment for Russia’s forests. The upgraded methodology, of which GIS is an integral part, has been developed.
The test calculations performed with state forest statistical data as of 01/01/2018 and presented on maps. The
cartographic service designed for interactive viewing and visualizing the carbon stocks in forest biomass by pools,
annual carbon absorption in forest biomass by pools, carbon losses caused by disturbances, net carbon sink (balance)
has been developed. Cartographic service operates with the set of maps created by ArcGIS. The map sets are grouped
in thematic sections and subsections. The structure of thematic sections and subsections is identical to that of the
website and represents a hierarchical system of HTML-pages. The map sets have been converted using the open source
JavaScript “Leaflet” library and the R 3.5.2 programming language in an interactive form and then combined with
HTML-pages in an atlas-like hierarchical structure.

Key words: Russian forests, GIS, web-GIS technologies, carbon sink assessment.
INTRODUCTION

The role of forests in the global carbon cycle could hardly be overemphasized. The removal of carbon dioxide from the
atmosphere by biomass of forest ecosystems is an important component of climate regulation services. Stocktaking and
mapping of forest ecosystem services are in demand for a better understanding of climate change and for the
implementing the policies and decisions to mitigate and adapt for predicting changes. Ecosystem services are seen as
non-commodity outputs provided by ecosystems that contribute directly or indirectly to human well-being (TEEB,
2012). Forest ecosystem services are increasingly valued in today’s world (Barredo et al., 2015).



In the forestry sector, carbon storage and carbon sequestration are the most studied ecosystem services. Assessment and
mapping of the forest ecosystem services for climate change mitigation and indicators of the forest carbon budget is a
popular research area (Barredo et al., 2015). Information on forest biomass and carbon stocks in biomass are available
from various sources, including FAO national statistics on forests of the world, data sets based on a combination of
satellite observations and in-situ data, model outputs (Kindermann, 2008). Remote sensing datasets describing biomass
of terrestrial vegetation and changes in biomass over time are widely available. As an example, the Oak Ridge National
Laboratory Distributed Active Archive Center (ORNL DAAC) holds numerous regional databases and presents digital
maps of aboveground biomass storage for tropical and boreal forests'. The European Space Agency (ESA) via
GlobBiomass project provides data and maps of forest growing stock volume and aboveground biomass derived from
radar images with calibration by field data. The outcome products consist of global datasets including estimates of
average growing stock volumes and aboveground biomass? (Santoro et al., 2018). Under the frame of Global Carbon
Project, the Global Carbon Atlas had created as a platform to explore and visualize the most up-to-date data on carbon
fluxes resulting from fossil fuel emissions, human activities and natural processes®. Despite the tens of thousands of
completed research on assessment of carbon balance components and their mapping, there are still many uncertainties
in understanding the carbon cycle, carbon sinks and CO, emissions associated with land use change and forest
disturbances (Le Quéré et al., 2018).

At the regional scale, the National Forest Inventories data from measurements on permanent sample plots in-situ are
widely used for assessments of the forest carbon parameters. Quantitative indicators and their spatial representation on
maps usually published in National Greenhouse Gas (GHG) Inventory Reports submitted by countries in accordance
with their international obligations to the United Nation Framework Convention on Climate Change (UNFCCC)*. At
the regional and local levels, researchers proposed the integrated methods that combine the satellite imagery and sample
plots data with lidar based data for assessment and spatial distribution of forest biomass (Boisvenue et al., 2016,
Kennedy, 2017, Neety, 2016, Margolis et al., 2015). It should be noted that only studies on temperate and boreal forests
in climate-like countries to Russian forests are mentioned here.

The aboveground biomass and carbon stocks in biomass are more consistent than other forest carbon parameters -
absorption, losses and outcome balance. However, calculations of the carbon balance require not only accounting for
incoming stocks and removals, but also for consumable items, i.e. annual losses of carbon stocks and reduced removals
caused by disturbing factors, including timber harvesting and wood removal, fires, forest insect and diseases damages.
This item of the carbon balance at country and sub-regional level is taken into account with great uncertainty.

In spite of multiple studies and broad range of instruments and observations, there is no consensus in understanding the
magnitude of land-use change emissions and terrestrial ecosystems CO, flux in boreal and temperate climatic zones (Le
Quéré et al., 2018). There is the very reason to believe that carbon uptake by boreal ecosystems is undervalued.
Comparison of the results of mathematical modelling with data from the national inventory reports on the climate
convention shows significant discrepancies in the estimation of carbon balance components (Grassi et al., 2018). The
problem of a consistent assessment of the carbon balance components at the national, regional, sub-regional and forest
biome levels therefore remain relevant (Erb et al., 2018).

Spatially referenced information is needed to implement coherent policies for climate change mitigation and adaptation
at the national and regional scales. With regard to counting the carbon balance parameters of Russian forests, the picture
is the same as on a global level. Estimates of living biomass and carbon stocks in living biomass that the derivative of
merchantable growing stock volume are the most consistent. Assessments of forest carbon sinks, carbon losses and
finally carbon balance obtained by different groups of researchers vary greatly (Dolman et al., 2012, Pan et al., 2011,
Shvidenko, 2014, Vsaganov et al., 2005, Kurganova, 2015). Therefore, the issue with an unbiased assessment of net
carbon sequestration in the Russian forests is still relevant and requires further research. With regard to assessment of
net carbon sequestration by the Russian forests, the group of scientists from the Institute for Applied Systems Analysis
(I1ASA) is the most active and internationally recognized. This group is well known for its multifaceted and in-depth
research aimed at assessing all components of the carbon balance in Russian forests. The results of many years’
research are widely published. The Integrated Land Information System I1ASA provides with the facility to download
and process the field, remote sensing and etc. data for counting and mapping the carbon parameters of Russian forests
(Shvidenko, 2014, Schepaschenko et al., 2019).

Officially published data on carbon stocks in biomass, absorption, emissions and balance are included in the National
Inventory Reports (NIR) and National Communications presented by the Russian Federation under the UNFCCC

! https://daac.ornl.gov/cgi-bin/theme dataset_lister.pl?theme id=5

2 http://globbiomass.org/products/global-mapping

® http://globalcarbonatlas.org/en/content/welcome-carbon-atlas

* https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-un




commitments®. Such reports in Russia are prepared by research institute and regional subdivisions of the Federal
Service for Hydrometeorology and Environmental Monitoring (Roshydromet), which also develop procedures for
estimating greenhouse gas emissions by sources and removals by sinks. The procedure used to calculate carbon
absorption in forest biomass and biomass carbon losses has a number of disadvantages noted in our earlier publications
(Filipchuk, 2018). Shortcomings in the procedure regarding to carbon absorption assessment in forest biomass lead to a
significant understatement of the sequestration capacity of Russian forests. GIS support of the national reporting
methodology remains limited and extremely simplified. It reduced to visualizing the results of the evaluation in
cartographic form®. The aim of the research presented in the publication concerns the 3 key pillars: 1) to improve the
national reporting under the climate agreement through the application of an enhanced methodology for stocktaking the
carbon in forest biomass; 2) to discuss the contribution of GIS to assessment methodology; 3) develop the set of maps
and cartographic service for ease of use and spatial presentation of the carbon assessment results.

GIS is an integral part of the methodology and procedure for counting the CO, absorbed by the Russian forests further
referenced as Methodology (Methodology, 2017). The Methodology based on the Intergovernmental Panel on Climate
Change (IPCC) guideline for GHG inventories in Land Use, Land-Use Change and Forestry sector (LULUCF) (IPCC
Guidelines, 2006).

MATERIALS AND METHODS

The Methodology provides for using annual state statistic report’s data on the Russian forests. A two level-data are
involved in the counting procedure: once local (the forest management unit data) for the assessments of carbon stocks
and carbon absorption in biomass and once regional (the region’s data) for the assessment of carbon losses in biomass
and net carbon sinks. Local level data provided by State Forest Register deal with forest quality and quantity
parameters, such as the dominant tree species, age groups, the forest growing stock volume, forest growing stock
increment, etc. Regional level data provided by annual forestry statistic include the volumes of timber harvested in
forests, areas and volumes of the losses caused by forest fires, forest pests and diseases. The distinctive features of the
revised Methodology were described in the paper (Filipchuk, 2018). Here, we will focus on the features of the
Methodology concerning GIS and the most important outcomes.

In forest biomass calculations based on the merchantable growing stock volume, the biomass conversion and expansion
factor to specify the volume in term of mass is used. The factor is functionally dependent on the specific site-growing
conditions and varies for different tree species and age of forest stands. The use of input data on growing stock volume
and on the increment of growing stock for forest management units and the precise linking of these data to strata allows
counting required parameters and doing final estimates with less uncertainty. Optimization of the forest stratification on
the site-growing (site-specific) conditions rely on an available map of forest vegetation zoning (Kurnaev, 1973) and
regulative documents of forestry (An Order of Ministry of Natural Resources N 367 and ed. N 83 dated 21/03/2016).
Standard ArsGIS tools allowed to combine information from different cartographic sources and to prepare a map of
homogeneous strata with similar forest site-growing conditions (Malysheva et al., 2018).

The next innovation of the methodology is the use of GIS tools for more explicit referencing the source data on forest
management units to strata. GIS overlay operations made it feasible to superpose the polygons of forest management
units over the strata polygons and referenced the initial forest quality and quantity parameters to the strata. For each of
the defined strata, the reference table with a set of necessary parameters for carbon calculations has been compiled.
Thus, geographic reference the data to the strata allows evaluating the parameters for all forest carbon pools such as
aboveground and belowground living biomass, dead wood and litter.

Another advantage of GIS tools used in the final stage of the study is the visualization of the outcomes on maps. A
mask with forest land polygons have been created to visualize the results. The map of forest vegetation of the Russian
Federation, where forests are differentiated by dominant tree species and forest cover density, was transformed by GIS
routines to be used as a mask of forest land polygons. The initial map was drawn up using the results of interpretation of
MODIS satellite images, geo-referenced and available in raster formats (Bartalev et al., 2004). We converted these data
into vector format using ArcGIS and divided the polygons into two groups: forest lands and non-forest lands. The
produced base mask of forest lands was further applied to visualize the estimates of carbon stocks, annual carbon
absorption, annual carbon losses caused by disturbances, and finally net carbon sink (carbon balance) in Russia’s
forests. The procedure with GIS support tested by processing the initial data as an example of 01/01/2018.

® https://unfccc.int/process
® http://www.igce.ru/performance/map-data/status-and-trends-of-carbon-balance-etc/carbon-budget-parameters-of-
russia-s-managed-forests/carbon-budget-of-russian-forests-2018/




RESULTS AND DISCUSSION

GIS for spatially explicit presentation of the assessment outcomes

Experimental testing of the developed procedure made it possible to carry out the estimates of carbon stocks in the
forest biomass in total and in separate carbon pools; annual carbon absorption by forest biomass in total and by separate
pools; annual carbon losses caused by disturbances; and net carbon sink (carbon balance) in the forest biomass. All the
parameters are spatially referenced with the forest land polygons, that represent CO, inventory units in LULUCF sector.
The results presented on maps were prepared by ArcGIS. Figures 1-3 illustrate the outcome parameters of assessments.
The spatial distribution of the calculated parameters allows tracing their regional particularities and provides the
synthesis of the findings.

Figure 1. The carbon stocks in biomass of the Russian forests as of 01/01/2018

The carbon stock in forest biomass clearly depends on the forest site-growing (site-quality) characteristics. Russia's
forests grow in a variety of forest vegetation zones, from sub-tundra woodlands and rare taiga in the north to semi-
desert woodlands and, further south, forests that grow in a subtropical climate on the Black Sea coast of the North
Caucasus. Therefore, the spatial distribution of carbon stocks in biomass clearly reflects a latitudinal zoning and diverse
of site-growing conditions. The average carbon stocks in forest biomass are varied greatly from 3.7 t C/ha in semi-
desert zone and 8.9 t C/ha in sub-tundra woodlands and rare taiga in the north of European part and Siberia up to 245.1 t
C/ha in broad-leaved-coniferous stands of the North Caucasus area. Spatially explicit presentation of assessed data on
maps shows the distinct longitudinal gradient of carbon stock changes in biomass, depending on the forest site-growing
conditions (Figure 1). The total and average carbon stocks in forest biomass referenced by forest site-growing zones are
shown in Table 1.

Table 1. Carbon stocks in forest biomass by forest vegetation (site-growing) zones as of 01/01/2018

Zones Carbon stocks in biomass Forest
Subtotal, Mt C | Average Standard lands,
carbon deviation of | million
stock, t C/ha | average ha

carbon stock
Zone of sub-tundra woodlands and 5073.2 29.9 17.1 214.82




Taiga zone, inter alia 32075.5 - - 505.95
northern taiga sub-zone 12146.3 53.4 155 230.65
middle taiga sub-zone 14311.4 70.8 14.8 203.69
southern taiga sub-zone 5617.7 81.6 12.8 71.60
Coniferous-broad-leaved (mixed) 3764.1 90.6 16.6 44.58
Forest-steppe zone 2764.8 88.2 30.5 37.84
Steppe (prairie) zone 133.0 59.5 27.9 2.08
Semi-desert zone 4.0 224 16.7 0.01
Mountainous zone of the North 470.8 132.2 50.9 3.11
South Siberian mountainous zone 5465.0 70.4 15.7 81.83
Total 49750.5+9614.3 | 66.6*+10.8 16.8** 890.21

* weighted average of carbon stocks
** weighted average deviation of carbon stocks

The average carbon stock in biomass increases from 29.9 t C/ha in sub-tundra and rare taiga to 90.6 t C/ha in temperate
broad-leaved forests, then decreases to 22.4 t C/ha in semi-desert woodlands of the south. In mountainous forests of the
North Caucasus due to excellent climatic and growing conditions, carbon stock in biomass reaches its maximum values,
which averages 132.2 t C/ha with a large variation, as shown by the weighted average deviation from the sample
average (Table 1). In total, the carbon stocks in the biomass of Russian forests (for all IPCC recommended pools —
aboveground and belowground living biomass, deadwood and litter) estimated at 49750.5+ 9614.3. The magnitude of
the indicator variation is related to the diversity of climatic and site-growing conditions and to the sizable areas of forest
lands both. The total area of forest lands is 890.21 million ha as of 01/01/2018. Boreal forests contribute most to the
total carbon stock in biomass (85.7% of total carbon stock and about 90% of total forest land area). We refer to boreal
forests as those located in the following forest vegetation zones: sub-tundra woodlands and rare taiga, taiga zone
subdivided into three sub-zones and South Siberian mountainous zone. These are the forests growing in the severe
climate of the arctic and sub-arctic regions and mountainous regions of the South Siberia with the high-altitude zoning.

As noted above, biomass and carbon stocks in biomass are the most commonly agreed indicators, with estimates
consistent among many researchers. A comparison of our estimates with those of the NIR 2019 shows their consistency.
The average carbon stock in Russia’s forest biomass without soil pool is 55.2 t C/ha (National Report, 2019). Our
estimate gives a weighted average carbon stock in biomass of 66.6 + 10.8 t C/ha representing a likelihood of 95% that
true value is in the confidence interval. The average value of carbon in forest biomass is slightly lower in the NIR, but
taken into consideration the weighted average deviation of carbon stock value in our estimates, sample means is
comparable.

We estimate the annual growth rate in carbon absorption of forest ecosystems as net ecosystem production (NEP) index.
The annual accumulation of carbon stock in biomass is due to the rate of growing stock increment, which in turn is
related to climatic conditions and soil productivity, depends on the tree species and age of forest stands and the degree
of anthropogenic disturbances. The carbon sequestration in forest biomass per unit area is comparatively small at 1.3+
0.14 C/ha year™ due to Russia’s climatic conditions. The value also varies considerably across Russia and the trend of
change has longitudinal gradient. The average value increases from the sub-tundra woodlands and rare taiga zone to the
coniferous-broad-leaved forest zone and decreases further in semi-desert woodlands of the south. On average, the
biomass carbon absorption in sub-arctic woodlands and rare taiga forests in the European part of Russia is 0.33 t C/ha
year™, and in the Chukotka region in Asian part is 0.11 t C/ha year™. The indicator increases up to 1.87 t C/ha year™ on
average in coniferous-broad-leaved forests and decreases further to 0.45 t C/ha year™ in the rare woodlands of the semi-
desert zone of Kalmykia. The maximum carbon sequestration in biomass per unit of area occurs in high-yielding
coniferous broad-leaved forests of the North Caucasus - 2.2 t C/ha year™ (Republic of Adygea and Republic of North
Ossetia). However, their share in the total area of forest lands is small, amounting to only 3.1 million hectares or 0.35%
(Table 1) and the contribution to the total annual sequestration is about 1%. The boreal forests contribute the most to the
total carbon sequestration of about 81%.

Timber harvesting and wood removals, forest fires, forest insects and diseases cause the losses of forest biomass carbon.
The annual carbon losses in biomass pools have been calculated based on the area and stock of dead stands in the
current year, allowing for the correlation of biomass losses with a magnitude of disturbances, the identification of
causes and the spatial distribution of biomass losses across regions. As of 01/01/2018, maximum carbon losses in forest
biomass from all factors were observed in Eastern Siberia and Far East, and in the northwestern European part of Russia
(Arkhangelsk Oblast) (Figure 2). The role of factors disturbed forests varies from region to region. In the north of the
European part, the carbon losses in forest biomass relate to timber harvesting and wood removal. The forests in the



Eastern Siberia were most affected by the fires and timber harvesting that caused the biggest carbon losses in forest
biomass. Forest fires are main factor caused the biomass losses in the regions of the Far East. Total carbon losses in
forest biomass were estimated at 88.95+23.2 Mt Clyear as of 01/01/2018. The regions of the Eastern Siberia and the Far
East contribute about 61% to the total losses, and 74% of the total area. The findings of estimated annual carbon losses
in biomass are clearly correlated with the reported forest losses in the regions collected from field surveys, data from
state forest pathological monitoring, forms of annual reporting on sanitary and health measures and measures to
eliminate hotbeds of harmful organisms (Review of Sanitary.., 2018).

Figure 2. The annual carbon losses in biomass of the Russian forests as of 01/01/2018

Overall, for all forests, annual carbon sequestration in biomass exceeded losses caused by timber harvesting, forest
fires, forest pests and diseases and other forest-related negative factors. The increase of the carbon sequestration in the
living biomass pool compensated for the losses, and as a result, Russia’s forests served as a carbon sink as of
01/01/2018. The weighted average net carbon sink in forest biomass in the study is estimated at 0.81+ 0.14 t C/ha year™.
The spatial distribution of total carbon sink by regions shows that the values are the highest in the regions of Siberia and
the Far East, despite the significant biomass losses caused by fires, timber harvesting and wood removals (Figure 3).



Figure 3. The net carbon sinks in biomass of the Russian forests as of 01/01/2018

The map service for ease of use and spatial presentation of the carbon assessments

Our Cartographic Service (or set of interactive maps) is the result of the integration of GIS functionality, software, and
multimedia solutions. As in the traditional atlas, our service is a systematic set of spatial data in electronic form, having
a semantic load and aimed at experts as well as non-specialists. The user interface has interactive functions and
geographical navigation. At this stage, the implementation of queries is not provided, it is possible only to view and
obtain information on the forest carbon stock indices by pools, forest carbon absorption by pools, forest carbon losses
and the carbon balance of Russia's forests in the context of two-level mapping — local (forest management units) and
regional (subjects of the Russian Federation).

Since thematic maps were created with the estimated data at the forest management unit level, and the map with forest
land borders was used as a basis. The method of refined cartogram (choropleth) in the ArcMap environment was chosen
as a method of visualizing the amplitude and density of forest carbon indices. In this case, the thematic load is
distributed only within the forest land boundaries, which are located within the forest management units or subjects.
Great importance was given to the classification and scale selection. Relative values were used for the subsequent
comparative analysis of the mapped indices, due to the large variety of both the values themselves and the areas of the
considered units. To achieve an aesthetic and at the same time informative results, the selection of scales and selection
of color palettes for design was produced in the ArcMap environment.

Further maps were visualized in the R programming environment with the help of the Leaflet library (Cheng, 2018),
which allows us to create interactive choropleths. As a base map layers we added a list of the ESRI map tiles using the
addProviderTiles () function, many other free third-party basemaps can be added using this function, i.e. Stamen, Carto,
Open Street Map and etc. Created shape files were added to the map with the addPolygons () function. We used the
same one legend for the leaflet polygons created in ArcMap. The htmltools library (R Studio, 2019) was used to add
small boxes containing arbitrary HTML, that point to a specific polygon on the map (popups). Every popup contains
information about forest management units, subjects of the Russian Federation, quantitative characteristics of carbon
stock, annual carbon removal, emission, and carbon balance for the selected object. The rmarkdown (Allaire et al.,
2020) and flexdashboard (lannone, 2018) libraries were used to export maps to HTML-pages. The main steps of the
cartographic service creation are shown in Figure 4. The code sample is available at the link
https://github.com/atsyplenkov/forestry-carbon.




Figure 4. The main steps of the cartographic service creation

The maps in the service are grouped into four thematic sections: carbon stock in forest biomass, annual carbon
absorption in biomass, annual carbon losses in biomass, and net carbon sink (carbon balance) in biomass. Each thematic
section includes subsections with maps showing the values differentiated by carbon pools: aboveground living biomass,
belowground living biomass, deadwood (detritus), and forest litter. It is possible to obtain numerical values for a certain
spatial object working with maps in interactive mode. When the viewer places the cursor on any spatial object, a pop-up
window will appear with quantitative characteristics of carbon stocks, annual carbon removals, emissions, and net
carbon sink (carbon balance) for the selected object. Work with the map service in interactive mode is possible on any
computer using a WEB-browser. To view the maps and get information about the forest carbon indices does not require
the installation of special software on your computer, this product is software-independent.
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Abstract

The sheep herding is a typical way of subsistence helping to preserve the steppe character of The Central Bohemian
Highlands (in the region of Louny, Czechia). After 1989, herds were liquidated without replacement by other suitable
forms of farming. As a result, shrubs started to grow in the steppe areas in the analyzed region. Since 2010, the
traditional sheepherding began to return to the Central Bohemian Highlands Protected Landscape Area. The archival
remotely sensed data (aerial imagery, satellite imagery) were used to analyze the land-cover change. The archival
aerial images for the period 1953 — 2014 were processed to analyze the landscape change. Each of the processed
orthophotos was analyzed with a focus on the not original shrubs and trees. Several thousands of points were digitized
to analyze the influence of the sheep herding on the land-cover of the steppe grasslands.

Keywords: landscape change, sheepherding, archival aerial images, analysis.

INTRODUCTION

Human activity changes the surrounding landscape in many ways. All over the world, we may find large areas affected
by heavy industry, open-pit mining, intensive agriculture, or growing cities. In this paper, we would like to introduce
the analysis, how human activity helps to keep the original state of the landscape. The Central Bohemian Highlands (the
Czechia) has in the Louny region a typical steppe character. Here we can find rare animals and plants typical for the
steppe environment. The sheep herding is a typical way of subsistence helping to preserve the steppe character of this
region. The sheep herding tradition in this region was kept for centuries.



Figure 1 Rana Hill and the landscape of the Central Bohemian Highlands (Toman, 2020)

After 1989, in connection with changes in Czech agriculture, herds were liquidated without replacement by other
suitable forms of farming. As a result, shrubs (as the not original plants) started to appear in the steppe landscape in the
analyzed area. Moreover, the loss of short-lived dry grasslands, habitat uniformity, and the reduction of species
diversity occurred. In 2010 the traditional ways of farming (including the sheepherding) started to return to the Central
Bohemian Highlands Protected Landscape Area with a significant effect on the non-original plants in this region.

The main aim of this paper is to analyze, with the use of spatial data, whether the renewed pastoralism has a positive
effect on the preservation of the original steppe landscape. The landscape change may be analyzed with the use of
different types of archival spatial data. The old maps and archival aerial photographs are mainly used for such a type of
analysis (Brina et al., 2014; Pacina et al., 2012; Skalo$ et al., 2011; Vuorela et al., 2002). Only archival aerial
photographs captured with sufficient overlap may be processed using the standard ways of photogrammetry or Structure
from Motion (SfM) modeling (Cantoro, 2015; Puligle and Fava, 2013; Sevara et al, 2017). The archival aerial
photographs are stored in repositories or national aerial image archives (Cantoro, 2015; Cowley and Stichelbaut, 2012;
Cowley et al, 2013; Pacina et al., 2020).

The archival remotely sensed data (aerial imagery, satellite imagery) were used to analyze the land-cover change. The
archival aerial images from different periods were processed to cover the entire period — the year 1953 (historical state
of the land-cover), 1998, 2004, 2008 (regular periods after the sheep herding stopped), 2011, and 2014 (the sheep
herding was renewed).

METHODOLOGY

Study area

The Protected Landscape Area of Central Bohemian Highlands lies in the north of Bohemia. With an area of 1266 km?,
it is the second-largest protected landscape area in the Czech Republic. The relief of the Central Bohemian Highlands is
the result of volcanic activity in the Tertiary, as well as subsequent weathering and erosion processes. Characteristic are
the conical and cumulus shapes of hills, short ridges, often with rubble fields on the slopes. (AOPK, 2020).

Among the most interesting and beautiful peaks of the Bohemian Central Mountains are the areas of the Rana and Oblik
hills analyzed in this paper. The analyzed area, in the Louny region, covers 1 577 hectares (see Figure 2).



Figure 2 Area of interest - Rana and Oblik hill

Archival data

Several types of spatial archival data may be used for landscape development and change analysis. Concerning the
studied phenomenon and the scale, the archival aerial images were chosen as a relevant data source. Within the old
maps, we are unable to identify the single trees (studies in this area). The archival satellite images offered by the USGS
(Landsat) are available back to 1972 and are a very valuable source of the data with worldwide coverage.
Unfortunately, the spatial resolution is to rough to be used for our purposes.

In the Czech environment, the archival aerial images are available in the national archives managed by the Military
Geographical and Hydro-meteorological Institute in Dobruska (VGHMU¥) or the Czech Office for Surveying and
Cadaster (CUZK). The aerial images for the year 1953 were obtained from VGHMU¥ and the aerial images for 1998,
2008, 2011 and 2014 were obtained from CUZK. The aerial images were, based on the accuracy analysis performed in
(Pacina and Popelka, 2017), processed in Agisoft Photoscan (v. 1.5.0). Selection of Ground Control Points (GCP) is
crucial for quality data processing (Pacina et al., 2020). The catalogs of the GCPs used for the original processing of the
aerial images are not available — thus the GCP has to be identified both on the archival aerial photograph and the
contemporary processed orthophoto. The elevation information is further derived from the Digital Terrain Model of the
Czech Republic of the 5th Generation (DTM 5G) available for the whole Czech Republic. The DTM 5G is acquired
with LiDAR and is available for the public as an irregular set of points, with a 1 point/m” average density (CUZK,
2020).

Landscape change analysis

The landscape change analysis is based on a comparison of two or more processed time series of data. Within the area
of interest, two different types of analysis were performed: 1. landscape change analysis based on the differences in the
land cover and 2. the higher (non-original) vegetation identification. The manual identification and hand digitalization
were used for both of the analyses.



RESULTS
Archival data processing and interpretation

The selected archival aerial photographs were processed for the defined years — the total number of 13 images for the
year 1953, 5 images for 1998, 4 images for 2008, 6 images for 2011, and 6 images for 2014. All of the images were
processed using the Agisoft Metashape software. For most of the images, the GCPs were identified on the 2018
orthophoto available as a WMS service at http://geoportal.cuzk.cz (see an example in Figure 3). The regular distribution
of the GCPs is requested to produce an accurate digital surface model (DSM) based on the raw archival aerial images
(Pacina et al., 2020). Approximately 10 GCPs for each of the processed time series of archival aerial images were used.
The only exception was the year 1953. The total number of 25 GCPs were defined and in field measured with RTK
GPS as the derived DSM was subjected to accuracy analysis in (Pacina and Popelka, 2017).

The land-cover on processed archival orthophotos was manually digitized (classified) into six categories: bosk,
grassland, field, built-up area, forest, and orchard. As a bosk is classified as an overgrown area where it is impossible to
identify single trees or bushes. The non-original higher vegetation (trees, bushes) was digitized as a single point for
detailed vegetation analysis. See the significant years (1953, 1998 and 2014) in Figure 4.

Figure 3 Example of Ground Control Point identification. A — contemporary orthophoto available as WMS. B -
processed orthophoto from 2008.



Figure 4 Land cover digitalization within the area of interest. A - the year 1953. B - the year 1998. C — the year 2014.



Non-original plants identification and landscape change analysis

The non-original plants (trees, higher bushes) identification/visualization was performed using two types of analysis.
The area of interest was divided into a regular square grid. Different grid sizes were tested — 30 x 30 m, 50 x 50 m, 75 x
75 m and 100 x 100 m. The 50 m sized grid was selected for further analysis. The Create Grid Index Feature function,
implemented in ArcGIS was used for the grid creation. The tree density was then recorded within each of the grid cells.
In Figure 5 is presented the tree density of the year 2014 with a detailed inset. In Figure 6 and Figure 7 are presented

results for years 1953 and 1998.

Figure 5 The ““higher vegetation” density expressed with 50 x 50 m grid for the year 2014. Blue dots in the inset
represent single identified trees.



Figure 6 The “higher vegetation” density expressed with 50 x 50 m grid for the year 1953.

Figure 7 The ““higher vegetation” density expressed with 50 x 50 m grid for the year 1998.

In Table 1 are presented the maximum tree density values in the defined 50 m square and the total number of identified
trees/bushes for the defined year. It is visible that in 1953 there is a significantly low number of trees and bushes within
the area of interest. Between 1998 and 2004, there was a decrease in individually growing higher vegetation, there was
also a decrease in the total number of individually growing trees and shrubs, but this decrease could occur by pruning
higher vegetation or rather by growing this vegetation and merging into wholes. In 2008, the largest range of
individuals is evident. In 2014, there are almost 2/3 fewer individuals than in 2008.



Table 1 Identified higher vegetation in the defined periods.

Analyzed period

1953 | 1998 | 2004 | 2008 2011 | 2014

Highest tree density in a square 29 148 69 112 230 112

Total number of trees 1931 | 9369 | 8556 11356 | 8947 | 4312

As a further analysis, a comparison of the development in individual years for bosks, forest, grass area, and field in the
given localized area was performed. All continuous vegetation was marked as a bosk, where it was no longer possible to
classify individuals of trees or shrubs. The results are presented in

As can be seen from the table, when comparing individual years, the development of bosks corresponds to the growth
and merging of individuals of higher growth. The fewest of them were in the first year of monitoring, the largest
increase occurred in the years 2008 - 2011. Since then, there has been a slight decrease, which has also caused pruning
of this vegetation. This fact was also verified by field research.

Grasslands do not differ significantly in the monitored years, the differences between the areas in individual years are
not so great. The forest is also growing, especially on the northern sides of both hills. The area of the fields decreased
slightly from 1953 to 1998, in 2004 the area of the fields increased again and in 2014 there was a slight decrease again.

Table 2 Landscover in the studied periods (in hectares)

1953 1998 2004 2008 2011 2014

Bosks 28.30 121.14 128.88 182.56 184.51 170.12

Grassland 170.13 | 221.04 172.27 116.84 124.84 120.02

Field 466.13 | 319.91 332.38 508.19 498.16 340.39
Built-up 19.87 28.12 28.67 32.54 34.33 32.82
Forest 16.18 12.72 17.55 20.51 16.05 18.77
Orchard 21.49 21.51 21.57 21.61 21.52 21.36

CONCLUSIONS

Within this paper, there are presented standard ways of landscape change analysis focused on the sheep-herding effect
on the plants in the studied region. The archival aerial photographs were used as the most suitable data for this type of
analysis. A time series of aerial images from 1953 to 2014 was processed to cover the period of the land-use change.
The research was focused mainly on the “higher vegetation” — the non-original trees and bushes in the steppe
environment of the Central Bohemian Highlands. More than 40 000 points representing the “higher vegetation” were
hand digitized in the defined time-periods. The research data support the theory, that the sheep herding keeps the natural
state of the steppe environment. In 1950° when sheepherding was a natural part of this region, there was a very low
number of higher vegetation individuals. The tradition of sheepherding was disconnected in the early 1990°. The first
data analyzed after this point are from the year 1998. Here we have identified a significant increase in the higher
vegetation and the year 2008 represents the peak. In 2010, the sheepherding tradition was renewed and the analyzed
data from the years 2011 and 2014 show a significant decrease.

The manual identification of the trees requires a precise digitalization technique and a lot of time. In future research, we
would like to focus on automatic digital image processing and machine learning for faster (and possibly) more robust
tree identification.
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Abstract

Protected areas (PAs) are widely recognized for their potential to protect biodiversity and to secure ecosystem services
(ES). We selected a system of informative indicators for assessment of ecosystem condition, related to biodiversity
dynamics, landscape fragmentation, and habitat loss, considering their particular sensitivity to global change and the
importance of specific services they provide. The analysis of the potential of the forest ecosystems in the case-study area
was done by processing the available data from the Management Plan of NP Pirin and the data for Natura 2000 sites,
by applying modern GIS-based methods and models. The prioritization of ES provided by forests in NP Pirin has been
conducted based on expert assessment and questionnaires. The elaboration of ES maps allows the proper
understandings of the impacts of mountain forest ecosystems on human welfare and support decision-makers for
sustainable management of these services.

Keywords: Mountain ecosystems, Ecosystem services, Assessment, Mapping, Management
INTRODUCTION

Mountain ecosystems have an important role in conservation of biodiversity, water resources, regulation of global
climate, soil erosion prevention etc. They are known as "hot spots of biodiversity” and encompass a high species
diversity, diversity of ecosystem types and a remarkable diversity of economic activities, which provide a wide range of
ecosystem services (ES) and benefits to the society (Kérner and Ohsawa, 2005). Their exceptional role in supplying a
vast variety of provisioning, regulating and cultural ES at the European level and globally has been acknowledged in the
recent years (Maes et al., 2011; Grét-Regamey et al., 2012), regardless mountain ecosystems are highly sensitive and
vulnerable to climate change (Beniston, 2003; Loffler et al., 2011).

Key Biodiversity Areas and protected areas provide value to humanity not only for the biodiversity they contain, but
also because they sequester and store carbon, purify water, provide recreation and tourism opportunities, contain
cultural or spiritual values, and deliver a range of other benefits (Neugarten et al., 2018). Quantifying and mapping
these benefits is an important tool and could help decision makers to justify the importance of these sites for
conservation, to attract new sources of funding and manage the sites more effectively.

Pirin Mt. is a significant element of the natural capital and society with vast territories within protected areas (PAS),
regarded as important for maintaining species and habitat diversity, as well as protecting specific landscapes. For many
years PAs have been recognized as successful management tool to achieve the long term conservation of nature with
associated ecosystem services and cultural values’ and able to effectively contribute to improving the quality of life of
residents. Despite providing an unprecedented abundance of ES, mountain protected areas still remain among the
poorest documented ecosystems. The implementation of ES approach for assessment and mapping of mountain forest
ecosystems and ecosystem services they provide could help to properly understand the large-scale view of the unique
‘multifunctionality’ of mountain PAs and could help managers and decision-makers to identify stakeholder preferences
for sustainable management of these services.



In this paper we present the results from spatial analysis and mapping based on qualitative biophysical assessment of
forest ecosystems and their services in high-mountain territories in National Park Pirin.

MATERIALS AND METHODS
Case study area

National Park “Pirin” encompasses the larger part of Pirin Mt. in southwestern Bulgaria, spanning an area of 40 332.4
ha (Order No. RD - 395 of 15 October 1999 of the Ministry of Environment and Water). In 1983 NP “Pirin” was
included in the list of the Convention on the Protection of World Heritage by UNESCO, confirming the exceptional
value of the nature in the park.

NP Pirin is characterised with specific alpine territories, rich biodiversity, with many endemic and relict plant and
animal species. On the territory of the park a total of 1341 species and intraspecific taxa have been identified, which
represents about 32.6% of the flora of Bulgaria (MP, 2004). Forests cover around 57.3% of the total area of the park,
from which 95% coniferous and 5% deciduous forests. The largest area is doinated by dwarf mountain pine (Pinus
mugo Turra), followed by Norway spruce (Picea abies Karst.), European beech (Fagus sylvatica L.) and Boshian pine
(Pinus heldreichii Crist.). In the zone between the upper tree-line and timberline, mostly situated between 1900 and
2250 m a.s.l., are distributed two subendemic tree species, Macedonian pine (Pinus peuce Gris.) on silicate sites and
Bosnian pine (Pinus heldreichii Crist.) on carbonate rock.

The proper identification of ecosystems types requires the use of reliable typology. The MAES typology is organized
in two main levels and its structure enables applying CORINE Land Cover (CLC) data for spatial delineation and is
also adjusted with the European Nature Information System (EUNIS) habitat classification types. The main classes of
the typology proposed by MAES were used for the differentiation, assessment and mapping of the condition of
mountain ecosystems and the services they provide in NP “Pirin” (Maes, 2013). The ecosystem types in high
mountain territories in NP “Pirin” at Level 2 are determined as follows: Urban, Grassland, Woodland and forest,
Heathland and shrubs, Sparsely vegetated land, Rivers and lakes. The case study area covers high mountain forest
ecosystems (Fig.1).

Figure 1. Ecosystem types in the case study area — National Park ““Pirin”



Data collection and processing

The data from Management Plan of “Pirin” National Park (MP, 2014) were used for characterization and biophysical
assessment of the condition of forest ecosystems. The informative indicators to quantify the condition of an ecosystem
were chosen, based on the “Methodology for assessment and mapping of woodland and forest ecosystems condition
and their services in Bulgaria” (Kostov et al., 2017). The indicators have to be able to provide useful information to
policy makers and the wider public on the current state and changes in the conditions of the environment. The set of
selected indicators include the main five indicator groups: biotic diversity, abiotic heterogeneity, energy budget,
matter budget, water budget. Each of them contains particular number of individual indicators with specified
parameters.

The condition of the ecosystems was assigned with scores from 1 (bad condition) to 5 (very good condition),
depending on the measured/assessed values of every indicator (by expert evaluation for each specific polygon). In
order to collate all separate indicator scores into one single measure of ecosystem structural-functional condition, the
Index of Performance (IP) for a particular ecosystem was used. The IP was calculated as the ratio of the sum of the
indicator scores to the maximum possible indicator sum:

IP = Sni/Sni(max) (D)

where:

Sni — sum of the scores, assigned to every indicator;

Sni — sum of the maximum possible indicator (score 5) for every indicator.
The IP takes values between 0 and 1, according to the following scale: IP = 0.00 + 0.20 — very bad condition; IP =
0.21 + 0.40 - bad condition; IP = 0.41 + 0.60 — moderate condition; IP = 0.61 + 0.8 — good condition; IP =0.81 + 1.00
— very good condition.

The importance of various variables underlying the ecosystem services in mountainous protected areas (PAs) were
assessed based on perception evaluation of scientists and local stakeholders by questionnaire and further prioritisation.
The relevant ES delivered by NP “Pirin” were selected. After the selection, the appropriate for assessment and mapping
ecosystem services were determined, based on: readily available information for each of them; opportunity to measure
this service; ability to collect data (availability of information, accessibility, completeness and appropriate format of
information).

Mapping procedure

The assessment and mapping procedure rely on the integration of two consecutive approaches. The Methodology for
assessment and mapping of woodland and forests ecosystems’ condition and their services in Bulgaria (Kostov et al.,
2017) provides detailed description of the assessment of the forest ecosystem’s condition. After finalizing scoring of the
proposed set of biophysical parameters - indicators, geospatial analysis is applied in order to develop maps of the
provision of ES. The application of GIS methos is advantaging, therefore we used ESRI ArcGIS software and the
working environment in UTM WGS84, zone 35N for the final step. GIS ensures the application of analysis tools set to
perform overlay analysis and to optimize and manipulate the results of the assessment. The next step was to spatially
link the datasets to the forest subunits, delineated by polygons. The final map represents the condition of forest
ecosystems in NP “Pirin” in a uniform vizualization.

RESULTS AND DISCUSSION

The distribution of the afforested area in the case study by tree species showed that 36.81% are occupied by Pinus
mugo, followed by Pinus peuce (35.2%) and Pinus sylvestris (10.1%). This distribution well corresponds to the
distribution of afforested area on the whole territory of NP “Pirin”. The analysis of the data revealed that 11 177.8 ha
(69.3%) is the area of forests growing on medium-rich habitats, followed by those on poor habitats — 4081.3 ha
(25.3%). On rich habitats an area of 564.0 ha (3.5%) covered by high-mountain forests are located. The forests in the
case study have a relatively high mean age, as 88.0% are above 80 years old, most of them are above 100 years old
and those above 120 years old are 31.3%. The oldest are Pinus heldreichii and the youngest are Pinus sylvestris
forests. The average growing stock is 232.47 m*/ha.

Three main subtypes of forest ecosystems at Level 3 have been identified in the case study area (Table 1): G 1 (High



deciduous forests, G 3 (Coniferous forests) and G 4 (Mixed deciduous and coniferous woodland). To the level 4 are
attached 6 subtypes of forest ecosystems, corresponding to respective Natura 2000 habitat types’ code. Heatland and
shrub ecosystems are presented by 1 subtype F 2 (Arctic, alpine and subalpine) corresponding to habitat type 4070%*,
which is of conservation priority in Europe. The most widely distributed in the case study are the ecosystem subtypes
F 2.4 (Conifer scrub close to the tree limit) and G 3.6 (Subalpine Mediterranean pine woodland), followed by G 3.4
(Scots pine woodland south of the taiga).

Table 1. Typology of ecosystems and correspondence of the habitat types with the MAES ecosystem categories and
types (Level 2, 3 and 4); (*) indicates habitat types of conservation priority in Europe

Natura 2000
Level 2 Level 3 Level 4 Habitat types’ codes
High deciduous forests - G 1 G 1.6. 9110, 9130

Woodland and forest 91BA, 91CA, 9410,

Coniferous - G 3 (G 3.1+G 3.4+G 3.5+G 3.6) 95A0, 9530*

Mixed deciduous and coniferous G 4.6.

woodland - G 4

Heatland and shrub Acrctic, alpine and subalpine — F 2 F24. 4070*

The analysis of the results from the biophysical assessment of the condition of forest ecosystems in NP “Pirin”
showed that almost all ecosystems are characterised with “good” condition — 94.80%. The proportion of the
ecosystems with “moderate” condition is 4.76% and with “very good” — 0.44% respectively (Fig. 2). The largest part
(80.0%) of the ecosystems with “very good” condition are Pinus peuce forests, most of them located on the territory of
the reserves “Bayuvi Dupki- Dzhindzhiritsa” and “Yulen”.

Figure 2. Mapping of the condition of forest ecosystems in NP Pirin



The ES concept was designed to be included in the decision-makers’ agenda through various tools for environmental
and natural resources management (MEA, 2005) but still more effort is needed for its actual inclusion in natural
resource management and decision-making process (Kienast et al., 2009). It was recognised that this inclusion strongly
depends on institutional capacity and the credibility of generated information (Ruckelshaus et al. 2013) and in order to
inform and support decision making trust needs to be gained to scientific evidence (Rae et al. 2007; Willemen et al.
2015).

The analysis of the result from the perception evaluation of scientists and local stakeholders revealed that the forest
ecosystems in the case study are of a major importance for the provision of Regulating and Maintenance services and
for Cultural services (Table 2). Mountains play an important role in the water cycle, with significant feedback to the
regional climate regulation. They are often called nature’s “water towers” storing water in various ways, including the
formation of snow and ice, which is later released as melt-off during warm seasons. Water storage and modulating
runoff regime or so called “waterholding capacity” of mountain ecosystems reduces peak stream flow. Mountain
vegetation and soils play a significant role in reducing or mitigating risks from natural hazards, e.g. avalanches and
rockfall. Mountain ecosystems play crucial role in protection of fragile mountain slopes from erosion and leaching
processes.

Mountain ecosystems have intrinsic spiritual and religious value, especially for local inhabitants. Species diversity with
many endemic or charismatic animals and plants together with spectacular landscapes are of strong aesthetic value.
Traditional mountain ways of life and the landscape mosaics that have been created result in a strong sense of place and
cultural heritage. Scenic landscapes and clear air make mountains target regions for recreation and tourism — often seen
as an engine for economic development. Mountain populations have high diversity of cultures, incl. languages and
traditional agricultural knowledge that commonly promote sustainable production systems.

From the Provisioning ecosystem services “genetic resources” are recognised as being of key importance in mountain
ecosystems in protected areas. As sources of all major and many smaller rivers they supply water to human population
and some of the rivers are also used for hydropower production.

Table 2. Ecosystem services, provided by mountain PAs

Ecosystem service Key contribution Some contribution
Provisioning services
Food and fibre X
Timber/fuel/energy X
Freshwater X
Ornamental resources X
Biochemical/natural medicines X
Genetic resources X

Regulating and services

Pollination

Seed dispersal

Pest regulation

Disease regulation
Climate regulation

Air quality regulation
Erosion regulation
Natural hazards regulation
Water flow regulation

XX | X |X

XXX [ X [X

Cultural services
Spiritual and religious values X
Education and inspiration
Recreation and ecotourism
Cultural heritage
Aesthetic values

Sense of place

XX [ X[ X | X




Generally, scientists put more emphasis on the biotic and abiotic (system related) ES, whereas stakeholders put more
emphasis on the socio-economic and cultural ES. For example, considering the ES with key contribution in mountain
PAs, the scientist indicated ES such as carbon sequestration, flood mitigation, or erosion control whereas the
stakeholder’s preferences are for leisure activities. The difference in the perception of scientists and stakeholders may
be due to the fact that the scientists pay more attention to the long term processes, while stakeholders give more weight
to issues they deal with in their daily work, such as anthropogenic disturbance or managing tourist numbers (Hein et al.,
2014; Bagstad et al., 2014). The observed differences in views may also be an effect of the more in-depth and
theoretical view of scientists on ecosystems, and the more general and practical view of managers (Fisher and Brown,
2014). Nevertheless the stakeholders’ involvement in decision making on PAs management is of the utmost importance
as success of conservation and management measures relies on their acceptance by local stakeholders (Niedziatkowski
et al. 2018, Sterling et al. 2017)

After the identification of relevant ES we identified a set of 3 ES to which biophysical dimension could be spatially
quantified, based on data availability and readiness of its use for the specific purpose. The set included: Erosion
Regulation (ER), Carbon Sequestration (CS) and Biodiversity as cultural heritage (Biodiversity Heritage - BH) (Table
3).

Table 3. Selected set of ES (classification following CICES)

Selected ES
ES classification following CICES (v5.1) Specifications
Section Section Class (Code) ES Designation

Regulating Regulation of physical, Stabilisation and control of | Erosion
chemical, biological erosion rates [2.2.1.1] regulation
conditions (ER)

Global climate regulation Carbon

by reduction of greenhouse | sequestration
gas concentrations (C9S)
[2.3.5.1]

Cultural Direct, in-situ and outdoor | Heritage, cultural [3.1.2.3] | Biodiversity
interactions with living (as heritage)
systems that depend on (BH)
presence in the
environmental setting

The methods for quantifying and mapping of each of the selected ecosystem service have to be based on the data
collection and processing and guided by the availability and readiness of its use. For the purpose of our study we
propose for assessment and mapping of ES “Erosion Prevention” the Universal Soil Loss Equation (USLE) to be used,
integrated in a GIS platform. USLE allowed the difference between erosion rates in the current scenario (i.e. erosion
rates given actual land cover type) and erosion rates for a worst-case scenario (considering a cover type with maximum
erosion - bare soil under mobilisation) to be determined as first suggested by Guerra et al. (2014). Our suggestion for
mapping ES “Carbon Sequestration” is to be based on input/output balances in biomass (above and below ground).
Annual emission and retention coefficients for each land-use have to be estimated based on the National Inventory
Report results (MOEW, 2019). Biodiversity (as heritage) can be mapped on the basis on presence (area) of protected
habitats listed under the Annex | of the Council Directive 92/43/EEC (CEC, 1992).

CONCLUSION

The present study provides information on assessment on the condition of high-mountain forest ecosystems in NP
“Pirin” and revealed that the majority of ecosystems are characterized with good condition. The forest ecosystems in the
study site are characterised with relatively large size and could supply multiple ES. Mapping of ecosystem condition
highlights potential hot-spots of ecosystem services supply in the case study area.



Studied forest ecosystems preserve high biodiversity and have high potential to provide regulating and cultural ES. The
methods for quantifying and mapping were proposed for selected ecosystem service: “Erosion Prevention”, “Carbon
Sequestration” and “Biodiversity as heritage”. Regarding policy- and decision-making support, this study provides one
of the initial steps needed for the kick-off actions of the MAES implementation in protected areas in Bulgaria.

The approach presented in this study for mapping of the selected ES can be further developed for economic valuation of
ES (as proposed by the EU 2020 Biodiversity Strategy) and the elaborated maps can be useful tool to bring the
analytical framework adopted into the practice of PA management.
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Abstract

The Gerecse (average elevation ~400 m) in Northern Central Hungary has a highly variable morphology, consisting
horsts, hillslopes, stream valleys, and loessy riverside bluffs. The rocky surfaces are composed of Mesozoic and
Cainozoic limestones, marls, and sandstones, and are covered by thick layers of unconsolidated Quaternary fluvial,
lacustrine, and aeolian sediments. Main elements of the morphology have been formed by the constant and relatively
rapid fluvial and colluvial erosion. Landslides are also present, especially in the large, loess-covered areas of the
northern part of the hills. Landslides occur even at inhabited and agricultural areas and may cause serious damages.
There have been attempts to map these landslides and the observations were documented in the National Landslide
Cadastre (NLC) inventory. However, these documentations are sparse and often inaccurate. Our aim was to complete
and correct the landslide inventory by slope classification modelling. We used the Random Forest classification method
to sort the slopes of the area into six categories: scarps, debris, transitional area, stable accumulation areas, stable
hilltops, and stable slopes. The analysed input datasets were terrain indices (4) derived from the MERIT DEM and
categorized geological data from local geological maps. Training areas for each slope category were delineated by
using the local landslide inventory, geological maps, and the previous field experience of the team. The model was
tested on 12 m resolution raster data covering 480 sg. km, yielding an error of ~20%. The results of the model showed
that the probable location of landslide-prone slopes is not restricted to the areas marked in the National Landslide
Cadastre inventory, and unstable slopes might be present on a much larger area. For example only 6% of the estimated
location of the scarp areas fall within the NLC polygons in the modelling area.

Keywords: Landslides, random forest, slope stability, terrain categorization, Gerecse

INTRODUCTION

The morphology of the Gerecse Hills in north-central Hungary is characterised by the fluvial terraces of the Danube
River, Neogene tectonism and Quaternary erosion. Gravitational mass movements are regularly detected on the
agricultural (vineyards) areas, and on the built-in slopes of the local villages. The hazardous areas are mainly those,
where unconsolidated sediments are present, or loess cover is characteristic. To estimate the level of hazards, several
studies and mapping campaigns were done, concentrating on those areas, where human activity is high (Pécsi et al.,
1976; Szabd, 1996;). Small-scale nation-wide maps were also compiled, indicating the high level of geohazards in this
region (Gabris et al, 2018; Jozsa et al., 2019). These studies refer to an event-based mass movement inventory, which
dates back to the early 1970s. Although such inventory is essential in geomorphological studies and to determine the
spatial probability of hazardous mass movements, it often contains inaccurate records (Gerzsenyi and Albert, 2018).

The systematic recording of gravitational mass movement events in Hungary has started in 1972 (Szabo et al., 2008). A
National Landslide Cadastre (NLC) was established and files were created for all event. Each documentation contains a
map excerpt in 1:25000 scale and a description. Later this data has been digitally processed and a geodatabase was



created by the Geological Institute of Hungary. Additional records have been added to the digitized core data and the
database was made accessible online in KML-format.

The problem is that the NLC is not complete. Many of the records do not contain information about the actual state and
the cause of the slope movement. Moreover, none of the map inlets of the archive records differentiated the landslide
body into source/scarp and deposit/debris area, and this also stands for the added records. The latter is rather composed
of point-like records without any areal delineation. Distinction of the scarp, the debris and the transitional areas of a
landslide is crucial for predicting the landslides by means of modelling (Petschko et al., 2016).

In previous years we have concentrated on the landslide susceptibility mapping of the area (Gerzsenyi and Albert,
2018). The method was the likelihood ratio function (Chung, 2006), based on the NLC polygons and combined with on-
site validation. The extensive fieldwork drew our attention to the incompleteness of the NLC. It occurred that only the
close vicinity of the villages and agricultural areas were represented in the database records. According to a pan-
European study, which included the NLC data as well, such incompleteness of the database produces unreliable
regional estimations (e.g. Glnther et al. 2014).

In the present study the NLC has been used as base data, but extensive fieldwork improved the original documentation
and new observations were also recorded. The aim of the present study was to complete and correct the landslide
inventory by creating a map of classified slope types in the study area using machine learning method, namely the
random forest classification (RFC), for modelling.

MATERIALS AND METHODS

The study area covers ~480 km? containing mainly moderately steep foot-hill areas dissected by loessy valleys, gullies
and riverside bluffs. The hilly regions are represented by horsts, hillslopes, stream valleys, and usually covered by
forests (Figure 1). The rocky surfaces are composed of Mesozoic and Cainozoic limestones, marls, and sandstones, and
are covered by thick layers of unconsolidated Quaternary fluvial, lacustrine, and aeolian (wind-blown) sediments.
Although the road network in this area is dense, the access to the outcrops was sometimes complicated with vehicles
due to the lack, or closure of viable roads.

Figure 1. The map of the study area comprising the Gerecse Hills nearby the Danube River.
Digital elevation data
The slope-type classification required digital elevation data, which is appropriate for producing morphometric

derivatives. In the present study the latest high-precision, global coverage terrain model, the MERIT (Multi-Error-
Removed Improved-Terrain) DEM was used. This database was created using mainly the SRTM 3” resolution database,



and the JAXA (Japan Space Agency) AW3D30 (ALOS World 3D - 30 m) DEM model, but compared to these sources
it was corrected to represent the terrain instead of the surface elevations (Yamazaki et al. 2017).

The terrain indices were derived from the MERIT DEM and a morphometry-based analysis was done prior to slope
classification to select the appropriate derivatives. The analysis focused on the rate of difference between the landslide-
affected and the non-affected areas, and included the correlation of the frequency distributions for each variables. A
total of seven morphometric variables were analysed (Table 1). The correlation values (r) refer to the rate of difference
between the two area-types: if the value is low the distribution functions are different, but if the value is high, the
distribution functions are quite similar. For finding the landslide-prone slopes we need variables, which has different
distribution function in the two area-types, so the variables with lower coefficients are preferred.

Table 1. Morphometric variables, their ranges in the landslide-affected and the non-affected areas, and the correlation
coefficients of their frequency distributions in the two area-types.

Morphometric variable Range of non- Range in landslide- | Correlation
affected areas* affected areas* coefficient (r)
elevation [m] 108-306 123-276 0.20
aspect [°] 1-109; 183-359 0-88; 243-360 0.66
slope angle [°] 0-14 1-17 0.52
profile curvature -0.0022-0.0022 -0.0025-0.0020 0.93
TWI (topographic wetness index) | 5-10 5-10 0.97
mean upslope area 0-58 0-58 0.62
normalized height [%] 0-100 0-100 0.84

*Larger than 0.2% of the examined area was involved.

Since the aim of this study was not only focusing on the distinction of sliding and non-sliding areas, we had to consider
other aspects of the possible morphometric variables. The area-specific variables (such as the elevation and the aspect)
may produce unwanted bias in the morphology classification by reducing the chance to detect morphological types
outside the range of the “most frequent” elevation and aspect values. So despite having appropriate correlation values
for landslide detection, the elevation and the aspect variables were omitted as possible predictor variables in the
classification. The remaining five parameter were all considered usable, but sometimes one of them was excluded from
the list of predictor variables during the modelling process.

Geological data preparation

The geological data of the area was extracted from a medium-scale geological map (Gyalog and Sikhegyi 2005). The
polygons of this map are categorized differently for the Quaternary and the pre-Quaternary formations: the Quaternary
is classified based on the genetics of the sediment (e.g. wind-blown, fluvial, gravitational, etc.), while the older units are
categorized as formations. Neither of these classifications is appropriate when doing modelling based on physical
parameters of the rocks and sediments, because both categorization methods unites different lithological units (e.g. the
Eocene Tinnye Formation contains marls, limestone, loose sand, and sandstones).

The reclassification of the geological map polygons aimed to create categories containing physically similar sediments
and rocks. Among the created 14 categories mixed types also exist representing those formations which are
inhomogeneous (Table 2). The preliminary analysis of the lithological categories on the landslide-affected (NLC
polygons) and non-affected areas suggested that the lithology is not a good predictor for landslides in the studied region
for RFC because the different categories have quite similar distribution functions. The correlation of the two
distribution was high (r=0.98). However, the similarity may be caused by the geological classification derived from the
medium-scale source map.

Table 2. Criteria of our map evaluation system and the rate of categories in non-landslide and landslide areas.

No. Lithological category Rate in non-landslide | Rate in landslide
areas [%] areas [%]

1 clay 2.28 0.1

2 silt 60.05 75.08

3 travertine 0.86 0.06

4 sand 3.89 0

5 sand and silt 4.15 0




6 sand-silt-clay 0.93 2.59
7 old carbonates 8.85 0.25
8 gravel 0.14 0.02
9 gravel-sand 0.02 0

10 gravel-sand-silt-clay 13.03 16.85
11 consolidated mixed debris 0.01 0

12 layered sandstone 0.68 0.48
13 layered mixed debris 1.35 1.18
14 loose mixed debris 3.75 3.38

Reclassifying the landslide cadastre into morphological categories

In the Gerecse Hills the NLC contains 47 polygons, each representing a gravitational mass-movement event. Since
occasional renewal of a landslide was recorded as a distinct event, the polygons sometimes overlap with each-other. The
outlined body of the moving landmass was drawn on a small map and attached to the files of the original
documentation. The polygons were later digitized from the map inlets of the paper-based files of the NLC (Szab0 et al.,
2008). The recorded events date from 1972 to 1980. The geometry of the polygons are not appropriate for modelling
due to the crude digitization technique and the inaccurately georeferenced manuscript maps. These polygons served as
an initial “itinerary” to give clues where to look for landslides on the field.

Using objective criteria, the records of the NLC and additional sample locations (a total of 136 sites) were sorted into
three morphological categories: scarps, debris, transitional area. The criteria, which were used to differentiate the
landslide bodies into three categories consist of visible markers, which can be determined on the field:

scarp: fresh outcrop usually exists, in situ revealing the base geological formation. Vegetation is usually
undisturbed above the outcrop, but often dying or non-existent on the scarp itself due to the erosion.

transitional: outcrops are small, or do not exists, and the revealed material is not intact (i.e. the original
sedimentary markers are blurred, disturbed, non-existent). The material is more loose than in the scarp, and wet
clayey matrix is usual. Vegetation shows disturbance (e.g. trees leaning towards the slope).

debris: the material is disturbed, loose, clayey and often wet. Original sedimentary markers are nonvisible, the
morphology is hummocky and the vegetation cover may also be disturbed (e.g. treed are fallen, or leaning to
different directions).

The non-hazardous morphological categories were also sorted into three types: stabile accumulation areas, hilltops, and
stabile slopes. A total of 45 pieces of polygons of these categories were designated to the geodatabase records. These
polygons were selected from previously visited parts of the Gerecse Hills aiming for wide coverage and uniform
density. The categorized map of the observations (181 polygons) served as training data for the subsequent random
forest classification (RFC). The composition of the training data was the following: 35 scarp; 62 transitional; 39 debris;
15 hilltop; 15 stabile accumulation area; 15 stabile slope.

THE RANDOM FOREST CLASSIFICATION (RFC)

Random forest is a powerful tool for multivariate classification that uses several decision trees, each one with a
prediction, where the most popular one will be the overall result (Liaw and Weiner, 2002). In spatial predictions this
method can reach high accuracy to classify raster-type objects, but it is sensitive to the precision of the training area
(Belgiu and Dragut, 2016). We also used raster-type spatial data as subject of RFC predicting a result for each pixel.

Rasters were created from the DEM in the form of the five morphometric derivatives: 1) slope angle, 2) profile
curvature, 3) mean upslope area, 4) TWI and 5) normalized height. The reclassified polygons of the geological map
were also rasterized. Using these rasters, a multi-band .TIF file was created, in which each predictor variable was
represented as a raster-band. The resolution of the multi-band raster was increased using b-spline, and nearest
neighbour® resampling method (~12x12 m) to better fit to the shape of the landslide polygons. The polygons of the
slope types were also rasterized during the classification process with the same parameters. For deriving the
morphometric variables and rasterizing the geological variables the SAGA program was used, and the rasterization of
the slope-type polygons was done with RStudio, using R 3.5, and the rgdal, sf, sp and raster libraries.

! The NN-method was used only for the geology, since having discrete values.
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Figure 2. An overview of the modelling methodology using RFC

The random forest classification process was also done in RStudio, and the R-script used the caret library. The data
sources were represented as one single georeferenced TIF-file with six bands, and a SHP-file containing the 181
training polygons, each of them categorized into one of the six slope-types (Figure 2). The parameters of the RFC were
defined in the script to have 500-1000 randomly selected decision trees (which determined the size of the “forest”). The
modelling result was a single-band georeferenced raster, in which the pixel values represented the predicted slope-types
(Figure 3 C).



Figure 3. A series of excerpt maps of the study area representing the geometry of the NLC, the renewed polygons, and
the modelled slope categories.

RESULTS

The results of the RFC were inserted into QGIS (v. 3.14) to compare with the training data. Since several combination
of modelling was executed, the GIS environment was prepared to be able to run repeated tasks (e.g. in the form of
python scripts). The varying number of training polygons in each of the six category was a disadvantage in the
validation process, and because of this we executed a pixel-wise comparison of the observed and the modelled slope
categories (Table 3).

Table 3. Results of the pixel-wise comparison of the training polygons and one of the models (model no. 6).

Polygons* Pixels Modelled | Rate of Rate of

Type Fit | Missed | Error | Fit' | Missed” | Error area detection | category in

[%] [%] [pixels] [%] model [%]
Scarp 18 | 17 0.49 | 899 1099 0.55 | 37026 5.4 1
Transitional 56 |6 0.1 18107 | 3244 0.15 | 1016111 2.1 28
Debris 20 |19 0.49 | 8378 | 5349 0.39 | 579529 2.4 16
Flat 13 |2 0.13 | 7654 | 515 0.06 | 1517486 0.5 42
accumulation
Hilltops 14 |1 0.07 | 3757 | 673 0.15 | 270747 1.6 8
Stabile slopes 9 6 0.4 2740 | 1563 0.36 | 180870 2.4 5
Median: 0.27 0.25 2

” A polygon was considered “fit” when the right category-type cell was the most occurring
! Fitting pixels in fit & missed (but correct category) polygons
2 Missed pixels in fit & missed (but correct category) polygons



The modelled area covers 480 sg. km and the training area was only 2% of it. Throughout the modelling a total of seven
realizations were executed and tested with different combinations of the predictor variables and the RFC’s tree count
parameter. The best result was achieved with the model no. 6 (Table 3) which used all the six predictor variables and
1000 decision trees.

The prediction of the model (in the case of no. 6) was successful in 75% if looking at the pixel count in all the training
polygons. In the case of two other models (no. 4 and no. 7), using similar tree-count in the RFC, this rate was 70% and
73% respectively. Comparing the rate of success with the rate of error, we have a slightly better, ~82% result. For this,
we calculated the count of "missed” cells in those polygons, which do not have the majority of the fitting category, and
compared to the count of "fit" cells in those polygons, which have the majority of fitting cells (Table 4).

Table 4. The rate of success of the prediction in different models using the same number of decision trees (1000) but
different morphometric variables. In model 4 the mean upslope area was excluded; in model 6 all variables were used;
in model 7 the TWI was excluded.

Scarp Transitional | Debris Flat Hilltops Stabile Median:
accumulation slopes
Model 4 66% 99% 55% 94% 100% 64% 80%
Model 6 38% 97% 64% 95% 97% 68% 82%
Model 7 49% 96% 71% 96% 97% 73% 85%
Average: 51% 97% 63% 95% 98% 68% 82%

CONCLUSIONS

According to the models ~45% of the area falls within one of the three gravitational mass-movement category (scarp,
transitional, debris), which does not mean that such a large area is prone to landslides. In the study area many types of
mass movement are present (e.g. debris slides, rotational slides, topples, creeps, rock falls and slumps), and not all of
them are hazardous. The results of our study suggest that only 1% of the area is “scarp” which refers to those locations,
where the mass-movement is the most intense.

However, this 1% is high, if the location of the scarp lies in a built-in or on an agricultural area. The results showed that
the probable location of landslide-prone slopes is not restricted to the areas recorded in the National Landslide Cadastre
inventory. Only 5.4% of the highly unstable slopes (scarps) fall within the NLC polygons in the study area.

From our results and field experience we conclude that the landslide inventory (NLC) records require refinement and
corrections before using them for modelling. The refinement primarily should include the distinction between scarp,
debris, and transitional areas of the landslide locations. The results of our modelling serve as the base of an ongoing
regional geohazard mapping project.
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Abstract

The aim of this study is GIS-based assessment of the hazard of heavy metal pollution of soil in the Ostrovska lowland
(Bulgaria) in case of inundation from the Danube. For this purpose, a GIS-based model is elaborated and applied to
the study area. The assessment takes into account the following two parameters: degree of heavy metal pollution of
river sediment (Me) and topography (To). The first step produces files into raster format for each of the two parameters
of the MeTo index. The second step of data processing includes a reclassification of the resulting maps of the two
factors considering the rating of the predefined intervals for each factor. The third step uses the Spatial Analyst Tools -
Map Algebra - Raster Calculator of ArcMap to combine all the factor maps into one preliminary map. The latter is
reclassified in the last step of data processing taking into account the predefined hazard classes.

Keywords: GIS, Spatial Analyst Tools, Map Algebra

INTRODUCTION

In recent years the geographical information systems (GIS) have been used increasingly in assessing natural hazards
(Carrara et al., 1995; Aleotti & Chowdhury, 1999; Temesgen et al., 2001; Metternicht et al., 2005; Huabin et al, 2005;
Fell et al., 2008; Westen et al., 2008; Galderisi et al., 2008; Lari et al., 2009; Tarolli & Cavalli, 2013; Suh et al, 2017,
Ashournejad et al, 2019). In this regard, different methods have been applied, e.g. statistical and mathematical - cluster
analysis and regression analysis (Aleotti and Chowdhury, 1999; Clare et al., 2016), geostatistical and simulation
methods (Horspool et al., 2014), and hybrid methods which are a combination of the above mentioned. GIS is a
computer-based technology handling geospatial and non-spatial data and its geospatial analysis and modelling.
According to Thapinta and Hudak (2003), the application of GIS methods has the following advantages over the
statistical and simulation methods: usage of publicly available data and the requirement of less resources. The important
benefit of using GIS is the user-friendly visual access and display, the performance of spatial analysis and application
of standard GIS functions such as thematic mapping, buffer zoning, charting, network-level analysis, simultaneous
access to several layers of data and the overlay, data management, and user-specific functions. Recently GIS has often



been combined with analytical models using machine learning and data mining methods (Tarhan and Saygyn, 2006;
Suh et al., 2017).

Ore extraction and processing, as well as industrial and municipal activities, are considered to be the main sources of
trace metal and metalloid (TMM) pollution of the Danube Valley (Macklin et al, 2006; Milacic et al., 2010; Pavlovic¢ et
al., 2015). TMM load of rivers is presumably associated with particulate matter and fluvial deposits (Bird et al., 2003;
Macklin et al, 2006). The transport of contaminated sediment from mining-affected sub-basins to the Danube can be
intensified during torrential rainfalls and flood waves due to increased erosion of mine wastes at the mining sites and
activated river bank erosion of contaminated floodplains. Some of the major point sources of contemporary trace metal
pollution in the Lower Danube are located in the sub-basin of the Timok River (Brankov et al., 2012; Kotsev, Zhelezov,
2014). The impact of the contaminant load from the tributary can be traced more than 100 kilometers downstream the
Danube, both in its channel and floodplain sediment (Bird et al., 2010a; Bird et al., 2010b; Bird 2010c; ICPDR, 2002,
2008, 2015). During flood events, the Danube floodplain between Timok and Vit rivers seems to be threatened by
receiving certain loads of hazardous substances (Stoyanova et al., 2018; Stoyanova et al., 2019). Therefore, it is
necessary to assess the risk of heavy metal contamination in the lowlands in this section of the Lower Danube. Such
preliminary GIS-based assessment is elaborated for one of the lowlands, named Ostrovska, located in the Bulgarian part
of the Danube Valley between Ogosta and Iskar rivers. The results of the study are presented in this paper.

STUDY AREA

The Ostrovska Lowland extends over part of the floodplain of the Lower Danube, NW Bulgaria, between the villages of
Leskovets and Ostrov (Figure 1). The approximate geographic location of the study area is 24°0’ - 24°8°E and 43°38” -
43°43°N. It covers an area of 25.05 km® with a mean altitude of 28 m and an average inclination of slopes about 2°. The
Ostrovska Lowland has a length up to 12 km in West-East direction and a maximum width of 4 km in North-South
direction.

Figure 1. Location map of the study area

From a geological point of view, the investigated area is a part of the Moesian Platform overlain by several sedimentary
deposits formed during various cycles of the Palaeozoic, Mesozoic and Neozoic, basically during the Miocene,
Pliocene, and Quaternary. The study area is constructed at the top of quaternary alluvial sands, clays and gravels, and
contemporary alluvial and loess deposits (Balteanu et al., 2013).

The climate of Ostrovska Lowland is temperate continental with a relatively cold winter and hot summer. The mean
temperature in January is -2.2°C, and the average minimum extreme reaches -15°C, while the mean temperature in July
is 24.3°C, often with temperature values exceeding 35°C. The area is characterized by westerly and northwesterly



winds. The annual amount of precipitation varies between 518-592 mm with a maximum in May and June, and a
minimum in February (Velev, 2002).

The floodplain of Ostrovska Lowland is covered with alluvial soils, primarily Eutric Fluvisols (FAO, 2006) and Eutric
Gleysols (FAO, 2006) (Figure 2). The sandy ridges are characterized by sandy soils - Arenosols (FAO, 2006) (Balteanu
etal., 2013).

Figure 2. Photographs of the soils of the Ostrovska Lowland: (A) Eutric Gleysols, FAO; (B) Arenosols, FAO; (C)
Eutric Fluvisols, FAO (photos V. Stoyanova, October 2017)

According to the CORINE Land Cover nomenclature (CORINE Land Cover, 2018), the agricultural areas take the
biggest share of the territory equal to 50,3% (211 - Non-irrigated arable land), followed by wetlands 16,05% (411 -
Inland marshes), agricultural areas with natural vegetation 15,81% (243 - Land principally occupied by agriculture with
significant areas of natural vegetation), forests 12 % (311 - Broad-leaved forest), and mixed forests and shrubs 1,10%
(324 - Transitional woodland-shrub), as well as artificial surfaces 3,98% (112 - Discontinuous urban fabric) (Figure 3).
No large industrial plants are operating within the study area at present.

Figure 3. Photographs of the Ostrovska Lowland: (A) Low floodplain with arable land; (B) Sandy ridges with
agricultural land and significant areas of natural vegetation; (C) Depressions in the low floodplain with marsh
vegetation

There are three protected sites in the Ostrovska Lowland - Gola Bara, Kochumina, and Kalugerski Gred-Topolite, with
a total area of 10,705 ha.

According to the administrative division of Bulgaria, the study area is located in the municipality of Oryahovo in the
Vratsa District and includes parts of the lands of the villages of Leskovets, Selanovtsi, Ostrov, Galavo, as well as of the
town of Oryahovo. The settlements of Leskovets and Ostrov are located within the lowland, and their total population
of 1836 inhabitants is distributed as follows: Leskovets - 547 people; Ostrov - 1289 people (GRAO, 2019).

METHODS AND MATERIALS
Methodology

To generate a hazard map of heavy metal pollution of soil in the Ostrovska Lowland by flooding from the Danube, a
newly developed index method named MeTo (Stoyanova and Kotsev, 2020) has been applied. The acronym of the
index is created from the first letters of the included parameters. These are a degree of heavy metal pollution of river
sediment (Me) and topography (To). Each parameter is characterized by the following elements: weight (W), ranges,
and ratings (R). The relative importance of the three variables is evaluated by comparison between one-another. The



highest weight is given to the indicator ‘degree of heavy metal pollution of river sediment’ followed by the
‘topography’ and ‘distance to the river’. Their weight coefficients are 2 and 1, respectively. The scale of ranges of the
parameters characterizes the variety of environmental settings throughout the wetland for the accumulation of heavy
metals in soil. A rating (R) from 1 to 4 is assigned to each of the ranges of the individual variables.

The degree of pollution of the river sediment (Me) is calculated by the index Cy proposed by Backman et al. (1998) as
follows:

Cd= Y, Cfi
=) —1

where:

Cys = contamination factor for the i—th component;

C, = analytical value of the i-th component;

C.i = upper permissible concentration of the i-th component.

To calculate the index Cg4, the measured concentration of heavy metals is compared against the target values for
sediment used in the consecutive Joint Danube Surveys organized by the International Commission for the Protection of
the Danube River (ICPDR, 2015). The ranges of Cy are determined as follows: C4=0, no pollution; Cy (0, 1], low
pollution; Cq (1, 3], moderate pollution; C4>3, high pollution. The intervals have ratings 1, 2, 3, and 4, respectively.

The topography (To) is assessed by the major geomorphological forms identified in the lowland, which are rated as
follows: high floodplain, R=1; sandy ridges, R=1; low floodplain, R=2; old river channels, R=3; marshes, R=4.

The MeTo index is calculated as the sum of the products of ratings (R) and weights (W) assigned to each of the
parameters:

MeTo=Meyw*Meg+Tow*Tog
where:
MeTo — name of the index method,;
Me - degree of heavy metal pollution of river sediment;
To - topography;
R - ratings;
W — weights.

The minimum MeTo index value is 3 and the maximum is 12. It resulted in dividing the whole range into the following
six classes: 3 (negligible hazard), 4-5 (very low hazard), 6-7 (low hazard), 8-9 (moderate hazard), 10-11 (high hazard),
and 12 (very high) (Table 1).

Table 1. Rating and weighting values for the parameters of the MeTo index (Stoyanova and Kotsev, 2020)

Parameters Range Rating R | Weight W | Total Score
Me - degree of heavy metal pollution of | 0 1 2 2
river sediment 0-1 2 4

1-3 3 6

>3 4 8




To - topography high floodplain, sandy ridges | 1 1 1
low floodplain 2 2
old river channels 3 3
marshes 4 4

To elaborate on the hazard assessment, the MeTo is applied to produce maps for each index, as well as an integrated
hazard map in the final step (Figure 4). 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.

Figure 4. Flowchart of hazard map of heavy metal and metalloid contamination

The first step produces files into a raster format for every three parameters of MeTo. The second step of data processing
includes the reclassification of the resulting raster files for the three indices considering the rating of the predefined
intervals for each parameter. The values of the rated maps are then multiplied with the relevant weight factors to
produce the final maps of each index (Table 1). The third step combines all the index maps into one preliminary hazard
map. The latter is reclassified in the last step of data processing, taking into account the predefined hazard classes. The
map of the hazard is then reclassified with the relevant values for each class, which is characterized by a different color
(Table 2).

Table 2. Hazard classes

Range Colour RGB Hazard
3 Dark Green | 38/118/0 Negligible
4-5 Green 10/204/0 Very low

6-7 Light green | 170/255/0 Low




8-9 Yellow 255/255/135 Moderate

10-11 Orange 255/168/0 High

12 Red 255/0/0 Very high

Materials used

To elaborate the raster file of the river sediment contamination, we used data on the concentration of As, Cu, Zn, Pb, Cr,
and Ni in one representative sample of Danube overbank sediment deposited in the Ostrovska Lowland. The sampling
was a part of a field campaign which covered the whole Bulgarian section of the Danube between the Timok River and
the town of Silistra in the period 29 August — 01 September 2013. The sediment was deposited in the spring of the same
year during a high flow event of Danube. Pellets are prepared from 4 g of the fine fraction of the sediment (<0.063mm)
and 0.9 g of an amide wax (N,N-bis-stearyl ethylenediamine, Licowax C, Clariant). Total contents of the trace elements
are measured in the pellets by X-ray fluorescence spectrometer Spectro X-Lab 2000 of the Spectro Company.

The raster files of topography are derived from a digital terrain model (DTM) with a spatial resolution of 1x1m. The
DTM has been generated from high-resolution airborne laser scanning data obtained within the project
DanubeFLOODRISK (2009-2012). The files of the DTM are provided by the Directorate of Water Management to the
Ministry of Environment and Water of Bulgaria. Additionally to the terrain model, topographic maps of a scale of 1:25
000 are also used for delineation of the major geomorphological features of the lowland.

RESULTS AND DISCUSSION

Degree of heavy metal pollution of river sediment (Me)

Index Cg is calculated to be 1.29 for the Danube overbank sediment in the Ostrovska Lowland. This value falls in the
range 1-3 of the index and is rated to 3. The limited number of sites with information on the trace elements in overbank
sediment in the lowland did not allow us to do interpolation, and the score of 3 is set for the entire study area. The raster
file for the degree of heavy metal pollution of river sediment (Me) is created with the tool Spatial Analyst Tools -
Conversion Tools - To Raster - Polygon to Raster (Figure 5).



Figure 5. Rating map of Degree of heavy metal pollution of river sediment (Me) in the Ostrovska Lowland
Topography (To)

To delineate the limits of the lowland and the geomorphographic landforms, we extracted the slope, aspect, curvature
contour, and hillshade from the DTM using the Spatial Analyst Tools - Surface in ArcGIS. After classifying and
analyzing these indicators and comparing them with topographic maps, the following geomorphographic units are
defined: marshes, low floodplain, high floodplain, and sandy ridges (Figure 6). The categories of the geomorphographic
units are defined according to the classification of Mishev (1959).

Figure 6. Geomorphographic units of the Ostrovska Lowland

The geomorphographic map is then transformed into a raster format and reclassified with the ratings of the predefined
intervals for the parameter Topography (Table 1, Figure 7) applying the Spatial Analyst Tools - Reclass - Reclassify.



Figure 7. Rating map of Topography (To) of the Ostrovska Lowland

Map of the hazard
The hazard map is created with the Spatial Analyst Tools - Map Algebra - Raster Calculator of ArcMap.

The calculated values of the MeTo index for the Ostrovska Lowland are within the range 7-10 and fall into three classes
of a hazard: low hazard (34% of total area), moderate hazard (48% of total area), and high hazard (18% of total area)
(Figure 8).

Figure 8. Hazard map of heavy metal contamination of soil in case of inundation

CONCLUSIONS

The elaborated map shows levels of hazard which are closely associated with the morphology of the lowland. The
marshes are highly threatened by metal contamination if flooded, while the hazard of metal contamination of the sandy
ridges and high floodplain is determined to be low. The Danube floods represent a moderate threat to the predominant
part of the lowland in which the low floodplain is developed. The evaluation elaborated with MeTo can be incorporated
as a step in the risk assessment of soil pollution with heavy metals and metalloids in the Danube lowlands. The
produced map of the hazard will be provided to local authorities to optimize land use and reduce the health risk to the
local population following a flood.
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Abstract:

Debris flows, described as a rapid movement of water saturated soil, sediments and rock debris down slopes, are one of
the most dynamic environmental hazards in mountain areas. The geomorphometry and studying the changes in the
topographic surface take an important part in prevention and mitigation of debris flows risk. For this purpose, the
geospatial  technologies provide powerful tools for data acquisition, modelling and analyses.

In the current research two different in size and type debris flows are considered — debris flow in a gully and in a low
part of a stream system. Terrestrial laser scanning (TLS), combined with GPS/GNSS was performed to obtain adequate
georeferenced 3D models of selected debris flows. Digital elevation models (DEM) of the debris deposition areas are
derived from the TLS data. The vegetation was removed from the point clouds by open-source filters and manual
interaction. The 3D models are elaborated and analysed in standalone, server and web-based GIS environment. As a
result of the analyses the erosion and debris flows deposition areas are characterized. Morphological features of the
study areas are described. The impact of the vegetation on the results of the TLS as well as the impact of the point
density in the cloud and the models resolution on the results of analysis are considered too.

1. INTRODUCTION

Modeling as a methodology for processing geographical (spatial) data with application computer algorithms is
increasingly used in geomorphological research. With the development of geoinformation technologies DEMs became
the basis for determining and calculating a number of morphometric indicators, visualization and tracking of changes in
the topographic surface. In this relation the quality of the initial data and the spatial resolution of DEMs are of great
importance for the reliability of the results of modelling. Many publications analyze geomorphological processes and
landforms in different scale using geoinformation technologies and data acquired by UAS, aerial LIDAR and terrestrial
laser scanning (Staley et al., 2006; Ghuffar et al., 2013; Kociuba et al.,2014; De Haas et al., 2014, Pearson et al., 2017,
Schwendel and Milan, 2020 etc.). The influence of DEM resolution on the results of geomorphological studies is
considered by (Zabota et al., 2019; Kasprak et al., 2019 etc.). Analysing the geomorphic changes due to the debris flow
Kim et al., 2016 use DEMs derived from airborne LiDAR data acquired at a spatial resolution of 56 cm and then
interpolated to 1 m resolution. Investigating rockfall Zabota et al., 2019 determine that spatial resolution of 1 m is the
most suitable for modelling on a local scale; resolutions of 5, 12.5 and 25 m are appropriate for modelling on a regional
scale and a resolution of 100 m should not be used for rockfall modelling.

The literature review shows that the choice of the DEM resolution depends not only of the territorial scale of the
research but also on the purpose of the modelling and the characteristics of the modelled phenomena. For example,
DEMs in different resolution could give equally reliable results in modelling different types of debris flows. As a
general methodology for studying the changes in the relief and assessment of debris flows dynamic, analysis and
comparison of DEMs before and after the occurrence of the phenomenon or by comparing the topographic differences
of the two successive terrain surveys and derived DEMs is applied. (Loye et al., 2016; Kim et al., 2016, Morino et al.
2018). In the current study, DEMs of the debris deposition areas of two types debris flows are generated from TLS data.
The spatial distribution of the changes of the topographic surface of the both areas is presented by slope raster and
topographic profiles derived from DEMs. This is the first stage of the research of debris flows in the Eastern Rhodopes
(Bulgaria) using TLS and the presented results refer to the morphometric properties of the studied areas, and do not
consider the time dynamics of the debris flows. The 3D modelling was performed of the depositional areas at two
sampling locations - a gully induced debris flow near to village Golyama Bara and debris flood deposits of the river
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Damdere, few kilometers before it flows into a river Varbitsa. The main activities at this stage of the project are
presented on Fig. 1.

GIS

point processing Data
cloud (DEM and

processing profiles)

campaign sharing

Figure 1. Workflow of the project operations

2. TERRESTRIAL LASER SCANNING

Terrestrial laser scanning (TLS) field campaign was organized to derive point cloud data for the areas of debris flow
deposition and the erosion. The TLS data was derived using Stonex X300 laser scanner - a mid-range (1.6 — 300 m)
laser scanner, able to detect color and intensity information alongside three-dimensional data (Fig. 2). It has a 32 GB
internal memory, capable of storing up to 50 scans at maximum resolution. The instrument has a built-in Wi-Fi
interface, which was used for field setup via Android smartphone. The 3D geospatial dataset is obtained via five 3D-
scans at standard resolution. Paper targets were deployed onto characteristic terrain features for georeferencing
purposes. The scanned areas are of relatively small scale - the Damdere debris flood area was covered with three point
clouds, while the gully - Golyama Bara with just two.

Figure 2. Stonex X300 laser scanner at operation in Damdere debris area

2.1. Data preprocessing

During data collection, all raw point cloud data were recorded in Stonex .x3a archive format. They were subsequently
converted to Stonex .x3s grid (structured) point cloud, and imported into the Stonex 3D Reconstructor software.
Preprocessing and noise removal were applied for data optimization. Two filtering techniques were incorporated in the
preprocessing:
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e Range & Reflectance Gate - all pixels outside the instrument scanning range were filtered, plus all
measurements with intensity values outside the [0-1] interval;

e Median filter and relative depth discontinuity filter;

Computation of normals was performed through a local surface tangent plane for each point, based on the neighborhood
of the pixel (local plane fitting).

Edge detection was applied via two types of geometrically significant line features, calculated from the point cloud
data: edge discontinuities (features when there is a sudden change in the object orientation), and depth discontinuities
(features where the scanner hits an occlusion and therefore the measured range jumps from a foreground to a
background value).

Confidence computation was incorporated thought a dedicated new layer, containing confidence values for each
measurement, based on the incident angle between the laser beam and the tangent plane of the target, the distance to the
target and the material of the object (respectively, the intensity of the reflected signal). The confidence value is
computed as a weighted sum of the surface normal, the range value and the reflectance value.

Afterwards, the preprocessed scans are registered manually via pairs of homologous points - paper targets, as well as
distinctive terrain features — stones, trees, etc. (Fig. 3 and 4). Every registration is performed via at least three
homologous points, with RMS of less than 2 cm. The models were approximately georeferenced via autonomous GNSS
measurements at the scanning positions and paper targets locations with submeter accuracy. The data is subsequently
exported in ASCII (XY Z) colored-reflectance point cloud format for further processing, mainly for vegetation removal.

Figure 3. Overview of the three point clouds for Damdere, including overlying forest canopy that needs removal

Figure 2. Combined dense cloud for the gully - Golyama Bara, where plenty of vegetation needed to be removed.



2.2. Vegetation removal

Separating point clouds into ground and non-ground measurements is an essential step to generate digital elevation
models (DEMs) from LIiDAR data. Many filtering algorithms have been developed. However, even state-of-the-art
filtering algorithms need to set up a number of complicated parameters carefully to achieve high accuracy. The
vegetation was removed to a satisfactory degree using both automatic filtering and manual cropping. The relatively
simpler Cloth Simulation Filter (CSF), available in the open software CloudCompare, was used instead. Various
settings were tested until acceptable noise removal factor was achieved. CSF is based on cloth simulation, which isa 3D
computer graphics algorithm and is used for simulating cloth within a computer programa tool to extract ground points
from LiDAR point clouds. The detailed theory and algorithms of this filter may be found in Zhang W. et all (2016). In
addition to the processing with the filter, some densely forested areas are removed manually (Fig. 5).

Figure 5. Damdere after vegetation removal with the CSF filter

3. MODELLING IN GIS ENVIRONMENT

The point cloud data was processed in GIS environment in several stages. First, the point clouds were imported in
ArcGIS Pro 2.5.1, where a set of DEMs, profiles (longitudinal and cross-section) and surfaces of slopes were created
for further geomorphologic analyses. Then, a web map was deployed in ArcGIS Portal 10.7.1 within the university GIS
portal. Finally, a web application was developed using the Operations Dashboard tool.

3.1. DEM and profiles

DEMs in 5 cm horizontal resolution are generated. For this purpose point feature class is created from the point clouds
and terrain is built. Using ArcGIS Pro Conversion tool the terrain is converted in DEM raster. To smooth the model
ArcGIS Spatial Analyst Tools — Neighborhood — Focal Statistics is used with neighborhood type (moving window) 20 x
20 cells, statistics type “Mean (Fig. 6).



Figure 6. DEMs of the studied areas: a) low part of gully — Golyama Bara without smoothing; b) low part of gully
— Golyama Bara smoothed, profile lines are outlined - green line shows the general downslope direction; blue line
— the greatest flow convergence; ¢) Damdere debris deposition area, smoothed DEM and profile line

Profile lines are interpolated by 3D Analyst Tool (Interpolate Shape) to create 3D lines and profile graphs. The z-values
are interpolated from the DEM to analyze the changes of the topography and the second interpolation of these lines is
done taking into account the values of the slope surface. Changes of the slope of longitudinal profiles indicate changes
in erosion and accumulation. Steeper lines are related to the increasing of deep erosion while more slopping lines show
calmer conditions or accumulation (Fig. 7)

Figure 7. Profile graphs at gully — Golyama Bara area: a) longitudinal profile of the topography (line 1 — on the
general downslope direction; line 2 — the greatest flow convergence); b) changes of the slope through the profile lines
(line 1 and line 2 — the same as previous); c) cross-section profiles of the topography



If we compare the longitudinal profile lines through the DEM and these ones through the slope surface (Fig. 7a and 7b)
we could suggest a relatively high erosion to the 8" m of the profile lines. More calm environment could be seen from
8" m to 18" m and after the 18™ m it is visible the deviation of the flow convergence line from the general downslope
direction which could be an indicator for debris fan forming. The changes of the cross-section profiles (Fig. 7¢) show
the decreasing of deep erosion from upper to the lower part of the gully.

The rapid decrease in the elevation at the Damdere longitudinal profile indicate the position of the check-dam (Fig. 8a).
The cross-section profiles clearly outline the character of the topographic surface before and after the check dam
(respectively the top and bottom of the graph), Fig. 8b. The higher variability of the cross-section profiles after the
check-dam shows greater flow variability and accumulation of debris deposits in the sides of the flow bed.

Figure 8. DEM Profile graphs at Damdere debris flood deposition area: a) longitudinal profile; c) cross-section
profiles

The profile graphs were exported as raster images (.jpg format) and uploaded into the Portal to be used as pop-up
images in the web map.

The slope surfaces of the both studies areas are generated from the DEMs. Nearly 50% of the studied area of the gully -
Golyama Bara are with slope range between 15 and 30 degrees, while at the Damdere area slopes from 5 to 15 degrees
predominate (32% of the studied area), followed by slopes in a range between 15 and 30 degrees ( 23%).

3.2. Web map deployment

The project, created in ArcGIS Pro, is shared as a web map and uploaded in the university GIS Portal, licensed for
education and research by ESRI Bulgaria. The web map provides an interactive display of the project locations and is
composed of web layers that can be visualized in any standard web browser. The portal incorporates several ArcGIS
Enterprise products — ArcGIS Server, ArcGIS Database, ArcGIS Web Adaptor and ArcGIS Portal 10.7.1., installed on a
Windows Server 2016-amd64-10.0 machine with Intel i7-6700K CPU @ 4.00GHz, 32 GB DDR4 RAM and NVIDIA
GeForce GTX 1060 6GB video card. The server is federated to ArcGIS Portal as hosting server, named
MAPS.MGU.BG. The GIS environment is available online, configured using the default Windows web server (Internet
Information Services) with free Let'sEncryptAuthorityX3 HTTPS certificate.



The slope DEMs are uploaded into the Portal server as web tile layers, corresponding to 4 map image services, while
the 8 profiles — as web feature layers, grouped together into a single hosted feature service. Slope surfaces are also
uploaded as web tile layers (a collection of predrawn map images) and provide appropriate elevation basemap. Two
default ArcGIS Server databases are used: a managed database for the vector features and a tile cache database for the
raster DEM tiles. It has to be noted that the server machine video card is not able to render 3D scene view.

3.3. Web application development

The web application is configured and shared publicly using the Operations Dashboard tool, available within the
ArcGIS Portal platform (Fig. 9). ArcGIS Dashboards is an application that enables users to convey information by
presenting location-based analytics using intuitive and interactive data visualizations on a single screen.

Several dashboard items were incorporated in the home interface: the web map, developed in the previous step, plus six
list items — one for each main feature layer.

The web application is available on the following address:

https://maps.mgu.bg/arcgis/apps/opsdashboard/index.html#/28d0ae553971416899edd450dd25483e

Figure 9. Main interface of the web application with gully - Golyama Bara DEM and profiles visible

4. CONCLUSION

The study shows good results with the vegetation removal filter, with some 80% of the data processed correctly
(compared with photos of the area). The generated models of the debris deposition areas allow assessing the spatial
changes of the topographic surface as well as the morphometric characteristics of the gully induced debris flow and
debris flood section. The results set the beginning of the debris flow monitoring in this part of the Eastern Rhodopes
Mountain and can be used for debris flow susceptibility and hazard assessments. The subsequent surveying of the
territory related to the current results will give an information about the spatio-temporal dynamic of this
geomorphological hazard. Further data collection may include aerial photogrammetry (drones) for even larger coverage.
However, terrestrial laser scanning may still be needed inside the dense forest canopy.

The web application (operations dashboard) will be updated with new data collation campaigns of the presented debris
areas. The app may be also used in real-time on mobile device for better navigation within the area.
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Abstract

The Bulgarian Black Sea coast is a region where a considerable part of the deep complex landslides in the country are
distributed. More than 200 landslides affect only urban areas, resorts and villa zones. Depending on the depth range,
geological and tectonical structure and the engineering geological properties of the geological units, the Bulgarian
Black Sea coast can be divided into three landslide areas: Northern, Middle and Southern zone. In this study, the Mora
and Vahrson method was applied to estimate the landslide susceptibility. This method is based on evaluation of various
local factors for slope instability which are estimated. The article incorporates contemporary rainfall data that have a
direct relationship on climate changes in recent years. The purpose of the study is to produce landslide susceptibility
maps of a landslide-prone area located at the Black Sea coast of Bulgaria using updated GIS-based data for the region.

Keywords: Landslide susceptibility, Landslide mapping, Black Sea coast, Bulgaria

INTRODUCTION

Landslides are the most common destructive geological processes in Bulgaria. Landslide activities along the Black Sea
coast cause concern in the whole society in the country with large material losses and human casualties.



The Bulgarian Black Sea coast is a region where a considerable part of the deep complex landslides in the country are
distributed. More than 200 landslides affect only urban areas, resorts and villa zones (Frangov et al., 2011; Berov et al.,
2013; Dobrev et al., 2013; Ivanov et al., 2014; lvanov et al., 2017). The main triggering factors are: rainfalls and
groundwater level fluctuation, abrasion, erosion and earthquakes (Frangov et al., 1998; Berov et al., 2002; Bruchev et
al., 2007; Ivanov et al., 2019).

In general, the Black Sea coast is one of the regions of the country where catastrophic landslides periodically occur.
Favorable conditions for this are the geological-tectonic structure, the geomorphological conditions, the engineering-
geological properties of the rocks and the soils (Varbanov et al. 1997, Lakov et al., 2002; Evlogiev, Evstatiev, 2016;
Evstatiev et al., 2017; Atanasova, Nikolov, 2019; Nankin, lvanov, 2019).

The Bulgarian Black Sea coast can be divided into 3 parts based on the geological and tectonic structure - Northern,
platform, built of almost horizontally lying sedimentary rocks of Tertiary and Quaternary age; Middle — within the Stara
Planina structures, composed of differently inclined tectonic processed Upper Cretaceous and Tertiary sediments with
predominance of flysch facies; South — covering the structures of the Burgas synclinorium with a pronounced
predominance of the Upper Cretaceous sedimentary volcanogenic complex, cut in places by young plutonites with
imposed Tertiary depressions and small spots of Middle and Upper Miocene sediments. Under this geological fact,
more suitable conditions for landslides exist on the Northern part of the coast.

Geomorphologically, the terrain in the coastal part of the VVarna Depression has a plateau-like character. In the section
North of Varna there are 2 plateaux - Frangya and Dobrudzha, separated by the valley of the Batova River. The altitude
of the edges decreases in a northerly direction. The eastern edge of the Frangya plateau is 200-250 m above sea level,
Dobrudzha — from about 200 m on the left bank of the Batova River to Balchik, 60-70 m in the area of Cape Kaliakra,
40 m near the village of Kamen Bryag and up to 11 m near the village of Krapets. The valley of the Batova River is cut
200-250 m into the Miocene sediments, has a flat bottom and relatively steep valley slopes.

Subhorizontal Tertiary and Quaternary deposits have been deposited on the Moesian platform, sinking to the northeast
at an inclination of up to 5 °. As a result of the general slope of the young sediments in the area around Varna, the lower
floors of the Miocene are revealed, represented by clayey-calcareous and sandy facies — clays, loose sandstones and
sandy limestones, which sink to the north and reveal the clayey-calcareous sediments at the surface. This has led to the
development of circus, delapsive landslides near Varna, complex landslides in the region of Balchik to typical block
landslides — in the area of the resort complex Rusalka. The almost continuous landslide strip north of Varna to Kavarna
has a length of about 30 km and a width of up to 2-3 km.

Landslides are distributed mainly in the Northern part of the coast between the towns of Varna and Kavarna. Most of
the landslides are complex and deep-seated. This part of the Bulgarian Black Sea coast has a high degree of landslide
hazard in economic loss, social and environmental consequences. Landslides are also spread in Cape Galata, around the
towns of Byala and Obzor, near Cape Emine, Ravda, Sarafovo, Chernomorets and Tsarevo villages. Most prone to
landslide processes are slopes in the areas of Varna and Balchik and parts of the Eastern Balkan Mts (mostly southern
slopes).

In this study, the Mora and Vahrson (1994) method was applied to estimate the landslide susceptibility along the
Bulgarian Black Sea coast, which is strongly affected by landslides. This method is based on evaluation of various local
factors for slope instability which are estimated. Some new data on rainfall and soil moisture distribution that have a
direct relationship on climate changes in recent years are incorporated. Landslide susceptibility maps of a landslide-
prone area located at the Black Sea coast of Bulgaria using updated GIS-based data for the region are produced in the
study.

MAPPING OF THE TERRAINS TO SUSCEPTIBILITY OF LANDSLIDES

Knowledge of landslide processes and their dynamics is important in engineering risk management and land use
planning. Their study can be associated with the slope movements of the past that could be reactivated. Landslide
susceptibility mapping methods are varied and numerous and often vary depending on the country, terrain, objectives
and finances available for the project. Susceptibility is the tendency and predisposition of geological space to generate
landslides. In mathematical form, landslide susceptibility is the probability of the spatial manifestation of a certain slope
prone to landslides, under a certain set of engineering geological conditions (Guzzetti et al., 2005). It is assumed that in
the future landslides will occur under the same conditions as in the past (Guzzetti et al., 1999) and the susceptibility
estimates made in this way can be used to predict the geographical location of future landslides. Landslide susceptibility
mapping does not predict "when" or "how often" landslides will occur or how large and destructive they will be
(Guzzetti et al., 2005). The study presents the results using GIS and the methodology given below of a research on
landslide susceptibility mapping along the Bulgarian Black Sea coast.



METHODOLOGY

The Mora-Vahrson method (Mora, Vahrson, 1994) is a simple and effective procedure for zoning landslide-prone
regions. It has been used in various countries in Latin America such as Guatemala, Salvador, Nicaragua, Costa Rica
with good results, according to the published studies (Roman, Boraschi, 2018). Mora and Vahrson (1994) describe this
model as a system designed to allow the classification of landslide risks in seismically active tropical areas. In the
model are inputted five factors, which are divided into two groups: susceptibility by passive elements (slope, lithology,
soil moisture) and susceptibility by active elements (seismic intensity and intensity of rainfall). For each factor, an
influence index is defined. The relative level of threat (H) is obtained by multiplication and sums of the indices by using
the following equations:

H = (St * SI* Sh) * (Ts + Tp) (1)

Where:

Sr — slope factor

Sl — lithology factor

Sh - soil humidity factor

Ts — seismicity triggering factor
Tp — precipitation triggering factor

An additional factor - Te — erosion/abrasion triggering factor, was proposed by Berov et al. (2016). This factor takes
into account the specific conditions along the Bulgarian Black Sea coast. In this way, the supplemented formula of
Mora and Vahrson acquires the form:

H=(Sr*SlI*Sh)*(Ts+ Tp + Te) (2)

The following explanations are given in more detail regarding the abrasion and erosion factor (Te). The criteria are
specific for the Bulgarian shorline. The values of the factor are different respectively for sea-side strip and cliff. For the
accumulation zone the value of Te is 0. For rocky cliff, with abrasion and erosion processes Te=1. For soft soils cliff,
with abrasion and erosion processes Te=2.

This additional method allows to outline the areas of landslide susceptibility along the Bulgarian Black Sea coast both
according to the individual factors and to give an integral interpretation of all factors.

EXTREME MONTHLY PRECIPITATION AS AN ACTIVATION FACTOR

In the present article the precipitation data for the period 1931-2019 were taken under consideration with the accent on
the last 30 years.

The territorial distribution of landslides depends on specific geological-geomorphological and hydro-climatic
conditions, and could also be associated with anthropogenic activity that does not comply with the hydro-geological
conditions of the territory.

The climate influences the occurrence of landslides with precipitation, which can lead to a decrease in the stability of
the territory through surface runoff or an increase in the groundwater level. Due to the high frequency of extreme
weather events during the last decades the interest in the investigation of climate impact on the landslides formation
increased. The relationship precipitation — landslides was analysed in a number of publications (Crozier, 2010; Polemio,
Petrucci, 2010; Wasowski et al., 2010; Stoffel et al., 2014; Gariano et al., 2015).

The analysis of the precipitation for the investigated territory was made on the basis of monthly values for the period
1931-2019 measured at the meteorological stations Varna and Burgas which are representative for the north and the
south part of the Bulgarian Black Sea coast. We calculated the number of extreme wet and extreme dry months. As
extreme wet months we consider the months with precipitation totals greater than or equal to the 95™ percentile of the



empirical distribution of data for the entire investigated period. Extreme dry are the months with precipitation less than
or equal to the 5™ percentile.

The results of the analysis of the extreme precipitation months show that for the period 1931-2019 in both investigated
stations the number of extreme dry months is higher than the number of extreme wet months (Table 1).

Table 1. Number of extreme precipitation months for the period 1931-2019

Investigated stations Extreme wet Extreme dry
Varna 51 68
Burgas 48 55

Despite the higher number of extreme dry months compared to the extreme wet months an increase in the number of
extreme wet months was observed during the last 30 years (1990-2019), (Fig. 1). This fact is better established for the
north part of the Black Sea coast (station Varna). The increase of extreme wet months is among the factors for initiation
of landslides.

Varna Burgas
30 30
20 20
) I I ) I I
0 0 I
1931-1960  1961-1990  1990-2020 1931-1960  1961-1990  1990-2020
Hextreme wet extreme dry M extreme wet extreme dry

Figure 1. Distribution of extreme dry and extreme wet months for various 30-years periods

In most of the cases monthly precipitation totals for the months with landslide occurrence vary between 70 and 110
mm. According to Polemio and Petrucci (2010) rainfall-induced landslides are related to the extreme rainfall in the
month before the events. A similar situation was found in the present study — often the landslides were observed in the
months following the months with extreme precipitation (Fig. 2). For the investigated stations 6-months cumulative
precipitation (for the month with landslides and 5 months prior to the event) is between 230 and 580 mm. Gariano et al.
(2015) show that during the period 1981-2010 landslides were triggered by the less cumulated event rainfall in
comparison to the period 1951-1980.

Figure 2. Monthly and cumulative precipitation at station Varna (a landslide was observed in December, 1995 and in
February, 2010)



The landslide susceptibility map was compiled in GIS using up-to-date precipitation data based on monthly values for
the last 30 years (1990-2019).

MAPPING LANDSLIDE SUSCEPTIBILITY USING GIS

Maps have been compiled taking into account the above-mentioned factors that affect landslide susceptibility along the
Bulgarian Blach Sea coast and a set of layers has been created with the use of GIS techniques. Factors influencing the
activation of landslides on the Black Sea coast are unequally distributed. Their spatial location is determined by some
features of the geological development of the basin and the nature of the processes. In the Northern Black Sea coast
more landslide activations are observed in recent years (Fig. 3).

Endogenous factors

Earthquakes and slow tectonic movements are endogenous processes that have a direct impact on landslide activations.
The formation of high shores and slopes in the Northern part of our Black Sea coast is predetermined by the positive
slow vertical tectonic movements. Long rows of large and complex landslides are attached to these areas. Earthquakes
with seismic foci in the areas of the town of Shabla and Cape Kaliakra have a significant impact on landslides in Varna
and the Dobrudzha coast. The earthquake zone of Shabla, which is located in the Black Sea and it is parallel to the
shoreline is the most dangerous (Dimitrov et al., 2003). The strongest earthquake was registered on March 31, 1901
with a magnitude of 7.2. Deep-focus earthquakes in the Vrancea region of Romania also affect some of the landslides
on our northern Black Sea coast (Avramova-Tacheva et al., 1998; Dobrev et al., 2014).

Slow vertical tectonic movements are negative in the Southern coast of the country and the Burgas depression is slowly
sinking. The seismic impacts until now in the Southern part of the Bulgarian Black Sea coast are not very pronounced
and are rarely observed. The strong earthquakes coming from the territory of Turkey so far have not affected the local
landslide events in our Black Sea coast.

Exogenous factors

Abrasion, erosion, precipitation and fluctuations in groundwater levels are the main exogenous factors influencing
landslides. Abrasion directly affects landslides in areas devoid of wide beaches. Its spatial impact is along all the rest of
the Black Sea coast. Deep erosion has affected the steep slopes in the Eastern Stara Planina (around Cape Emine and to
the west) as well as the periphery of the Momin, Frangya and Dobrudzha plateaux.

The complex nature of landslides triggering factors makes it difficult to answer the question how climate change affects
landslides. However, the existing research works show that there is a high confidence that climate and changes in the
amount and intensity of precipitation will affect landslides in various regions (IPCC, 2012). Short-term and intense
precipitation causes mainly small and shallow landslides, while extensive and deep landslides are associated with
fluctuations in groundwater caused by the specifics of the precipitation regime and the amount of monthly and seasonal
precipitation (Crozier, 2010; Dijkstra, Dixon, 2010).

Data used and GIS mapping

Free data obtained from NASA, 30 m DEM, were used for the slope factor (Sr). The classification was made following
the approach given by Mora and Vahrson (1994).

Data from the Geological map of Bulgaria in scale M 1:10000 are used for the main lithological units. Approximate to
the original approach are the criteria used to determine the lithology factor (SI). The geology of the sea area is very
complex. Mostly in the sector from Varna to Cape Emine and also in the Strandzha mountain. Geological units can be
classified into 3 groups.

Data published by Koleva and Peneva (1990) for 15 sites in Bulgaria are used to determine the soil humidity factor
(Sh). The range of precipitation time for the Black Sea region is mainly from 1 to 1.5 hours (for 24 hours). In the
southern part of Burgas district the values are less than 1 hour, namely Strandzha district.

The data for precipitation are taken also from the Meteorological yearbook and the Bulletins of National Institute of
Meteorology and Hydrology (Bulgaria). The data for the last decades are from the Statistical Yearbook of the National
Statistical Institute (Bulgaria) as well as from the specialized websites (i.e. https://www.stringmeteo.com/ and
http://www.tutiempo.net). The Bulgarian Black Sea coast and in particular its northern part (the region of Balchik and
Shabla) is one of the driest territories in Bulgaria. On the other side, in the investigated area (mainly the region of
Varna) the intense precipitation which exceeded the monthly climatic norm by 120-150% was observed.



The data for seismicity are taken from Codes for design of buildings and facilities in earthquake regions (2007) which
are reported for a period of 1000 years. The seismicity triggering factor (Ts) varies along the Bulgarian Black Sea coast.
For Burgas region it is equal to 5 (Ts = 5), but in area of Shabla and Kaliakra towns will have value of 7 (Ts = 7).

The data for abrasion (sea erosion) are used from Shuiskij and Simeonova (1982) and erosion data (surface and linear)
are from the Map of the geological hazards in Bulgaria (lliev-Bruchev (ed.) et al., 1994). For the erosion and abrasion
factor (Te) are accepted results following Berov et al. (2016).

All collected data are used to make the maps given in Fig. 4. The landslide susceptibility map was compiled with the
ArcMap program, tool Raster Calculator.

Figure 3. Landslides along North Black Sea coast — Balchik area: a) Ikantalaka view from Thracian Cliffs Golf &
Resort, b) Villa zonesFish-Fish, c) Momchilski rid (Photos taken by Plamen lvanov, 2019)



Figure 4. Maps of the Bulgarian Black Sea coast made by factors: Sr, S, Sh, Ts, Tp, Te and the compiled map of
landslide susceptibility (modified after Berov et al., 2016)



CONCLUSION

The study presents an updated assessment of the landslide susceptibility along the Black Sea coast and its surroundings
in Bulgaria using GIS and the Mora and Vahrson method (1994). Special attention is paid to precipitation in the last 30
years, as during this period there is a proportional increase in landslide activity. The study gives an example of the
visual expression of the data for the different factors (Sr, SI, Sh, Ts, Tp,Te) releated to slope stability along the
Bulgarian Black Sea coast in a GIS environment. This allows seeing and analyzing the results in a geospatial context.
The comparison of the susceptibility maps with that of the already manifested landslides — the inventory map of the
landslides, shows coincidences. However the areas where the occurrence of new landslides is possible are also depicted.
The created maps are basic tools for land-use planning. The obtained information can be useful and applied by the local
authorities in the process of decission making in order to develop preventive measures to reduce the damage caused by
landslides. It is suitable for engineers to pay attention to where and when the landslide problems can occur and to
reduce losses by means of appropriate mitigation procedures. The study also shows that using GIS to assess field
conditions and characteristics gives better results.
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