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INTRODUCTION  

Dear colleagues, 

Welcome to the 6
th
 edition of the International Conference on Cartography and GIS in Bulgaria. The Conference is 

dedicated to the International Map Year 2015-2016. The previous events took place in Borovets (2006 and 2008), 

Nessebar (2010), Albena (2012) and Varna-Riviera (2014). The conference is organized by Bulgarian Cartographic 

Association and University of Architecture, Civil Engineering and Geodesy (UACEG) in Sofia. This year, 2016, the 

summer resort Albena will welcome the participants from 13 to 17 June for the second time of the Conferenceôs history. 

The organizersô aim is to collect knowledge and information about the latest achievements of cartography combined 

with GIS in the region of the Balkan Peninsula, Europe by adding also global aspects. Another goal is to discover and 

offer decisions for satisfaction of the ever increasing demands for analyses and visualization of geo-spatial data in the 

area of science, economy, management, ecology, and crisis situations in our modern times at a national, regional and 

global scale. 

The main topics of the conference and the Proceedingsô Volume 1 are: 

¶ Cartography Concepts in BigData Environment 

¶ GIS Technologies and Related Disciplines 

¶ Web Cartography and Digital Atlases 

¶ Map Design and Production 

¶ Cartographic Visualization 

¶ Volunteer Geographic Information 

¶ 3D Cartographic Modelling 

¶ Cartography and GIS in Education 

¶ Geo-Spatial Analysis and Data Mining 

¶ Contemporary Problems Using Geodetic Coordinate Systems and Map Projections 

¶ Geospatial Data Acquisition by Remote Sensing Technologies for Cartographic Purposes 

¶ GIS for Geology and Natural Sciences 

In these years, marked by social and natural crisis, these topics allow us to outline the hunger of our users for 

cartography achievements. They also show the need of businessmen, government representatives and scientists for real 

time cartographic representations and better SDI, GPS and GIS solutions. To deliver them, we need support of domain 

specialists in different branches of the Earth sciences. 

During the conference, four ICA commissions on: 

¶ Cartography and Children 

¶ Cartography on Early Warning and Crisis Management 

¶ Map Projections 

¶ Commission on Use, User and Usability Issues 

will have their annual meetings. 

SEMINAR WITH EU COOPERATION ON EARLY WARNING AND DISASTER / CRISIS MANAGEMENT is 

organized by Prof. Dr. Milan Konecny, Chair of Commission on Cartography on Early Warning and Crisis 

Management and ICA President (former) under the auspices of the Czech ambassador to Bulgaria His Excellency Mr. 

Duġan Ġtrauch and with co-organizer Masaryk University, Brno, Czech Republic. 
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The conference is supported by different ministries and government institutions that expect significant results to be 

achieved and many new projects to be started during the event. As EU member since 2007 and NATO member since 

2004, Bulgaria welcomes all ideas for collaboration in the field of Earth sciences. An example for such cooperation is 

the above-mentioned Seminar that has acquired EU dimension built around the Bulgarian and Czech combined efforts. 

Among the members of the Local Organizing Committee, numerous universities that specialize in the field of 

Cartography and GIS can be distinguished. The organizers are proud to announce that the following leader companies 

in geoinformatics and cartography domains participate as sponsors of the event: HERE, DataMap-Europe and GIS 

Sofia. 

World-famous scientists are invited to present keynote speeches: 

Prof. LASZLO ZENTAI   
ICA Secretary General and Treasurer, HUNGARY  

 

ñICAôs Modern Cartographyò 

 

 

Prof. LIQIU MENG  
Technical University of Munich (TUM), GERMANY 

 

ñCartography and Its Connecting Roleò  

 

 

ALEKSANDAR TODOROV  
HERE Ltd. Sofia, BULGARIA 

 

ñHERE Maps and Mobility of the Futureò  

 

The main international organizer is the International Cartographic Association (ICA) with the exclusive support of the 

Secretary General of ICA Prof. Laszlo Zentai and many chairs of ICA commissions. This cooperation arouses interest 

among 150 participants from more than 40 countries.  

I would like to wish all colleagues successful work, inspiring discussions about present issues and many new 

opportunities for improvement and collaboration in the near future.  

 

 

 

Prof. Dr. Temenoujka Bandrova 

President, Bulgarian Cartographic Association 

http://iccgis2016.cartography-gis.com/iccgis2016/wp-content/uploads/2016/01/Laszlo_Zentai.pdf
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Abstract 

The International Cartographic Association was established in 1959. The mission of the ICA is to promote the 

disciplines and professions of cartography and GI science in an international context. The successful development of 

modern cartography requires integrated interdisciplinary approaches from domains such as information technology, 

communication science, cognitive sciences, and geospatial information management. It is those interdisciplinary 

approaches which make sure that we work towards human-centred application developments by applying innovative 

engineering methods and tools in a rapidly developing technological environment. Visualization of selected information 

means that some features present in reality are depicted more prominently than others, while many features might not 

even be depicted at all according to the theory of generalization, which is well-known for experienced cartographers; 

however, this can be absolutely obscure for the ordinary users. Abstract visualisation makes a map very powerful, as it 

helps to percept and interpret complex situations efficiently. 

Keywords: Cartography, visualization, ICA 

INTRODUCTION  

The information technology revolution of the last fifty-sixty years has transformed all disciplines, including 

cartography. As the International Cartographic Association (ICA) was established in 1959, we can state the IT 

development has influenced its operation that since the first years of the organisation. The history of the ICA, the focus 

of our international cartographic conferences clearly reflect to this development. During this time (mostly from the 

internet era) cartographers invented various terms to describe the rapid development process, like cybercartography, 

neocartography, cartography 2.0 or modern cartography. (Recently, the last two terms seem to be used most 

frequently.). This paper identifies the most important moments (milestones) of these decades based on the development 

of cartography, information technology and their effect on the organisation. 

The role and place of cartography amongst other sciences have changed time to time. Cartography, as a practice of map 

making was known even in the ancient times, but became an independent science only in the first decades of the 20th
 

century. If we need to list the recent tasks of cartography, our statements can be quite general: 

¶ Cartography wants to understand and represent the global problems. 

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

¶ Cartography provides a global forum for experts: the universality of science is one of the most important 

opportunities of researchers. Cartography was always open towards other sciences, which is proved by the fact 

that the ICA was accepted as a union member of the ICSU (International Council for Science) in 2014. 

¶ The adoption of new and more global aims, reflecting the international vision of the ICAôs foundation years, 

has led to a more expansive policy of interaction with sister societies and with international organisations. 

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

applications.  

¶ Using their knowledge and experience of the technological developments, cartographers have to support the 

education, the national mapping activities including the preservation of cartographic heritage (Gercs§k and 

Elek, 2012). 
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20TH CENTURY MILESTONES IN CARTOGRAPHY  

The cartographic milestones of the 20th century were not based only on the development of informatics (except the last 

one or two decades), but there were some other innovations which had a significant role in the history of cartography. 

The themes of the ICAôs international cartographic conferences (ICC) reflect on the most relevant new technologies, so 

the scientific presentations at the ICCs is one of the most prominent evidences of the rapid technological development. 

Aerial photography, photogrammetry 

The technology developed quite slowly in the beginning of the 20th century, but it became soon (especially after World 

War II) the most important method for creating topographic maps. Due to the complexity of the technology and the 

necessary infrastructure, this method was used first by the national mapping agencies (at that time mostly military 

mapping agencies). It is also important to mention that nowadays, thanks to the digital cameras and UAVs, this 

technology is much more affordable even for individuals supposing that they can handle big data, which definitely 

requires very powerful IT devices and sophisticated software solutions. Naturally, the recent users are not really 

focusing on the classical topographic mapping (because these data are already available in digital from), but other 

thematic applications, like crisis management (flood, forest fire), archaeological, vegetation mapping or similar surveys. 

Nowadays the technology is still frequently used, but we have to emphasize  two important changes, improvements: the 

technology has totally changed to digital and the resolution is also increasing continuously allowing larger scale 

thematic applications. 

Remote sensing 

The space race was one of the most prominent areas of the Cold War era. Both parties (the rivals) wanted to prove their 

technological state of development. The Soviet Union launched the first artificial satellite (1957), they successfully 

completed the first satellite impact on the Moon (1959) and they completed the first manned satellite mission (1961). At 

that time remote sensing was used only for military surveillance and reconnaissance purposes, but due to the limitations 

of the early remote sensing technologies the analogue photo films had to be transported back to the earth for 

developing. The first digital remote sensing solutions were developed only in the beginning of the 1970s: it requires the 

evolving of the sensors, the data transfer methods and the data processing technologies. We have to emphasize the role 

of the first earth resources technology satellite, the Landsat, which is the longest running civil acquisition. The success 

of the Landsat satellites made the civil areas understand the role of this technology. 

We also have to mention that the use of satellite images, the continuously improving resolution made it possible to 

cease the secrecy of aerial photographs and topographic maps. Practically this technological improvement coincided 

with the political change in Eastern Europe, so it was easier to make the political decision on the free access of such 

cartographic products. 

Computers 

The wider industrial use of computers started at the beginning of the 1960s mostly in North America, but the IT and 

electronic support had a very important role on the Japanese industry (particularly on car manufacturing) developing 

robot technologies. At that time mostly the governmental organisations (mainly the military and administration) had 

access or had enough resources to the information technology. Although the idea of geographic information software 

was invented at that time (1960s), it was far from being widely used. 

The release of personal computers in 1981 (IBM) brought the real breakthrough in the number of computer users. 

Although at the beginning the PC prices were quite high, the prices dropped down very quickly thanks to the clones and 

it let even simple home users buy such machines. The very first wide-spread use of computers was word processing to 

replace type writing and to allow saving and easy text modification. We have to emphasize the role of other 

developments, like computer games, which dramatically increased the number of amateur computer users and increased 

the multimedia capabilities of personal computers. The second important step was the development of web in 1990 

(Tim Berners-Lee). After a few years ï partly thanks to the more and more user-friendly PC graphic environments and 

operation systems ï the richer and richer content on the websites and new web-based services have made the computer 

usage even more attractive for even the non-computer users. 

The PC era also supported higher education (and later all lower levels of education) to use personal computers in the 

education, which practically influenced not only the training courses and subjects related to information technology, but 

all other areas, especially natural sciences. Nowadays it is difficult to find any scientific or scholarly area which is not 

influenced by the rapid changes of the information technology. 
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Geographic information system 

From cartographic point of view the most relevant milestone was the invention of the geographic information system. 

As mentioned previously, the GIS was invented about fifty years ago by geographers to process scientifically digital 

statistical information. At that time the IT hardware and software environment was very limited. There were two main 

constraints in GIS at that time: 

¶ digital maps were not available in the early era of GIS; in most of the countries national mapping agencies 

have started the digitization of their topographic maps only in the PC era (1980-90s); depending on the size of 

the country and the largest available scale, the digitizing process took as many as 10-15 years; 

¶ although the visualisation part is not the most important function of GIS (in the early GIS ages it was probably 

more important, because the visualisation on computer screens was even more limited), the output 

technologies ï computer printers ï were not suitable for sophisticated output before the maturing of laser and 

inkjet printing models. 

The continuous development of GIS was a very important contribution to modern cartography. GIS itself is not able to 

solve all problems of cartography, but nowadays even the most complex cartographic processes (like the generalisation 

or 3D representation) are supported in some GIS packages or the national mapping agencies themselves develop 

solutions. 

Global Navigation Satellite System 

Intercontinental transportation (flights, ship transportation, submarines) required a global navigation system even in the 

first part of the 20th century. After World War II several methods were invented, but the first real solution was Navstar, 

the first satellite-based global navigation system. The theoretical background was invented in the 1960s, but the space 

technologies were able to provide user-friendly and reliable solution only after same decades, in the middle of the 

1990s. This solution was also dependent on the development of information technology, where even the simplest 

devices were able to manage the required measurements and calculations. 

Nowadays the technology is available in more and more simple devices (mobile phones, smartphones, tablets, digital 

cameras) allowing practically each citizen to locate their positions continuously and share it with other people on social 

media or use any types of location based services. 

Laser scanning 

Laser scanning is a remote sensing technology, which has already been developed around the 1960s, but the real 

cartographic application became available only since the middle of the 1990s. Nowadays this is definitely one of the 

most prominent applications which generates big data; the fast and efficient processing requires specially designed 

software environment. 

Terabytes of data can be generated by laser scanning even in one day or shorter time, so powerful IT solutions are really 

necessary to achieve a simple goal: the data processing have to keep space with the generation of laser scanning data. In 

many countries laser scanning data are freely available on the websites of national mapping agencies (thanks to the 

continuously developing bandwidths), but unexperienced users have no practice on big data (at least not on common 

desktop or laptop computers). 

Unmanned Aerial Vehicles 

Nowadays when we are talking about modern cartography we regularly mention one of the most prominent 

characteristic features: the democratised process of mapmaking. Unmanned aerial vehicles (UAVs) or drones are one of 

the most prominent tools of this democratisation, but the state cartography and the national regulations are still working 

on the proper regulation of these devices. Previously all aerial photography or remote sensing technologies were used 

by national mapping agencies or larger companies, because it required large financial investment and technological 

experience. 

Drones are known as trendy and simple presents, rather toys for ordinary people. Thanks to continuously improving 

developments, like modern advanced batteries, digital cameras (CCD sensors), affordable memory cards or solid state 

drives as storage devices, remote controlling technologies, simple drones became cheap commercial products. But from 

professional point of view unmanned aerial vehicles are real tools not only for cartographers, but all other areas where 

fast and affordable remote sensing devices are required. Although the professional UAVs are quite expensive, these are 
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still much more flexible and affordable compared to the real airplane based air-borne remote sensing technologies (no 

need for close airports/airfields). In addition to autonomous operation, certain drones carry a myriad of verious sensors. 

The convenience of inspecting vast infrastructure without significant time and manpower invested is enough of a reason 

for GIS experts, surveyors, and construction firms to deploy drones. 

WORLD -WIDE MAPPING, GLOBAL  MAP SERVICES 

Map of the World and its digital realisations 

It is difficult to imagine that even fifty years ago the largest scale in which the whole earth (every continent) was 

mapped was 1:1 million only. In the Cold War era it was important for both sides to have precise information, detailed 

maps of the most relevant areas, but they also tried to collect information on all continental (and marine) areas. The ICA 

was established in 1959 by Western countries and socialist (Eastern Bloc) countries were able to join only after 1964. 

Eduard Imhof, the first ICA President mentioned at the first General Assembly of the ICA in 1961: Good, accurate 

topographical maps at scales larger than 1:100 000 scarcely exist today for more than about 1% of the earthôs surface. 

For vast regions it is not even possible to compile the International Map of the World to 1:1 000 000 with uniformly 

good topographic quality (Ormeling, 1984). Although the project on producing the International Map of the World 

begun in 1913 to create a complete map of the world according to internationally agreed standards, finally only 800 to 

1000 of 2500 planned maps were completed, when the United Nations Organisation stopped the project (the idea was 

originally suggested by the German geographer Albrecht Penck at the ned of the 19th century).  

Only forty years ago from now socialist countries were able to present their 1:2 500 000 scale Map of the World (Karta 

Mira) at the ICC 1976 in Moscow (altogether 224 sheets), but certain sheets were not really easily available for Western 

countries (Figure 1). 

 

Figure 1. A small section of the 1:2 500 000 scale Map of the World 

In the GIS era it was important to have a global digital map (database) available, but without having it in paper form it 

was not easy to complete this mission (such maps were created mostly for military purpose). Finally, the first version of 

the Digital Chart of the World was released in 1992; this is a consistent world-wide cartographic database at a scale of 

1:1 000 000. Since then this unique public domain global GIS database of 1.7 GB has been translated into most major 

GIS formats and distributed to several thousand GIS users world-wide. This database became freely available after 

2006. 
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On-line global mapping services 

For ordinary people, for common computer users the best -known cartographic milestone is the appearance of on-line 

global mapping services. Even in the very early stage of the web era such services were developed. The first 

(experimental) one was the Xerox ParcViewer (1993), but comparing it to the recent services it was a very embryonic 

static service, providing only shorelines, country borders and limited hydrography in a raster image. The first 

commercial map service was MapQuest (1996), but street-level maps were provided only for US cities. America Online 

acquired the company in 2000, but it had the second highest share of the online mapping market in 2015. A UK-based 

company, Multimap provided a similar service for United Kingdom. This company was acquired by Microsoft in 2007 

and merged into Bing Maps in 2010.  

It is also necessary to mention some other, non-commercial (partly experimental) services, which mostly provided 

satellite images: 

¶ TerraServer (1998ï2000): this service was a joint effort of USGS (which serves USA by providing scientific 

information to describe and understand the Earth, so we can treat it as a national mapping agency), Microsoft 

and HP. It was created as a demonstration system to advertise the scalability of Microsoft's Windows NT 

Server and SQL Server, and used satellite images from the USGS and the Russian Federal Space Agency. 

¶ NASA World Wind (2003): World Wind was an open-source, graphically rich 3D virtual globe, which was 

first developed by NASA in 2003 for use on personal computers in Windows environment. The program 

overlays mostly NASA and USGS satellite imagery (Blue Marble, Landsat 7, SRTM, MODIS), aerial 

photography, topographic maps. 

For most of the ordinary web users (desktop computers and mobile devices) the best -known (and most frequently 

installed) map service application is GoogleMaps/GoogleEarth. Since 2005, when Google released this service, its 

technological solution (tiles) became a standard. Its user interface and technology became a model of all other web 

mapping services. GoogleMaps also provided an API (application programming interface), which made the creation of 

mash-up applications possible, thus allowing individual users to combine their own data with the map service. This 

option has really democratised the mapping process. Later, Google invented additional applications connected to 

GoogleMaps/GoogleEarth in order to provide additional functionality for their users, like Camera, MapMaker and 

Fusion Tables (Figure 2). 

 

Figure 2. A Google Fusion Table, from a degree thesis of a Hungarian cartography MSc student, R®ka Kis, 2014 
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Other global commercial mapping services (MapQuest, BingMaps, YahooMaps, Here) are also providing similar 

services, mostly using satellite images and vector-based topographic (street) maps, enriching the content with POIs 

(point of interest features). One of the most important functions of these services is the up-to-date map content, which 

requires continuous efforts from the companies. 

An another great example of global mapping services is OpenStreetMap (OSM), which was inspired by the success of 

Wikipedia in 2004. This is a non-commercial, collaborative project to create a free editable map of the world. Two 

major driving forces behind the establishment and growth of OSM have been restrictions on use or availability of map 

information across much of the world and the advent of inexpensive portable satellite navigation devices which allowed 

crowd-sourcing based contribution. Since then, it has grown to millions of registered users, who can collect data using 

manual survey, GPS devices, aerial photography, and other free sources. 

THE MILESTONE OF SEN SORS 

Data collection is the initial part of the map making process. Nowadays data are collected by digital sensors. This was 

probably the most revolutionary change of the last fifty years: since all the sensors have changed to digital, the quantity 

of data are dramatically and continuously increasing. We also have to note that this development was supported by the 

continuous development of IT devices: CCDs, memory chips, solid state drives and the increasing data transfer speed. 

The development of sensors and the development of IT devices are regularly independent processes: so sometimes the 

slower development on one side negatively effects the development on the other side. Now we feel that the data 

collected by sensors is overwhelming us and our IT devices are not able to convert these data into useful information; 

sometimes even storing the data is a challenge. 

The size and price of sensors is continuously decreasing, so the expenses of data storage is also decreasing. Due to the 

continuous development, cartography and geoinformatics are now facing with the problem of big data, which requires 

considerable contribution from IT experts (Table 1): 

Table 1. Typical sensors of cartography 

Device Navigation sensors Imaging sensors Communication capability 

Smartphone GPS, compass 
CMOS (still and 

video) 
4G/5G/wifi/USB 

Digital camera GPS 
CMOS (still and 

video) 
wifi, USB 

Hobby GPS GPS No wifi, USB 

Car navigation GPS CMOS wifi  

Social networks 
Acces point location, 

GPS 
webcamera internet access 

Open Source 

In a scientific and academia environment the sharing of the results of research is more and more important. Thanks to 

the sensors we have more and more data available. It is also essential that we are not just publishing the results of our 

work in a scientific paper, but the open access of the collected data (whenever it is possible) would also be useful for the 

further development. 

Without effective long-term preservation, the environmental data (both current and historical) face the risk of becoming 

unusable over time. From this perspective, there is a pressing need for the long-term preservation of the data made 

available through Spatial Data Infrastuctures (SDI) like the European Unionôs INSPIRE directive. An effective and 

coherent approach is required to preserve the individual data repositories made available through the SDI over the long-

term. This needs to address various complex issues, such as compatibility of data with future repository technology and 
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ensuring its continued access even after its provider has ceased to exist. Long-term preservation of environmental data 

exposed through uniform and interoperable SDIs is not currently explicitly addressed in the INSPIRE directive but is 

highly important for applications that require continued access to both current and historical data, for instance for 

monitoring climate change (Shaon and Woolf, 2011). Most of the SDIs are definitely not freely available, but there is a 

tendency of publishing these information freely (Figure 3). 

 

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

MODERN CARTOGRAPHY: TRENDS, MILESTONES OF THE FUTURE 

The short-term development trends of IT and mobile devices are more and more unpredictable. There are definitely 

trends, which look evident, which are easily predictable, but what is really difficult to predict are the userôs behaviour 

and the prediction of which applications will be really wide-spread and popular. Just think about the heavily promoted 

functions and products of the last years (like MMS or 3D television), but the users finally did not like these products or 

the products were ahead of their time. 

¶ We have already mentioned the term big data. At the moment we are not able to predict the real effect of the 

big data, but it is very characteristic that for example the work of astronomers has totally changed due to the 

big data and 99% percent of their job nowadays is not what ordinary people think about astronomy: it is simply 

processing and analysing big data. They have to develop new software which can more effectively support this 

activity (data mining). So it is not enough to be an astronomer, because they have to be familiar with 

programming as well. We may predict similar effect in cartography. 

¶ One of the potential answers to the big data problem is the crowd sourcing. Part of the data mining, data 

processing can be crowd sourced (like SETI, the search for extraterrestrial intelligence; they have already 

faced the big data problem in the 1980s). Cloud computing can provide application and storage solutions for 
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big data, but if we can provide the volunteers with suitable applications we can achieve better results. We can 

list projects in our domain where the crowd sourcing approach was successfully implemented; one of the most 

frequently cited examples is the Haiti earthquake in 2010. 

¶ The appearance and wide spreading of mobile devices is as significant as it was in the 1980s, when personal 

computers became available. Mobile devices can be not only phones, but rather sensors, data collectors and 

sometimes even visualisation and presentation tools. In the last few years the development of the performance 

of processors of mobile devices increased the development of desktop processors. The younger generation of 

today prefers mobile devices instead of desktop computers or even notebooks. 

¶ Digital sensors are really everywhere. Sensors are interconnected and forming the internet of things (IoT). 

IoT brought about such new terms like smart cars and smart homes: our main places of stay can communicate 

with each other even without the users. All large car manufacturing companies are working on self-driving 

cars. The technology is about to be ready, but it probably requires the transformation of the existing 

infrastructure (we need not only intelligent cars, but also intelligent roads), changing the legal regulations. 

Probably the most important obstacle of the rapid development of IoT-driven technology is the aversion of 

human users. 

¶ Virtual and augmented reality technologies can help the visualisation of location-based services. The third 

dimension (and sometimes the time factor) has an increasing role in the digital databases: more and more SDI 

involves such information. 

¶ We have already mentioned open source in this paper. Open source is not only a technology, but rather a 

philosophy. The continuous spreading of open GIS is similar to the spread of web 2.0. Thanks to the web 2.0 

philosophy even the professional GIS users are able to solve their special problems. All national mapping 

agencies have their own specialities and sometimes the NMAs are not satisfied with the available commercial 

software solutions. We can recognise that some NMAs have already present in this environment and probably 

the role of open source data and technologies will be more and more important in cartography. 

ICAôS MODERN CARTOGRAPHY 

In 1997 Fraser Taylor, the former President of the ICA presented the term cybercartography to describe the changes in 

cartography brought about by new technology. In simpler terms, cybercartography involved using computers, and 

especially the Internet, to create multimedia and interactive maps. In the ICA term 2011ï15 a Commission on 

Neocartography was nominated and accepted. The democratisation process of map making, the distinction between 

mapmaker and map user has been blurred, with the user having access to data and the ability to generate maps through 

using global map services. This kind of citizen mapping has generated a new term, neocartography, which refers to 

mapping on the web commonly by nonprofessional cartographers using open-source software and data. Neocartography 

operates through what has been called Web 2.0, which describes websites that go beyond static representations and 

utilize animation and sound. Cybercartography and neocartography have a similar meaning: both of them are reflecting 

the implementation of IT technologies in cartography and GI science (Taylor, 2015). 

In the ICA we are continuously discussing these technological changes, the effect of this process on cartography itself, 

whether we have to re-define the term of cartography. We can also answer a simple question: are these developments 

also favourable for the cartographic discipline? The cartographic discipline cannot ignore these new trends that seem to 

happen on two sides of mainstream cartography: in the advanced scientific domain and in the public domain. These 

changes require a better utilization of our cartographic design knowledge, including visual and geocomputational 

knowledge from other graphics oriented disciplines to develop design guidelines (Kraak, 2011). 

Today, maps can be created and used almost for any purpose by any individual having only modest computing skills at 

any location on Earth. In this new mapmaking paradigm, which we can even call modern cartography or cartography 

2.0, users are often present at the location of interest, and they produce maps that address the needs arising 

instantaneously. A number of important technology-driven trends have a major impact on what and how we create, 

access and use maps, creating previously unimaginable amounts of location-referenced information and thus put 

cartographic services in the centre of the focus of research and development. 

While the above advances have enabled significant progress on the design and implementation of new ways of map 

production over the past decade, many cartographic principles remain unchanged; the most important one being that 

maps are abstractions or models of the reality. Visualization of selected information means that some features present in 

reality are depicted more prominently than others, while many features might not even be depicted at all according to 

the theory of generalization, which is well-known for experienced cartographers; however, this can be absolutely 

obscure for the ordinary users. Abstracting reality makes a map powerful, as it helps to understand and interpret very 
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complex situations very efficiently. Maps are most efficient in enabling human users to understand complex situations. 

Maps can be understood as tools to order information by their spatial context. 

Cartography is essential in many aspects of human societies. Modern cartography enables the general public to 

participate in the modelling and visualizing of the risks their neighbourhood may suffer from on a voluntary basis. 

Modern cartography also helps to quickly disseminate crucial information. Cartography is also most contemporary, as 

new and innovative technologies have an important impact on what cartographers are doing: we are inventing modern 

cartography/cartography 2.0. 

The present study was sponsored by the Hungarian Scientific Research Fund (OTKA No. K100911). 
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Abstract 

Starting from a discussion on the evolution of maps from omnipotent documents of rare geographic knowledge to 

omnipresent location-based services as digital twins of the corresponding geoobjects in the reality, the author hails the 

unprecedented social visibility of cartography. At the same time, she points out that it would be misleading if the 

modern cartography is narrowed down to the scope of instant map design and use, thus minimizing user actions to 

simple mouse clicks on labels attached to the individual locations rather than exploring the vast information space 

between the locations. She appeals for the connection-oriented research and development of visual analytical open 

platforms for relational information in big data. In oder to shed some light on cartographersô contributions in geodata 

science and citizen science, she reviewed three doctoral theses dedicated to discovering events, behaviors, correlations 

and causal relations embedded in large datasets and social media.  

1. FROM LOCATION -ORIENTATION TO CONNE CTION ORIENTATION  

Since its emergence as a profession, cartography has been steadily supporting the societal and scientific development 

and renewing its role. In ancient times, maps were almost omnipotent as they represented the rare and effortfully 

accumulated knowledge about the earth surface by a few elite scholars or adventure-loving explorers. With technical 

progresses century after century, the power of maps has dropped against the rising popularity of map services which are 

created in increasing numbers at decreasing costs. In todayôs digital era, maps have become omnipresent. The 

ubiquitously available geosensor network has largely accelerated the mass production of topographic maps and their 

updates. It remains a responsibility of national mapping agencies to provide seamlessly covered general map series in 

given scale ranges and to treat all locations equally from a geocentric perspective. At the same time, semantically rich 

data streams from social media are increasingly geotagged and provided as sharable open maps in the Internet. From 

ego-centric perspectives of different user groups for their different applications, locations are never equal because they 

bear different meanings. Some locations are a prior, or a posteriori important or they become important in any other ad-

hoc ways. Therefore, in the citizen cartography, mapping activities are more concentrated on delivering ñjust-in-timeò 

and ñfit-for-purposeò information about hotspots and sharing with other people who are just some clicks away 

regardless of their physical locations. For time-critical applications, ñquick-and-dirtyò instant maps made by users for 

other users as decision support with bounded errors can efficiently fill some gaps left by unavailable or inaccessible 

standard maps.  

The seamlessly covered general maps in combination with actual hotspot maps have kept us well-informed wherever 

and whenever we go online. What we pervasively encounter in our daily life are mainly news maps, weather maps and 

map-based navigation services. They show us what just happened or is happening or will soon happen at what places. 

Most of them, if judged by professional designers such as (Klanten et al 2011, Wiedermann et al. 2012), are elaborated 

visual stories or infographic masterpieces with an adapted look on diversified display devices. Often they are 

collaboratively designed by cartographers, media specialists, mobile phone vendors and automotive industry. Many 

design constraints need to be satisfied for the rendering of a map which may be valid only for a couple of seconds. The 

involved technical challenges range from incremental data processing, continuous positioning and map-matching, pre-

fetching of data near the current locations of mobile users, dynamic computing of display scales depending on 

movement speeds and display size, changing user experiences etc. (Meng, 2015). They are automatically operated in a 

ñblack boxò and presented at the user interface as a single mouse click. Indeed, the easy-to-use instant maps have been 

progressively penetrated into our daily life. We treat them as travel mates, tranquilizers or digital twins of the reality 

because map symbols are nearly synchronized with the corresponding objects or phenomena in the reality.  

Taking a closer look at the aforementioned instant maps, weôll notice that they typically communicate to the public the 

known georeferenced information or turn-by-turn navigation guides. Little or no interaction is required. The design 

follows a location-oriented principle, drawing usersô attention to individual locations as anchor points for descriptive 

http://www.lfk.bgu.tum.de/
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information (e.g. in news maps), predictive information (e.g. in weather maps) and instructive information (e.g. in 

navigation maps). The continuous geospace is discretized into individual points with each representing a small 

proximity area. Depending on the context of applications, locations may take different geometric forms at different 

granularities.  

Thanks to the omnipresence of instant map services, the cartographic know-how of translating complex geospatial 

scenarios to generalized pictures has reached an unprecedented visibility in the society. However, it would be 

misleading if the public begins to narrow the modern cartography down to the scope of design and use of instant map 

services. Being locked in the location-oriented view, users tend to identify the labels attached to the individual locations 

with the lexical information about ñwhatò, ñwhereò and ñwhenò, ñhow muchò rather than being prompted to explore the 

information space between the locations. 

In spite of the fact that the location-oriented instant maps have far-reaching impacts on our daily life, professional 

cartographers will position them at a corner rather than spreading them over the whole space in the map use cube 

defined by MacEachren and Kraak (1997). In other words, the modern cartography embraces a much broader typology 

than the omnipresent instant map services. Although geographic locations are the epicenters of human and natural 

activities, many things become meaningful only when they are related to other things. However, the discovery of 

higher-order knowledge such as hypotheses and solutions, also termed as diagnostic and prescriptive information, 

would be impossible if the analytical views describing the individual locations could not be broght into a holistic big 

picture.  

2. CASE STUDIES OF CONNECTION -ORIENTED VIEW  

Facing numerous high complex and ill-defined problems in the real world, cartographers are obliged to look more 

deeply into different temporal states of a location and to unveil the nested and latent connections among different 

locations. In this paper, the author appeals for a connection-oriented view of cartography. In the following sections, 

three doctoral theses accomplished at the Chair of Cartography, Technical University of Munich, are reviewed as case 

studies with the aim to promote the awareness among professional cartographers of the research need for the 

recognition and visualization of relational information in big data. These research works are respectively committed to 

acquisition and visualization of events, nowcasting of dynamic phenomena on the example of lightning data, knowledge 

exploration of big geodata on the example of Floating Car Data (FCD). 

2.1 Acquisition and visualization of events  

With the growing availability of data streams from low-end geo-sensors and volunteered contributors, there is an 

increasing awareness of the concept ñeventò. An event is a spatially and/or semantically perceivable change that 

happens within a time period. It usually incorporates both spatial and temporal relationships. The associated research 

questions include: How are events within a geospatial and temporal framework defined? What are the fundamental 

components of an event? How can events be collected, stored, analyzed, visualized, queried and interpreted?  

Polous gave a try in her thesis work to find some of the answers to these questions by developing a platform 

ñOpenEventMapò (OEM) which can be co-created by developers and users (Polous 2016). OEM is an extension of the 

OpenStreetMap (OSM) and is able to handle events as a type of higher-level geoinformation. Each event can be 

modeled with five attributes describing what happens, where it happens, when it happens, how it happens and which 

subject(s) and object(s) are involved. Two event examples are demonstrated in Fig.1-2. With OEM as a geo-

collaborative interface, users have free access to the events, may compare the displayed events and explore the explicit 

and implicit connections. 
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Figure 1. Five tents (red) are involved in a single event ñdraft beer serviceò at the October Festival in Munich (Polous 

2016) 

 

Figure 2. Two events happening at two different time points to the same street object (Polous 2016)  

A number of event collection methods were introduced and implemented in the thesis. First, a plugin ñEvent Editorò 

was created for Internet users to input and edit events (see Fig.3). The collected events are stored in a querable event-

OSM database and updated by means of an Event Calendar. This database can be visualized as  ñOpenEventMapò 

application and queried in terms of event name, category, start date, and end date. Following the same working 

principle, an Android application of ñOpenEventMapò was then developed, which allows users to add, view, edit, 

search for events on an OSM server and meanwhile obtains some user information such as the current location. Finally, 

in order to enrich the OEM with event information from social media, Polous designed a web crawler for the automatic 

detection of event information from four social media - Twitter, Instagram, Flickr and Foursquare. The WebCrawler 

identifies at first the start and end tag of an event and then extracts from the text in-between the event information 

following crawling rules based on a rough-set matching approach. The event database can be converted to a queryable 

format by means of the calendar scheduler ñCronò and visualized in OSM for the users. To assist novice users with 

special technical constraints to operate on Web, she made use of open sources and developed a web-based application 

Graphical Event Visualization and Analysis Tool (GEVT) for the visualization and analysis of events. Events and their 

features can be either overlaid as markers, heat map or pie charts over the OSM or expressed as standalone graphs and 

charts.  
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Figure 3. A screenshot of Even Editor showing the editable scope of a festival event in the English Garden  

2.2  Nowcasting of dynamic phenomena on the example of lightning data 

During the recent two decades, cartography has undergone a number of methodological extensions from 2D to 3D, from 

static to dynamic, and from geometric to semantic data handling. However, the exponentially growing data amount and 

complexity still outpace the expressiveness and analytical power of existing geovisualization tools. One of the most 

challenging issues deals with the visual exploration of dynamic object clusters whose behavior is difficult to predict due 

to fast changing spatial extension, shape and internal structure. Lightning which is a main cause of thunderstorm 

disaster represents a typical case of dynamic object clusters. The individual lightning cells may move, merge, split and 

disappear. Realtime visualization of relationships between the spatio-temporally neighboring cells is a prerequisite for 

the understanding of lightning behavior.  

Peters addressed this challenge in his thesis and developed an interactive visual analytical system which involves three 

fundamental tasks - detecting the lightning clusters, tracking their trajectories and measuring their similarities (Peters, 

2014). In addition to the extention of the popular static visualization techniques such as kernel density map, table lens, 

radar plot and parallel coordinate plot to display the temporal information, he also introduced the uncertainty 

presentation of nowcasting results in 2D view, 3D view or a spatio-temporal cube. Moreover, he defined a so-called 

Trajectory Complexity Gain (TCG) diagram to reveal movement diversity as well as unusual movement behaviors 

along a lightning trajectory.  

The system was prototypically implemented for a 3D lightning dataset from the ñLightning Detection Network in 

Europeò with 5565 ground-cloud and 2919 intra-cloud lightning cells in the region between Munich and Prag on April 

26. 2013 between 2pm and 7pm. As shown in Fig.4, the system provides synchronized spatio-temporal visualizations in 

different styles which allow users to make comparative exploration of lifespans of various lightning clusters incl. the 

cluster attributes. The analytical methods embedded in the system may support weather researchers to track lightning 

clusters based on cell densities and to conduct nowcasting based on the past and present state of a cluster. The 

visualization of nowcasted lightning clusters along with their uncertainty buffers as shown in Fig.5 may help decision 

makers at an airport to define safety corridors for flying and landing airplanes.  
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Figure 4.  User interface of the visual analytical system for nowcasting of lightning behavior (Peters, 2014) 

 

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

past and predicted clusters (middle) (Peters, 2014) 

2.3 Knowledge exploration of big geodata on the example of FCD 

In the frame of her thesis project, Ding was engaged in knowledge exploration on a large sample of FCD with the GPS 

trajectories of 2000 taxis in Shanghai for the sampling rate of 10 seconds and the time period between May 10 and June 

30, 2010. Based on an in-depth study on the synergetic effects of thematic maps and information visualization methods, 

she proposed a visual analytical framework consisting of three components - visual querying of the movement database, 

interactive clustering and aggregation, and visual representations (Ding 2016). 

For a certain taxi on a certain day, she derived 1) the daily income from its trajectories with passengers and the standard 

taxi fare, and 2) the stationary duration as the sum of spent time in traffic jams, at street crossings or parking places. 

From daily incomes of all taxis on all days, two income groups - ñhighò and ñlowò were inferred.  A compact display of 

stationary durations of all taxis on all days reveals the patterns of sleeping hours, lunch breaks, rush hours during 

working days and the time shift at weekends or holidays (Fig.6 left), while the analysis of the trajectories between the 
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two income groups showed that the taxis of high-income group had a higher occupancy rate and wasted less idle time 

than the low-income group (Fig.6 right). Moreover, a kernel density estimation of the trajectories of the two income 

groups revealed that the high-income group left a more compact spatial scope of the idle trips than the low-income 

group did as shown in Fig.7.  

In addition, traffic hubs such as airports and railway stations could be detected based on the relative densities of drop-

offs and pick-ups. In Fig.8 an interesting pattern was illustrated using a space-cube view according to which there are 

far more taxi travels without passengers from the airport than to the airport. The drop-off locations other than the traffic 

hubs were further aggregated using ñGaussian mixture modelsò and assigned the label with the dominating function of 

surrounding buildings collected as POIs in OSM, such as public building, commercial building, residential building or 

industrial building.  

 

Figure 6. Temporal patterns: (Left) The time graph of the stationary durations aggregated into 15-minute intervals (the 

stand-by duration is proportional to the darkness of color), (Right) the average hourly duration at the stationary spots 

for high and low performing drivers 

 

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

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

3. CONCLUDING REMAR KS 

With the exponentially growing high-end and low-end sensor networks and ever-expanding social media, more and 

more Internet users have become part of active data producers and meanwhile they are more eager to participate in the 

value-adding processes of the data streams which should unveil ñwhatò, ñhowò and ñwhyò is happening at various 

locations and between them. For this reason, the cartographic capability of bringing many analytical views into a 

holistic and easily understandable big picture has become a highly sought after skill in geodata science and citizen 

science. 

In an era of globalization and interdependence where everything can be spatially, temporally and/or semantically 

precisely located and related to everything else, cartographers are confronted with two essential challenges and great 

opportunities as well: keeping pace with the social demand on more location-oriented instant map services on the one 

hand, and getting more committed to developming connection-oriented visual analytical sysems on the other hand.  

By reviewing some recent doctoral theses as case studies towards the connection-oriented research, the author attempts 

to shed some light on cartographersô contributions in discovering events, behaviors, correlations and causal relations 

embedded in the digital world and using the potential power of these high-level information to support decision making 

in front of ill-defined or wicked problems in the reality. 
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Abstract 

The purpose of this research is to conduct a comparative analysis of the education systems performance in Spain from a 

geomatic and cartographic perspective. Currently, the rapid technological changes and the globalization of the 

economy require that each country train and educate their young people for a knowledge based society in order to cope 

and meet adequate living standards of their citizens. It is a real challenge to identify the characteristics of the best 

performing education systems. This, in turn, may be useful to support educators and policy makers in different 

scenarios.  

Though there are many studies carried out about this research topic, they are focused in a mathematical, economical or 

sociological perspective. However, in this work we followed a geomatic and cartographic approach. Spain is a highly 

decentralized country since the last Constitution in 1978 and the education competences were transferred to the 

regional governments. This research was possible because the availability of many education statistics and indicators 

which are gathered regularly by national agencies and international organizations (OECD, Eurostat, World Bank). 

These education statistics, together with some relevant socioeconomic data, were linked to base maps and structured in 

a GIS database. 

Within the GIS framework multiple geomatic products were obtained: thematic maps, 3D models, virtual globes and 

animations. These were helpful tools to identify patterns and relationships, find evidences and detect changes. All these 

elements were very useful to compare and evaluate the regional education systems performances and their relations 

with the socioeconomic systems. The discussion of the results allowed us to identify the characteristics of the most 

successful and efficient policies and practices. These findings might be useful for education experts and policy makers 

when considering new strategies to increase the possibility of success in the management of complex systems such as 

the education system. 

Keywords: Cartography, GIS, spatial analysis, education system performance, education quality, Spanish education 

systems 

1. INTRODUCTION  

The education system performance is a structural and strategic feature in every country. It plays a crucial role when 

trying to achieve the highest sustainable economic growth and employment. Nowadays, the rapid and complex 

technological developments, and the globalization of the economy, require that each country train and educate their 

young people for a knowledge based society in order to cope and meet acceptable or adequate living standards of their 

citizens. 

This relevant topic has been extensively addressed in the literature. In this respect, the influence of the education results 

in the society is well expressed by Belfield (2008): ñlow educational attainment is associated with significant economic 

costs for private individuals, for taxpayers, and for society. Higher education levels are associated with higher 

earnings, increased labour market participation, better health status, and improvements in family decision-makingò. 

Because its importance, and in order to organise and manage this complex phenomenon, many education statistics and 

indicators are gathered regularly by international organizations (OECD, Eurostat, World Bank, United Nations, etc) and 

national agencies (ministry of education, Spanish statistical office). Though most politicians and people, in every 

country, would declare that ñeducation is very importantò, in practice, there are significant differences in the policies, 

strategies and their implementations. This, in turn, produces distinct results in relation to the quality, efficiency and 

equity of the individual education systems. 

mailto:rufino.perez@upm.es
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As far as Spain education system is concerned, some weaknesses, such as high repetition and early school leaving rates, 

have been identified. Besides the huge social cost, the economists Garicano & Rold§n (2015) estimate the economic 

cost of repetition in around 2500 million Euros, which means about 8% of education expenditure. The early school 

leaving (ESL) rate in Spain was the highest in EU28 in 2014, according a report published by the Ministry of Education 

(MECD, 2015). As described in this report, the ESL rate in Spain has move from 32.2% in 2004 until 21.9% in 2014. 

Though the ESL rate has been reduced significantly in the last years, Spain is still too far from the 10% target set by the 

European Union for the year 2020. One of the possible factors that might have contributed to this situation is the 

difficulty to reach consensus among the different political parties. Since 1980, seven Education laws have been 

published in Spain being the LOMCE (Ley Org§nica para la Mejora de la Calidad Educativa) the last published in 

2013. This situation has provoked a permanent debate among the different political parties, in the media and in the 

society as a whole.  

Because the availability of so many education statistics and indicators, and the above mentioned reasons, it might be 

worth considering the integration of all this data within a GIS environment. This, in turn, would allow carrying out 

some analysis from a geomatic and cartographic perspective and gain some insight about the differences in performance 

of the distinct regional education systems. Spain is a highly decentralized country since the last Constitution in 1978. 

Because of that, education competence, as many others, was transferred to the regional governments. These are made up 

of 17 regional government and two autonomous cities. In this context, we could raise the research question: What are 

the different regional education systems performances like, and what are their potential influences in their respective 

socioeconomic systems? 

2. MATERIALS AND METHOD S 

Though many studies have been carried out about this research topic, most of them are focused in mathematical, 

economical or sociological perspective, which use graphs and diagrams to visualize the results. These papers often 

study some particular problem like the costs of early school leaving (see Belfield 2008 and Brunello and De Paola 

2013) or other similar subject of interest.  In this work, it is proposed a supplementary approach, by using mapping and 

GIS methodologies, in order to make the analysis of complex phenomena. 

As mention earlier, multiple education statistics and indicators are collected regularly by international organizations and 

national agencies. Among these, it is worth mentioning the data collected by Organization for Economic Co-operation 

and Development (OECD) in its different projects. Some of the OECD relevant programmes are:  

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

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

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

PISA assesses the extent to which 15-year-old students have acquired key knowledge and skills that are essential for 

full participation in modern societies. This programme is also considered as the worldôs global metric for quality, equity 

and efficiency in school education. Angel Gurr²a (OECD, 2013), Secretary-General of the Organization for Economic 

Co-operation and Development, states the goal of this programme as follows:ò By identifying the characteristics of 

high-performing education systems PISA allows governments and educators to identify effective policies that they can 

then adapt to their local contexts.ò 

After the literature review stage, a workflow was outlined to integrate all the relevant information. In this study many 

education statistics and indicators from PISA 2012 and the Spanish ministry of education were used. Some other 

socioeconomic variables were also selected from the Spanish statistical office database (www.ine.es ). All these 

statistical data were linked to base maps and integrated within a GIS environment (ArcGIS 10.1). The base maps were 

downloaded from the national mapping agency (www.ign.es ).  

During the initial explanatory phase, more than one hundred digital maps and models were produced attempting to 

represent the different education statistics and indicators. However, when reading and analysing the different 

distributions and spatial patterns, some maps proved to be more meaningful and useful the others. Thus, in a second 

stage, and in order to assess the performance of the different education systems in Spain, a more specific collection of 

maps and models were designed and produced.  Some of these are presented in the results section and their contents 

analyzed separately. Further on, during the discussion section, all the maps will be integrated in a schematic model to be 

discussed, in a combined manner, and to draw up the main findings and conclusions. 

  

http://www.ine.es/
http://www.ign.es/
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3. RESULTS 

GIS technology provides a dynamic and flexible map production environment. However, it should underline that 

cartography is not only about designing and producing maps, but also, about reading and understanding maps. 

Understanding cartographic communication is the starting point for both map design and usability analysis. Considering 

the basic cartographic principles, as proposed by Jacques Bertin (1981, 1983), is crucial in any mapmaking process. 

Spatial Analysis tries to explain what happens, where it happens, and why it happens. 

The PISA 2012 survey focused on mathematics, with reading and science as other areas of assessment. Unfortunately, 

three regional governments (Islas Canarias, Castilla la Mancha and Valencia) and the two autonomous cities (Ceuta 

and Melilla) did not take part in this study. In short, only the fourteen remaining regional governments appear in some 

of the maps and participate in this comparative evaluation. In others cases, the data was available for all the 17 regional 

governments. Hopefully, in the upcoming publication of PISA 2015 these shortcomings will be solved.  

 

 
Figure 1. Map with 2012 PISA Results (low and top performers) vs Repetition rate. 

The first map, shown in figure1, tries to represent and analyse the relations between two PISA 2012 education 

variables: results and repetition rate. The results are shown by means of proportional symbols which represent the 

average of shares of low and top performers in the three evaluated subjects: mathematics, reading and science. The map 

reading could lead to the following interpretations: 

¶ General pattern: in all the regional governments the share of low performers (or underachievers) is higher than 

the share of top performers (or excellent students). This may also happen in the all the PISA countries, though 

in Spain the percentage of excellent students is slightly below OECD average. 

¶ Zonal Pattern: There is a clear North-South pattern. In the South the results are worse that in the North as 

shown by the larger differences in the low and top performers shares.  

¶ Relationship: the regions with poor academic results, that is to say with high percentages of underachievers 

and low shares of top performers tend to produce high repetition rates. This happens in southern regions like 

Extremadura (Ext), Murcia (Mur), Andaluc²a (And) and Islas Baleares (Bal) where it seems there is a deficit 

of excellent students in comparison with the northern regions. 
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Figure 2. a) ESL vs Repetition, b) ESL vs Unemployment, c) ESL vs GDP per capita. 
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As mentioned earlier, early school leaving (ESL) is too high in Spain. This seems to suggest some particular study in 

relation with other education and socioeconomic variables. Eurostat and the European Commission define early school 

leaving as the situation that occurs when an individual aged 18 to 24 has attained at most lower secondary education 

and do not continue with further education and training. The reduction of early school leaving to less than 10 percent of 

the relevant population by 2020 is a main target in the Europe 2020. Figure 2 contains tree models which attempt to 

analyze early school leaving in relation with other variables. To make the interpretation and comparison easier, the ESL 

variable is shown as extrusion or vertical extension of any of the blocks, in the same manner in all 3D models, and with 

the same perspective view which is roughly NE-SW. Keeping this in mind, the other variables appear represented with 

its corresponding color ramp. The polygons or blocks represent the regional governments. After this explanatory 

information we could interpret the different models: 

Model a). Early School Leaving 2012 vs Repetition Rate 2012 (education variables). This model shows an apparent 

clear relationship where areas with high repetition rates (dark colors) tend to have large values in early school leaving 

(higher blocks) as it happens in the southern regions: Extremadura, Murcia, Andaluc²a and Islas Baleares. The opposite 

pattern can be appreciated in northern regions like Pa²s Vasco and Navarra. 

Model b).  Early School Leaving 2012 (education system variable) vs Unemployment 2012 (social system variable). In 

this model, the analysis of the visual patterns seem to reveal a relationship where high early school leaving values 

(higher blocks) appear to be connected with high unemployment values (darker colors). There seems to be a North-

South global pattern with a positive low-low relationship in the North (Pa²s Vasco and Navarra) and a negative high-

high relationship in the South (Andaluc²a, Extremadura, Islas Canarias). A possible interpretation might be that the bad 

performance of the education systems (high ESL) in the southern regions tends to produce a social cost in terms of 

higher unemployment rates. 

Model c).  Early School Leaving 2012 (education system variable) vs GDP per capita 2012 (social system variable). In 

this model the high ESL values (higher blocks) appear visually related to low GDP per capita values (light colors) as it 

happens in the southern regions (Andaluc²a, Extremadura). The reverse pattern can be identified in Madrid and some 

northern regions like Pa²s Vasco and Navarra. That is to say, if young people exit the education system, without the 

required knowledge and skills (high ESL), may have greater difficulties to find a well-paid job. It might also be said 

that a deficit in human capital tends to weaken the economy. 

 
Figure 3. Map with Unemployment Rate 2012 vs Education level of jobless 
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The map in figure 3 try to analyze the unemployment rate in every region in relation to the education level (primary, 

lower secondary, upper secondary and tertiary education) of their unemployed people between 25 and 64 year old. The 

map reading could lead us to following interpretations: 

¶ General pattern: The education level of the people significantly increases their accessibility to the job market 

and reduces unemployment values. This seems to happen in all regions regardless of their unemployment rate.  

¶ Zonal Pattern: The higher the unemployment rates in a region the greater the influence of the education factor 

as shown by the slope of the bar graphs in the southern regions where the unemployment share decreases 

quickly as the education level increase.  That is to say, the scarcity of jobs tends to favors the educated people. 

¶ Final Interpretation:  Maps like this one might prove that, in general, education is a good investment from a 

personal, familiar and social perspective. 

 

 
 Figure 4. Map with Expenditure per Student 2012 vs PISA Results 2012. 

The map in figure 4 attempts to analyze the relationship between the expenditure per student and the 2012 PISA results 

portrayed as average of low and top performer shares. During the map reading process some patterns could be 

appreciated: 

¶ General pattern: There seems to be a kind of ñgeneral patternò where the higher the investment per student the 

better the results, being Pa²s Vasco (PVa) and Navarra (Nav) good examples of high-high relationship. The 

opposite relationship (low-low) can be appreciated in Andaluc²a (And). 

¶ Particular cases: In this context, Madrid (Mad) could be perceived as a positive deviation of the general 

pattern, with good results and low investment, while Islas Baleares (Bal) as the case of negative deviation with 

the opposite pattern. These cases, in turn, could be interpreted as examples of good or bad management 

respectively, or simply, the presence of some other hidden factors.  

¶ Warning: The validity of education expenditure benefits is only applicable above a minimum and till a certain 

extent. A more in depth analysis will be made in the discussion section, in conjunction with the 

ñsocioeconomic contextò in education, and when evaluating the interaction among different variables.  
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Though the main is focus is in modeling the education and socioeconomic system variables in the year 2012, some 

other supplementary hypothesis have been tested through the next maps. 

 
Figure 5. Map with 212 PISA Results vs Unemployment growth 2006-2013. 
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Figure 6. Map with 212 PISA Results vs Book Reading percentage. 

The Spanish economy grew a lot during the period 1995-2007. Afterwards, the international economic crisis, combined 

with ñSpanish bubbleò in the construction sector, produced a tremendous unemployment growth. According to the 

Spanish statistical office database (www.ine.es ), the unemployment rate increased in Spain from 7% in 2006 until 

23.2% in 2013. However, a significant decrease is observed in the period 2014-2015. In this context, the map in figure 5 

has been produced in an attempt to assess whether the academic results could be an indicator of the socioeconomic 

strength or weakness in events or periods of economic crisis. For this purpose the 2012 PISA results were mapped 

against the unemployment growth in the period 2006-2013. The results layer in this map is represented by the 

percentage of excellent students in mathematics, reading and science, which are the subjects evaluated in PISA. The 

main interpretation of this mapô contents could be described as follows: 

¶ The results seem to be much better in the northern regions. In other words, the results are worse in the southern 

regions as shown with significant differences in excellent students in the three subjects. 

¶ This deficit of excellent students or top performers in the southern regions appears visually correlated with 

high unemployment growth in the period 2002-2012 (darker areas). 

¶ So, until certain extent, we might say that PISA academic results behave as a kind of indicator of the strength 

or weakness of a regional government, in event of economic crisis, as shown by the variation in the 

unemployment shares. 

According to education experts like Marina (2015): ñthe quality of an education system is correlated with the reading 

level of a societyò. To test this hypothesis the map in figure 6 was produced. In this map the 2012 PISA results are 

mapped against the book reading percentage. This variable was collected from a study about reading and buying books 

habits in Spain in 2012. The study evaluates the percentage of population who was 14 or more years-old and read 

regularly books in their leisure time. The study was carried out by Federation of Editors in Spain in collaboration with 

the Ministry of Education, Culture and Sport (FGEE, 2013). The analysis of the map content could lead us to the 

following pattern identification: 

¶ In general, it appears a North-South pattern though there are some regions with more evident relationships. 

Roughly speaking, Marinaôs hypothesis tends to be true. 

http://www.ine.es/
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¶ Madrid and Pa²s Vasco are clear examples of positive relationships between good academic results and high 

reading percentage. The opposite pattern, with poor academic results and lower reading habits, can be 

observed in south regions like Extremadura, Andaluc²a and Murcia. 

4. DISCUSSION AND CONCLUSIONS 

During the literature review the large number of education statistics and indicators available from international 

organizations and national agencies made it clear the complexity of the research matter. In this context, as a preliminary 

phase, more than one hundred maps within a GIS environment were produced trying to identify the most relevant 

aspects. In this stage, some maps proved to be more meaningful and useful than others in the pattern identification 

process and the relevance of the relationships found. For this reason, a specific group of maps were designed and 

produced. Some of these maps and models were individually commented in the results section and others in a previous 

paper (P®rez-G·mez et al, 2015). In order to analyze and discuss all the maps and models in a combined manner, or 

more holistic approach, a general schema has included in figure 7. This schema attempts to combine the most relevant 

observed patterns and relationships in order to gain further understanding in the assessment of regional education 

systems performances and their influence in their respective socioeconomic systems. Using the schema as a guideline, 

some possible interpretation of the previously described cartographic patterns could be the following: 

a) About the education system variables. It seems that whenever a student gets bad results, for any personal, 

familiar or social reasons, the subsequent effects also tend to be negative with repetition events and, 

eventually, early school leaving (see figures 1 and 2a). This may be perceived as a kind of ñfrictionò that 

prevents the student to develop his full potential during the learning and training activities.  

 

b) Interaction between education and socioeconomic variables. A string of low performances in the education 

system tends to produce negative impacts in the socioeconomic system, as long as unemployment and income 

per capita are concerned (see figures 2b and 2c). This could be seen as a ñnegative circleò of bad dynamics that 

we may need to look into.  Of course, it also occurs the ñpositive circleò of good dynamics, starting in good 

results. Each education system has its own frequency distribution of good and bad dynamics. In any case, 

measures to reduce repetition and early school leaving must be adopted to improve the performance of any 

education system in terms of efficiency and quality. 

 

 

Figure 7. General schema connecting map contents relationships.  

c) The education system performance has a direct influence in the education level of the working population over 

time. This, in turn, will have a straight impact in the unemployment shares (see figure 3). 

 

d) Mapping PISA results against socioeconomic variables. The interpretation clearly show how poor academic 

results appear closely connected to low income per capita and high unemployment. This is the well-known 
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ñsocioeconomic contextò widely described in the literature in OECD reports or by education experts 

(Melgarejo, 2013). In a communication report in December 2013, the Spanish Ministry of Education 

(www.mecd.gob.es ), estimates that 85% of the differences in the 2012 PISA results are due to socio-economic 

disparities among them. So, the education and economical level of the parents tend to have and strong 

influence in the students Ëresults. This will likely be so, unless the education system considers measures for the 

more disadvantaged students and families. So, it is now the socioeconomic context what influences the 

education system via de academic results. Combining both circles, it could be interpreted that poor academic 

results, at a certain time, may be induced by inadequate unemployment and economic level of people in the 

area. This, in turn, may contribute, in the middle and long term, to negative influences in the social system. In 

short, the good or bad performance of the education system tends to fortify or debilitate the socioeconomic 

system. So, it seems we may need to manage the mutual influence between the two systems in order to 

minimize the negative effects and maximize positive outcomes.  

 

e) An adequate ñexpenditure per studentò as a measure to improve academic results at a short term (see figure 4) 
and, in the middle and long term perspective, to reduce unemployment and increase income per capita. 

However, money is not enough and the validity of this variable is only to a certain extent. According to many 

authors (e.g. Melgarejo, 2013; Marina, 2015; Garicano et al, 2015) after a certain amount in education 

expenditure of around 5 to 5.5.% of GDP, what it really matters is the competence and motivation of the 

teachers, the quality in management of the education centers. They also point out the importance of an stable 

judicial framework reached by education laws developed as a consensus among the different political parties, 

education experts and the society as a whole as it was made in countries like Finland. The seven education 

laws published in Spain since 1980, and the lack of consensus in this matter,  maybe one of the reasons of 

some of the weaknesses.  

 

f) The comparison of PISA results with unemployment temporal data (see figure 5) seems to suggest that the 

academic results could behave as a kind of indicator of the strength or weakness of any regional government 

socioeconomic system during periods of economic crisis. 

 

g) The final map (see figure 6) appears to confirm, in general terms, MarinaË hypothesis that ñthe quality of an 

education system is correlated with the reading level of a societyò. 

This cartographic approach is, somehow, supplementary to many other mathematical, sociological and economical 

studies conducted about this relevant research topic. However, maps and models can behave as powerful images to 

illustrate policy makers how investment in education may be, to a certain extent, a good strategy to work against 

unemployment and increase the standard of living of their citizens. During this study a clear North-South pattern was 

observed in Spain when analyzing multiple education and socioeconomic variables. As this two systems influence each 

other, we may need to pay attention in the future to their mutual influence and find evidences to improve the 

management of education systems. This is important because the quality of the education systems, in a country or 

region, may be seen as an indicator of its level of development and its present and future social welfare.  

5. RECOMMENDATIONS  

As education is a very complex phenomenon, with many factors and interactions to be handled, it may be suitable to 

address its study in an iterative approach. The work described in this paper may be continued in several ways: 

¶ As the PISA 2015 results are to be published soon, the new datasets and reports will open opportunities to 

continue and complete this study further on.  

¶ It might be interesting the creation of a ñcartographic observatory of the educationò. This observatory could 

design and produce collection of maps and thematic atlases in order to contribute to the understanding and 

dissemination of the most relevant aspects, as shown in this paper. These maps, in turn, could be valuable tools 

or inputs for education experts and policy-makers.  

¶ This cartographic and geomatic approach may be combined with some other mathematical analysis and the 

inputs of some education experts in a more multidisciplinary approach. 

 

  

http://www.mecd.gob.es/


Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

42 

REFERENCES 

Belfield, C., The cost of early school-leaving and school failure, World Bank, 2008.  available at: 

http://siteresources.worldbank.org/INTLACREGTOPPOVANA/Resources/BELFIELDCostofSchoolFailure.pdf 

Bertin, J.: Graphics and Graphic Information Processing, de Gruyter, Berlin/New York, United States, 1981.  

Bertin, J., Semiology of Graphics: Diagrams, Networks, Maps, University of Wisconsin Press, Madison, United States, 1983. 

Brunello, G., De Paola, M., The Costs of Early School Leaving in Europe, IZA Discussion Paper, No. 7791, European Union, 2013. 

Federaci·n de Gremios de Editores de Espa¶a (FGEE)., H§bitos de lectura y compra de libros en Espa¶a 2012. Spain, 2013 

http://federacioneditores.org/img/documentos/HabitosLecturaCompraLibros2012ESP_310113_1.pdf  

Garicano, L and Rold§n, A., Recuperar el Futuro. Doce propuestas que cambiar§n Espa¶a, Pen²nsula, Spain 2015. 

Marina, J.A., La educaci·n del talento: el papel de la escuela y de las familias, Debates de Educaci·n, Universitat Oberta de 

Catalunya, Spain, 2012. 

Marina, J.A., Despertad el Diplodocus, Ariel, Spain, 2015. 

Melgarejo, X., Gracias Finlandia: Lo que podemos aprender del Sistema Educativo de m§s ®xito, Plataforma, Spain, 2013. 

Ministerio Educaci·n, Cultura y Deporte (MECD), Resultados de Espa¶a en Pisa 2012, Communication Report (www.mecd.gob.es ), 

Spain, 2013. 

Ministerio Educaci·n, Cultura y Deporte (MECD), Sistema estatal de indicadores de la educaci·n 2015, Spain, 2015 

http://www.mecd.gob.es/dctm/inee/indicadores-educativos/seie-2015-final-web.pdf?documentId=0901e72b81e3f62e 

OECD, PISA 2012 Results in Focus, 2013. (www.oecd.org  ) 

P®rez-G·mez, R., Arag·n-Velasco, A. and Manrique-Sancho, M.T. Mapping and Analyzing Education Systems performance in 

Spain with Cartograhic Techniques. 15th International Multidisciplinary Scientific Geoconference SGEM2015. Albena 

(Bulgaria), June 2015. 

BIOGRAPHY OF AUTHOR  

 Dr. Rufino P®rez G·mez  

Associate Professor Department of Surveying Engineering and Cartography 

ETSI en Topograf²a, Geodesia y Cartograf²a 

Technical University of Madrid (UPM) 

Ctra Valencia Km 7. 28031 Madrid (Spain) 

Tel: +34 91 3367921. Fax: +34 913322560 

E-mail: rufino.perez@upm.es 

Rufino P®rez G·mez is Associate Professor of Computer Cartography and GIS at Technical University of Madrid 

(UPM). He has a PhD in Geodesy and Cartography of the Technical University of Madrid and a 2 year Master degree 

in Cartography at the ITC (The Netherlands).  Among his professional experience it is also worth mentioning a 4 year 

period at the National Geographic Institute (IGN). He has also been responsible for the International Relations 

activities of the ETSI en Topografia, Geodesia and Cartografia (UPM) during 4 years (2008-2012).  

Among his fields of interest and research topics are Cartography, Semiology, Thematic Cartography, GIS, Spatial 

Analysis, Geodiversity, and Education System Performance. He has presented more than 40 papers in International and 

National Conferences about the related topics.  

Open ORCID link: http://orcid.org/0000-0002-6091-087X?lang=es  

http://siteresources.worldbank.org/INTLACREGTOPPOVANA/Resources/BELFIELDCostofSchoolFailure.pdf
http://federacioneditores.org/img/documentos/HabitosLecturaCompraLibros2012ESP_310113_1.pdf
http://federacioneditores.org/img/documentos/HabitosLecturaCompraLibros2012ESP_310113_1.pdf
http://www.mecd.gob.es/
http://www.mecd.gob.es/dctm/inee/indicadores-educativos/seie-2015-final-web.pdf?documentId=0901e72b81e3f62e
http://www.oecd.org/
mailto:rufino.perez@upm.es
http://orcid.org/0000-0002-6091-087X?lang=es


Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

43 

GIS-BASED AUTOMATED VALU ATION MODELS (AVM S) FOR 

LAND CONSOLIDATION SCHEME S 

Demetris Demetriou 

Dipl.(Eng); MSc(Eng.); MSc, PhD; 

Land Consolidation Department; 

131 Prodromou street, 1419 Nicosia, Cyprus; 

School of Geography, University of  Leeds; 

LS2 9JT Leeds, UK; 

+35722830614, +35722498935, demdeme@cytanet.com.cy; D.Demetriou@leeds.ac.uk 

Abstract 

Land consolidation is a powerful land management planning approach aiming for rural sustainable development. Land 

reallocation that involves the land tenure restructuring is the most important process in such schemes. The most critical 

parameter used in land reallocation is land value which in Cyprus is reflected by the market value. The conventional 

land valuation process is a type of mass appraisal carried out manually and empirically presenting several weaknesses 

regarding time, costs, transparency, accuracy, reliability and consistency. A solution to these problems is the 

employment of automated valuation models (AVMs) in the context of a proposed new framework for land valuation. 

Three models have been used based on linear, non-linear and artificial neural networks (ANN) methods combined with 

a GIS. Models have been tested for quality assurance based on international standards. Evaluation showed that AVMs 

are highly efficient compared to the conventional approach. In terms of models performance, ANN ranked first closely 

followed by the non-linear model and slightly worse the linear model. 

Keywords: Land consolidation, Land valuation, GIS, Automated valuation models (AVMs) 

1. INTRODUCTION  

Land consolidation (Paġakarnis and Maliene, 2010) is an established multi-purpose land management and planning 

approach, which traditionally aims towards the sustainable development of rural areas (FAO, 2003a) with focus in 

agricultural efficiency. It is widely implemented in EU countries and in several other countries around the world (e.g. in 

Asia and Africa). The process involves the reconfiguring of space through land reallocation, both in terms of land 

ownership and land parcels boundaries to eliminate land fragmentation (Van Dijk, 2003). In addition, it provides the 

necessary infrastructure for rural development, i.e. road and irrigation networks in the case of agricultural-oriented 

projects. Land reallocation (Demetriou et al., 2012) is the core part of such a scheme, which aims to settle agricultural 

efficiency, costs of infrastructure, environmental impacts and the landownersô preferences. Land reallocation is based 

on land value because each landowner should receive after land consolidation a holding with approximately equal land 

value with that of his/her original property. If this value exceeds the original value, then the landowner must pay the 

extra cost to the Land Consolidation Corporation and vice-versa. Therefore, land value is a crucial metric in land 

consolidation (FAO, 2003b) and hence it should represent a reliable, accurate and fair measure so as to increase the 

acceptance of the land reallocation plan by landowners. This value can be the market value or the agronomic value. In 

contrast to other countries, the market value is utilized in Cyprus because rural land is attractive to both farmers and 

non-farmers for different development perspectives. 

In Cyprus, land valuation is a mass appraisal process carried out manually and empirically by a five member Land 

Valuation Committee (LVC). It aims to assign the market value of each land parcel and its contents, i.e. the farmstead, 

wells, etc., by employing the sales comparison method, which is based on comparison with similar sales transactions 

that have occurred in the area concerned. Demetriou (2016a) has shown that this manual current procedure presents 

some weaknesses. In particular, the comparison of land parcel characteristics is mainly a result of an empirical analysis 

and subjective human judgment, which means the potential presence of inconsistencies across valuators, similar land 

parcels and the sub-regions of the study area and it is not the outcome of a robust, standardized analysis using 

appropriate tools such as a GIS. As a result, the process is not fully transparent and can lead to unfairness and bias 

against landowners. Based on this rationale, FAO (2002) emphasizes that the most important element of land valuation 

is not the method employed itself, but the method(s) of analysis utilized for estimating the scores of valuation factors 

mailto:demdeme@cytanet.com.cy
mailto:D.Demetriou@leeds.ac.uk
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involved. In other words, if analysis is reliable and accurate (e.g. through GIS spatial analysis), then it will positively 

influence the outcomes, irrespectively the valuation method used. Moreover, the process is not systematic because it 

does not involve a standard set of well-defined steps to reach the outcome and it does not rely on recognizing 

international or national standards. Furthermore, inevitably, the current process is time consuming, hence costly, 

because it is carried out manually and the LVC physically inspects parcel by parcel that may count some hundreds or 

more than one thousand for some study areas, suggesting that the process may take several weeks. Although the noted 

problems are occurred in other countries as well and they are recognized by land consolidation practitioners, the 

existing research work towards addressing those weaknesses is very rare (e.g. Yomralioglu et al., 2007) and it is 

focused on urban land consolidation schemes where the land value is represented by non-monetary terms. Similarly, 

although there is a huge literature about real estate for residential properties (houses, apartments and urban plots) it is 

very limited that focusing on agricultural land (e.g. Bastian et al., 2002; Madureira et al., 2007; Martinelli, 2014).  

In order to tackle the noted deficiencies, Demetriou (2016a) has proposed a GIS-based new framework for land 

valuation in land consolidation schemes using automated valuation models (AVMs). AVMs (Downie and Robson, 

2007; Schulz et al., 2013) are mathematically-based computer software programs employed in mass appraisal (e.g. 

Kilpatrick, 2011; IAAO, 2013a) that are able to estimate the market value of various types of properties based on 

market analysis and the attributes of properties (IAAO, 2003). The core process in developing an AVM is calibration 

that involves the testing of model structure and estimation of variable coefficients/parameters until statistical model 

performance indices are acceptable. Calibration is carried out by employing statistical techniques such as multiple 

regression analysis (MRA) (which is the most traditional) and newer methods as well, such as artificial neural networks 

(ANN) (e.g. Warzala et al., 1995; Nguyen, and Cripps, 2001; Kontrimas and Verikas, 2011) or other methods (e.g. 

adaptive estimation procedure and time series analysis) (IAAO, 2003). The noted framework has been applied in a case 

study land consolidation area in Cyprus by developing and evaluating three different calibration methods: a linear and a 

non-linear hedonic price model (Demetriou, 2016b) and an ANN model (Demetriou, 2016c), all combined with a GIS. 

Results showed that AVMs are highly efficient compared to the conventional land valuation method since it may 

considerably reduce time and resources used and provide a better reliability and transparency of the process.  

In the light of the above, this paper aims to briefly present the proposed new framework, the three models employed to 

apply that framework and compare their outputs. Thus, the structure of the rest of the paper involves Section 2 that 

concisely describes the proposed new land valuation framework followed by an outline of the case study area 

(Section3).  Afterwards, Section 4 provides a reference regarding AVMs and the calibration methods employed and 

then section 5 reports on results, focusing on the testing and quality assurance metrics for the three models. Eventually, 

conclusions are summed up in Section 6.              

2. THE PROPOSED LAND VALUATION FRAMEWORK  

The proposed by Demetriou (2016a) new land valuation framework is shown in Figure 1. The whole process is 

operationally based in a GIS environment. In particular, the basic input data involve sales transactions for land 

consolidation areas and the land valuation factors which can be represented by continuous and categorical maps. Both 

sales and factors data can be managed and explored using appropriate functions available in a GIS e.g. spatial analysis 

tools. Both data can be used to define a representative sample of land parcels to be manually appraised by the LVC (e.g. 

10-20% of the population of parcels) so as to feed the AVMs to predict the land values of the rest of the parcels of a 

study area concerned. Whether the sample size is adequate or not will be revealed in the model evaluation that follows. 

AVMs can involve various basic types of land valuation modelling techniques used in real estate such as linear, non-

linear regression and artificial neural networks (ANN) that employed in this research. Once the type of AVM is defined, 

then the three basic modelling steps, i.e. model specification, calibration and evaluation, follow (IAAO, 2013b). 

Peculiarly, model specification involves the definition of model type that reflects the valuation method i.e. the sales 

comparison approach (in the case of land consolidation in Cyprus) which in essence is transformed in an additive 

mathematical formula (hedonic price modelling) (IAAO, 2003). Specification also encompasses the selection of 

independent variables will be included in the model as predictors of the market value (depended variable). Both tasks 

are very important in order to develop an effective and accurate model. Calibration is the process of testing model 

structure to estimate factor coefficients using a different dataset employed in the evaluation. Calibration is carried out 

by utilizing the statistical technique already selected in the AVM step. In practice, specification and calibration are a 

common iterative process until statistical model performance indices are acceptable.  

After specification and calibration, the model output is provided and model evaluation takes place. Evaluation, i.e. 

model testing and quality assurance, involves the testing of the model performance with a property sample (called 

holdout sample) that has not been used before in model calibration to ensure that it meets the acceptable accuracy and 

reliability standards before its deployment. This process involves various statistical diagnostic tests such as exploratory 

data analysis e.g. the identification of outliers, normal distribution tests and ratio studies (Sipan et al., 2012) that 

compare in various ways the actual values against the predicted values of the model. Ratio studies are recognized as 



Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

45 

powerful tools for evaluating the performance of AVMs based on international standards provided by the International 

Association of Assessing Officers (IAAO, 2013b). If model evaluation produces acceptable results, then the land 

valuation map based on land value classification and the associated catalogue (providing information per holding and 

per landowner) can be prepared. Thereafter, both are subject to the approval of the LVC according to legislation, and 

which can afterwards proceed to the publication. On the other hand, if the model evaluation is not acceptable, then 

either the sample size needs to be increased or a different model type and/or model specification should be tried.   

 

 

Figure 1. The proposed framework for a new land valuation process in land consolidation areas (Adapted from 

Demetriou 2016a) 

This framework has been applied as a whole (apart from the last step) in a case study area in Cyprus which is described 

in the sequent section. 

3. CASE STUDY AREA 

The case study land consolidation area located in the village of Choirokoitia (Figure 2) which is administratively 

belongs to the District of Larnaca. The land consolidation area is located northwest of the settlement in lowland with 

few hills and it is included in an agricultural zone covering 266 hectares with 488 land parcels. The land use in this area 

is mainly citrus, olives, various fruit trees and cereals. Most of the land parcels are dry while others have irrigation via 

individual wells or from water reservoir connected via a network. The LVC completed land valuation in the study area 

in February 2009. The lowest value was defined at ú2000 while the highest is ú35000 per decare (1000 m
2
). All the 

information regarding land valuation has been stored in ArcGIS and for each land parcel has been estimated (using 

either regular GIS functions or programming routines) a score representing fourteen land valuation factors classified in 

four categories: physical attributes, locational characteristics, economic conditions and legal factors. In particular, 

physical attributes involve: size (in square meters), shape (measured using the parcel shape index PSI developed by 

Demetriou et al., 2013), the mean slope (in percentage), mean elevation from sea level (in meters), aspect (measured 

clockwise in degrees), existence of a stream (yes or no) and soil type (that involves two geological types A and B). ñAò 

represents Skeletic-calcaric-REGOSOLS/calcaric-lithic-LEPTOSOLS and ñBò means calcaric-CAMBISOLS/calcaricï

REGOSOLS. Locational characteristics encompass: access through a registered road (yes or no), access through a 

registered pathway (yes or no), the distance from residential zones (in meters), the distance from the main road (in 

meters) and the existence of sea view (yes or no). Economic conditions involve one factor, that is, land-use/productivity 
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for the agricultural economic potential of a parcel, reflected by the expected net revenue per decare for various crops. 

Legal factors involve also only one factor, namely, the existence of irrigation rights (yes or no) for a parcel. 

 

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

4. AUTOMATED VALUATION MODELS (AVM S) AND THEIR EVALUATION  

AVMs are mathematically based computer software programs used in real estate that are able to estimate the market 

value of various types of properties based on market analysis of a specified area and the characteristics of a certain 

group of properties (IAAO, 2003). AVMs that may involve different valuation statistical and mathematical modelling 

methodologies are employed by the private sector for automated valuation of isolated properties for a variety of 

purposes (e.g. imposing property taxes by governments, mortgage financing by banks and insurance estimations) and 

they are applied in a limited number of countries. Especially, AVMs are well established in Australia, Canada, Sweden 

and USA (Downie and Robson, 2007) and are developing in some other countries (e.g. UK and South Africa). In 

addition, AVMs are in essence parts of broader systems called Computer Assisted Mass Appraisal (CAMA) (Eckert, 

2006; Gallagher et al., 2006) that used for automated mass valuation by public authorities in several countries, including 

Cyprus (Pashoulis, 2011). Although the advantages of AVMs over the traditional process of land valuation are clear in 

terms of consistency, objectivity, reduced cost and faster delivery time (IAAO, 2003), critical aspects are: how reliable, 

accurate and cost-effective is the outcome and the need for updated and accurate data. Furthermore, there is an 

uncertainty about AVMs outcomes in the case of special socioeconomic conditions in a country such as recession and 

financial crisis as currently occurred in several countries. Thus, for the development process of AVMs have been 

defined standards and specifications by the IAAO (2003). The core process in developing AVMs is calibration, which 

in this research it is carried out by three methods, namely, linear and non-linear MRA and ANN which are outlined 

below. All the three models have been developed within the IBM SPSS21 software.   

Linear multiple regression analysis (MRA) (or hedonic regression modelling) is the oldest statistical calibration 

methodology has been utilized for estimating property values (Smith, 1971) which is very popular until nowadays 

(Milla et al., 2005; Eckert, 2006; Schulz et al., 2013). It is well-known that MRA involves the estimations of 

relationship among a dependent variable (Y) and one or more independent variables (X) and the unknown parameters, 

denoted as ɓ, which may represent a scalar or a vector, namely expressed as a function Yåf (X, ɓ). In this study the 

dependent variable is land value (in Euros per decare) and the independent variables remained in the final model 

(among the fourteen noted earlier) are: access through a registered road, size, slope, access through a registered path, 

the existence of  irrigation rights and the distance from residential zone. When fitting a regression line, four main 

assumptions required for testing hypothesis (Norusis, 2005): normality of the distribution of each value of the 

independent variables against the values of the dependent variable, constant variance (or homoscedasticity) between the 

dependent variable and all values of the independent variables, independence of observations and, linearity of the 

relationship between the depended variable and all independent variables. Examining the satisfaction of these 

assumptions is important since many regression tests such significant levels, confidence intervals and others are 

sensitive to certain types of violations. All the four assumptions can be checked by examining residuals and were met 

by this model. 

 In order to enhance the MRA process, new tools and methods were sought mainly from GIS field to involve a spatial 

analysis component in the process. In particular, efforts to use GIS in valuations appear to have begun with the boom of 

GIS, i.e. at the beginning of 1990 (e.g. Higgs et al., 1992; Longley et al., 1994; Wyatt, 1997; Zeng and Zhou, 2001; 

Sipan et al., 2012). Moreover, GIS facilitates the consideration of new concepts such as spatial autocorrelation and 
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spatial heterogeneity (Jahanshiri et al., 2011) which could not be involved in the traditional MRA method. Therefore, 

modified versions of MRA so as to integrate spatial data have been arisen, such as: Spatial Lag Model (SLM), Spatial 

Error Model (SEM), General Spatial Model (GSM), Spatial Durbin Model (SDM), Spatial hedonic model and 

Geographically Weighted Regression (GWR) (Wang and Ready, 2005; Jahanshiri et al., 2011).   

Unlike to the linear functions, nonlinear regression can estimate models with arbitrary relationships between 

independent and dependent variables by employing iterative estimation algorithms. As a result, the process is more 

demanding than linear MRA, and if the initial values of independent parameters are poor, then the algorithm may not 

converge or it may converge on a local optimum. Another disadvantage is that variable selection methods are not 

possible with non-linear functions, and hence many trials are needed to find the best fit. Therefore, in our case, various 

non-linear function forms were attempted and it was revealed that best fit is provided by a simple exponential form of 

the linear model: ὣ Ὡ ȟ . A simple form of an exponential function is almost exclusively used as a shortcut for the 

natural exponential function e
x
 where e is Euler's number such that the function is its own derivative. The exponential 

function is used to model a relationship in which a constant change in the independent variable gives the same 

proportional change in the dependent variable. The independent variables used in the final model are those used in the 

linear model.  

Further to the regression based methods, the employment of AI methods for valuations began after 1990. In particular, 

ANNs (Fausett, 1994) have been the most widely used AI technique for valuation during this period (e.g. Kathmann, 

1993; Garcia et al., 2008; Kontrimas and Verikas, 2011) as an alternative to the MRA model. ANNs try to loosely 

simulate the functioning the way human brain cells or natural neurons produce a certain activity, as a reaction to inputs 

from other brain cells or sense organs and the way that outputs can be transferred through other neurons (Kathmann, 

1993). Technically speaking, ANNs are non-conventional computer programs that are typically organized in three 

layers, i.e. input, hidden and output layers as illustrated in Figure 3. Layers are made up of a number of interconnected 

'nodes' which contain an 'activation function'. Patterns are presented to the network via the 'input layer' (that consists of 

the independent variables noted in rectangles), which communicates to one or more 'hidden layers' where the actual 

processing is done via a system of weighted 'connections'. The hidden layers, then link to an 'output layer' that provides 

the predicted land value. ANNs contain some form of 'learning rule' which modifies the weights of the connections 

(noted within parentheses) according to the input patterns that iteratively change. In essence, ANNs learn by example as 

they fed new information and process it based on previous training examples. 

 

Figure 3. The structure of the ANN employed in this research 

After the development of three AVMs the last step involves their evaluation. This process involves the model testing 

and quality assurance which is carried out using ratio studies and involve four basic measures: (i) appraisal level (mean, 

median, weighted mean) representing accuracy (ii) variability-uniformity (coefficient of dispersion-COD), reflecting 

consistency (iii) reliability (confidence interval) and (iv) vertical inequities (price-related differential-PRD, price related 

bias-PRB), also reflecting both accuracy and consistency. All the acceptable numerical limits of the above metrics, 

which are noted below, are defined by the international standards (IAAO, 2013b) depending on the type of property. 

Input  

Hidden 

Output  
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Especially, appraisal level measures how close are predicted values to real market values by utilizing basic metrics of 

central tendency. While ideally the perfect appraisal level for any metric is 1.0, an appraisal level between 0.90 and 1.10 

is considered acceptable for any type of property. These measures are point estimates reflecting an indication of the 

appraisal level; hence they need to be combined with confidence intervals providing indicators of the sample statistics. 

Similarly, variability-uniformity quantifies the dispersion of ratios, hence the smaller the measure the better, but 

extremely low measures may due to a poor calibration as a result of sales chasing or a non-representative sample. 

According the standards, the COD acceptable range of vacant land (selected because it is the closest category to 

agricultural land that is not included in the list) is between 5.0-25.0.  

The third measure, i.e. reliability which is represented by the confidence intervals, reflects the degree of confidence can 

be placed in an estimated statistic for a sample of appraised properties. Especially, the upper and lower limits of a 

certain measure of central tendency are 0.9-1.0 for a confidence interval 95% for any kind of property. The measure of 

dispersion i.e. COD is a ñhorizontalò metric regardless of the value of individual properties. In contrast, vertical 

inequities provide evidence about the accuracy of appraised individual properties. An index for measuring vertical 

inequality is called price-related differential (PRD), which is calculated by dividing the mean ratio by the weighted 

mean ratio and it should be between 0.98 and 1.03 Measures significantly above 1.0 show regressivity i.e. low-value 

properties are appraised at a greater percentage market value than high-value properties and; metrics significantly lower 

than 1.0 suggest a progressivity, that is, low-value properties are appraised at smaller percentages of market value than 

high-value properties. Furthermore, IAAO (2013b) suggests carrying out a statistical test for price related bias (PRB) as 

well, because it provides a more meaningful and easily interpreted index than PRD. When PRBs scores with 95% 

confidence interval fall outside the range of -0.10 to +0.10, indicate unacceptable vertical inequities. In addition to the 

above metrics included in the ratio studies standards, they have been also used the root mean squared error (RMSE) and 

the mean absolute percentage error (MAPE) which are widely used (Ahn et al., 2012; Schulz et al., 2013). The former 

measures the discrepancies between the predicted values and the actual observations whilst the latter measures scaled 

discrepancies. Furthermore, it has been used in evaluation the forecasting error (FE) introduced by Nguyen and Cripps 

(2001), that measures how many land parcels from the whole population have been assigned a predicted value that 

differs compared to the market value, less than a certain percentage (e.g. 10-20%). 

5. RESULTS 

The detailed analysis and discussion of the outputs of the linear/non-linear models and the ANN is provided by 

Demetriou (2016b and 2016c), respectively. Models ran using three different stratified samples of 10%, 15% and 20% 

of the population of land parcels included in the study area. Both papers showed that a sample of 15% is the most 

efficient because it produces significantly better results than the 10% sample and very similar outputs with those 

produced by the 20% sample with much less effort.  Thus, Table 1 summarizes the quality assurance metrics for the 

three models for the 15% sample. Results show that all the appraisal level statistics, that is, the three main measures of 

central tendency the mean, median and the weighted mean of ratios for all models are within the acceptable standards ( 

i.e. between 0.9 and 1.10) revealing that predicted land values are quite close to those defined by the LVC. The best 

appraisal level resulted from the ANN model with a value very close to 1.0 while the linear and non-linear models 

present very similar values, slightly higher, than those of the ANN. A stronger relevant indication is the estimation of 

appraisal levels based on 95% confidence interval to determine whether it can be reasonably concluded that they differ 

from the established performance standards in a particular instance. Thus, based on the calculated scores that fall within 

the range 0.9-1.10 for all three models, the relevant standard has been met suggesting reliability evidence.  

In addition, the coefficient of dispersion-COD is best for the ANN followed closely by the non-linear model and 

slightly increased in the linear model. It is remarkable that all metrics are very far from the highest acceptable value i.e. 

25. Furthermore, the price-related differential-PRD is the same for all three models which is close to the best i.e. 1.0 and 

within the acceptable range 0.98-1.03, although is closer to the maximum limit. This potentially shows a slight 

regressive tend i.e. low-value properties are appraised at a greater percentages market value than high-value properties. 

Similarly, the estimated price related bias-PRB is around -0.08 for all models that is, within the acceptable limits i.e. -

0.10 to 0.10, showing a trend towards the lower limit. Therefore, PRB shows that for 95% confidence interval, 

assessment levels do not change by more than 10% when values are halved or doubled. Also, RMSE and MAPE are 

both the best for the ANN model followed by the non-linear and then the linear model with a difference between best 

and worst from 5-10%. The maximum FE for 10% i.e. the difference between the predicted and true values is less than 

10% for 59% of land parcels as resulted by both non-linear and ANN models with very close result by the linear model 

(around 57%). Similarly, for around 90% of the predictions, the difference from actual values is less than 20%, which is 

an acceptable inaccuracy for the purposes of land consolidation. Based on the fact that the required sample for 

achieving the above accurate and reliable results is 15% (i.e.73 land parcels out of 488 of the whole study area) the 

LVC could provide this sample in about 5 days compared to the 25 working days took the whole land valuation in terms 

of site visits, suggesting a time and cost savings around 80%, assuming that the data processing time is roughly similar 

in both cases. 



Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

49 

Table 1. Testing and quality assurance for the three models 

  Appraisal level 

             Mean              Median   W. mean       RSME  MAPE 

Linear 1.059 1.023 1.02        2524.00 12.94 

Non-linear 1.06 1.03   1.02 2406.41 12.55 

ANN 1.028            1.00     0.99     2398.62    11.71 

  Uniformity              Vertical inequalities 

           COD                   PRD      PRB     

Liner 11.99 1.03 -0.079  

 Non-linear 11.57 1.03 -0.08    

ANN 11.38 1.03 -0.07    

  Reliability  

  

95% c.i. 

(mean) 

95% c.i. 

(median) FE<=10% 10%>FE<=20% FE>20% 

Linear 1.03-1.09 0.99-1.05 57.00 30.92 12.08 

Non-linear 1.03-1.09 0.99-1.06 58.94 30.43 10.63 

ANN 1.00-1.06 0.97-1.04 58.45 29.95 11.59 

Further to these time and cost savings, the quality of land valuation is enhanced since the AVM comprises fourteen land 

valuation factors compared to the LVC that takes into account around six factors, suggesting a more integrated 

consideration of the aspects involved. It is also interesting noting that the most important factors (based on significance 

levels) for each model (with a slightly different order in each case) are: the distance from residential zones, slope, size, 

access through a registered road, access through a pathway, the availability of irrigation and then the other factors 

follow. In addition, the precise calculation of variable scores through spatial analysis and comparison through modelling 

process, indicates a consistency that would be difficult to be achieved by the LVC using the traditional method. 

Moreover, the reliability of outputs, which is checked through international standards, and the potential for an analytical 

explanation of the outputs through this standardized modelling process, provides transparency, which is required for 

such planning processes. 

6.  CONCLUSIONS 

This paper showed that the AVMs presented in this research are considerably more efficient in terms of time, costs, 

reliability, consistency and transparency compared with the traditional empirical process followed by the LVC. 

Therefore, the authorities involved in land consolidation schemes should consider introducing AVMs combined with 

the adoption of international appraisal standards and integrate them within the relevant legislation and practices. Also, 

the combination and even the full integration of these methods within a GIS is currently common best practice for land 

valuation. In terms of performance, the ANN method ranked best closely followed by the non-linear model and then 

slightly worse the linear model.  

The contribution of this research is both scientific and practical. In terms of the former, it extends the knowledge about 

an important and still a very limited area of research, i.e. land valuation of agricultural land for a popular and widely 

implemented in EU planning approach, i.e. land consolidation. Regarding the latter, the models may have practical full 

implementation in Cyprus and in other countries that use market value in land reallocation. Especially, models are 

timely very valuable because the current financial crisis rapidly changed land values, hence a revision of land values for 

several land consolidation schemes is required. Moreover, models may have considerable impact regarding the 

acceptance of the land consolidation plan by landowners since the empirical process has been transformed in a 

systemic, analytical and transparent operation. 
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Abstract 

This work presents the state-of-art in the development of the GIS database which aims at agro-ecological 

characterization of the Razlog Region (Southern Bulgaria) through the assessment of potential agricultural 

productivity. 

The generation of the Razlog valley administrative, climatic, soil and topographic database is described. This database 

will provide an important support for the development of homogeneous agro-climatic and agro-pedologic zones which 

will serve in the determination of the potential yield of specific crops. This will be accomplished by means of both 

mechanistic and statistical modeling. 

The GIS database is being developed in ArcGIS to provide an easier way for da-ta-query and analysis, and to facilitate 

data distribution and use.  

The carried out activities have involved considerable efforts in climatic data col-lection, analysis and development, soil 

sampling and creation of digital soil database, collection of the relevant crop parameters, digitizing topographic data 

and administrative boundaries. The data are subjected to comprehensive error detection and correction. Progressive 

sampling procedure is used for the creation of the regional soil database. 

The ongoing activities are focused on the completion of a GIS database, the preparation of data for the development of 

Digital Elevation Model for the Razlog region and on the evaluation of the procedures for time series analysis and 

spatial interpolation of climatic data along with design of soil information system. 

The purpose of this paper is to undertake a comprehensive assessment of agro-ecological resources in the Razlog 

municipality in terms of the opportunities for maintaining and improving soil fertility and productivity of agricultural 

lands. 

To achieve the intended objective GIS of Soil Resources (GISoSR) are developed for the studied object. The following 

methods are used: 

Å A critical analysis of the existing literature data; 

Å Remote Sensing; 

Å The internet sources. 

Keywords: agro-climatic and agro-pedologic zones, agricultural lands productivity, agroecosystems, agro-ecological 

resources, biotic and abiotic interactions, GIS of Soil Resources (GISoSR), soil fertility 

1. INTRODUCTION  

Drought is a major problem faced by many nations inevitably worldwide. Droughts are observed in both regions climate 

is characterized by heavy rainfall, and in areas where rainfall is scarce. Drought means land degradation in arid, semi-

arid and sub-humid areas resulting from various factors, including climatic variations and human activities. Usually 

differ several types of drought: 

Atmospheric - besides low rainfall experiences high temperatures and low humidity. In this drought plants are located 

in the most adverse conditions. 

Hydrological - a long period of dry weather, causing a shortage of water due to a reduction of water levels in the river 

below normal and decreased moisture in the soil or groundwater level. 

mailto:b_i_kolev@abv.bg


Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

53 

Soil drought - is a long period in which the water balance of the soil and plant ecosystems are deteriorating 

physiological condition of plants and yields fell sharply. Root layer dries up and the plants suffer from water shortages. 

Socio-economic - as a result of the complex interaction of soil, air and soil atmospheric and hydrological droughts 

leading to a decline in agricultural production and from there to the social and economic problems of the population. 

Most radical way to combat drought is irrigation. A fundamental pillar of any system of agriculture in rain fed 

conditions are events to combat soil erosion and accumulation and productive use of moisture in it. In many areas of the 

country, including a drought climate, a significant part of agricultural areas are prone to erosion, resulting in the fields 

exported huge amounts of nutrients ground dry and therefore accelerate the onset of soil drought. Plants begin to 

experience shortages of food and moisture first of eroded soils. Especially important for the accumulation of moisture in 

the soil has the proper tillage and deep autumn plowing. 

Floods are common natural disasters in the Republic of Bulgaria. They cause enormous damage because they affect 

populated areas, industrial areas, productive farmland and engineering infrastructure. 

Floods can be: 

Natural flooding - caused mainly by melting of ice and snow, in rain or during distrains of ice formation or freezing; 

Technologic floods - caused by other influences - in damage to the hydro facility, which could lead to an accident or to 

prevent critical situations in hydro facility. 

The aim of this work is an evaluation of agroecological resources of agricultural land in Razlog for legume crops, 

mostly for beans. 

To achieve the intended objective GIS of Soil Resources (GISoSR) are developed for the studied object. The following 

methods are used: 

¶ A critical analysis of the existing literature data; 

¶ Remote Sensing; 

¶ The Internet sources. 

2. OBJECT AND METHODS 

2.1. Physical-geographic characteristics of Razlog municipality 

Razlog municipality is located in southwestern Bulgaria in the Razlog valley in the Mesta River, at the foot of Pirin, 

Rila and Rhodopean Mountains. Through the gorge "Momina klisura" south connects to Gotse Delchev valley and in 

the west passed and laid low in the saddle "Predel". By its geographical location it can it may be defined as a relatively 

closed community ï fig. 1. 

 

Figure 1. Map of Razlog municipality 



Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

54 

Razlog Valley is one of the highest valleys in southern Bulgaria. In the midst of the valley part is almost flat terrain with 

a slight slope to the east to the Rodopean Mountain. North is hilly and surrounded it high parts of the Rila and Pirin are 

typical alpine species. Agricultural areas in the municipality occupy 165,305 hectares - 37.5 % of the total area and the 

forest 257,592 ha or 58.5 %. 

Plant diversity in the municipality is due to the high difference in altitude. Forestland is rich in tall pine trees (pine, fir 

and alder) and deciduous forests (beech, oak). The lower parts are occupied by meadows and pastures, and along the 

ridges of mountains and pastures squat. Forests, grasslands and arable lands are having potential importance to 

economic development of the municipality as at present and for the next seven years. They are the basis for the 

development of modern agriculture, agribusiness, timber and wood processing. The most widespread in the valley have 

a group of alluvial and deluvial meadow. They occupy the lowest part of the hollow-level and low terraces of White 

River, Glazne river and others. Deluvial and alluvial meadow soils are light mechanical composition. Characterized by 

very low humus content and total digestible forms of nitrogen, phosphorus and potassium. South of Razlog on 

yellowish brown clays are formed maroon soils. Hilly part of the valley is occupied exclusively by shallow, heavily 

eroded cinnamon forest soils formed on massive non-carbonate rocks. The soils are poor in nutrients and have a slightly 

acidic. 

2.2. Agro-climatic zoning 

Climatic factors heat, light and moisture act comprehensively on the development and growth of plants. How more 

favorable is the combination of these factors in a given location, the climate is more favorable, richer, and more fertile. 

In a study of this combination may done differentiation in agro-climatic regions, differing among themselves in terms of 

development and formation of the yields of agricultural crops. As a major determining factor for the formation of agro-

climatic regions we perceive temperature regimes. The growth and development of plants depend at these temperature 

regimes. 

 

Figure 2. Agro-climatic zoning in Bulgaria. 

  

Figure 3. Map of annual rainfall of Bulgaria. 
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When heavy rains with very high amount have negative influence on crop - worsened soil structure and conditions for 

plant respiration, some of the plants died, the productivity of the crop falls, gets to water erosion, etc. Regionalization of 

cultures is to identify the most appropriate and correct ratio between: 

¶ climatic and soil characteristics of the different regions and even micro, the specific requirements of the crops 

to the characteristics of the environment; 

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

¶ potential yield; 

¶ capacity of farm production and use of agricultural products. 

2.3. Agro-ecological regions 

The agro-ecological regions of the Bulgarian soils - [Gurov, Artinova (2001)], are presented in figure 4 and the agro-

ecological regions in which the municipality falls - in figure 5. 

 

Figure 4. Agro-ecological regions of Bulgarian soils. 

 
                                                                                    15 km 

Figure 5. Agroecological regions in the municipality territory. 

Legend: 

1. (V3) ï Razlog region. 

2. (Vɯ6) - Rila-Pirin region. 

3. (Vɯ7) - Rhodope region. 

4. (VII2) ï High Mountain Rila-Pirin region. 
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(V3) ï Razlog region - Razlog agroecological region occupies Bansko and Razlog valley. In terms of relief it did not 

differ from the previous two areas, but in a much higher altitude, which makes a significant impact on its climate 

characteristics. The main soil types are normal and eroded leached cinnamon forest soils, shallow soils and maroon-

deluvial soils. On morphological characteristics and properties do not differ from the previous two regions. The area 

falls within the same climatic region of Mesta, but its temperature resources are more limited. The average annual 

temperature is 8.9 ÜC and the temperature sum of the growing period is 3100 ÜC. The annual rainfall is 670 mm and the 

deficit in the balance of atmospheric humidity for growing season is about 280 mm. 

The median (agronomic) bonitet ball for the region is 42 - group "medium lands" table 1. The most suitable conditions 

for potatoes, grasslands productivity class 66-65 ball, i.e. group "good land" wheat - 57 ball and 40 ball tobacco. 

Estimates of other cultures they belong to the group "poor" and ñunsuitable landò 'average score is similar to the 

previous area, but the area of shallow, stony soils eroded and is larger and thermo-insurance - significantly less. 

Table 1. Bonitet (suitability) of soils in (V3) Razlog AER. 

Crops Bonitet (Suitability) (0-100) 

Wheat 
57 

Maize 
21 

Soybeans 
11 

Sunflower 
21 

Beet 
30 

Oriental tobacco 
40 

Potatoes 
66 

Alfalfa 
22 

Grasslands 
65 

Apple 
30 

Vineyards 
14 

(Vɯ6) Rila- Pirin agroecological region [2] occupies areas with an altitude of 800 to 2000 m. It has alpine character. Soil 

forming materials are granites, gneisses, schists, limestones and their weathering products. The biggest is the 

participation of the brown mountain forest soils, which are similar to their peersô case treated areas but the humus 

horizon, is more powerful (20-60 cm) and darker colored. The annual rainfall is about 840 mm, such as about 440 mm 

falling during the growing season. The average annual temperature is around 5ÁC with temperature sum of the growing 

season around 2000ÁC. Agricultural land in this area is characterized by medium (agronomic) bonitet ball 52, i.e. 

bonitet group "middle lands", but it refers to the lower areas with an altitude of 700-800 to 900-1000 m, where climatic 

conditions still allow their growing (and here they favor the land of a strong Mediterranean influence). Outside the 

forest zone lands are unsuitable for normal land use, except for potatoes, pastures and meadows. The lower parts are 

suitable for potatoes and wheat productivity class 71 and 60 ball (i.e. the group "good lands". Less is the suitability of 

environmental conditions for grasslands, oriental tobacco, sugar beets, grapes, apples (credit rating ranging from 52 to 

41 ball, i.e. the group "middle lands" for maize, sunflower and alfalfa productivity class in the group of Ăbad lands" and 
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for soybeans - "unfit lands" - Table 2. Like other areas assessments land for different crops vary considerably, which is 

associated with altitude, the nature of the soil that is affected in varying degrees of erosion. 

Table 2. Bonitet (suitability) of soils in (VI6) Rila-Pirin AER. 

Crops 

Bonitet (Suitability) (0-100) 

<=1000 meters a.s.l. >1000 meters a.s.l. 

Wheat 
60 0  

Maize 
39 0 

Soybeans 
5 0 

Sunflower 
35 0 

Beet 
47 0 

Oriental tobacco 
46 0 

Potatoes 
71 71 

Alfalfa 
30 0 

Grasslands 
52 52 

Apple 
41 0  

Vineyards 
48 0  

Wheat 
60 0  

(Vɯ7) Rhodope agroecological region [2] includes areas of Western and Central Rhodope. Soil forming materials are 

rhyolites, granites, crystalline schists and their weathering products. The soils are almost exclusively brown mountain 

forest. In their features they are too similar to its peerôs Central forest mountain - Samokov region, but are slightly 

clayey (20-30 % physical clay). In terms of climate, the region is not uniform. In the lower parts of the valleys of the 

rivers, the average annual temperature is around 8- 9ÁC, and higher in around 5ÁC. Temperature sum of the growing 

period is from 2800 to 3000ÁC with a low around 2000ÁC and for the higher elevations. Better warmth of this region 

allows the cultivation of tobacco, flax, potatoes and more to higher altitudes. Precipitations are from 700 to 1000 mm 

and humidity conditions are good. Total productive capacity of the land is characterized by medium (agronomic) bonitet 

score 48, which they attributed to bonitet group " middle lands", but for most crops credit rating refers to the lower 

areas. They may be graded as follows: most are suitable for potatoes (79 ball - group "good lands." Second are the 

grasslands and wheat (credit rating in the range of 57-55 ball, i.e. ñmedium landsò). Less is suitability for growing 

grapes, apples, sugar beets, corn, sunflower, oriental tobacco (credit rating ranging from 40 to 29 ball, i.e. to bonitet 

group "bad lands "and for alfalfa and soybeans ï ñunfit landsò. Total productive capacity of the land group agro-

ecological regions of the mountain brown forest soils are low. The mean average (agronomic) ball for the whole area is 

very low (18 ball) and it belongs to the group bonitet "unsuitable lands." As seen, the main difference in this soil group 

areas are mountainous brown forest soil, occupying areas with an altitude of 800 to 1500 m, where climatic conditions 
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are favorable for agricultural production. In the lower parts of the area with an altitude up to 1000 m (which is no more 

than 20 % of the total area) can still grow a number of field crops, although with sufficiently satisfactory results (i.e. 

land are relatively low bonitet ball), while the higher areas the environmental conditions are suitable only for potatoes, 

pastures and meadows, raspberries, which respectively bonitet ball is higher - table 3. 

Table 3. Bonitet (suitability) of soils in (VI7) Rhodope AER. 

Crops 

Bonitet (Suitability) (0-100) 

<=1000 meters a.s.l. >1000 meters a.s.l. 

Wheat 
55 0  

Maize 
32 0 

Soybeans 
22 0 

Sunflower 
32 0  

Beet 
39 0 

Oriental tobacco 
29 0  

Potatoes 
79 79  

Alfalfa 
18 0  

Grasslands 
57 57 

Apple 
40 0  

Vineyards 
40 0  

Wheat 
55 0  

(VII2) ï High Mountain Rila-Pirin agroecological region ï The region include the highest ridge treeless parts of Rila, 

Pirin and Vitosha Mountains above 1700-1800 m altitude. The terrain is alpine, alpine character. Soil forming materials 

are granite, syenite, crystalline schist, marble and limestone. The soils here are represented by turf mountain meadow 

and peat soils. They are similar to those described in the above area, but have a low power (30-60 cm), in skeletal and 

more acidic (pH 4.4-5.4 in H2O). Area, as well as the previous one, has unsuitable conditions for agricultural 

production. The average annual temperature is 3-4 ÜC, the temperature sum of the growing period is about 15 ÁC. 

Annual precipitations here are about 1000 mm rainfall. Soil, climate and topography are extremely unfavorable, so they 

may grow to inferior grasses dominated by Nardus stricta (Achkov, Bozhinova, 1986). Productive capacity of the area 

for pasture and meadows are with bad credit rating - 26 bonitet ball. Average agronomic ball reaches the symbolic value 

of 2 ball - table 4. 
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Table 4. Bonitet (suitability) of soils in (VII2) ï High Mountains Rila-Pirin AER. 

Crops Bonitet (Suitability) (0-100) 

Wheat 
0 

Maize 
0 

Soybeans 
0 

Sunflower 
0 

Beet 
0 

Oriental tobacco 
0 

Potatoes 
0 

Alfalfa 
0 

Grasslands 
26 

Apple 
0 

Vineyards 
0 

2.4. Phenological development of beans 

Beans are one of the most important legumes for us. Grown for the grain which contains 23 % proteins and 2.8 % fat 

and is one of the most important food of our rural and urban population. Beans are polymorphic species of annuals, 

perennials and sometimes, climbing plants with thin stems and intertwined branches. The root system of beans is poorly 

developed and located in the topsoil. The root system consists of a taproot and lateral branches that begin to form 

immediately after germination. Compared with other types of legume root system of beans has a low junction drilling 

and recovery capability. Its development is strongly influenced by external conditions, and particularly the structure of 

the soil. Bean stalk is angular, the top is fleshy, later-fibrous, and at the end of the vegetation-solid. In common bean 

cotyledons during germination go over the soil surface, turn green and begin to assimilate. After they developed a 

couple of simple heart-shaped leaves. True leaves are lobed and are spirally arranged on the stem. Each leaf has six 

small stipule, two at the base of the main handle, two at the basis of the average sheet and one at the base of the side 

lobe. The flowers are collected from 2 to 8 in clusters located in the base of the leaves or the top of the stem and 

branches thereof. Clusters can be simple, double and triple branched and are typically shorter than petiole. The petals 

are colored in white, pink, purple or variegated. 

The fruit of the beans is beans, consisting of a helical fruit-leaf between the two halves of which are seeds. Shaped pods 

are straight or curved, flat or cylindrical. Beans are warm-loving plant, easily damaged by low temperatures and grows 

well when the average maximum temperature does not exceed 30 ÁC. In terms of the light it is very demanding, 

especially in the early development when the slightest shading caused a prolongation of internodes, weakening the stem 

and leaf etiolirane with a consequent reduction in yield. At later stages of development sensitivity to light intensity 

decreases and the time of flowering and fructification scattered light is reflected even on the positive quantity and 

quality of the yield. With respect to moisture is moisture-loving plant. The seeds require a relatively large amount of 

water for germination. Uneven maintain soil moisture during the growing season causes a reduction in yield. In low 
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humidity before flowering reduces the number of colors during flowering reduces the number of pods, and during the 

ripening decreases the mass and accelerate the dynamics of maturation. In terms of soil most suitable warm, drainage 

structures, with light mechanical composition, water permeable and deep groundwater soils. The most suitable soil for it 

is gray forest, podzolic chernozems and deluvial soils, ventilated easily and quickly warm. They have a relatively light 

mechanical composition and their clay fraction is 25-30 %. Suitable soils are typical and leached chernozems, dark, 

light gray and eroded soils, leached cinnamonic and alluvial soils. These groups are medium sandy-clay - content of 

clay fraction is of 30-40 %. Unsuitable are Haplisols rendzinas, dark leached cinnamonicv and other heavy, sandy-clay 

soils containing clay fraction over 40 %. The development stages of bean crops - Phaseolus vulgaris is presented in 

figure 6. 

 

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

2.5. Methods 

The study used the tools of ArcGIS ï ArcMap and Remote Sensing for develop GIS of Soil Resources (GISoSR) for the 

object of the study and existing literature data and Internet sources for SWOT - analysis on the economic development 

in sector agriculture [5, 6]. 

3. RESULTS AND DISCUTION  

3.1. Climate characteristics and soil types in the region. 

Razlog region occupies Bansko and Razlog valley. In terms of relief region is with higher altitude, which makes a 

significant impact on its climate characteristics. The area falls within the climatic region of Mesta, but its temperature 

resources are more limited. The average annual temperature is 9 ÜC with maxmum in July: +18.9 ÜC and minimum in 

January: -1.9 ÜC. The temperature sum of the growing period is 3100 ÜC. The annual rainfall is 694 mm with two 

maxmums in May: 67 mm and in December: 800 mm and minimum in August: 31 mm. The deficit in the balance of 

atmospheric humidity for growing season is about 280 mm. The results for temperature and precipitation are presented 

in figure 7. 
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Figure 7. A climate-graph of average monthly and yearly temperatures, monthly and annual rate of precipitation for 

Bansko meteorology station. 

The main soil types are normal and eroded leached cinnamonic forest soils, alluvial soils, deluvial soils and brown 

forest soils. Thise soils are presented on figures 8 and 9 for town Razlog and Razlog municipality. 

 

Figure 8. Soil map for town Razlog.  

-1.9 0 3.4 
8.7 

13.3 16.8 18.9 18.7 
14.7 

9.9 
5.2 

0.3 

42 37 36 
50 

58 
67 

42 
31 35 

50 
63 

49 

-100

-80

-60

-40

-20

0

20

40

60

80

100

120

140

160

180

200
Bansko 936 9.0ÁC 694mm

-50

-40

-30

-20

-10

0

10

20

30

40

50

60

70

80

90

100

I II III IV V VI VIIVIII IX X XI XII

P
re

c
ip

it
a
ti

o
n

, 
m

m
 

T
e
m

p
e
ra

tu
re

, 
ϲC

  



Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

62 

 

Figure 9. Soil map of Razlog municipality. 

3.2. Crop production and SWOT ï analysis of agricultural sector. 

3.2.1. Crop production 

Agricultural areas in the municipality occupy 165,305 ha - 37.5 % of the total area and the forest 257,592 ha or 58.5 %. 

Land is managed entirely by private owners, as in the municipality operate two agricultural cooperatives. The largest 

shares in the structure of culture are potatoes, corn and cereals. Tobacco is a major industrial crop. There is a base for 

mechanical drying, which is a prerequisite for growing deciduous variety virginia. Due to lack of markets in recent 

years such cultivation is suspended. Other industrial crops ï in village Banya started working workshop for distillation 

of essential oils (1999), but due to low prices of raw materials, interest in planting other crops, do not. Machine and 

technology park: outdated depreciated, high cost of services offered. Not enough mainly collecting technique: mowers, 

balers, potato lifting and plant protection machinery. 

Table 5. Sowing (yield) area of agricultural crops for Razlog Municipality in hectares. 

Crops 1996 1997 1998 1999 2000 

Wheat 363.0 280.0 262.0 148.0 250.0 

Barley 30.0 - - - - 

Maize (Zea 

mays) 281.5 700.0 900.0 800.0 700.0 

Beans 76.2 101.1 201.5 180.6 151.0 

Tobacco 81.9 310.4 251.1 150.6 90.0 

Tomato 57.7 80.3 80.3 95.5 70.5 

Green peppers 42.2 60.2 70.0 80.0 70.5 

Onion 15.2 20.2 20.6 25.1 15.0 
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Potato 303.3 1017.7 1209.8 931.2 700.0 

Apple - - - - - 

Peach - - - - - 

Vineyards 11.6 11.6 11.6 11.6 11.6 

 

Analysis of the data shows that the Municipality of Razlog operates from extensive farming type, characterized crop 

cultivation and livestock primarily to meet the needs within households. There is a very low growth rate of investment 

in the agricultural sector, a high degree of fragmentation of farmland, uncertain markets for selling their produce. Soil 

and climatic conditions in the municipality are suitable for growing tobacco, potatoes, some autumn cereals and fruit. 

Base dimensions overlapped during those four years are relatively unchanged. As of December 2005 the property in 

agriculture and forests are 85 registered agricultural producers, with no agricultural cooperatives. 

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

STRENGTHS WEAKNESSES 

ü Absence of industrial pollution, ecologically pure 

area; 

ü Developed wood processing industry; 

ü Water resources and power generation; 

ü Availability of significant woodland and forest 

resources; 

ü Traditional experience in agriculture. 

ü Fragmentation of agricultural land and 

insufficient opportunities for their 

consolidation; 

ü Availability of large areas affected to varying 

degrees by erosion; 

ü Remoteness of the municipality of economic 

and administrative centers. 

OPPORTUNITIES THREATS 

ü Ability to develop alternative forms of agriculture, 

rural and ecological tourism; 

ü Traditional tourism; 

ü Opportunities to attract inward investments and the 

activation of economic links with the business in 

Greece. 

ü Total economic decline; 

ü Quality deterioration of the technical 

infrastructure; 

ü Road and village infrastructures deformations 

CONCLUSION 

The main task of regionalization of crops, starting from the soil, climatic and economic conditions of a particular area is 

agricultural crops so be regionalized, to produce the highest yields and highest productivity at minimum cost per unit 

for each farm or ranch. 

Family farms are closed; the land is cultivated almost without the use of equipment not carried out agricultural 

activities, leading to lower yields. 

The marketing of agricultural produce is very difficult, and the proposed prices are below the cost of production. An 

exception is the implementation of the tobacco, where despite the possibility of delayed payments to producers 

purchasing campaign is at a satisfactory level. 

There is no modern agricultural technology and modern buildings, and financial resources for technological innovation 

farm. Lack knowledge of proper implementation of agro technical measures, incorporation of fertilizers and pesticides 

is done randomly. 

Family farms are not market-oriented, market appear surplus households. The production quality is low due to lack of 

knowledge among farmers about feeding and housing of animals. 
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The above problems mark negative trend of decreasing arable land, degradation of technical support agriculture and 

reduce yields. In animal husbandry, tends to reduce the numbers of animals continued deterioration breed and yields. 

Razlog municipality is included in the project "Sustainable Rural Development ", funded by UNDP and the Ministry of 

Agriculture and Food, in which it appears expert and financial support to farmers. Prospects for the development of 

agriculture in the municipality Razlog associated with introducing alternative crops such as herbs, raspberries and 

blueberries. Important for the development of agriculture is the development of related industries, especially the food 

industry and rural tourism. Opportunities for economic development are related to: 

Lack of significant pollution of the environment and the ability to produce ecologically clean agricultural products, 

subject to the technological requirements; 

The development of short-term programs for rural and eco-tourism based on the resources of the Rila National Park and 

Resort ĂTreshtenikò. 

Active marketing investment to attract private investment in agriculture and industry with significant growth potential; 

Opportunities for mining of wild mushrooms and herbs, as well as cultivation of medicinal plants as an alternative form 

of employment and reduction of unemployment for unemployed and for a significant proportion of growers. 
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Abstract 

The paper will discuss the advanced analysis tools and techniques for spatial, network, 3D, and image analysis in 

ArcGIS platform. Topics will cover working with raster data, parallel view of 2D and 3D data, data cleaning and data 

migration tools. New LIDAR data management tools will be presented.  

Modern concepts will be discussed for using analysis in geoprocessing tools and web services. The paper will cover the 

new Smart Mapping concepts and capabilities for fast and comprehensive online on-the-fly mapping and advanced 

rule-based visualization. 

Keywords: Analysis tools, 3D, Dynamic Raster Mosaicking, Smart Mapping 

INTRODUCTION  

A geographic information system (GIS) lets us visualize, question, analyze, and interpret data to understand 

relationships, patterns, and trends. GIS is becoming essential to understanding what is happening and what will happen 

in geographic space. Once we understand, we can prescribe action. This new approach to management and 

investigationð geographicallyðis transforming the way organizations and scientists operate. They already have a 

powerful tool for making better and more reasoned decisions. Nowadays, GIS technology lets us integrate various types 

of information, such as statistical, attributive as well as satellite images of the Earthôs surface. All this data is a wealth 

of information which can be processed precisely and effectively with GIS. Images capture a permanent record of 

different features located on the Earthôs surface but beside that images go beyond simply recording features. They also 

record relationships and processes as they occur in the real world. Images are simultaneously snapshots of geography 

and of reality. They are snapshots of life on the Earth. For that reason, the data in a GIS needs to reflect reality and to be 

incorporated and accurately transformed into instantaneously ready, easy-to-use information. This circumstance is the 

trigger mechanism for incessantly improvement and elaboration of the GIS software and the tools that it includes.In the 

recent paper, the advanced analysis tools and techniques for spatial, network, 3D, and image analysis in ArcGIS 

platform will be discussed. The benefits of using techniques for parallel view of 2D and 3D data and Smart Mapping 

will be highlighted. 

1. GEOSPATIAL ANALYSIS AND TOOLS 

The vast majority of information present in the world has some form of spatial element connected with it.  Spatial 

analysis is one of the more interesting and remarkable aspects of GIS. Using spatial analysis, you can combine 

information from many independent sources and derive a new set of information (results) by applying a large, rich, and 

sophisticated set of spatial operators. There are different types of geospatial analysis. In recent study we are going to 

present the following types: 

1.1. Spatial analysis 

In the most recent version of ArcGIS - ArcGIS 10.4, the spatial analytics are included with ArcGIS for Server. The 

same set of analysis tools previously only available in the ArcGIS Online map viewer are now included with ArcGIS 

for Server.  Users with a web GIS implementation (portal, server, and data store) can perform analytical functions, such 

as finding hotspots, locating streets and addresses, finding a place, routing, or accessing a geodatabase. 
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Distance toolset 

With the new Cost Connectivity tool you can generate a network of optimum paths connecting multiple areas. This has 

applications in many areas of planning and operations, such as wildlife management and resource harvesting. The cost 

distance tools and path distance tools have been enhanced with four new parameters to give customers more control 

over the impact of distance and the nature of the travelers. With these enhancements it is already possible: different 

modes of travel from various sources to be modeled; different numbers of resources at different locations to be taken 

into consideration; to incorporate response times to marshal resources before they can be deployed; to make 

considerations for the accumulation of effort. 

Extraction toolset 

Extraction toolset has been updated to better handle conditions when the locations being sampled are NoData cells for 

certain output formats.  Because the shapefile and Info table formats do not have a concept of <null>, a value of 0 was 

returned in those cases.   

Segmentation and Classification toolset 

With the enhancement of these toolsets, the ArcGIS platform provides an opportunity for: accomplishing better 

assessments in post-classification accuracy; comparing ground truth points to the classified image; assessing a given 

classification by using the kappa index; applying more resistant to overfitting classification technique. 

1.2. Raster and image analysis 

Raster analysis are especially suited to study continuous data and processes. There are many ways to make analysis 

operations with raster data. When performing these operations, the main concern is about the data represented by the 

values of the cells and how to manipulate these values in order to obtain accurate output information. The following 

capabilities are the newest in that field:  

Stereo Analyst for ArcGIS 

Stereo Analyst for ArcGIS creates an accurate 3D digital representation of the Earthôs surface and geography using 

imagery in all of the raster and feature dataset formats supported by ArcMap. In addition to this, existing CAD formats 

such as DGN, DWG, and DXF can also be used. Personal and multiuser geodatabases created in ArcCatalog can be 

maintained to include up-to-date feature data not only in 3D, but also in 2D representation. In addition, elevation 

information can be directly collected from oriented imagery without requiring a digital elevation model (DEM).  

3D 

Another capability for analyzing 3D raster images is the ñTerrain 3D ñ.This toolset provide the capability for 

combination of different layers in ArcGIS Pro, ArcGIS Online Web Scene Viewer, and ArcGIS Earth.  The overall 

quality of the Terrain 3D layer has been improved by adjusting the amount of data compression.  Compression of any 

data is a tradeoff between many variables, mainly quality and file size. To minimize this compression effect, ESRI 

developed LERC tile format (Limited Error Raster Compression) which preserves data integrity by controlling the 

maximum amount of vertical change when compressing the data.  In this case, the maximum error value of the output 

data is only 0.1 meters, so the difference between uncompressed and compressed elevation values is no more than 0.1 

meters and the relative error between neighboring cells due to compression is no more than 0.2 meters.  

Lidar 

Lidar (light detection and ranging) is an optical remote-sensing technique that uses laser light to densely sample the 

surface of the Earth, producing highly accurate x,y,z measurements. Lidar produces mass point cloud datasets, stored in 

LAS files, that can be managed, visualized, analyzed, and shared using ArcGIS. Each lidar point can have additional 

attributes such as intensity, class codes, and RGB color values, which can be leveraged inside ArcGIS. LAS attributes 

can be used to filter out content and symbolize points in 2D and 3D. In addition, statistical information for LAS files 

can be produced. ArcGIS provides the tools to conduct analysis on the lidar data as either a collection of points or as a 

surface. With LAS datasets you can do the following: 

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

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

¶ Run floodplain models against bare-earth lidar points. 

¶ Conduct statistical analysis on lidar points. 

¶ Export statistical information for further analysis. 

¶ Create raster DEMs and DSMs. 

¶ Create intensity images. 

¶ Estimate forest canopy density and height. 

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

¶ Measure heights between points. 

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

Parallel 2D/3D view 

3DFences Toolbox provides an option to perform geostatistics on 3D data. These toolset uses a slice in order to obtain a 

vertical subset of the 3D data. While typically narrow in one dimension it still is a 3D object. A fence is a 2D 

representation of a slice of 3D data. All points which belong to a slice are projected, or pressed onto a 2D plane. The 

term of a fence diagram, or a fence, is used in geology to illustrate a cross section of geologic strata generated from an 

interpolation of the data coming from a linear array of vertical drillings. The equivalent of a fence in the atmospheric 

sciences is usually referred to as a curtain.  

To be explicit, the tools in the 3D Fences toolbox do not perform 3D interpolation. The approach offered by the 

3DFences Toolbox does not implement geostatistical analysis directly on the vertical slices of the 3D data. Instead, the 

tools transform a slice of the 3D data, with its X, Y, Z, and the measure of a phenomenon component by rotating it by 

90Á to a horizontal 2D plane. The geostatistical interpolation method of Empirical Bayesian Kriging (EBK) is 

performed on these points producing either the geostatistical surface of Prediction, which is a continuous map of the 

concentration or intensity of something, or a map of the Prediction Standard Error, which can be explained as a map of 

a degree of confidence in the Prediction map at each location of the map. The resulting output is converted to a point 

dataset where the points represent the interpolated value at the center of the raster cells. The points are then placed back 

into the original coordinate space as a regular matrix of points resembling a fence. The fence is positioned in the center 

of the selected points of the initial slice. The raster is converted to a point dataset because ArcGIS does not currently 

support display of raster data as a vertical plane and point symbology options provide added flexibility in displaying 

results.  

The Interactive Fences tool can generate fences based on lines digitized on the map. The user sets the buffer distance 

from the digitized line. All points that are located within the buffer will be used for the geostatistical analysis. The user 

may digitize multiple lines and even self-intersecting lines with many vertices. The third tool, called Feature based 

Fences, creates fences based on existing features in a polyline feature. In this case the fence shape is determined by the 

existing feature(s) and extends through the Z dimension of the selected sample points. All of the tools contain options 

enabling the user to determine the minimum number of sample points and fence size required to generate a reasonable 

geostatistical surface.  

The tools are also time aware. If the sample data contains a date-time field and the option is enabled, a fence will be 

generated for each time interval if the samples for that interval and location meet the minimum requirements set by the 

user. The resulting fences representing consecutive time windows are positioned at the same locations. Thus, to enable 

better visual analysis, these should be displayed as time animations.  
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Figure1 An example of an atmospheric curtain created from backscatter data acquired by NASA from its Calipso 

satellite orbiting at 32 km above the Earthôs surface 

Space-Time Cluster Analysis 

Data has both - a spatial and a temporal context. Several tools, including Hot Spot Analysis, Cluster and Outlier 

Analysis, Emerging Hot Spot Analysis and Grouping Analysis, allow the exploitation of those aspects of the data used. 

One common approach to understanding spatial and temporal trends is to break data up into a series of time snapshots. 

In this way, separate datasets for different weeks can be created. After that, each week can be separately analyzed. 

Representing three-dimensional data (x and y location, plus time) is difficult to do with a two-dimensional map. This 

problem is well illustrated in the example below.  

 

Figure 2 Identical clusters viewed in two and three dimensions 

Space-Time Cluster Analysis provides at least two ways to visualize the output from space-time analyses. The first 

option is presentation of space-time relationships in a single map which is appropriate for a smaller study area 

distinguished with a limited number of features and visualization the result from analyzing larger territories by using 

animation in 2D.  The second option is to use 3D visualization. With this method, time becomes the third dimension, 

with point features extruded to reflect temporal progression. In the 3D graphic above, for example, the oldest events are 

nearest to the ground, and the more recent events hover at higher elevations (appearing closer to the viewer). 

Space time pattern mining 

The Space Time Pattern Mining toolbox contains statistical tools for analyzing data distributions and patterns in the 

context of both space and time. It includes a toolset for visualizing the data stored in the space-time netCDF cube in 

both 2D and 3D. Create Space Time Cube takes point datasets and builds a multidimensional cube data structure for 

analysis. Emerging Hot Spot Analysis then takes the cube as input and identifies statistically significant hot and cold 
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spot trends over time. The Utilities toolset contains tools for visualizing the data stored in the space-time cube in two 

and three dimensions. These visualization tools can be used to understand the structure of the cube, how the cube 

aggregation process works, and also to visualize the patterns over time at specific locations of interest.  

Dynamic Raster Mosaicking 

Dynamic Raster Mosaicking is a powerful and exciting new geodatabase data model for managing raster data that 

reduces processing time; maintains information from overlapping imagery; and easily handles large, disparate datasets. 

The mosaic dataset allows making catalog collections of raster and image data as well as defining and refining the 

metadata. These collections can range in size and can be accessed as dynamically mosaicked images. Geoprocessing 

models and Python may be used to automate and manage mosaic datasets. By specifying a raster type, data can be 

directly incorporated from sensors or files that include detailed properties such as spatial reference metadata, acquisition 

dates, and sensor type, as well as defined optional details for additional processing such as orthorectification. 

Mosaic datasets represent a data model in the geodatabase. In this model, participating rasters may be accessed either as 

a dynamic mosaic composed of images processed on the fly or as a catalog with tables containing geometry and 

metadata. This provides multiple options for organizing/managing raster data. Functions can be applied to each input 

raster added to the mosaicked dataset to define how it is processed when creating the mosaicked image on demand. A 

mosaic dataset may also have associated mosaic methods that define the default ordering of the imagery. 

In addition, creating referenced mosaic datasets allows the generation of different sets of products (each with specific 

mosaicking methods and mosaic dataset functions) from the same source. For example, you could create a mosaic 

dataset to manage all your digital elevation model (DEM) data, then create a referenced mosaic dataset to produce a 

hillshade and another reference mosaic to define slope. Updating the elevation data automatically updates the hillshade 

and slope. Other patterns for managing very large image collections can involve creating a mosaic dataset that uses 

other mosaic datasets as input. 

Figure 3 Referenced mosaic datasets can generate different sets of products, each with specific mosaicking methods 

and mosaic dataset functions, from the same source 

Mosaic datasets resolve many of the traditional raster management issues by cataloging large collections of imagery and 

performing on-the-fly processing and dynamic mosaicking. The benefits of using mosaic datasets include 

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

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

image; 

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

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

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

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

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

¶ Retaining valuable information by maintaining metadata. 

The mosaic method, defined as part of the mosaic dataset properties, defines how overlapping imagery is handled in the 

mosaic dataset. Mosaic methods define the order of the rasters that are mosaicked together to create the mosaicked 
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image. The ñBy Attributeò mosaic method is commonly used to order imagery based on an attribute such as date. For 

example, Date can be set to 'Latest' or 'Closest to May 2001.' Alternatively, the same method can be used to set the 

order of imagery by other attributes (e.g., 'Highest Sun Angle'). Similar mosaic methods can be used to set the image 

orientation from the north, south, east, or west, which may improve the ability to see features such as the sides of houses 

in wide angle or oblique imagery.  

On-the-Fly Processing 

On-the-fly is a function which allows a nonpermanent processing applied to one or more rasters as they are accessed. 

Because mosaic datasets are dynamically mosaicked and processed on the fly, the processes for a mosaic dataset are 

transactional and executed on demand in contrast to traditional methods for handling rasters that deal with image 

processing and image mosaicking as separate and linear steps. There is no loss of pixel data or metadata when using 

mosaic datasets because the source pixels are never altered or converted. Consequently, no data is lost when using 

overlapping datasets. Users can reorder imagery to ensure the most appropriate image is on top. This dynamic handling 

of overlapping imagery differs greatly from the traditional approach to processing and mosaicking imagery into new 

products that must be stored and maintained and results in significant storage requirements and information loss. 

(Childs, 2010) 

 

Figure 4 Mosaicking functions applied on the fly to each raster in the mosaic dataset or to the contents of the mosaic 

dataset deliver dynamically processed raster data and allow multiple products to be created from a single raster source 

1.3. Visibility analysis 

The enhancements in visibility analysis is related with Viewshed analysis tools and Sun Shadow Volume tools. The 

Viewshed analysis tools are useful when you want to know how visible objects might be, whereas Sun Shadow Volume 

is a tool that creates closed volumes for modeling shadows cast by each feature using sunlight for a given date and time. 

Shadows modeling sunrise and sunset conditions can be made by providing only a date in the Start Date and Time and 

End Date and Time parameters, respectively. Shadow volumes will not be produced if the sun is not visible for a given 

date and time or if the relative position of the sun is at a vertical angle of 90 degrees from the input features. 

 

Figure 5 Viewshed example 
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1.4. Geoprocessing tools 

Geoprocessing provides a large suite of tools for performing GIS tasks. It is based on a framework of data 

transformation. One of the latest enhancement in geoprocessing tools is related to Data migration. Data migration is 

needed if you want to access your spatial or raster data using structured query language (SQL) or if you have to move 

from a data type that may not be supported in a future to one that is supported. In these cases you can use the Migrate 

Storage geoprocessing tool to migrate existing binary, spatial, or raster columns from one storage type to another. This 

is done by specifying a configuration keyword to include the correct parameter and value.  

2. WEB  

The rapidly growing functionalities of web-based GIS platform make it a preferable instrument in various scientific 

researches and customer services. The web-based GIS is widely used for modeling and assessment of risk processes; in 

the archeology; transport; etc (Kulkarni et al., 2014; Aye et al., 2016; McCool, 2014 ). Kong et al. (2015) have 

identified the major GIS functionalities that web GIS offers for information seeking purposes: a clear starting point, 

predictable map interaction, flexible customization capabilities, and familiar web experiences. Assessment 

functionalities are also amongst the priorities of Arc GIG developers. The most recent enhancement of web-based GIS 

platform are related to ArcGIS Portal and ArcGIS Online: 

¶ Mobile Map Packages allows zipping up base maps, including vector tile maps, and operational layers into one 

neat, highly-compressed package and sharing them to given portal, or to ArcGIS Online and ArcGIS for 

Server.  

¶ Simplified High Availability on-premises and in the cloud which help the sustain performance, mitigation the 

single points of failure, minimization of downtimes, and provides the ability site failures to be detect. 

¶ Disaster Recovery is supported by a new tool that backs up a web GIS deployment (web adaptor, portal, 

server, and data store). The exported file contains portal items and settings, including group information, 

hosted web layers, federated and hosting server settings, the configuration store, and the data store, including 

the hosted feature layer data (a relational data store) and hosted scene layer tile caches (a tile cache data store). 

Users can store the exported file in a secure place (a separate machine is best practice) and use it to restore a 

web GIS deployment or a server site, or use the file to replicate the implementation to a standby deployment 

that can be brought online if the primary deployment fails. 

¶ Configurable apps for Scenes (3D) - Web scenes support the display of 3D content. They can be authored and 

viewed using the scene viewer. Configurable apps enable creation of user or workflow-focused apps that meet 

specific needs. This release includes new configurable apps that allow you to create 3D web apps that 

compare, visualize, and showcase scenes, as listed below: 

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

 

Figure 6 Presenting geographic data in 3D 

Compare Scenes - Explore different scenarios or locations with a side-by-side comparison of two local or global scenes. 

Map Viewer enables customers to author and share web maps, perform analysis, and work with layers. Multilayer 

Basemaps is a tool that enables creation of multilayer maps directly in the map viewer. This is useful when there are 

two or more layers that have to be used together as a background for other operational layers.  
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Figure 7 Multi-Directional Terrain with USA Geology and the World Reference Overlay. 

2.1. Smart Mapping 

Smart mapping - Smart mapping provides data-driven tools that enable customer to explore their data to unlock 

information and easily author visually appealing web maps. When feature layers are added, the data is analyzed and 

appropriate layer styling, options are presented in a streamlined user experience appropriate for your data. With smart 

mapping: 

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

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

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

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

¶ You get to preview your styling choices on your screen. 

Smart mapping empowers data experts, project managers, business analysts and many others to explore their data by 

simply mapping one, or more, attributes in that data. Anyone can analyze and map multiple columns of related data, in 

order to determine which has the highest, or predominant, value for each feature. The classification type can be 

presented in two ways ï ñpredominant categoryò and ñpredominant category and sizeò. 

 

 
 

Figure 8 The two ways of classification typeôs visualization  

2.2. Web AppBuilder   

AppBuilder enables you to easily create HTML/JavaScript apps that run on any device, using a gallery of ready-use-

widgets. The look of the apps can be customized with configurable themes, and they can be hosted online or on server. 

Enhancements for Web AppBuilder for the newes release include the following: 

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

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

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

performing editing; 

¶ The Situational Awareness widget has been released, it is no longer in beta. This widget allows customers to 

create or select an incident on the map and analyze information from feature layers, either within the incident 

area or within a specified distance of the incident; 

¶ New Near Me widget to find features near a specified location, view more detailed information about those 

features, and get directions to a selected feature; 

¶ New District Lookup widget to find point features related to a selected polygon, view more detailed 

information about the related point features, and get directions to a selected point feature; 

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

2.3. Publishing Hosted Web Layers 

Hosted web layers are used to publish maps and data in ArcGIS Online, outsourcing the need for your own server and 

infrastructure, or complementing what you do using ArcGIS for Server. This release introduces the following new 

capabilities and features: 

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

cached tiles;  

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

tile layers to ArcGIS Online as hosted tile layers; 

¶ When publishing CSV files as hosted feature layers, customer can now specify the time zone of their date and 

time data and manage the offset introduced when converting their date and time data to universal coordinated 

time (UTC); 

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

ArcGIS.  

2.4. Maps for Office 

Maps for Office brings mapping to Microsoft Office. With this easy-to-install add-in, interactive maps from Excel data 

can be quickly created. The new insights let managers make better, more informed decisions immediately. With this 

release, ArcGIS Maps for Office has been enhanced with the following: 

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

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

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

presentations; 

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

¶ Support for dynamic data via layer refresh intervals. 

 

Figure 9 Maps for office 
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2.5. Maps for IBM Cognos  

Esri Maps for IBM Cognos enables your enterprise to integrate dynamic maps in your BI applications for more 

complete and actionable reports, and location-enabled insights, using your business data. The newest capabilities are: 

¶ Edit IBM Cognos layer properties after data has been added; 

¶ Style data using manual breaks classification; 

¶ View a new floating, resizable map legend; 

¶ Change the order of groups in the legend; 

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

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

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

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

¶ Improved user experience for working with feature attribute tables; 

¶ Support for transparency in PDF reports; 

¶ Support for ArcGIS Web Map Service (WMS) layers. 

2.6. Content  

ArcGIS includes a Living Atlas of the World, a curated and continually updated collection of authoritative maps and 

layers covering thousands of topics. These data can be directly integrated into workflows, and used to complement data 

when authoring maps and apps. The enhancements of the applications are: 

¶ Beta versions of Esri vector basemaps have been updated. Vector basemaps are available as vector tile layers 

and maps for display in the map viewer and use in custom basemap galleries; 

¶ World Street Map, Light Gray Canvas, Dark Gray Canvas, and Reference layers have been updated with more 

recent data for North America; 

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

basemap; 

¶ The World Imagery map has been updated at small-to-medium scales with the latest available 15-meter 

TerraColor imagery, with several updates in the Arctic region, Asia, and other parts of the world using recent 

Landsat 8 imagery. The Arctic Imagery map has also been updated with the latest imagery; 

¶ A new Imagery map in Geographic Coordinate System (GCS) WGS84 projection is available. The imagery 

map includes the same imagery as the standard World Imagery map in Web Mercator, with added coverage in 

the Polar Regions. The new imagery map supports 3D display in apps such as ArcGIS Earth as well 2D display 

for apps that use the GCS coordinate system; 

¶ A new Historical Imagery map is available that provides access to medium-to-high resolution imagery for the 

United States and selected other areas going back as much as 50 years. 

ArcGIS Open Data - ArcGIS Open Data is an Esri hosted and managed solution that is included with ArcGIS Online. 

Using it, customers have a free access to various type of date from all over the world and different organizations. In this 

way, citizens have a connection with local authorities and at the same way can monitor their work and community 

directed activities.  

2.7. ArcGIS Earth  

ArcGIS Earth is an interactive globe viewer that enables the exploration of any part of the world and working with 3D 

and 2D map data including KML, shapefiles, and Esri RESTful services.  Data can be displayed on the globe, 

placemarks can be sketched, distances and areas can be measured, and annotations can be added so spatial data is easily 

understandable. 
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ArcGIS Earth extends the ArcGIS platform by enabling any user in given organization to explore data from Esri and to 

allow users to access secured data inside an organization. One of the strengths of using Earth and other ArcGIS clients, 

such as the web scene viewer in the cloud with ArcGIS Online or on-premises with Portal for ArcGIS, is that with these 

lightweight clients, you can simultaneously consume many data types coming from multiple sources.  

ArcGIS Earth 1.0 is focused on: 

¶ Navigating and exploring the globe and map data; 

¶ Viewing KML, KMZ, Shapefiles, and ArcGIS services; 

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

¶ Simple sharing through email and screenshots. 

CONCLUSION 

The advanced analysis tools and techniques for spatial, network, 3D, and image analysis in the newest ArcGIS platform 

provide a range of benefits for their user in various fields of interest. With applying the above mentioned techniques, the 

analysis and assessments performed distinguished with an objectivity and users can make informed and well-founded 

decisions. 
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Abstract 

In October 2014, the Czech government approved the conception of The Strategy for the Development of the 

Infrastructure for Spatial Information in the Czech Republic to 2020 (GeoInfoStrategy), which serves as a basis for the 

National Spatial Data Infrastructure (NSDI). From the fundamental spatial data point of view, the Register of 

Territorial Identification, Addresses and Real Estates (RTIARE) can be considered as a cornerstone of the Czech NSDI. 

The data registered in RTIARE serve as reference data (it means actual, valid and without further verification) for other 

information systems and decision-making processes in public administration. Therefore, it is crucial to ensure the 

completeness and accuracy of the data. However, initially RTIARE database was filled by importing data from several 

data sources that were inconsistent in some cases. By this way some incorrect data got into the register. Administrator 

of RTIARE, Czech office for Surveying, Mapping and Cadastre (COSMC), solves this problem, it periodically controls 

and corrects data and its quality improves but without using a geometry part of geographical data. To improve the 

quality of controls the geometry part has to be used. This paper describes the solution of selected controls, focused on 

buildings registered in RTIARE based on using both attribute and geometry parts of RTIARE data. A total of four 

controls were carried out: searching buildings which have identical (near) definition points, searching buildings which 

have suspicious numbers (house registration), search buildings which have a common bond to the same parcel in 

cadastre and searching buildings which have a definition point of a building and a definition point of a parcel far more 

than the maximal distance. Some of the controls were solved by the application of computational geometry algorithms, 

whereas in some cases the new algorithms had to be proposed. All the controls were tested and successfully 

implemented using Oracle Spatial technology and its procedural language PL/SQL. The COSMC has already adopted 

the controls in the RTIARE production database. 

Keywords: NSDI, GeoInfoStrategy, RTIARE, data control 

INTRODUCTION  

On 14th November 2012, the Czech government decided to prepare a conception of NSDI ĂThe Strategy for the 

Development of the Infrastructure for Spatial Information in the Czech Republic to 2020ò (GeoInfoStrategy). The 

conception of the GeoInfoStrategy was finally approved by the governmental resolution of 8th October 2014 

(GeoInfoStrategy, 2014). The GeoInfoStrategy reflects the lessons learnt from the NSDIs implementations in other 

countries. An approach of the GeoInfoStrategy in building the national spatial data infrastructure is similar to the 

INSPIRE (INSPIRE, 2007) idea. INSPIRE, as one of the most important European activity in the field of spatial 

information, is the key European foundation for the GeoInfoStrategy.  

The GeoInfoStrategy defines the principles and strategic aims for effective use of the spatial information in public 

administration. The GeoInfoStrategy is a conceptual material that also has a close relation to other strategic documents 

of public administration and eGovernment. The vision of the GeoInfoStrategy is that in 2020 the Czech Republic is a 

knowledge society effectively using spatial information. To fulfil this vision, it is necessary that spatial information and 

services will be used in every aspect of public life. The services that will be created with relevant spatial data will 

support the competitiveness, safety, social cohesion and sustainable development. The accessibility of spatial 
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information and services enables the public sector to offer the modern and high quality public services (ĻADA, 

JANEĻKA, 2016).  

The system of basic registers, launching in the Czech Republic from 2012, is the central information source for 

information systems of public authorities. The system consists of four main basic registers: 

¶ Register of inhabitants, 

¶ Register of persons (companies), 

¶ Register of territorial identification, addresses and real estates, 

¶ Register of rights and responsibilities of public authorities. 

The Register of territorial identification, addresses and real estates (RTIARE) can be considered as a cornerstone of the 

Czech NSDI. RTIARE contains territorial elements and RTIARE contains territorial elements. It is absolutely necessary 

to ensure that RTIARE contains only valid data.  

The quality of RTIARE data is crucial not only from the perspective of national data, but also from the transnational 

perspective, because along with the Information System of the Cadastre of Real Estate data, the RTIARE data are 

published according to INSPIRE Directive and thus it becomes a part of the European data infrastructure. 

CONTROLS OF RTIARE D ATA DONE BY COSMC  

The Czech Office for Surveying, Mapping and Cadastre (COSMC) is the responsible body for doing controls of the 

RTIARE data. As stated in (JANEĻKA & HEJDOVĆ, 2014) the geometry of the features has not been usually 

considered during these controls. The outputs of these controls are identified errors which should be repaired by 

operators.  

For example, COSMC has done the following controls of the RTIARE data without using geometries, just using 

attribute data:  

¶ a control of address points without a definition point, 

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

¶ a control of streets without related address points, 

¶ a control of streets, 

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

 

To make the controls more precise considering the geometry is crucial. (JANEĻKA & HEJDOVĆ 2014) describe the 

geometry based controls of address points and streets.  

CONTROLS OF BUILDING S REGISTERED IN RTIA RE 

Methodology 

Newly 4 controls are solved: 

searching buildings which have identical (near) definition points,  

searching buildings which have suspicious numbers (house, registration), 

searching buildings which are linked to the same parcel in cadastre and 

searching buildings which have a definition point of a building and a definition point of a parcel far more than the 

maximal distance. 

The work methodology is as follows. First, problem situations that should be found are identified for each control. If 

possible, the problem is converted to the computational geometry problem. Available algorithms that can be used to 

solve the problem are searched and implemented or own solutions are suggested. The results of each solution method 

are compared in terms of results and time consumption and the most appropriate solution method for use in a RTIARE 

production environment is selected. 
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All algorithms were implemented and tested using Oracle Spatial technology and its procedural language PL/SQL, 

because RTIARE data are managed in Oracle database. 

Two tests datasets for testing of algorithms were used. Test data are original RTIARE data downloaded in VFR
1
 

(specialized exchange format) using Public Remote Access
2
 application. The first dataset (Pilsen dataset) contains the 

data of Pilsen municipality. The amount of the data is about 1% of the total RTIARE registry data. The second dataset 

(Regional cities dataset) contains the data of all regional cities in the Czech Republic. The amount of the data is about 

10% of the total registry data. The Pilsen dataset is used for algorithms implementation testing. The most appropriate 

selected solutions are also tested on the Regional cities dataset. 

For the data import and primary data processing the process described in (JANEĻKA & HEJDOVĆ 2014) was used. 

Searching buildings which have identical (near) definition points 

The aim of this control is to find buildings that are probably duplicated in RTIARE. It means, that there are two or more 

records in the database for one real building. Therefore it is necessary to find duplicate definition points of buildings, 

but not only those points that have the same coordinates, but also the definition points of different buildings, that are too 

close so that it could be considered as identical. There is an example of searched situations in the figure 1. 

 
Figure 1. Near definition points of buildings. Definition points are red, building polygons are yellow. 

The search of identical or close definition points can be converted to the geometric problem of Closest Point Problem 

(CPP) that is a subset of Near Neighbor Search (NNS). The CPP is described in (SMID, 1995), the NNS problem is 

described (Zhang, 2004). There were proposed many algorithms to address this problem, some of them are described e. 

g. in (CHĆVEZ, 2005), (KAMOUSI, 2014), (BRIN, 1995), (ARYA, 2008). 

Three of the available algorithms were selected, implemented and tested. It was the brute force method (described in 

(LV, 2007)), spatial index R-tree (described for example in (ROUSSOPOULOS, 1995)) and sweep-line algorithm 

(described in (SMID, 1995)).  

The R-tree index was selected due to the possibility of easy implementation, this index is a part of Oracle system and it 

can be assumed that its use will be effective. The sweep line algorithm was selected due to its popularity. The brute 

force algorithm implementation illustrates comparison, how the algorithm choice affects the time requirements of the 

solved problem. 

Individual algorithms were implemented in the form of PL/SQL procedure with the minimal distance (i.e. the distance 

into which two points are considered to be the same) input parameter. As the most appropriate minimum distance 

parameter appears the distance of 2-3 meters. By the use of the higher minimum distance parameter there is a number of 

close buildings definition points pairs found, but in the fact these buildings are not duplicated (most often garages or 

other small objects).  

                                                           
1
 http://www.cuzk.cz/Uvod/Produkty-a-sluzby/RUIAN/2-Poskytovani-udaju-RUIAN-ISUI-VDP/Vymenny-format-

RUIAN/Vymenny-format-RUIAN-(VFR).aspx 

2
 http://vdp.cuzk.cz/  

http://www.cuzk.cz/Uvod/Produkty-a-sluzby/RUIAN/2-Poskytovani-udaju-RUIAN-ISUI-VDP/Vymenny-format-RUIAN/Vymenny-format-RUIAN-(VFR).aspx
http://www.cuzk.cz/Uvod/Produkty-a-sluzby/RUIAN/2-Poskytovani-udaju-RUIAN-ISUI-VDP/Vymenny-format-RUIAN/Vymenny-format-RUIAN-(VFR).aspx
http://vdp.cuzk.cz/
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The time consumption of individual tested algorithms for selected minimum distance parameter on the test data is 

shown in table 1. 

Table 1. Time consumption of tested algorithms on test data. 

Algorithm  
Minimum distance 3m Minimum distance 5m 

Time [s] Time [min]  Time [s] Time [min]  

Brute force 59860 998 59875 998 

R-tree 128 2 959 16 

Sweep line 1098 18 1585 26 

It is evident that in terms of the time consumption the most appropriate solution is the R-tree index algorithm. It was 

implemented using standard Oracle functions SDO_NN and SDO_NN_DISTANCE (see (ORACLE)). The created 

procedure was applied to the test datasets and the number of found close buildings definition points pairs for the 

minimum distance of 2, 4 and 6 meters is shown in table 2. 

Table 2. Count of close buildings definition points pairs for the minimum distance of 2, 4 and 6 meters. 

Data 2 m 4 m 6 m 

Pilsen 355 7 084 11 021 

Regional cities 6 355 77 946 118 848 

The problem is that only according to the definition points distance it could not be clearly decided whether or not the 

buildings are duplicated. It is necessary to control other building attributes (such as the house number or registration 

number, belonging to the municipality and cadastre unit and other) or cadastral map insight in order to certainly 

determination, which close buildings definition points pairs are duplicated. In some cases the definition points closeness 

can be caused by their bad placement on the edge of the building polygon. According to the decree (Basic Registry Act, 

2012) the definition points should be placed in the centroid of the building polygon. 

Searching buildings which have suspicious numbers (house registration) 

The aim of this control is to find buildings with suspicious house numbers or registration numbers. These numbers are 

buildings identifiers within the village. It means that house numbers and registration numbers are unique in the village 

and they do not repeat. 

Numbers in the village should create continuous series of numbers that can be interrupted only in case that the building, 

which had assigned the number, was canceled. For this reason, large discontinuation of the continuous series of 

numbers are suspicious. 

There are two approaches to address this problem. Specific numbers, in which neighborhood is on both sides (or only 

on one side if the number is at the beginning or the end of the number series) an excessively large discontinuation of the 

continuous series. The second approach is, that not the numbers but the discontinuations of the continuous series are 

suspicious. 

To address this control some pre-processing is needed, it is in detail described in (MARVALOVĆ & JANEĻKA, 

2015). Two procedures were created to solve this problem. One of the looks for specific suspicious house and 

registration numbers and the second looks for suspicious discontinuation of the continuous series of numbers. Both 

procedures have input parameter discontinuation that in the first case determines the size of discontinuation around the 

numbers on both sides to consider the number as suspicious. In the second case the input parameter determines the size 

of discontinuation to consider it as suspicious. 

The time consumption of the both procedures is about 25 seconds for the Region cities dataset. The number of 

suspicious house numbers and registration numbers for selected discontinuations in the Pilsen dataset is shown in table 

3 and in the region cities dataset is shown in table 4. 
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Table 3. Count of suspicious numbers in the test datasets. 

Discontinuation 
Suspicious house numbers Suspicious registration numbers 

15 30 50 15 30 50 

Pilsen 9 4 2 214 106 70 

Region cities 137 102 87 929 583 417 

 

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

Discontinuation 

Suspicious discontinuations of house 

numbers series 

Suspicious discontinuations of registration 

numbers series 

15 30 50 15 30 50 

Pilsen 21 11 5 453 251 155 

Region cities 406 231 170 1955 1288 940 

 

This is determined by the fact, that among other temporary buildings are numbered by registration numbers. These 

buildings are canceled more often than other buildings and that is why registration numbers series contain more 

discontinuations. 

Searching buildings which are linked to the same parcel in cadastre 

The aim of this control is to search the buildings that are linked to the same parcel in cadastre. These are buildings that 

are probably duplicated in RTIARE or buildings that have an incorrect link to the parcel. Two procedures that use two 

methods were developed and tested to solve this problem: 

1. Using the PL/SQL cursor that loads the building identifier and the linked parcel of the building. There are 

searched buildings for each row of the cursor hat have the link to the same parcel. 

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

There was found 549 buildings linked to 272 parcels in Pilsen dataset. The time consumption on the Pilsen dataset is 

shown in table 5. 

Table 5. Time consumption of PL/SQL cursor and JOIN operator on the Pilsen dataset. 

Method Time [s] 

PL/SQL cursor 243,28 

JOIN operator 0,06 

Considering the significantly lower time consumption the use of the JOIN operator is more appropriate from the 

RTIARE production environment. Furthermore, this procedure was tested on the Region cities dataset. There 14743 

buildings were found linked to 4856 parcels in 82 seconds. 4814 buildings in Region cities dataset are linked to the 

parcel without identifier. It means that they have no link to the parcel. 

Searching buildings which have a remote definition point of a building and a definition point of a 

parcel 

The aim of this control is finding buildings that have their definition point too far from the definition point of the linked 

parcel, it means incorrect buildings whose definition point does not lie on the parcel, on which the building stays, or 

buildings with the incorrect placed definition point. There is an example of searched situations in the figure 2. 
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Figure 2. Remote building definition (red point) point and parcel definition point (black point)-incorrect placed 

building definition point. The building is highlighted in yellow. 

Problem occurs with buildings that stand on more parcels. These are often residential buildings with more address 

places. In RTIARE, all buildings are linked only to one parcel, to the identifying parcel. It often happens in this cases 

that the building definition point (correctly placed in the building centroid) and the parcel definition point (correctly 

placed in the parcel centroid) are too far. 

It is difficult to determine the maximum possible distance of the building and parcel definition point. This distance m 

depends on the parcel size and it is determined by the parcels acreage size. 

Three methods were designed to the solution of this problem that deal in different ways with the determination of the 

maximum possible definition points distance and with the problem of the buildings that stay on more parcels. All 

methods are described in detail in (MARVALOVĆ & JANEĻKA 2015). A brief description of the methods is: 

Method 1: There is determined a number of intervals into that parcels are divided using Sturgess rule. Parcels are 

divided into the intervals using the natural breaks algorithm. The maximum definition points distance for each 

interval is determined. 

Method 2: There is determined the maximum distance of the building definition point and parcel definition point 

for each parcel individually. This distance value depends again on the parcel acreage.  

Method 3: A geometry intersection is used to find suspicious object instead of the definition points distance. It 

holds that the building definition point must be inside the building polygon and the linked parcel polygon. 

Conversely, for the buildings that lay on more parcels it holds that the parcel definition point must lay inside 

the building polygon. Unfortunately, there are buildings in RTIARE without polygon. In this cases method 2 is 

used. 

The time consumption of all three methods on the Pilsen dataset and the number of found suspicious objects is shown in 

table 6. 

Table 6. The time consumption and number of found suspicious object. 

Method Time [s] Count of suspicious objects 

Method 1 15,4 187 

Method 2 15,3 164 

Method 3 42,4 322 

In order to compare method 1 and method 2 it would be necessary to check all found suspicious objects. Method 3, 

where the geometry intersection was used to resolve the control, gives the most confident results. Due to the results 

quality, method 3 appears to be the most appropriate solution for use in the RTIARE production environment despite 

the higher time demands. 
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Due to the results quality, method 3 appears to be the most appropriate solution for use in the RTIARE production 

environment despite the higher time demands. The PL/SQL procedure based on method 3 was applied on the Regional 

cities dataset. There were found 4917 suspicious objects in this data in 17 minutes. 

CONCLUSION 

Due to the wide use of RTIARE data the data quality is important. For this reason, the data are regularly controlled and 

new data controls are created. Due to the data variability and repeating of the controls the effectiveness of used 

algorithms is important. Newly, there were 4 controls created. The controls search for the objects that are suspicious of 

errors, because it is not possible to denote the object as incorrect only on the basis of the control results. The evaluation 

of other attributes and objects properties is necessary to denote the object as incorrect. 

On the control results it is possible to create a list of objects that are suspected of errors. The list is a basis for a 

differential report creation. This differential report is passed to the RTIARE editors who perform the corrections of 

incorrect objects. 
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Abstract 

In August 2015 more than 300 dolphin calves were stranding on the Bulgarian seacoast. Data were collected from 

witnesses, organized by us in a network, using IT online services and other communications. Further these data were 

formatted in GIS context. Using the numerical model MOTHY and the estimated exact hour of death of dolphin 

carcasses, were chosen 28 specific cases were chosen. We simulated 252 possible trajectories for 25 days, with more 

than 50 000 coordinate points. These raw data from the model were organized in a specific geodatabase. Then, 

advanced GIS analysis were used to locate the place and exact time of death of dolphinôs calves, back in time. The 

results point a place in Black sea, 35 km north of Snake Island that was the most probable place where the dolphinôs 

calves died around 25 July 2015. Suspected reason of death, determined by different ways, was the usage of illegal 

gillnets for turbot. Further, historical data of shipôs traffic were analyzed (with active AIS) to determine possible 

offender/s. As only small percent of carcasses reach the coast in the investigated area due to specific currents in the 

Western Black Sea, it is suspected that the incident concern thousands of dead dolphin calves. The significance in its 

investigation is apparent for preventing new similar incidents. The applied new advanced methods and workflow can be 

used to investigate different types of past time accidents in the sea. 

Keywords: Dolphins, Stranding, Bycatch, Gillnet, Turbot, IUU, MOTHY, GIS 

PREFACE 

A wildlife disaster unfolded on the Bulgarian Black Sea coast in the summer of 2015. Hundreds of dead baby dolphins 

(Phocoena phocoena) have been discovered on beaches along the 378 km long coastline. In July and especially in 

August carcasses of baby dolphins were found at the seashore on almost all Bulgarian beaches, in particular after strong 

winds. Due to specific sea currents in the Black Sea at that time of the year, only a small percentage (5-10%) of 

carcasses reached the mainland. As the number of registered cases was more than 300, it was suspected to be a very 

large wildlife disaster with probably thousands of dolphin victims. The incidents were found to be periodic in time, 

which gave us a clue about the possible cause. At the neighboring coastlines of Romania and Turkey there were no 

similar cases, but it was evident that most of the carcasses had been in the water for more than 20 days. Due to the 

complexity of the case it was important to obtain as much data as possible and structure and analyse them using 

different approaches in order to identify the potential cause of death. 

COLLECTING DATA  

Most of the signals and data on the deaths came in from citizens and tourists. The state institutions were lacking data 

because there was no procedure in place beforehand covering such incidents. However, the non-governmental 

organization ñSave Koral Beachò immediately invented a workflow for collecting valuable data and created an 

emergency network of supporters, colleagues, concessionaires, beach tenants, lifeguards, divers, surfers, spear 

fishermen, fishermen and tourists. Social networks, in particular the Facebook group ñSave the Dolphinsò, were used to 

record signals and for communication, collecting information details and exchanging photos and information. 

Information about this activity was promoted in the News of several national TV media. Missing network for 

monitoring of dolphins (stranding) in Bulgaria, prove that this approach was very successful in time of emergency. The 

response was huge and soon revealed that the number of dead dolphins was far worse than was expected initially 

(Figure 1). 

mailto:toltec@clubextreme.org
mailto:vasko.galabov@meteo.bg
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Figure 1. Two of more than 40 dead dolphin calves found at Koral Beach, 400 km away from the suggested place of 

incident 

 The collected data consisted of detailed information including location, time and photos. Because of different quality of 

received data, they further were sorted, checked and filtered. All data that was received was directly published online 

via a public web map GIS application (http://dolphins.koralbeach.com), so that every person could check his own signal 

and give further detailed descriptions if needed. The largest number of cases occurred between 1 and 12 August 2015 

(Figure 2).  

 

Figure 2. Number of dead dolphin calves in the summer of 2015 

Therefore, this period was chosen for detailed analysis and investigation. From the photos for each case, experts 

determined the approximate time of death of each dolphin. Then, 28 representative cases were chosen in that time 

period, spread out all over the Bulgarian Sea coast. Data was structured in a geo database with coordinates and time of 

appearance of each of the carcasses, time of death, photos, and other attribute information. 
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MODEL MOTHY  

The next step was to find out the place of origin of this wildlife disaster. Simulations of the backward movement of 

dolphin carcasses were performed with the numerical model MOTHY. This model was developed about 20 years ago 

by the French national weather service METEO FRANCE (Pierre Daniel, 1996). It was initially developed to simulate 

the drift of containers at the sea surface and the movements of oil spills, but was later expanded with other functionality 

to support search and rescue operations (Pierre Daniel, 2002). The model MOTHY can also predict the movements (or 

simulate backward trajectories) of animal carcasses, as was required in this study (H. Peltier et al., 2012). The numerical 

model needs bathymetric data, information about the location of the stranded dolphin carcasses and an estimate of the 

time period of their drift in days. It also needs meteorological information, such as data about the winds at 10 meter 

altitude above the sea surface and the atmospheric pressure data for the entire period of the simulation. The weather 

data in this study is from the regional atmospheric model ALADIN (R. Bubnova et al., 1995) which is used at the 

Bulgarian national weather service, the National Institute of Meteorology and Hydrology (NIMH). Data on sea currents 

fields at the mixed-level depth of the Black Sea obtained from the American ocean model HYCOM (Eric P. Chassignet 

et al., 2007) was used as input as well. With all these input data the MOTHY model first simulates surface currents and 

subsequently the movements of the floating objects taking into account currents, winds, buoyancy and turbulence. The 

output of the model is a set of backward trajectories for different levels of immersions of the carcasses (H. Peltier et al., 

2012).                                                                                                  

TRAJECTORIES  

For the 28 selected cases 252 trajectories (9 per case) were computed with varying level of immersion. About 50,000 

possible coordinate points were obtained from these trajectories: one point for every 3 hours during 25 days (or less, 

depending on the time of death) back in time per case (Figure 3).  

 

Figure 3. Points and trajectories after MOTHY model simulations 

The raw data received from the model were reformatted for advanced time analysis with ESRIôs Tracking Analyst, an 

extension for ArcGIS for Desktop. A time window for 1 day and 3 days for every trajectory was used, compensating in 

some degree for the potential time errors in the data. All 252 trajectories were investigated back in time in search of a 

concentrated cloud of trajectory points somewhere in the sea. Eventually such a concentration was indeed found in any 

used analysis, located 35 km northeast of Snake Island in the Exclusive Economic Zone of Ukraine in the Black Sea 

(Figure 4).  
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Figure 4. Cloud of trajectory points shows the place of incident, 35 km NE from Snake Island 

Most of the carcasses were found hundreds of kilometers away from that place after more than 20 days of floating in the 

sea. So the possibility of getting this result by chance is minimal. 

TURBOT ILLE GAL FISHING  

The time of the incident of the selected cases was determined as well and was found to be between 25 and 26 July 2015. 

Knowing the place and time of the incident were the first steps in discovering the cause. During a deeper investigation 

of the other available data it was found that some of the dolphin calves also died around 1 August 2015 in the same 

place, so there was some cyclic event taking place. All of dead calves, more than 300 registered cases, were equal in 

size, neonates from Phocoena Phocoena species. For most cases the exact cause of death was not possible to determine 

by necropsy because of the long time the carcasses had spent in the sea already. However, necropsy could prove in 

some cases that drowning was the cause of death (Kuiken T., 1996). Drowning of dolphin calves most often happens 

when they are caught in fishing nets as bycatch. Happening all over the world, Illegal, Unreported and Unregulated 

(IUU) fishing is one of the most devastating activities in the seas. The Black Sea is notorious for such activities, 

especially illegal turbot fishing by gillnets (Bayram ¥zt¿rk, 2013). The place around Snake Island is one of wildlifeôs 

richest places in the Black Sea, including turbot population. The unspecific time of the illegal turbot fishing at the place 

in question was also explained as well as historical data point maximum of bycatch dead dolphins especially in that time 

window of the year in that area. The illegal turbot gillnets are often hundreds of kilometers long and are the main cause 

of death globally especially for Phocoena phocoena due to the specific anatomy and behavior of this species (Randall 

R. et al., 2013), (Kastelein et al. 1995), (Kastelein et al., 2000). Knowing the place, time and cause, the challenge still is 

to find the offender. Historical data of marine traffic (marinetraffic.com) based on the automatic identification system 

(AIS) was obtained and analysed, but there were no results due to the fact that illegal fishing boats never activate their 

AIS. Also, we had no public access to VMS data for the region and not analyse them. Completing the crime scene 

investigation, a thorough analysis of the data of all cases in the summer of 2015 made it possible to mark several places 

in the Black Sea where illegal fishing of turbot might be happening.  

FUTURE PREVENTION  

The approach explained in this article can be used for a wide range of applications, investigations or rescue missions at 

sea, without the actual need for satellite and sensor data, border police or military information. Many people contributed 

to the investigation with their expertise, which has also helped in the wide-spread communication about this topic. The 

authors hope that publicity of this severe wildlife disaster in the summer of 2015, concerning the death of probably 

thousands of dolphin calves, can prevent further extermination of the small population of Phocoena phocoena and other 

marine wildlife in the Black Sea. The population of turbot is also on its critical minimum in Black Sea, as well as many 
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other species of marine life, and in the same time the lack of adequate control is evident. Black Sea is arena of Illegal, 

Unreported and Unregulated (IUU) fishing, gas and oil investigation and production, military activities, pollution. The 

extermination of marine sea life continues. 
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Abstract 

Documentary engravings that have appeared in the spectacular historical publications are a valuable source for the 

study of the Thirty Yearsó War, opening up the possibility of researching the fortification techniques and identification 

of terrain relics of the war era. The paper examines the accuracy and completeness of capturing topographic features, 

settlements and military fortification and objects depicted on the engraving of a military encampment by a Moravian 

village Horn² MoġtŊnice near PŚerov. Within the interdisciplinary research, besides historical, art-historical or 

archaeological approach, the methods of digital cartography and GIS are applied in studying the historical engravings 

published in 17th century. The iconographic sources could be treated as maps in a certain sense of the word. By 

comparing the engravings with other relevant (younger) cartographic sources, e.g. historical military mappings or 

imperial imprints of stable cadastre maps, it is possible to identify individual depicted objects, to study the captured 

military situation or to visualize the changes of historical landscape. The aim of the work is to combine the results of a 

field survey of the area where the camp was located with a geospatial research of the engraving (georeferencing the 

imprint of the engraving, cartometric analyses, use of a digital terrain model from LIDAR data etc.) in order to support 

the study of historical military situation and landscape. The interpretation of such plans of military engineers is not yet 

entirely clear. The research suggests that the plans could represent a kind of strategic plans or documentation of an 

ideal course of combat operations. In each case, the description of reality on them has much to say even today . 

INTERDISCIPLINARY RE SEARCH  

Introduction  

Engraving of an encampment situated in a valley near village of Horn² MoġtŊnice near PŚerov, with the original name 

Abriss des Schwedischen Lªgers Bey Brºhraw im August 1643 (Fig. 1), was published in Volume V of the work 

Theatrum Europaeum between pp. 206 and 207 (in the second edition of 1651). In this epic publication being issued 

from the early 17th  to the mid 18th  century, other engravings of the more than two dozen locations have been also 

published, which are systematically examined by a team of specialists at Charles University and the Czech Technical 

University in Prague (more to the project in Matouġek & Blaģkov§, 2012 or Janata & Zimov§, 2013). 

The engraving is signed by Swedish Colonel C. Mardefeldt and represents one of the few works that are directly signed. 

The plan shows a high oblique view of the immediate vicinity of the fortified encampment containing the village of 

Horn² MoġtŊnice itself. The camp was created and abandoned within the year 1643 in the context of wartime events 

connected to the town Olomouc 

Description of the engraving 

Letter A of the legend attached to the engraving states that the Swedish camp was built around the village of MoÇwitz, 

which was the seat of the headquarters. After familiarization with historical sources and the section of landscape 

depicted in the engraving, we can specify that it is a present-day village of Horn² MoġtŊnice, in written documents for 

the first time mentioned in 1131. M¿llerôs map of 1716 (specifically, edition of 1790, map sheet ˉ 11) states it as a 

settlement named Mostienitz. 1st  Military Survey, sheet ˉ 68 depicts Mostenitz in this area. In the maps of Austrian 

Stable Cadastre of 1830, the village is listed as Moschtienitz as well as in the Second Military Survey (map sheet Oï8ï 

VI), where Ober Moschtienitz is stated. 
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Figure 1. The engraving of the Swedish encampment at MoġtŊnice in August 1643 

The author portrayed in detail the village and its immediate surroundings constituting the majority of the Swedish camp. 

Obviously, the engraving, mostly of the set of similar representations in the Central-European area, resembles a detailed 

topographical plan. It displays from a high oblique view an almost rectangular segment of landscape measuring 

approximately 4 Ĭ 2.5 km viewed from southwest to northeast, roughly in the area between today's settlements Horn² 

MoġtŊnice, PŚestavlky, BeŔov and todayôs town part of PŚerov ï Đjezdec (Fig. 2). Despite the obvious similarities with 

a map, the engraving is not oriented according to the current cartographic usage. The frame dimensions are 320 to 231 

mm. 

  


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































