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INTRODUCTION

Dear colleagues,

Welcome to thes™ edition of he International Conference on Cartography and GIS in BulgBhie.Conference is
dedicated to the International Map Year 22IH6. The previous events took place Borovets (2006 and 2008),
Nessebar2010) Albena (2012) and VarrRiviera (2014) The conference is organized by Bulgarian Cartographic
Association andJniversity of Architecture, Civil Engineering and GeodéB)ACEG) in Sofia This year, 2016the

summer resorlbenawill welcome the participants from 13todunef or t he second ti me. of th
The organi zer sd adgemand isformation abaut thedatest achievemehts 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 demfordsnalyses and visualization of gspatial data in the

area of science, economyanagement, ecology, and &sisituations in our modern times at a national, regional and
global scale.

The main topics of the confereneend t he Proceaa@i ngs6é Vol ume 1

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 GlShiEducation

GeoSpatial Analysis and Data Mining

Contemporary Problems Using Geodetic Coordinate Systems and Map Projections

=A =4 =4 =4 4 4 -4 -4 -4 -4 -

Geospatial Data Acquisition by Remote Sensing Technologies for Cartographic Purposes

=

GIS for Geology and Natural Sciences

In theseyears, meked by social and natural digs 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 representatiogisd better SDI, GPS and GIS solutions. To deliver them, we need support of domain
specialists in different branches of the Earth sciences.

During the conferencéour ICA commissions on:

9 Cartography and Children
1 Cartography on Early Waing and Criss Management
1 Map Projectios

1 Commission on Use, User and Usability Issues
will have their annual meetings.

SEMINAR WITH EU COOPERATION ON EARLY WARNING AND DISASTR / CRISS MANAGEMENT is
organized by Prof. Dr. Milan Konecny, Chair of Commission on Caafwyy on Early Warning and Ciss
Management and ICA President (former) under the auspices of the Czech ambasBadigaria His Excellencivr.
Dugan Gt r a u-organizenMiasawk WniversitypBrno, Czech Republic.

12
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The conference is supported Hifferent 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 infiblel of Earth sciences. An example for such cooperation is

the abovementioned Seminar that has acquired EU dimension built around the Bulgarian and Czech combined efforts.
Among the members of the Local Organizing Committee, numerous universities Huadlizgp 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 H&EH; DataMapEurope andGIS

Sofia

World-famous scientists are invited to present keynote speeches:

Prof. LASZLO ZENTAI
ICA Secretary General and Treasurer, HUNGARY

il CAbs Modern Cartographyo

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

fiCartography and Its Connecting Rol eo
ALEKSANDAR TODOROV
HERE Ltd. Sofia, BULGARIA
AHERE Maps and Mobility of the Futurebo

The main international organizes the International Cartographic Associati®@A) with the exclusive support of the
Secretary General of ICA Prdfaszlo Zentaand many bairsof ICA commissions. This cooperation arouses interest
amag 150 participants from more tha@ dountries.

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

Prof. Dr. Temenoujka Bandrova
President, Bulgarian Cartographic Association

13
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| CA6S MODERN AAPARTOGR

L8szIl - Zent ai
Prof . L8szIl - Zent ai
E°tv®s Lor8nd University, Department of Carto
1117 Budapest, P8zm8ny P®ter s®t8ny 1/ A, Hung

telephone: +36 1 3722975, fax number: +36 1 3722951
e-mail: lzentai@caesar.elte.hu

Abstract

The International Cartographic Association was established in 1959. The mission of the ICA is to promote the
discigines and professions of cartography and Gl science in an international context. The successful development of
modern cartography requires integrated interdisciplinary approaches from domains such as information technology,
communication science, cognitiseiences,and geospatial information management. It is those interdisciplinary
approaches which make sure that we work towards hureatred application developments by applying innovative
engineering methods and tools in a rapidly developing technologimdéronment. 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 ikmeslinfor 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, visualizationCA

INTRODUCTION

The information technology revolution of the last fiftiixty years has transformed adlisciplines including
cartography. As the International Cartographic Association (ICA) was established in 1959, wiateahesIT
developmenhasinfluenced its operatiothat 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 inventeatiousterms to describe the rapid development process, like cybercartography,
neocartography, cartography 2.0 or modern cartograpRgcently the last two termsseem to be usednost
frequently). This paper identifies the most important moments (noitet) 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 wasknown evenn the ancient times, but became an independent science ahigfirst decades of the 20th
century. If weneedto list the recent tasks of cartograpbyr statements can be quite general:

1 Cartography wants to understand and represent thalgiooblems.
1 Maps are the best tools to visualise the spatial, economic relationships.

1 Cartography provides a global forum for experts: the universality of science is one of the most important
opportunities of researchers. Cartography was always opend®wther sciencesgyhichis proved by the fact
thatthe ICA was accepted as a union member of the ICSU (International Council for Science) in 2014.

T The adoption of new and more gl obal ai ms, reflecti
has led to a more expansive policy of interaction with sister societies and with international organisations.

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

applications.

1 Using their knowledgend experience of the technological developmesagographers have to support the
education, the national mapping activities includi
Elek, 2012).
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20TH CENTURY MILESTONES IN CARTOGRAPHY

The cartogaphic milestones of the 20th century were not based only on the development of informatics (except the last
oneor two decades), but there were some other innovations which had a significant role in the history of cartography.
The t hemes orhatiand eartobraphAid cenferencesg(ICC) reflect on the most relevant new technologies, so
the scientific presentatiorat thelCCs is one of the most prominent evidemogthe rapid technological development.

Aerial photography, photogrammetry

Thetechnology developed quite slowly in the beginning of the 20th century, but it became soon (especially after World
War Il) the most important method for creating topographic maps. Due to the complexity of the technology and the
necessary infrastructyréhis method was used first by the national mapping agencies (at that time mostly military
mapping agencies). It is also important to mention that nowadbageks to the digital cameras and UAMkis
technology is much more affordable even for individualpp®sing that they can handle big data, which definitely
requires very powerful IT devices and sophisticated software solutiatsirally, the recent users are not really
focusing on the classical topographic mapping (because these data are alreabie awadaital from), but other
thematic applications, like crisis management (flood, forest fire), archaeological, vegetation mapping or similar surveys.

Nowadays the technology is sfitequentlyused, but we have to emphasize tmportant changesmprovements: 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 prominens afdhe Cold War era. Both partiehé rivals) wanted to prove their
technological state of developmeiithe Soviet Union launched thfirst artificial satellite (1957), they successfully
completed the first satellite impamhthe Moon (1959) and they completed the first manned satellgsioni (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 titmisto betransported back to the earth for
developng. The first digital remote sensing solutions were developed only in the begifithegl®7Cs: it requires the

evolving of the sensors, the data transfer methods and the data processing technologies. We have to emphasize the role
of thefirst earth resorces technology satellite, the Landsat, which is the longest running civil acquisition. The success

of the Landsat satellites made the civil areas ura@tshe role of this technology.

We also have to mention that the use of satellite images, the wously improving resolution made possibleto

cea® thesecrecyof 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 deniglenfree access of such
cartographic products.

Computers

The wider industrial use of computers started at the beginnitlgedf960s mostly in North America, but the IT and
electronic support had a very important roletbe Japanese industrgaticulaly on car manufacturing) developing
robot technologies. At that time mostly the governmental organisatioaily the military and administration) had
access or had enough resources to the information technology. Although the idea of geographicanfeaftatire
was invented at that time (1960s), it wasffam beingwidely used.

The release of personal computers in 1981 (IBivught he real breakthrougin the number of computer users.
Although at the beginninthe PC prices were quite high, theiqges dropped down very quickly thanks to the clones and

it let even simple home users buy such machines. The very firstspidad usef computeravas word processing to

replace type writing ando allow sawng and easytext modification. We have to emphize 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 BernersLee). After a few years partly thanks to the more and more us@ndly PC graphic environments and
operation systemis thericherand ricter content on the websites and new vised services fia made the computer

usage even more attractive fven the nortomputer users.

The PC era alssupportedchigher education (and later all lower levels of education) to use personal computers in the
educationwhich practically influenced not only the training courses and subjects related to information technology, but
all other areas, especially natural scien®dmswvadays it is difficult to find ay scientific or scholarlyarea which is not
influenced by theapid 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 previous)ythe GIS was invented about fifty yearsoagy 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:

i digital maps were not available in the early era of ;GhiSmost of the countries national mapping agencies
have started the digitization of their topographic maps only in the PC era9098@depending on the size of
the country and the largest available sctile digitizing procestook as many a$0-15 years;

1 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 litmiteol)fput
technologies computer printer$ werenot 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 nowgs 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 transpotian (flights, ship transportation, submarines) reqlimeglobal navigation system even in the

first part of the 20th century. After World War Il several methods were invented, but the first real solution was Navstar,
the first satellitebased global nagation system. The theoretical background was inventéaeih960s, but the space
technologies were able to provide ufgendly and reliable solution only after same decades, in the middieeof
1990s. This solution was also dependentthe developmenof information technology, where evehe 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
camerasgpllowing 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 beermpett\aioundthe 1960s, but the real
cartographic application became available only since the middleedf990s. Nowadays this is definitely one of the
most prominent applicati@which generates big datthe fast and efficient processing requires splcigdsigned
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 procdssuegtokeep space with the generation afdascanning 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 (dtdeasimmon

deskop or laptop computers).

Unmanned Aerial Vehicles

Nowadays when we are talking about modern cartography we regularly mention one of the most prominent
characteristic featusethe democratised process of mapmaking. Unmanned aerial vehicles (UAVS) o a@remmme 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 companiesausetirequired large financial investment and technological
experience.

Drones are known as trendy and simple presents, rather toys for ordinary people. Thanks to continuously improving
developments, li& 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 atniehicles 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 comedto thereal airplane based diorne remote sensing technologies (no

need for close airports/airfielddh addition to autonomous operation, certain drones carry a myriagtiofissensors.

The convenience of inspecting vast infrastructure without significant time and manpower invested is enough of a reason
for GIS expertssurveyorsandconstruction 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 contasgent) w
mapped was 1:1 million only. In the Cold War era it was important for both sides to have precise inforratitaa d

maps of the most relevant areas, but they also tried to collect information on all continental (and marifd)ed(@As.

was established in 1959 by Western countries and socialist (Eastern Bloc) countries were able to join only after 1964.
EduardIimhof, the first ICA President mentioned the first General Assembly of the ICA in 1968%ood, accurate
topographical maps at scales | arger than 1:2100 000 sca
For vast regions it is not emepossible to compile the International Map of the World toQDQ000 with uniformly

good topographic qualitfOrmeling, 1984). Although the project on producing the International Map of the World
begun in 1913 to create a complete map of the world dcgpto 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 dhtherit@ry).

Only forty years ago from now socialist countries were able to present th&A®0 scale Map of the World (Karta
Mira) at thelCC 1976 in Moscow (altogether 224 sheets), but certain sheets were not really easily available for Western
countries (Figure 1).

T 609499

COoUA-SOFIA

Figure 1. A small section of the 1590000 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 (soaps were created mostly for military purpose). Finalig first version of

the Digital Chart of the Worldwvas released in 199fhis is a consistent wordide cartographic database at a scale of
1:1000000. Since then this unique public domain gloB# database of 1.7 GB has been translated into most major
GIS formats and distributed to several thousand GIS users-wattd This database became freely available after
2006.
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On-line global mapping services

For ordinary people, for common computer gsiiebest-known cartographic milestone is the appearance dinen

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 tedbatrservices 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 deeel maps were provided only for US cities. AnsarDnline

acquired the company in 2000, but it had the sedngidest share of the online mapping market in 2015. Abdked
company, Multimap provided a similar service for United Kingdom. This company was acquired by Microsoft in 2007
and merged into BompnMaps in 2010.

It is also necessary to mention some other,-cammercial (partly experimental) services, which mostly provided
satellite images:

1 TerraServer (1998000): 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 sateltiteges from the USGS and the Russian Federal Space Agency.

1 NASA World Wind (2003): World Wind was an opsource, 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 devicémsthenown (and most frequently
installed) map serge 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 preddn API (application programming interface), which mabde creation of

mashup applications possibleéhusallowing individual users to combine their own data with the map service. This
option has really democratised the mapping process. ,L@mogle inventedadditional applications connected to
GoogleMaps/GoogleEarth in order to provide additional functionality for their users, like Camera, MapMaker and
Fusion Tables (Figure 2).

m No filters applied Saved 453 rows
Configure map m

Location Maitelepillésnév ("13/114) v

» Feature map

¥ Heatmap
Radius @ 17
Opacity ® 63%

Weight No weighting +

Learn more

Sdési Feltételek | Térképhiba bejelentése

Figure 2. A Google Fusion Table, frondagreethesis of a Hungarias ar t ogr aphy MSc student,
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Other global commercial mapping services (MapQuest, BingMaps, YahooMaps, Here) are also providing similar

services, mostly using satellite images and velsémed topographic (street) maps, enriching the contentR@ts
(point of interest features). One of the most important funstidérthese services is the -tp-date map content, which
requires continuous efforts from the companies.

An anothemreatexample of global mapping services is OpenStreetMap (OSM), wiashinspired by the success of

Wikipedia in 2004. This is a nhecommercial, 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 aailatzifity

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 stvey, 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 fity years: since all the sensors have changed to didigafjuantity

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

continuous development of IT devices: CCDs, memory chipg] stdie 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 developmenbn one side negatively effects the developmenttite other side. Mw we feel that the data
collected by sensors is overwhelming us and our IT devices are not able to convert thede da&dul information

sometimes even storing the data is a challenge.

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

continuous developmentartography and geoinformatiese now facing with the problem of big datahich requires

considerable contribution from IT experts (Table 1):

Table 1. Typical sensors of ¢agraphy

GPS

Device Navigation sensors | Imaging sensors | Communication capability
Smartphone GPS, compass CMO.S (still and 4G/5G/wifi/lUSB
video)
Digital camera GPS CMOS (still and wifi, USB
video)
Hobby GPS GPS No wifi, USB
Car navigation GPS CMOS wifi
Social networks Acces point location, 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 dhahetqust publishing the results of our

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

further development.

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

unusdle over time. From this perspective, there is a pressing need for théetamgreservation of the data made

available through
coherent approach is requiredgreserve 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

Spati al Dat a

nfrastuctures

(SDI)
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ensuring its continued access even after iwider has ceased to exist. Leteym 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 accedsotb 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).

CEDA News ContactUs ENe

"'l'\: ! Centre for Environmental

Data Analysis

SCIEMCE AND TECHMOLOGY FACILITIES COUNCIL
MATURAL ENVIRONMENT RESEARCH COUNCIL

CEDA Home BADC Home NEODC Home

Get Data Login Help
Username: Not logged in Download multiple files pow o use * Depth: 1 ~ o]

Current directory: / badc

£ CDs Copies of datasets distributed via CDROM

£ abacus Arctic Biosphere-Atmosphere Coupling at multiple Scales (ABACUS)

£ accacia ACCACIA dataset - usingthe FAAM aircraft

£ accmip Atmospheric Chemistry & Climate Mode! Intercomparison Project (ACCMIP)

£ acsoe Atmospheric Chemistry Studies in the Oceanic Environment (ACS0E)

{7 active Aerosol and Chemical Transport in Tropical Convection (ACTIVE)

£ adriex Aerosol Direct Radiative Impact Experiment (ADRIEX)

£7 amma African Monsoon Multidisciplinary Analysis (AMMA)

£ amps_antarctic Antarctic Mesoscale Prediction System (AMPS): 4.5 and 6 km data

£ apposite Arctic Predictability and Prediction On Seasonal-to-Inter-annual Time scales (APPOSITE)

£ appraise Aerosol Properties, Processess and Influences on the Earth's Climate (APPRAISE) Directed Mode Programme
£ armagh The Armagh Observatory Climate Data (1838 - present)

£ autex-wintex Autumn and Winter Experiments (AUTEX / WINTEX)

£ bas British Antarctic Survey Data

£ bodeker-scientific-ozoneBodeker Scientific global vertically resolved Ozone database

£ bolton The Bolton Experiment (1999-2002)

£ bortas BORTAS: Quantifying the impact of BOReal forest fires on Tropospheric oxidants over the Atlantic using Aircraft and Satellites
£ caesar CAESAR - Cirrus and Anvils: European Satellite and Airborne Radiation measurements project
£ cap Coastal Air Pollution Project Data

£ capeverde Cape Verde Atmospheric Observatory

£ cascade CASCADE - Scale interactions in the tropical atmosphere

£ cast CAST - Co-ordinated Airborne Studies in the Tropics

£ ccmval CCMVal Data

£ ceh-pan

£ chablis Chemistry of the Antarctic Boundary Layer and the Interface with Snow (CHABLIS)

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

MODERN CARTOGRAPHY: TRENDS, MILESTONES OF THE FUTURE

The shorterm development trends of IT and mobile devices are more and more unpredictable. There are definitely
trends, whicH ook evi dent, which are easily predictabl e, but
and the prediction of which applications will be really wipgead and popular. Just think about the heavily promoted
functions and products of¢hast years (like MMS or 3D television), but the users finally did not like these products or
the products were ahead of their time.

1 We have already mentioned the tdig data. At the moment we are not able to predict the real effect of the
big data, buit 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 hawtetvelop new software which can more effectively support this
activity (data mining). So it is not enough to be an astronoimetausethey have to be familiar with
programming as well. We may predict similar effect in cartography.

1 One of the potential @awers to the big data problem is tbwd 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 casidprapplication and storage solutions for
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big data, but if we can providbe volunteerswith suitable applications we can achieve better results. We can
list projects in our domain where the crowd sourcing approach was successfully implemeatefitie most
frequently cited examp#ds the Haiti earthquake in 2010.

1 The appearance and wide spreadingnobile devicesis as significant as it was the 1980s when personal
computers became available. Mobile devices can be not only phones, but rathes, stata 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. Teeggmangtiornof
todayprefeis mobile devices instead of desktop computers or even notebooks.

71 Digital sensors are really everywhere. Sensors are interconnected and formimigriinet of things (IoT).
loT brought abousuch new terms like smart cars and smart homes: our main plastay cin communicate
with each other even without the users. All large car manufacturing companies are workingdsivieglf
cars. The technology is about to be ready, but it probably requires the transformation of the existing
infrastructure (we need hanly intelligent cars, but also intelligent roads), changing the legal regulations.
Probably the most important obstacle of the rapid development efiig&n technology is the aversion of
human users.

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

1 We have already mentionagpen sourcein this paper. Open source is not only a technology, but rather a
philosophy.The continuous spreadingf 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 speciamgtoBle national mapping
agencies heae 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 opersource data and technologies will be more and more important in cartography.

| CA6S MODERN APAMRTOGR

In 1997 Fraser Taylor, the former Presidenth&fICA presented the termybercartographyto describe the changes in
cartography brought about by new heclogy. In simpler terms, cybercartography involved using computers, and
especially the Internet, to create multimedia and interactive maps. In the ICA termh12041Commission on
Neocartography was nominated and accepted. The democratisation procems wfaking, the distinction between
mapmaker and map user has been blurred, with the user having access to data and the ability to generate maps through
usng global map services. This kind of citizen mapping has generated a newnaoartography which refers to

mapping on the web commonly by nonprofessional cartographers usingayree software and data. Neocartography
operates through what has been called Web 2.0, which describes websites that go beyond static representations and
utilize animationand sound. Cybercartography and neocartography have a similar meaning: both of them are reflecting
the implementation of IT technologies in cartography and Gl science (Taylor, 2015).

In the ICA we are continuously discussing these technological changesffeht of this process on cartography itself,
whether we have to f@efine the term of cartography. We can also answer a simple question: are these developments
also favourable for the cartographic discipline? The cartographic discipline cannot iggsendw 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 mapmakingagogm, which we can even caflodern cartographyr 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 technologiyen trends have a major it on what and how we create,

access and use maps, creating previously unimaginable amounts of loesdienced information and thus put
cartographic services in the centre of the focus of research and development.

While the above advances have enaldigphificant 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 efteel information means that some features present in
reality are depicted more prominenthathothers, while many features might not even be depicted at all according to

the theory of generalization, which is w&hown for experienced cartographers; lever, 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 cibuapiexss
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 sigkeir 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 cartograghdosng: 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 geographicgkntowled
omnipresent locatioased 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 misletding if
modern cartgraphy is narrowed down to the scope of instant map design and use, thus minimé&iragtions to

simple mouse clicks on labels attached to the individual locations rather than exploring the vast information space
between the locations. She appeals far tonnectiororiented research and development of visual analytical open
platforms for relational information in big data. I n o
science and citizen science, she reviewed three doctorakttedéated 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 sggpertocietal 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 adiesirigrexplorers 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. I
ubiquitousy available geosensor network has largely acceleratedth#tss 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 trelitiacations 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
egacentric perspectives of different user groupstfair 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 arty other ad
hoc ways. Therefore, in the citizen cartography, mapping actvitiear e mor e concent-in-fat mdo on
and fai-putposed information about hot spot s and sharing
regardless of their physical locations. For time i t i c a | a p pahddd a tt ipa mapsnsatie hy iusers 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 kepintesrmetl 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 hem, 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 cart@ghers, media specialists, mobile phone vendors and automotive indudatry.

design constraints need to be satisfied for the rendering of a map which may be valid only for a couple of de&eonds
involved technical challenges range from incremental gedaessing, continuous positioning and mmagtching,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). Titeynatealy operatedth a

Abl ack box0 and pr es asitgle thousetclick Ihdeedd sasyto-use imstaatmbips bhage bees
progressively penetrated into our daily life. We treat them as travel mates, tranquilizers or digitaf tivenseality

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

Taking a closer |l ook at the aforementioned instant map
known georeferenced information or tdsg-turn navigation guides. Little or no interaction is required. The design
follows a locatioror i ent ed princiople, drawing user so6 atdéseriptivei on t
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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 geaspas 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 servitescartographiknowhow of translating complex geospatial
scenarios to generalized pictures has readmedunprecedented visibility in the society. However, it would be
misleading if the public begins to narrow the modern cartography down to the scdesigf and use of instant map
services. Being locked in thecationoriented view, users tend to identify the labels attached to the individual locations
with the lexical information about #Awhat o, tiexplmet®d and
information space between the locations.

In spite of the fact that the locatiamiented instant maps have d@aching impacts on our daily life, professional
cartographers will position them at a corner rather than spreading them owehdlee 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 land natura
activities, many things become meaningful only when they are related to other things. Hotteveliscovery of
higherorder knowledge such as hypotheses and solutions, also terndgasstic and prescriptive information,

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

2. CASE STUDIES OF GCONNECTION -ORIENTED VIEW

Facing numerous high complex anddifined problems in the real world, cartographers are obliged to loo& mor
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 conneatiented view of cartography. In the following sections,

three doctoral thes 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 infaation 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 lewd geesensors and volunteered contributors, there is an

i ncreasing awareness of istahspatialtycandfoe semantifadlyvperodiiledchangA thate ve nt
happens within a time period. usually incorporates both spatial and temporal relationships. The associated research
guestions include: How are events within a geospatial and temporal framework defined? What are the fundamental
component®f an event? How can events be collected, stored, analyzed, visualized, queried and interpreted?

Polous gave a try in her thesis woik find some of the answers to these questions by developing a platform
AOpenEvent Map o ( OEckkptedwydevaetopersardmusens gPolau®2016). OEM is an extension of the
OpenStreetMap (OSM) and is able tandle events as a type of highevel geoinformation. Each event can be
modeled with five attributes describing what happens, where it happens, whendh$appw it happens and which
subject(s) and object(s) are involved. Two event examples are demonstrated 2. RNjth 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 ev
2016)

name = kaufingerstralRe
highway = pedestrian
bicycle = no Tm

Object OSM
cycleway = no

event = yes

event:0:name = Christkindlemarkt éEO @t

event:0:category = social

event:0:sub_category = Fairs / Festivals k__/
event:1:name = Munich Carnival Event OSM
event:1:category = social

event:1:sub_category = Fairs / Festivals ~_
event:1:start_date = 07/01/2013

event:1:end_date = 12/02/2013 O Object
event:1:howoften = Yearly O FEvent

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

A number of event collection methods were introduced :
was created for Internet users to input and edit events (see Fig.3). The collected events are stored in a querable event
OSM database andboud at ed by means of an Event Cal endar . This d

application and queried in terms of event name, category, start date, and end date. Following the same working
principle, an Androi d ap pthen devdlopea,nwhiah fallovis @gers ioEadds viewMatlip 6 w
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 ddsigweb crawler for the automatic
detection of event information from four social medi@witter, Instagram, Flickr and Foursquare. The WebCrawler
identifies at first the start and end tag of an event and then extracts from the-lieftvéen the evenhformation

following crawling rules based on a rougbt matching approach. The event database can be converted to a queryable
format by means of the calendar scheduler ACrond and
special technial constraints to operate on Web, she made use of open sources and developbdseavalpplication
Graphical Event Visualization and Analysis Tool (GEVT) for the visualization and analysis of events. Events and their
features can be either overlaid asrkeas, 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 examplelgfhtning 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
complexiy 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 cludtese behavior is difficult to predict due

to fast changing spatia@xtension, shape and internal structure. Lightning which is a main cause of thunderstorm
disasterepresents a typical case of dynamic object clusters. The individual lightning cells may move, merge, split and
disappear. Realtime visualization of relatibips between the spattemporally neighboring cells is a prerequisite for

the understanding of lightning behavior.

Peters addressed this challenge in his thesislameloped an interactive visual analytical system which involves three
fundamental tasksdetecting the lightning clusters, tracking their trajectories and measuring their simildrétess(

2014) In addition to the extention of the popular static visualization techniques such as kernel density map, table lens,
radar plot and parallel codinate plot to display the temporal information, he also introduced the uncertainty
presentation of nowcasting results in 2D view, 3D view or a spetiporal cube. Moreover, he defined acstled
Trajectory Complexity Gain (TCG) diagram to reveal moeaindiversity as well as unusual movement behaviors
along a lightning trajectory.

The system was prototypically implemented for a 3D 1i
Europeodo wi t {loud @&né Z19gntralouchlightning ells in the region between Munich and Prag on April

26. 2013 between 2pm and 7pm. As shown in Fig.4, the system provides synchronizegsyatial visualizations in

different styles which allow users to make comparative exploration of lifespans afis/éightning 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 ofTaecluster
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 5. Buffered prediction uncertainty of nowcasting: last two lightning clusters (left), predicted clusters (right);
past and predicted clusters (middle) (Peters, 2014)

2.3 Knowledge eploration 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 tich&geveen May 10 and June

30, 2010. Based on an-dgepth study on the synergetic effects of thematic maps and information visualization methods,
she proposed a visual analytical framework consisting of three compemisual querying of the movement dagse,
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 durationths sum of spent time in traffic jams, at street crossings or parking places.

From daily incomes of all taxis on all days, two income groeuphii ghdé and Al owd were inferr
stationary durations of all taxis on all days reveals thiteems 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 Higtome group had a higher@mgpancy rate and wasted less idle time
than the lowincome group (Fig.6 right). Moreover, a kernel density estimation of the trajectories of the two income
groups revealed that the higlicome group left a more compact spatial scope of the idle tripsthiealowincome

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 pickups. In Fig.8 an interesting pattern was illustrated using a spdeeviev according to which there are

far more taxi travels without passengers from the airport than to the airport. Theftlimgations other than the traffic
hubs were furth66ausgigaegmt and assighedra gabeBwitls tbe dominaty function of
surrounding buildings collected as POls in OSM, such as public building, commercial building, residential building or
industrial building.
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Figure 6. Temporal patterns: (Left) The time graph of the stationary durations aggregatetbimanute intervals (the
standby duration is proportional to the darkness of color), (Right) the average hourly duration at the stationary spots
for high and low performing drivers
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3. CONCLUDING REMAR KS

With the exponentially growing higand and lowend sensor networks and ewpanding social media, more and

more Internet users have become part of active data producers and meanwhile they are more eager to participate in the
valueadding processes ¢fhe data streams which should unveil Awhat
locations and between them. For this reason, the cartographic capability of bringing many analytical views into a
holistic and easily understandable big picture has becarhighly 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 arentedfwith two essential challenges and great
opportunities as well: keeping pace with the social demand on more leodtoted instant map services on the one
hand, and getting more committed to developming connectiemted visual analytical syseras the other hand.

By reviewing some recent doctoral theses as case studies towards the comumemtied research, the author attempts

to shed some 1 ight on cartographersd contributio®ons in
embedded in the digital world and using the potential power of thesdavighinformation to support decision making
in front of ill-defined or wicked problems in the reality.
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Abstract

The purpose of thisssearch 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 eate 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 gpodueducators 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 atehcaphic 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 statisidisaocs

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 databas.

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 venyseful 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 preefi. 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 analigs education system performance, education quality, Spanish education
systems

1. INTRODUCTION

The education system performaniea structural and strategic featuineevery countrylt plays a crucial role when
trying to achieve thehighest sustainable economic growth and employmiotvadays, he rapid and complex
technologicaldevelopmentsand the globalization of the econopmgquire that each country train and educate their
young people for a knowledge based society in ordeope and meet acceptable or adequate living standards of their
citizens.

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

in the society is wel lowedxcptiormlsatasmmenthsyass@iatedfwithesigrificat 2ddo@iy : f
costs for private individuals, for taxpayers, and for societighdr education levels are associated with higher
earnings, increased labour market participation, better health status, andwaments in family decisiemaking .

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,Naibed, etc) and

national agencies (ministry of education, Spanish statistical offid&@ugh most politicians and people, in every
country, woul d decl are that fAeducation is very importa
strategies and their implementations. This, in turn, produces distinct results in relation to the quality, efficiency and
equity of the individual education systems.
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As far as Spain education system is concerned, some weaknesses, such as high ragetdidy school leaving rates,

have been identified. Besides the huge social cost, the econoraistsiGc a n o & Restimatéhe ecéoniz 1 5 )
cost of repetition in aroun@500 million Euros which means about 8% of education expenditure. ddry schob

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 rateds 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 amongetidifferent political parties. Since 1980, seven Education laws have been
published in Spain being the LOMCE €y Or g8nica para | a Méijhe lashpullighedlina Call
2013. This situation has provoked a permanent debate among the tiffeliénal 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 enviemtmThis, in turn, would allow carryingut

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

of the distinct regional education systerBpain is a highly decentralized country since l&s Constitution in 1978.

Because of that, education competence, as many others, was transferred to the regional governments. These are made u
of 17 regional government and two autonomous cities. In this context, we could raise the research Ylestiare

the different regional education systems performances diké what are their potential influencestheir respective
socioeconomic systems?

2. MATERIALS AND METHOD S

Though many studies have been carried out about this research topic, most @reh@ooused in mathematical,
economical or sociological perspective, which use graphs and diagrams to visualize theTiessétspapers often

study some particular problem like the costs of early school leaving (see Belfield 2008 and Brunello anthDe Pao
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, multipleducation statistics and indicas arecollectedregularly by international organizatioasd
national agencies. Among these, it is worth mentioning the data collectedybyization for Economic Coperation
and Development (OECD) in its different projects. Some of the OECD relevant programmes are:

1 Programme for International Student Assessment (PIBé&)lished every three years since the year 2000.
1 Education at a Glance. OECD Indicatofihis is plished every year.

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

PISA assesses the extent to whichyg&rold students have acquired key knowledge and skills that are essential for

full participation in modern societies. Thpsr o gr amme i s al so considered as the w
and efficiency in school educatioA.n g e | Gurr 2a ( OEGBneraldl thelOBgpnizatighefor Ecenbraia y
Co-operation and Developmenrdtates the goal of this programraes f o IBY identdBying the characteristics of
high-performing education systems PISA allows governments and educators to identify effective policies that they can
then adapt to their local contextd

After theliterature review stagea workflow was atlined to integrate all the relevant informatidn.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 statisticel adtabasewiww.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 agenew.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 arnhéystifferent
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
mapsand 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 integratgteimaticnodel to be

discussed, in a combidananner, and to draw up the main findings and conclusions.
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3. RESULTS

GIS technology provides a dynamic and flexible mapdpction environment. However, ghould underline that
cartography is not only aboulesigning andproducing maps, but also, alioreading and understanding maps.
Understanding cartographic communication is the starting point for both map design and usability &ualggigring
the basic cartographic principles, as proposed by Jacques Bertin (1981, 1983), is crucial in anyinpgmoeess.
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 governmentkslas Canarias Castilla la Mancha and Valengiaand the two autonomous citieSduta

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 evaluatioothers cases, the data was available for all the 17 regional
governments. Hopefully, in the upcoming publication of PISA 2015 these shortcomings will be solved.
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Figure 1 Map with 2012 PISA Results (low and top performers) vs Repetition rate.

The first map, shown in figurel, 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 perfermin the three evaluated subjects: mathematics, reading and science. The map
reading could lead to the following interpretations:

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

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

1 Relationship: the regions with poor academic results, that is to say with high percentages of underachievers
and low shares of top performers tend to piadhigh repetition rates. This happens in southern regions like
Extremadura(Ext), Murcia (Mur), An d a | (And)Zardislas BalearegBal) where it seems there is a deficit
of excellent students in comparison with the northern regions.
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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 varialdlasostat andhe European Commission defiearly school
leavingasthe 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 trainifige reduction of early school leavibhgless than 10 percent of

the relevant population by 2020 is a main target in the Europe Egfire 2 contains tree models which attempt to
analyze early school leaving in relation with other variables. To make the interpretation and comparischee&Sér,
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-8®/. Keeping this in mind, the other variables appear represented with

its correponding 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 rslapparant
clear relationship wherareas with high repetition ratédark colors)tend to have largealues in early school leaving
(higher blocks) as it happens in the southern regioxiseBaduraMurcia, A n d a | andtsikasaBalearesThe opposite
patern can be appreciated in northern regionsHile 2 s andNswaroa

Model b). Early School Leavin@012 (education system variable¥ Unemployment 201g&ocial system variablehn

this model, he analgis of the visual patterns sedmreveal a relationship where high early school leaving values
(higher block} appear to be connected with high unemployment valuesgdeolors). There seems to be a Notth
South global pattern with a positive ldew relationship in the NorthRla 2 scoahdNavarrg) anda negative high
highrelationship in the SouttA(n d ad, Exteadura, Islas CanariasA possible interpretation might be thhe bad
performance of the educatiagstems(high ESL)in the southern regions tends to produce a soca@st in terms of
higher unemployment rates

Model ¢. Early School Leavin@012 (education system variabley GDP per capita 201(8ocial system variableln

this model the high ESL values (higher blocks) appear visually related to low GDP per chygita(kight colors) as it
happens in theouthern regionsA(n d a | u c 2 a, ). He teversenmttern can be identified in Madrid and some
northern regionske P a 2 s ahdMNacaoa That is to say, if young people exit the education system, witheut th
required knowledge and skilfhigh ESL) may have greater difficulties to find a welhid job.It might also be said
thatadeficit in human capital tends to weaken the economy.
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Figure 3 Map with Unemployment Ra2©12vsEducation level of jobless
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The map in figure 3ry to analyze the unemployment rate in every regrelation tothe education level (primary,
lower secondary, upper secondary and tertiary education) of their unemployed people between 25 and 64 lyear old.
map reading could leadk to following interpretations:

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

1 Zonal PatternThe higher the unemployment rates in a region the greater the influence of the education factor
as shown by the slope tfie bar graphdn the southern regions where the unemployment share decreases
quickly as the education level increaSéhat is to saythe scarcity of jobgends tdfavorsthe educated people

1 Final Interpretation: Maps like this one might prove that, in general, education is a good investment from a
personal, familiar and social perspective.
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Figure 4 Map with Expenitire per Studen2012vs PISA Result3012.

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 processtteone coald be
appreciated:

1 General pattern: There seemstobea kit e ner al patternd where the highe
better the resultqheingP a 2 s  (P¥a3 andNavarra (Nav) good examples of highigh relationship. The
opposite relationship (losow) can be appreciated/n d a |(And)2 a

9 Particular cases: In this conteadrid (Mad) could be perceived as a positive deviation of the general
patternwith good resultand low investment, whilislasBalearegBal) as the case of negative deviatwith
the opposite pattern. These cases, in toould be interpreted as examples of good or bad management
respectively, or simply, the presence of some other hidden factors.

1 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
fifsoci oeconomic c¢ont eavaluating the intechctiocnamang differenavaridbles. h e n
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Though the main is focus is in modeling the education and socioeconomic system variables in the year 2012, some
other supfementary hypothesis have beested through the next maps.
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Figure 6 Map with212 PISA Resultss Book Reading percentage

The Spanish economy grew a lot during the period 248Y . Afterwards, the international economic crisis, combined
with fASpanish bubbled in the construction sector, pro
Spanish statistical office dattase ww.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 perio@@08.4In this context, the map in figure 5

has been produced 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 per@D62013. 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 mapd contents could be des

1 Theresults 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.

9 This deficit of excellent students or top performarghe southern regions appears visually correlated with
high unemployment growth in the period 262@12 (darker areas).

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

According to educat i ontheequajptyeaf dnsedutaiiok gystekhdsrcornelated (vith@he Beading A
level of a society . To t es sis thehmap in figyre ®vad groduced. 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 percentagepafagion who was 14 or more yeansl 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 mantcoatld lead us to the
following pattern identification:

1 In general, it appears a NotBouth pattern though there are some regions with more evident relationships.
Roughly speaking, Marinads hypothesis tends to be t
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Afeactear @amples of positive relationships between good academic results and high

observed in south regions likex t r e ma d ur andMukciad al uc 2 a

4. DISCUSSIONAND CONCLUSIONS

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

organizations and national agenamade itclear the complexity of theesearch mattein this context, as a preliminary
phase, more than one hundred maps within a GIS environmerg 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 tiedationships 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 -G-Hn@rze ze t

al , 2015) . scuss all the ohaps and rmodets naalcgmbired @anier, o i

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 irseken@nt of regional education
systems performances and their influence in their respective socioeconomic syiigigshe schema as a guideline,
somepossible interpretation of the previously described cartdgeggatterns could be the following:

a) About the education system variablds.seems that fwenever 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 leavingee figures 1 ah2a)

This may be perceived

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

as

r

b) Interaction between education and socioeconomic variables. A string of low performances in thiereduca
system tends tproduce negative impacts in the socioeconomic system, as long as unemployment and income
per capita are concerned (see figures 2b and 2c) .
we may need to look into. Of craeg it also occurs the Apositive ci
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 adoptgatdee the performance of any
education system in terms of efficiency and quality.

_ SOCIETY AS A COMPLEX SYSTEM
[ Unemployment_06-13 ] [ Book Readmg]
i EDUCATION SYSTEM
|
[Early School Leaving] I,
|®
w
N - N\ I
\ b A 1
\ \ & ) ) SOCIOECONOMIC
: \ <« - " SYSTEM
- N\ S~
\&
-
|
\ —
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\ . L —"
\e.—"
EExpenditure per Student]
Figure 7. General schema connecting map contents relationships

c) The education system performance has a direct influence in the education level of the working pawaation
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 ppitac&nd high unemployment. This is the walown
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fisoci oeconomic contexto widely described in the |
(Melgarejo, 2013). In a communication report in December 2013, the Spanish Ministry of Education
(www.mecd.gob.e¥, estimates that 85% of the differences in the 2012 PISA results are due tesmuionic
disparities among them. So, the education and economical level of the parents tend to havengnd st
influence int h e s trasult® Thts will likely be so, unless the education system considers measures for the
more disadvantaged students and famili®s, it is now the socioeconomic context what influences the
education system via de academic results. Combinatly 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 influenbessivcial 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 effézand maximize positive outcomes.

e) An adequate fiexpenditure per studento as a measure
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 dllse matters is the competence and motivation of the
teachers, the quality in managemehthe education centers. They also point out the importance of an stable
judicial frameworkreached by education laws developed as a consensus among the diffetieat patties,
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 ecuoitocrisis.

g) The final map (see figure 6) appeaostc onf i r m, i n g édypahesslthafithe quality of arMa r i n &
education system is correlated with the reading level of a society

This cartographic approach is, somehow, supplementary to maey wiathematical, sociological and economical
studies conducted about this relevant research téjmoever, napsand modelsan behave as powerful images to
illustrate policy makers how investment in education may be, to a certain extent, a good strategy against
unemployment and increase the standard of living of their citiZzmsng this study a clear NoHBouth @tternwas
observedn Spainwhen analyzing multipleducation and socioeconomic variablas 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 bechesguality of the education systeniis a countryor
region,may be seen as an indicatoritsflevel 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 wescribed in this paper may be continued in several ways:

1 As thePISA 2015 results are to be published sabe new datasets and reports will open opportunities to
continue and complete this study further on.

1 It might be interesting the r e a t i oartographic odserdatory of the educatton Thi s obser vat
design and produceollection of maps and thematic atlasesorderto contribute to the understanding and
dissemination of the most relevant aspects, as shown in this papsee maps, irutn, could be valuable tools
or inputs for education experts and poliakers.

1 This cartographic and geomatic approach may be combined with some other mathematical analysis and the
inputs of some education experts in a more multidisciplinary approach.
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Abstract

Land consolidation is a powerful land management planning approach aiming for rural sustainable development. Land
reallocaton 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 @& 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 (AVMshéncbntext of a proposed new framework for land valuation.
Three models have been used based on linearlinear and artificial neural networks (ANN) methods combined with

a GIS. Models have been tested for quality assurance based on internationardsaialuation showed that AVMs

are highly efficient compared to the conventional approach. In terms of models performance, ANN ranked first closely
followed by the notinear model and slightly worse the linear model.

Keywords:Land consolidation, Landauation, GIS, Automated valuation models (AVMSs)

1. INTRODUCTION

Land consolidationK a g a k and Maliese, 201) is an established mulpiurpose land management and planning
approach, which traditionally aims towards the sustainable development of rasl (&#&0O, 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, bothsiroftéand

ownership and land parcels boundaries to eliminate land fragmenteionXjjk, 2003).In addition, it provides the
necessary infrastructure for rural development, i.e. road and irrigation networks in the case of agiicidhieal

projects Land reallocation (Demetriou et al., 2012) is the core part of such a scheme, which aims to settle agricultural
efficiency, costs of infrastructure, environment al i mp
on land value becausaeh 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 Caqteon and viceversa. 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 vatube 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
nonfarmers for different development perspectives.

In Cyprus, land valuation is 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 mettdich 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 characteristigslysa result of an empirical analysis

and subjective human judgment, which means the potential presence of inconsistencies across valuators, similar land
parcels and the sutegions of the study area and it is not the outcome of a robust, standaadelgdis 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 na the method employed itself, but the method(s) of analysis utilized for estimating the scores of valuation factors

43


mailto:demdeme@cytanet.com.cy
mailto:D.Demetriou@leeds.ac.uk

Proceedingss™ International Conference on Cartography and, G817 June 2016, Albena, Bulgaria
ISSN: 13140604, Eds: Bandrova T., Konecny M.

involved. In other words, if analysis is reliable and accurate (e.g. through GIS spatial analysis), then it will positively
influence the otcomes, irrespectively the valuation method used. Moreover, the process is not systematic because it
does not involve a standard set of wddfined steps to reach the outcome andoaés not relyon recognizing
international or national standards. Furthere, 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 thespray 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 raMoif@alioglu et al., 2007 and it is

focused on urban land consolidation schemes where the land value is representednioyetary termsSimilarly,

although there is a huge literature about real estate for residential properties (houses, apartments and uthan plots)
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-lmgBtS new framework for land
valuation in land cosolidation schemes using automated valuation models (AVMs). AVMs (Downie and Robson,
2007; Schulz et al., 2013) are mathematichlged computer software programs employedhass appraisal (e.g.
Kilpatrick, 2011; IAAO, 2013a) that are able to estimdte tmarket 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 coeffipematsieters 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 aetifielahetworks

(ANN) (e.g. Warzalaet al., 1995 Nguyen, and Cripps, 200Kontrimas and Verikas, 2011) or other methods (e.qg.
adaptive estimation procedure and time series analysis) (IAAO, 2003). The noted framework has been applied in a case
study landconsolidation area in Cyprus by developing and evaluating three different calibration methods: a linear and a
nortlinear hedonic price model (Demetriou, 2016b) and an ANN model (Demetriou, 2016c), all combined with a GIS.
Results showed that AVMs are highéfficient 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 describeshe proposed new land valuation framewddilowed 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 oasults, focusingn the testig and quality assurance metrics for the three models. Eventually,
conclusions areummedup in Section 6.

2. THE PROPOSED LAND VALUATION FRAMEWORK

The proposed by Demetriou (2016a) new land valuation framework is shown in Figure 1. The wdceles js
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 facterdata 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 peels) 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 uation 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 specificatiomrat&in 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 essencsfigntiesh 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 vey important in order to develop an effective and accurate model. Calibration is the process of testing model
structure to estimatfactor coefficients using a different dataset employedhim evaluationCalibration is carried out

by utilizing the statiical technique already selected in the AVM step. In practice, specification and calilznagimn

common iterative process until statistical model performance indices are acceptable.

After specification and calibration, the model output is provided aadeinevaluation 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 meeepthbla 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 (Sipar2@t23lthat
compare in various ways the actual values against the predicted wéliresmodel. Ratio studies are recognized as
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powerful tools for evaluating the performance of AVMs based on international standards provided by the International
Association of Assessing Officers (IAAO, 2013b). If model evaluation produces acceptable results, then the land
valuation map based on land value classification and the associated catalogue (providing information per holding and
per landowner) can be prepared. Tlafter, 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 diffacetl type and/or model specification should be tried.

N .-

Sales Land valuation
transactions factors

LVC sample

\ GIS environmenJ

|

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 lastretepase 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 coidstion 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. Mb#he 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 |l owest val u2000pesdeddre {10068°mAllthat G20
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 categries: 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), theean slope (in percentage), mean elevation from sea level (in meters), aspect (measured
clockwise in degrees), existence of a stream (yes or n
represents SkeleticalcaricREGOSOLS/calcaritithiccL EP TOSOL S and i BOAMBISGLS/slcadéa | car i
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 metersjtaheedfrom the main road (in

meters) and the existence of sea view (yes or no). Economic conditions involve one factor, thatise/f@oductivity
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for the agricultural economic potential of a parcel, reflected by the expected net revenue per deeai@icrops.
Legal factors involve also only one factor, namely, the existence of irrigation rights (yes or no) for a parcel.

Kyrenia

KYRENIA (KERYNEIA) Ky

Skilloura
Kito Py1gos 3 ~Nicosia
Strovalos Tymbou

NICOSIA (LEFKOSIA) 3
Athienoy Paralimni

Pelendria 5
PAPHOS S ARNAKA-S=
i ok Mountolrs 19 .

LIMASSOL (LEMESOS| Ahgirpkoitia

Limassol,

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 ofproperties (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 éaxby 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 sthee 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 authoritiesainceewtries, 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 aediabtay

accurate and cosfffective 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 a 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 threetheels, namely, linear and ndinear 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 statistlmaitioali
methodology has been utilized for estimating property values (Smith, 1971) which is very popular until nhowadays
(Milla et al., 2005; Eckert, 2006; Schulz et al., 2013). It is Wethwn that MRA involves the estimations of
relationship among a depeent variable (Y) and one or more independent variables (X) and the unknown parameters,
denoted as b, which may represent a scalar or a vecto
dependent variable is land value (in Euros perad®cand 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 residentied. AWhen fitting a regression line, four main
assumptions required for testing hypothesis (Norusis, 200&mality of the distribution of each value of the
independent variables against the values of the dependent vac@iggnt variancéor homoscedsticity) between the
dependent variable and all values of the independent variabteependencef observations andjnearity of the
relationship between the depended variable and all independent variables. Examining the satisfaction of these
assumptias 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 enhate 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 deHiggs 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 coatdoe 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), &patdonic 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 varggbby 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. Anothsadliantage is that variable selection methods are not
possible with nodinear functions, and hence many trials are needed to find the best fit. Therefore, in our case, various
nortlinear function forms were attempted and it was revealed that best favielgd by a simple exponential form of

the linear model®d Q " . A simple form of an exponential function is almost exclusively used as a shortcut for the
natural exponential functiort evhere e is Euler's number such that the function is its devivative. 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 tho$e used in t
linear model.

Further to the regression based methods, the employment of Al methods for valuations began after 1990. In particular,
ANNs (Fausett, 1994) have been the most widely used Al technique for valuation during this perikdt{engnn,

1993; Garcia et al., 2008; Kontrimas and Verikas, 2011) as an alternative to the MRA model. ANNSs 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 Ipain cells or sense organs and the way that outputs can be transferred through other neurons (Kathmann,
1993). Technically speaking, ANNs are moonventional computer programs that are typically organized in three
layers, i.e. input, hidden and outputéay 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 rectanglefjchvcommunicates 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 wileh modifies the weights of the connections

(noted within parentheses) according to the input patterns that iteratively change. In essence, ANNSs learn by example as
they fed new information and process it based on previous training examples.

Input

Hidden

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, weightednean) representing accuracy (ii) variabiitgiformity (coefficient of dispersicl€OD), reflecting
consistency (iii) reliability (confidence interval) and (iv) vertical inequities (prétated differentiaPRD, price related
biasPRB), also reflectindboth accuracy and consistency. All the acceptable numerical limits of the above metrics,
which are noted below, are defined by the international standards (IAAO, 2013b) depending on the type of property.
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Especially, appraisal level measures how close aedigied 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 meaauegoint 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 #nealler the measure the better, but
extremely low measures may due to a poor calibration as a result of sales chasing oe@Easamtative sample.
According the standards, the COD acceptable range of vacant land (selected because it is the clasgstocateg
agricultural land that is not included in the list) is betweer25.0.

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 samplappiraised properties. Especially, the upper and lower limits of a
certain measure of central tendency arel0®for a confidence interval 95% for any kind of property. The measure of

di spersion i.e. COD is a Ahor findividualaptogertiemeln comtrast, vedicpla r d | e
inequities provide evidence about the accuracy of appraised individual properties. An index for measuring vertical
inequality is called priceelated differential (PRD), which is calculated by dividing the meatio by the weighted

mean ratio and it should be between 0.98 and 1.03 Measures significantly above 1.0 show regressivityalee low
properties are appraised at a greater percentage market value thaalbhéproperties and; metrics significarityver

than 1.0 suggest a progressivity, that is,-ladue 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-0f10 to +0.10, indicate unacceptable vertical inequities. In addition to the
above metrics included in thiatio 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 predieladsvand 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 poputeti@nbeen assigned a predicted value that
differs compared to the market value, less than a certain percentage {20§6)JL0

5. RESULTS

The detailed analysis and discussion of the outputs of the linedimiean 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 signéitly 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 s@lpeiel 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 quitéoctbese defined by the LVC. The best
appraisal level resulted from the ANN model with a value very close to 1.0 while the linear atideaormodels

present very similar values, slightly higher, than those of the ANN. A stronger relevant indicatiereiimation 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 scoreshihat fall wit
the range 0.4.10 for all three models, the relevant standard has been met suggesting reliability evidence.

In addition, the coefficient of dispersi®®OD is best for the ANN followed closely by the rAlamear model and

slightly increased in the lise model. It is remarkable that all metrics are very far from the highest acceptable value i.e.
25. Furthermore, the priaelated differentiaPRD is the same for all three models which is close to the besti.e. 1.0 and
within the acceptable range 0-2®3, although is closer to the maximum limit. This potentially shows a slight
regressive tend i.e. lowalue properties are appraised at a greater percentages market value theatukigioperties.
Similarly, the estimated price related bRRB is around0.08 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 halvedent. ddsto) RMSE and MAPE are

both the best for the ANN model followed by the dimear and then the linear model with a difference between best

and worst from 8L0%. The maximum FE for 10% i.e. the difference between the predicted and true valuehanless t

10% for 59% of land parcels as resulted by bothlimar 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 acceptablénaccuracy 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 aboutlays compared to the 25 working days took the whole land valuation in terms

of site visits, suggesting a time and cost savings around 80%, assuming that the data processing time is roughly similar
in both cases.
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Table 1. Testing and quality assurancetfog three models

Appraisal level
Mean Median | W. mean RSME MAPE
Linear 1.059 1.023 1.02 2524.00 12.94
Nontlinear 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
Nontlinear 11.57 1.03 -0.08
ANN 11.38 1.03 -0.07
Reliability
95% c.i. 95% c.i.
(mean) (median) FE<=10%| 10%>FE<=20% FE>20%
Linear 1.031.09 0.991.05 57.00 30.92 12.08
Nontlinear 1.031.09 0.991.06 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 ctoupesesland
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 roadgess 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, wtthi 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 showethat 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 solidation 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 methodswatkilS is currently common best practice for land
valuation. In terms of performance, the ANN method ranked best closely followed by tieeanmodel and then

slightly worse the linear model.

The contribution of this research is both scientific aratfical. 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. Reggtidé 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 valuesahewision 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
systenic, analytical and transparent operation.
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Abstract

This work presents the staddart in the development of the GIS database which aims at-egpiogical
characterization of the Razlog Region (Southern Bulgaria) through the assessment of potentidtuericu
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 homogeneouschgratic and agrepedologic 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 waytésqulery and analysis,ral to facilitate

data distribution and use.

The carried out activities have involved considerable efforts in climatic datiecidn, analysis and development, soil
sampling and creation of digital soil database, collection of the relevant crop panmsmeigitizing 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 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 desighsoil information system.

The purpose of this paper is to undertake a comprehensive assessment-e¢adggaal resources in the Razlog
municipality in terms of the opportunities for maintaining and improving soil fertility and productivity of agreul

lands.

To achieve the intended objective GIS of Soil Resources (GISoSR) are developed for the studied object. The following
methods are used:

A A critical analysis of the existing literature data;
A Remote Sensing;
A The internet sources.

Keywords:agro-climatic and agrepedologic zones, agricultural lands productivity, agroecosystems-explogical
resources, biotic and abiotic interactions, GIS of Soildveses (GISoSR), soil fertility

1. INTRODUCTION

Drought is a major problem faced by many oas 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 subhumid areas resulting from various factors, inahgdclimatic 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 lorg period of dry weather, causing a shortage of water due to a reduction of water levels in the river
below normal and decreased moisture in the soil or groundwater level.
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Soil drought- is a long period in which the water balance of the soil and plantysienss are deteriorating
physiological condition of plants and yields fell sharply. Root layer dries up and the plants suffer from water shortages.

Sociceconomic- as a result of the complex interaction of soil, air and soil atmospheric and hydrolagiaghts
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 evds 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 nents 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 autplowing.

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 mainlypy melting of ice and snow, in rain or during distrains of ice formation or freezing;

Technologic floods caused by other influencesn 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
methodsare used:

1 A critical analysis of the existing literature data;
1 Remote Sensing;
1 The Internet sources.
2.OBJECT AND METHODS
2.1. Physicalgeographic characeristics of Razlog municipality
Razlog municipality is located in southwestern Bulgaria in the Razitlgy 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 carbé defined as a relatively
closed community fig. 1.

KAPTA
Ha obujuna Pasnor
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Figure 1. Map of Razlog municipality
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Razlog Valley is one of the highest valleys in southern Bulgaria. In the midst of the valley part is almost flat terrain with
a slight slope to the east to thed®pean 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 hecgtés% of the total area and the
forest 257,592 ha or 58.5 %.

Plant diversity inthe 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 pastsrequat. 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 waxessing. The most widespread in the valley have

a group of alluvial and deluvial meadow. They occupy the lowest part of the HelNelvand low terraces of White

River, Glazne river and others. Deluvial and alluvial meadow soils are light mecheaongadbsition. 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-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 plantsord
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 magpnedifferentiationin agro-climatic regions, differing among themselves in terms of
dewelopment and formation of the yields of agricultural crops. As a major determining factor for the formation of agro
climatic regions we perceive temperature reginié® growth and development of plants depend egdtemperature
regimes.

ArpoKNUMaTIMHO

Ranonce no mevneparyon® | Tosseparypen cyss (<) 38 Depucia TRANA Ky ATYEN 5O FRMDIRITYEHM paiornpare 8 Benrapins
yenoeus TONRTITYEE K8 BhIYEN WA 10 i ochimas
ropes w3 4100

TonnonoGuDn
yMEDEND rOpeW 4300 - 3200 {rom)

rome 300 - 5300

an
— 100~
VW ee0 NRCAL I REEAX (pannn)

nparasgen noa 1600 RO QAL € ANMATI S yCAQ G

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 evopsened soil structure and conditions for
plant respiration, some of the plants died, the proditgtf the crop falls, gets to water erosion, etc. Regionalization of
cultures is to identify the most appropriate and correct ratio between:

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

potential environment to provide the best conditions for growth and development qof crops
potential yield

capacity of farm production and use of agricultural products.

2.3. Agro-ecological regions

The agreecological regions of the Bulgarian soilfGurov, Artinova (2001)], are presentedfigure 4 and the agro
ecological regions in which the municipality fadli figure5.

15 km

Figure 5. Agroecological regions in the municipality territory.
Legend:
1. (V3)71 Razlog region
2. ( V wRi)a-Pirin region
3. ( V wRbhodope region
4. (VII2) i High MountainRila-Pirin region
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(V3) i 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 impactclimate
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 UC and the temperature sum of the g
deficit in the balance of atmosphetiumidity for growing season is about 280 mm.

The median (agronomic) bonitet ball for the region is 4Poup "medium lands" table 1. The most suitable conditions

for potatoes, grasslands productivity class666ball, i.e. group "good land" wheat57 tall and 40 ball tobacco.

Esti mates of ot her cultures they belong to the group
previous area, but the area of shallow, stony soils eroded and is larger anditisemaonce significantly less.

Table 1.Bonitet (suitability) of soils iffvV3) Razlog AER.

Crops Bonitet (Suitability)(0-100)
Wheat S7
Maize 21

Soybeans 1
Sunflower 21
Beet 30
Oriental tobacco 40
Potatoes 66
Alfalfa 22
Grasslands 65
Apple 30
Vineyards 14

( V w6 ) PirR agroacological 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 theb r own mount ain forest soi |l s, which are simila
horizon, is more powerful (260 cm) and darker colored. The annual rainfall is about 840 mm, such as about 440 mm

falling during the growing season. Theaxye®d annual temperature is around 5AC
season around 2000AC. Agricultural l and in this area

bonitet group "middle lands", but it refers to the lower areas witlltdnde of 706800 to 9061000 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, pastunemadows. 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 (creditgatinérom 52 to

41 ball, i.e. the group mi ddl e | ands" for maize, sunf
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for soybeans "unfit lands"- Table 2. Like other areas assessments land for different crops vary consideradttyiswhi
associated with altitude, the nature of the soil that is affected in varying degrees of erosion.

Table 2 Bonitet (suitability) of soils iiVI6) Rila-Pirin AER.

Bonitet (Suitability)(0-100)
Crops
<=1000 meters a.s.| >1000 meters a.s.|
60 0
Wheat
39 0
Maize
5 0
Soybeans
35 0
Sunflower
47 0
Beet
46 0
Oriental tobacco
71 71
Potatoes
30 0
Alfalfa
52 52
Grasslands
41 0
Apple
48 0
Vineyards
60 0
Wheat
(Vw7) Rhodope agroecol ogical region [ 2] includes areas

rhyolites, granites, crystalline schists and their weathering products. The soils are almost exclusively brown mountain
forest. In theirfeatues t hey are too simil ar tSamokadv segignebatra@ slighye nt r a
clayey (2030 % physical clay). In terms of climate, the region is not uniform. In the lower parts of the valleys of the
rivers, the average annual temperatisg around 89 A C, and higher in around 5AC. T
period is from 2800 to 3000AC with a low around 2000A«
allows the cultivation of tobacco, flax, potatoes and more dhdri 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 mgs$ credit rating refers to the lower

areas. They may be graded as follows: most are suitable for potatoes (7@roalb "good lands." Second are the

grasslands and wheat (credit rating in the range 657 bal | |, i . e. fimedi wifor growingd s 0) .
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 soybe&an8 u n f i t l andso. Tot al produeti ve

ecologtal 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 mountainobsown 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) canlsgifow 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 résplcbonitet ball is higher table 3.

Table 3 Bonitet (suitability) of soils i§VI7) Rhodope AER.

Bonitet (Suitability)(0-100)
Crops
<=1000 meters a.s.| >1000 meters a.s.
55 0
Wheat
32 0
Maize
22 0
Soybeans
32 0
Sunflower
39 0
Beet
29 0
Oriental tobacco
79 79
Potatoes
18 0
Alfalfa
57 57
Grasslands
40 0
Apple
40 0
Vineyards
55 0
Wheat

(VII2) T High Mountain RilaPirin agroecological region The region include the highest ridge treeless parts of Rila,

Pirin and Vitoshavlountains above 1700800 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 similarttaose described in the above area, but have a low pow&0(8f), in skeletal and

more acidic (pH 4.46.4 in H20). Area, as well as the previous one, has unsuitable conditions for agricultural
production. The average annual temperature-ds 3U C, mptehreattuer e sum of the growing
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, 188&)cfve capacity of the area

for pasture and meadows are with bad credit ratRgybonitet ball. Average agronomic ball reaches the symbolic value

of 2 ball- table 4.
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Table 4.Bonitet (suitability) of soils ifV112) i High Mountains RilaPirin 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 legumesi$oiGrown 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 intertimiaedhes. 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 beanswasretion 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, {ibepus, and at the end of the vegetatgmiid. In conmon bean
cotyledons during germination go over the soil surface, turn green and begin to assimilate. After they developed a
couple of simple heathaped leaves. True leaves are lobed and are spirally arranged on the stem. Each leaf has six
small stipuletwo 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 candimple, 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 helicatigaitbetween the two halves of which are seeds. Shayéd p

are straight or curved, flat or cylindrical. Beans are whiving plant, easily damaged by low temperatures and grows

we | | when the average maxi mum temperature does not e X
especially in the earlgievelopment 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 andcfification scattered light is reflected even on the positive quantity and
quality of the yield. With respect to moisture is moistlnéng plant. The seeds require a relatively large amount of

water for germination. Uneven maintain soil moisture duthngy 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 teihmast 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. Theydiatieedy light
mechanical composition and their clay fraction is326%. Suitable soils are typical and leached chernozems, dark,
light gray and eroded soils, leached cinnamonic and alluvial soils. These groups are mediunlagandyntent of

clay fraction is of 3840 %. Unsuitable are Haplisols rendzinas, dark leached cinnamonicv and other heawglaandy

soils containing clay fraction over 40 %. The development stages of bean- dbpseolus wigaris is presented in

figure 6

Figure 6. Develgppmentstages of bearPhaseolus vulgar)s

2.5.Methods

The study used the tools of ArcGiSArcMap andRemote Sensinfpr developGIS of Soil Resources (GISoSRY the
object of the study aneixisting literature datandInternet sourcefor SWOT - analysison the economic development
in sectoragriculture [5, 6].

3. RESULTS AND DISCUTION

3.1.Climate characteristicsand soil types in the region.

Razlog region occupies Bansko and Razlog valley. In terms of relighnis 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 | imited. Withmaxmumenrlaly €8 H @ mmimuntire mp e r a
Januay: -19UCThe temperature sum of the growi ngd4mewtiwd is 3
maxmuns in May: 67 mmandin December: 800 mm andinimum in August:31 mm The deficit in the balance of
atmospheric humidity for growing seasoratsout 280 mmThe results for temperature and precipitation are presented

in figure 7.
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Figure 7. A climategraph of average monthly and yearly temperatures, monthly and annual rate of precigdation
Bansko meteorology station.

The main soil types areormal 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.

KAPTA
P NICMIKTE M TERMTOPWATA 13 rpag Paanor

Figure 8. Soil magor townRazlog
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Figure 9 Soilmap of Rzlog municipality

3.2.Crop production and SWOT i analysisof agricultural sector.

3.2.1. Crop production

Agricultural areas in the municipality occupy 165,305 B3.5 % of the total area and the forest 257,592 ha or 58.5 %.

Land is managed entirely lprivate 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 growing deciduous variety virginia. Due to lack of markets in recent

years such cultivation is suspend€@dher industrial crops in village Banya started working workshop for distillation

of essential oils (1999), but due to low prices of raw maltgrinterest 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 (yieldarea of agricultural crops foRazlog Municipality in hectares

Crops 1996 1997 1998 1999 2000
Wheat 3630 2800 2620 1480 2500
Barley 30.0 - - - -
Maize ¢ea
may$ 2815 7000 9000 8000 7000
Beans 76.2 1011 2015 1806 1510
Tobacco 819 3104 2511 1506 90.0
Tomato 57.7 80.3 80.3 955 705
Green pepperg 422 60.2 70.0 80.0 705
Onion 152 20.2 20.6 251 150
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Potato 3033 10177 12098 9312 7000

Apple - - - - .

Peach - - - - -
Vineyards 116 116 116 116 116

Analysis of the datahows 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 degiafefragmentation 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 ktivety unchanged. As of December 2005 the property in
agriculture and forests are 85 registered agricultural producers, with no agricultural cooperatives.

3.2.2 Strengths,Weaknesse®Qpportunities andThreats(SWOT)Analysis

STRENGTHS WEAKNESSES
U Absence of industrial pollution, ecologically pure U Fragmentation o&gricultural land and
area, insufficient opportunities for their
U Developed wood processing industry; consolidation;
U Water resources and power generation; U Availability of large areas affected to varyin
U Availability of significant woodland and forest degrees by erosion;
resources; U Remoteness of the municipality of economi
U Traditional experience in agriculture. and administrative centers.
OPPORTUNITIES THREATS
U Ability to developalternative forms of agriculture, U Total economic decline;
rural and ecological tourism; U Quality deterioration of the technica
U Traditional tourism; infrastructure;
U Opportunities to attract inward investments and th U Road and village infrastructures deformatio
activation of economic links with the business in
Greece.
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 producehiiybest 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 ofgricultural 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 satisfactorglev

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 marketriented, 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, degradd#gchnical 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 UNDte dvthistry 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
blueberies. 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 thelipbto produce ecologically clean agricultural products,
subject to the technological requirements;

The development of shetérm programs for rural and e¢ourism based on the resources of the Rila National Park and
Resort ATreshteni ko.

Active marketingnvestment 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 ohemployment 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 datarglkel view of 2D and 3D datajata 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 Mapipg concepts and capabilities for fast and comprehensive onlirthesity mapping and advanced
rule-based visualization.

Keywords:Analysis tools, 3DDynamic Raster Mosaickin@mart Mapping

INTRODUCTION

A geographic information system (GIS) lets uisualize, 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. Thiappeyach to management and
investigatio® geographicallg is transforming the way organizations and scientists operate. They already have a
powerful tool for making better and more reasoned decisions. Nowadays, GIS technology lets us integrate various type

of informati on, such as statistical, attributiveh as we
of information which can be processed precisely and effectively with GIS. Images capture a permanent record of
differentfeatue s | ocated on the Earthdéds surface but beside tha

record relationships and processes as they occur in the real world. Images are simultaneously snapshots of geography
and of reality. They are snapshofdife on the Earth. For that reason, the data in a GIS needs to reflect reality and to be
incorporated and accurately transformed into instantaneously readytoassy information. This circumstance is the

trigger mechanism for incessantly improvemandl 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 forlglavidw 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 ®jphatial

analysis is one of the more interestingdammarkable 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 operatorkere are different types gleospatial analysis. In recent study we are going to
present the following types:

1.1.Spatial analysis

In the most recent version of ArcGISArcGIS 10.4, the spatial analytics are included with ArcGIS for Server. The
same set of analysis tools previouslyyoalailable 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, finglilag®, routing, or accessing a geodatabase
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Distance toolset

With the new Cost Connectivity tool you can generate a network of optimtite pannecting multiple areabhis has
applications in many areas of planning and operations, such as wildlii@geraent and resource harvestifige cost
distance tools angath distance tooleave been enhanced with four new parameters toagistomeramore control
over the impact of distance érthe nature of the travelers.itW these enhancemeritsis alreadypossible:different
modesof travel from various sources to be modeldifferent numbers ofasources at different locations to be taken
into consideration; tancorporate response times to marshal resources before they can be defoyeake
considerations for the accumulation of effort

Extraction toolset

Extraction toolsehas 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 thave 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 pedssificaton accuracy comparingground truth points to the classified imagessessing a given
classification by using thieappa indexapplyingmore resistant to overfittingassification technique

1.2.Raster and image analysis

Rasteranalysisare especially suitetb study continuous datand processes here are many ways toake analysis
operationswith raster dataWhen performing these operatiotise main concerris aboutthe data represented by the
values of the celland how tomanipulate these valu@s order to obtain accurate output information. The following
capabilities are the newest in that field:

Stereo Analyst for ArcGIS

Stereo Anal yst for ArcGlI S creates an accurate 3D digi
imageryin all of the raster and feature dataset formats supported by ArcMap. In addition to this, existing CAD formats
such as DGN, DWG, and DX€an also be usedPersonal and multiuser geodatabases craatdadcCatalog can be
maintained to include ufp-date fature data not only in 3D, but al$e 2D representationin addition, éevation
informationcan bedirectly collectedfrom oriented imagery without requiring a digital elevation model (DEM).

3D

Another capability for an adranz3Dmig TBDs rasbkeseti mpgesi des
combiration of differentlayers in ArcGIS Pro, ArcGIS Online Web Scene Viewer, and ArcGIS Eartie overall

quality of the Terrain 3D laydras beernmproved by adjusting the amount of data compressi@ompression of any

data is a tradeoff between many variablasinly quality and file size. To minimize thiompressioreffect, ESRI
developedLERC tile format (Limited Error Raster Compressiowhich preserve data integrity by controlling the
maximum anount of vertical change when compressing the datahis case, thenaximum error valuef the output

data isonly 0.1 metersso thedifference between uncompressed and compressed elevation igatoesiore than 0.1

meters andherelative error betwen neighboring cells due to compress®no more than 0.2 meters.

Lidar

Lidar (light detection and ranging) is an optical rersg@sing technique that uses laser light tosdbnsample the
surface of the &rth, producing hilgly accurate x,y,z measurents Lidar produces mass point cloud datasstsred in
LAS files, that can be managed, visualized, analyzed, and shared using AE&&ISlidar point can have additional
attributes such as intensity, class codes, and RGB color values, which leaeraged inside ArcGIS.AS attributes
can be used to filter out content and symbolize points in 2D andin3&xdition,statistical information for LAS files
can be producedrcGIS provides the tools to conduct analysis on the lidar data as eithdecionlof points or as a
surface With LAS datasets you can do the following:

1 Analyze lidar points against firseturn, bare earth, or any desired filter type.

1 Manipulate lidar point classification code values to fix classification errors.
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Analyze lidardata using classification codes.
Run floodplain models against bazarth lidar points.
Conduct statistical analysis on lidar points.
Export statistical information for further analysis.
Create raster DEMs and DSMs.
Create intensity images.
Estimate forestanopy density and height.
Run initial QA/QC processes on newly acquired postprocessed lidar data.

Measure heights between points.

=A =4 =4 A4 A -4 -4 -4 -4 -

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

3DFences Toolbogrovidesan option to perforngeostatistics on 3D dat@hese toolset usesstcein order to obtaira

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 tice 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. Thuévalent 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 analyrectly 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
90A to a horizontal 2D pl ane. T mp@ricalg Bayesian &Ktiging (EBK) dsl i nt
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 nedgsa 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 tlaek placed b
into the original coordinate space as a regular matrix of points resembling a fence. The fence is positioned in the center
of the seleted points of the initial sliceThe raster is converted to a point dataset because ArcGIS does not currently
supportdisplay 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 digitzed line. All points that are located within the buffer will be used for the geostatistical analysis. The user
may digitize multiple lines and even sgitersecting lines with many vertices. The third tool, called Feature based
Fences, creates fences lthsa 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 minimnumber of sample points and fence size required to generate a reasonable
geostatistical surface.

The tools are also time aware. If the sample data contains -irdatéeld and the option is enabled, a fence will be
generated for each time intervaltlie 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 displayditngsanimations.
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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 Ear

SpaceTime 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, alfevexploitation ofthose aspects dlfie dataused.

One common approach to understanding spatial and temporal trends is to break data up into a series of time snapshots.
In this way, sparatedatasets fodifferent weels can becreatel. After that, each weekcan beseparately analyze
Representing thredimensional data (x and y location, plus time) is difficult to do with adweensional mapThis

problem is well illustrateih the example below

View of the same clusters in 3D

Figure 2Identical clusters viewed in two and three dimensions

SpaceTime Cluster Analysiprovidesat leat two ways to visualize theutput from spacéime analyses. The first
option is presentation of spad@me relationships in a single maghich is appropriate foa smaller study area
distinguished with a limited number of featur@sd visualization theesult from analyzing larger territories by using
animationin 2D. The second option te use 3D visualizatiarWith this method, time becomes the third dimension,
with point features extruded to reflect temporal progression. In the 3D graphic aboearfgle, 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 datiautists and patterns in the
context of both space and time. It includes a toolset for visualizing the data stored in thénspae#CDF cube in

both 2D and 3DCreate Space Time Cube takes point datasets and builds a multidimensional cube data fetructu
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 thémspanee in two
and thee 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 RasteMosaickingis a powerful and exciting new geodatabase data model for managing raster data that
reduces processing time; maintains information from overlapping imagery; and easigshargk, disparate datasets.

The mosaic dataset allowsaking catalog ollections of raster and image data as well as ohegfiand refiningthe
metadata. These collections can range in aim can beccessed as dynamically mosaicked imaGepprocessing
models and Python may be used to m#te and manage mosaic datasBis specifying a raster type, data can be
directly incorporated from sensors or files that include detailed properties such as spatial reference metasititay acq
dates, and sensor types well as defined optional details for additional processing asicithorectification.

Mosaic datasets represent a data model in the geodatabase. In this model, participating rasters may be accessed either a
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 alsave associated mosaic methods that defineefautt ordering of the imagery.

In addition, creating referenced mosaic datasets allows the genertiifferent sets of product{gach with specific
mosaicking methds and mosaic dataset functioigm 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 elevationatattieally 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.

Source images Mosaic dataset Elevation Referenced mosaic

Figure 3Referenced mosaic datasets can generate different sets of fsaehch with specific mosaicking methods
and mosaic datasétinctions, from the same source

Mosaic datasets resolve many of the traditional raster management issues by cataloging large collections of imagery and
performing onthe-fly processing and dynamimosaicking. The benefits of using mosaic datasets include

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

1 Maintaining information on overlapping imagery that is traditionally lost when creating a statiickeadsa
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 pr down
Reducing resampling of source rasters therebgining image quality and integrjty

Reducing storage by removing redundancy traditionally created with multiple image products

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

=A =4 -4 4 4 A

Retaining valuable information by maintaining metada

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. TheBy Attributed 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., 'Higth8un 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-thefly is a function which allows 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 ar
transactional and executed oengnd 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 nevedatteconverted. 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 prageasid mosaicking imagery into new

products that must be stored and maintained and results in significant storage requirements and information loss.
(Childs,2010)

Figure 4Mosaicking functions applied on the fly to each raster in the mosaic datasethar tontents of the mosaic
dataset deliver dynamically processed raster data and allow multiple products to beddirean a single raster source

1.3.Visibility analysis

The enhancements in visibility analysis is related with Viewshed analysis tooSuarshadow Volumeéools. The
Viewshed analysis tools are useful when you want to know how visible objects migltdreassun Shadow Volume

is a tool thatreates closed volumésr modelng shadows cast by each feature using sunlight for a given daterend t
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 off the relative position of the sun is at a vertical angle of 90 degrees from the input features.

>

Input surface with Cutput viewshed
observer point

Figure 5Viewshed example

71



Proceedingss™ International Conference on Cartography and, G817 June 2016, Albena, Bulgaria
ISSN: 13140604, Eds: Bandrova T., Konecny M.

1.4.Geoprocessing tools

Geoprocessing provides a large suite of tools for performing GIS. téisks based on a framework of data
transformation One of the latest enhancement in geoprocessing tools is related to Data migratiomigration 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 thahay 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 configuratid&eyword to include the correct parameter and value

2.WEB

The rapidly growing functionalities of wetased GIS platform make it a preferable instrument in various scientific
researches and customer services. Thelesied GIS is widely used for modejiand assessment of risk processes; in
the archeology; transport; et&ulkarni et al., 2014; Aye et al., 2016; McCool, 2014 ). Kong et al. (ROHve
identified the major GIS functionalities that web GIS offersr finformation seeking purposes:clearstarting point,
predictable map interaction, flexible customization capabilites, and familiar web experiefsesssment
functionalities are also amongst the priorities of Arc GIG developers. The most recent enhancemetitasiededlS
platform are releed to ArcGIS Portal and ArcGIS Online:

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

1 Simplified High Availability onrpremises and in the clowghich help the sustain performance, mitigation the
single points of failure, minimization of downtimes, and provides the ability site failures to be detect

91 Disaster Recoverys supported by aew toolthat backs up a web GIS deploymerfweb 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 hostedeature 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 use the file to replicate the implementation to a standby deployment
that can be brought online if the primary deployment fails.

1 Configurable apps for Scenes (3bWeb scenes support the display of 3D content. They can be authored and
viewed using th scene viewelConfigurable apps enabteeation ofuser or workflowfocused 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:

9 3D Data Visualization Visualize numeric data based on a global scene.

Figure 6Presenting geographic data in 3D

Compare ScenesExplore different scenarios or locations with a digeside comparison of two local or global scenes.

Map Viewer enables ct@mers 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@ackground for other operational layers.
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Figure 7Multi-Directional Terrain with USA Geology and the World Reference Overlay.

2.1. Smart Mapping

Smart mapping Smart mapping provides datiiven tools that enable customer to explore their datantock
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:
1 Workflows analyze your data and suggthe best way to represent it;
1 Smart defaults take the guesswork out of sgttip many of the map properties;
1 Based on the selected basemap, coordinate colors and other map styling can be automatically suggested,;
9 Visible ranges can also be suggested so you'll see your data at scales that makes sense;
1 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
simgdy 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 fddterelassification type can be
presentedritwowaysi iproend nant categoryo and fApredominant categor

Predominant Category & Size

) ==
o

Figure8T he t wo ways of viudlizmttosi fi cati on typeods

2.2.Web AppBuilder

AppBuilder enables you to easily create HTML/JavaScript apps that run on any device, using a galleryudeready
widgets.The look ofthe apps carbe customize with configurable themes, anldey canbe hosed online oron server.
Enhancements for Web AppBuilder fine neweselease include the following:

1 Support for 3D ScenesCustom apps that use 3D scenes can be creatdtbyAppBuilder;

1 Improved building experience, allowing modificationtbé map from Web AppBuilder;
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New Plateau theme supporting a modern and minirsstlyed app with flatoolbars and widget containers;

The Edit widget includes a display field in the setting page so attributdseedmoose for disgly only when
performing editing;

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

New Near Me widget to find features near a specified location, view naiedletl information about those
features, and getlréctions 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 dimestio a dected 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:

il

Hosted scene layers can be published from scene packages, supporting fast map visudlZataata using
cached tes;

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

When publishing CSV files as hosted feature layaustomercan now specify the time me oftheir date and
time data and manage the offset introduced when convehéigdate and time data taiversal 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 esésynstall addin, interactive maps frorixcel 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:

f
f
f

Smart mapping has been added, enabling you to explore the dateatedeffective, aesthetic maps;
Find patterns in your locations ovime with timebased animations;

Improved experience in PowerPograbesfinding maps more easily arttie interacton with the map during
presentations;

Focus on the rows that areportant by using magbased 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 mapmsuninBl applications for more
complete and actionable reports, and locadoabled insights, using your business data. The newest capabilities are:

1 Edit IBM Cognos layer properties after data has zekted;
1 Style data usig manual breaks classification;
1 View a newfloating, resizablemap legend,;
1 Change tk order of groups in the legend;
1 Customize the availability of npatools and elements in the map;
1 Change the map look and feel using predefined doouthemes;
1 Modify the default symbols and color ramps available for styling lage=id your own custom symbol sets;
1 Improved heat map algorithm with suppfot weighted measure heat maps;
1 Improved user experience for working with feature attributéety
91  Supportfor transparency in PDF reports;
1 Support for ArcGIS Web Map Service (W5) 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 codagtéement
when authoring maps and apps. The enhancements of the applications are:

il

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 aiseé in custom basemap gails;

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

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

The Wolid Imagery map has been updated at steathedium scales with the latest available-n&ter
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 atsnmbpdated 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 Regian The new imagery map supports 3D display in apps such as ArcGIS Earth as well 2D display
for apps thause the GCS coordinate system;

A new Historical Imagery map is available that provides access to médibigh resolution imagery for the
United Stats 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 theamebdifferent 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 thpmatipn 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 cap bpatddiedts is easily
understandable.
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ArcGIS Earth extends the ArcGIS platform by enabling any useivienorganization 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-premises with Portdbr ArcGIS, is that with these
lightweight clients, you can simultaneously consume many data ¢gpeisg from multiple sources.

ArcGIS Earth 1.0s focused on:
1 Navigating and exploring the globe and map pata
1 Viewing KML, KMZ, Shapefiles, and ArcGlServices

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

1 Simple sharing through email and screenshots
CONCLUSION

The advanced analysis tools and techniques for spatial, network, 3D, and image antigsiewmesArcGIS platform
provide a range of benefits for their user in various fields of interest. With applying the above meetbneguesthe
analysis and assessments performed distinguished wiblbjaativity and users can make informed amell-founded
dedsions.
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Abstract

In October 2014, the Czech government approved the cooept The Strategy for the Development of the
Infrastructure for Spatial Information in the Czech Republic to 2020 (GeolnfoStrategy), which serves as a basis for the
National Spatial Data Infrastructure (NSDI). From the fundamental spatial data pointewf, 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 verificattbej for o
information systems and decisiamaking 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 we 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 imprevéut 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 attribug: 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 comrdoto lloe 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 geométmslgori
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 prodian database.

Keywords NSDI, GeolnfoStrategy, RTIARE, data control

INTRODUCTION
On 14th November 2012, the Czech government decided t
Development of the Infrastructure for Spatial Information in thecze Republ i c to 2020060 ( Ge

conception of the GeolnfoStrategy was finally approved by the governmental resolution of 8th October 2014
(GeolnfoStrategy, 2014). The GeolnfoStrategy reflects the lessons learnt from the NSDIs implementatibas in
countries. An approach of the GeolnfoStrategy 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 kg European foundation for the GeolnfoStrategy.

The GeolnfoStrategy defines the principles and strategic aims for effective use of the spatial information in public
administration. The GeolnfoStrategy is a conceptual material that also has a close relation to other strategic documents
of public administation and eGovernment. The vision of the GeolnfoStrategy 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 everypest 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 toroffet he modern and high qualit:
JANELKA, 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 fourbaaic registers:

1 Register of inhabitants,
1 Reqgister of persons (companies),

1 Register of territorial identification, addresses and real estates,
' Register of rights and responsibilities of public authorities.

The Register of territorial identification, addises 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 ofRTIARE 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 Directigad 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
RTI ARE dat a. As statedC,in2IUIANELtKA &e HBIDOW of the f
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 dateowtr using geometries, just using
attribute data:

1 acontrol of address points without a definition point,
91 a control of unrelated address points on the building objects with entrances,
9 acontrol of streets without related address points,

1 a control of steets,

9 acontrol of building objects without relation to the parts of municipalities.

To make the controls more precise considering the geor
geometry based controls of address points and streets.

CONTROLS OF BUILDING S REGISTERED IN RTIARE
Methodology

Newly 4 controls are solved:

searching buildings which have identical (near) definition points,
searching buildings which have suspicious numbers (house, registration),
searching buildings which arimked 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 fme 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 ofieachetbbd

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 priotzedrage 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 downloadet in VFR
(specialized exchange format) using Public Remote A¢egsdication. 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 #eh@epublic. 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 dataimportang@r i mary data processing the process describec
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, thadrthén® 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 buildargstabat

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 de 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 dlgarito address this problem, some of them are described e.

g. in (CHCVEZ, 2005), (KAMOUSI, 2014), (BRIN, 1995), (

Three of the available algorithms were selected, implemented and tested. It was the brute force method (described in
(LV, 2007)), spatial index Rree (described for example in (ROUSSOPOULOS, 1995)) and shimeeplgorithm
(described in (SMID, 1995)).

The Rtree index was selected due to the possibility of easy implementation, this index is a part of Oracle system and it
can be asasned 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 algaithms 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-8frdetersBy 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).

! http://lwww.cuzk.cz/Uvod/Produktgsluzby/RUIAN/2PoskytovaniudajuRUIAN -ISUI-VDP/Vymennyformat
RUIAN/VyY mennyformatRUIAN-(VFR).aspx

Z http://vdp.cuzk.cz/
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The time consumption of individual 4eed algorithms for selected minimum distance parameter on the test data is
shown in table 1.

Table 1. Time consumption of tested algorithms on test data.

. Minimum distance 3m Minimum distance 5m
Algorithm
Time [s] Time [min] Time [s] Time [min]
Bruteforce 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 istréae iRdex algorithm. It was
implemented using standard Oracle functi®@30O_NNand SDO_NN_DISTANCHEsee (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 building&finition points pairs for the minimum distance of 2, 4 and 6 meters.

Data 2m 4m 6m
Pilsen 355 7 084 11 021
Regional cities 6 355 77 946 118 848

The problem is that only according to the definition points distance it could not be clearly debhitbér 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 defirion 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 amembers
buildings identifiers within the village. It means that house numbers and registration numbers are unique in the village
and they do not repeat.

Numbes in the village should creat®ntinuous series of numbers that can be interrupted only in caskelmtilding,
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 orsb@thasitie

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 g ocessing i s needed, it is in detail d
2015). Two procedures were created to solve this problem. One of the looks for specific suspicious house and
registration numbers and the sedoooks 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 ascémsgi 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 andis#gtion numbers for selected discontinuations in the Pilsen dataset is shown in table
3 and in the region cities dataset is shown in table 4.
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Table 3. Count of suspicious numbers in the test datasets.

. . . Suspicious house numbers Suspiciousregistration numbers
Discontinuation

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.

Suspicious discontinuations of house Suspicious discontinuations of registration

Discontinuation numbers series 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 humbered by registration Aurebers.
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 builditigat 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 usinggp&dentifier.
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 Ta¢aset4743
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 pat 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 liaeopdrcel, on which the building stays, or
buildings with the incorrect placed definition poiifaere is an example of searched situations in the figure 2.
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7

Figure 2. Remote building definition (red point) point and parcel definition point (black poaajrect 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 onege#rto 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 determire the maximum possible distance of the building and parcel definition point. This distance
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 diffengntvith the determination of the
maximum possible definition points distance and with the problem of the buildings that stay on more parcels. All
met hods are described in detail in ( MARVALOVC & JANELK

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: Tlere 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 objstdad 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 poiayriaside
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 1 154 187
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 alséispidous 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 envirespitnt d

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 Regiona
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. Duetlte 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 oégeirtcorrect 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 ofTéedist 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 2015more 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 numefticaodel 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 organizedpecific geodatabase. Then,
advanced GI'S analysis were used to |l ocate the place a
results point a place in Black se85 km north of Snake Island that was the most probable place wherelthelda n 6 s
calves died around 25 July 2015. Suspected reason of death, determined by different ways, was the usage of illegal
gill nets for turbot. Further, hi storical data of ship
offender/s. A®nly 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 prventing 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 disasterunfolded on the Bulgarian Black Sea coast in the summer of 2015. Hundreds of dead baby dolphins
(Phocoena phocoehéave been discovered on beaches along the 378 km long coastline. In July and especially in
August carcasses of baby dolphins were fourtie@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 percet®ége db
carcasses reached the mainland. As the number of registered casasrevdsan 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 Romanigkeypdh€&re 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 beforehandingpwva&uch incidents. However, the ngavernmental

organization fASave Kor al Beachod i mmediately invented
emergency network of supporters, colleagues, concessionaires, beach tenants, lifeguardssudieess,spear
fishermen, fishermen and tourists. Social networks, in

record signals and for communication, collecting information details and exchanging photos and information.
Information alout 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 thahuhaber of dead dolphins was far worse than was expected initially
(Figure 1).
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Figure 1. Two of more than 40 dead dolphin calves found at Koral Beach, 400 km away from the suggested place of
incident

The collected data consisted of detailed informaitiefuding 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.koralbeaah).cso 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).

Numbers of stranded dolphin carcasses, Black Sea seacoast, Bulgaria, 2015
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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 Bulgari8ea 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 stesa 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 devielgiedlate

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 theidrift 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 regidregmospheric 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 mixedevel depth of the Black Sea obtained frora hmerican ocean model HYCOM (Eric P. Chassignet

et al., 2007) was used as input as well. With all these input data the MOTHY maodel first simulates surface currents and
subsequently the movements of the floating objects taking into account currents,buimyksicy 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).

Ty

Figure 3. Points and trajectories after MOTHY model simulations

The raw data received from the model were reformatted
extension forArcGIS 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 trajecyopoints 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 pointshows 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 frofhocoea Phocoenapecies. 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 deatkdKdi., 1996). Drowning of dolphin calves most often happens

when they are caught in fishing nets as bycatch. Happening all over the world, lllegal, Unreported and Unregulated
(IUV) fishing is one of the most devastating activities in the seas. The BkeaksSnotorious for such activities,
especially illegal turbot fishing by gillnets (Bayram
richest places in the Black Sea, including turbot population. The unspecific time of the iltbgafighing 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 aed@atbause

of death globally especially fd?hocoena phocoendue 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 i

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 ffisng 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 policgawy iiformation. Many people contributed

to the investigation with their expertise, which has also helped in thespig@ad communication about this topic. The
authors hope that publicity of this severe wildlife disaster in the summer of 2015, cogdémideath of probably
thousands of dolphin calves, can prevent further extermination of the small populdibocotna phocoerend other

marine wildlife in the Black Sea. The population of turbot is also on its critical minimum in Black Sea, as maly
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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 lllegal,
Unreported and Unregulated (IUU) fishing, gas and oil investigation and production, military activities, pollution. The
extermnation of marine sea life continues.
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Abstract
Documentary engravings that have appeared in the spectacular historical publications are a valuabléosdhece
study of the Thirty Yearso War, opening up the possibi

of terrain relics of the war era. The paper examines the accuracy and completeness of capturing topographic features,
settlenents and military fortification and objects depicted on the engraving of a military encampment by a Moravian
village Horn? Mogt Dni ce near PSerov. Wi t hi-historitah@ i nt e
archaeological approach, the meiths 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)aggephic 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. Thefihe 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 datmeirder 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 ddounoéreat

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 v
Abriss des Schwedi schen L2 g(eig. $, wA publisBed %nhVolanve Viofithe Avarlg u s t
Theatrum Europaeurbetween pp. 20@nd 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 teameagfiasts at Charles University and the Czech Technical
University in Prague (more to the project in Matoudgek

The engraving is signed by Swedish Colonel C. Mardefeldt and represents one of the few worksliteatigrsigned.

The plan shows a high oblique view of the immediate vicinity of the fortified encampment containing the village of
Horn2 MogtDnice itself. The camp was created and aban
connectedd the town Olomouc

Description of the engraving

Letter A of the |l egend attached to the engraving state
which was the seat of the headquarters. After familiarization with historical sourcetheasgction of landscape

depicted in the engraving, we can specify thatitisapreseny vi | | age of Horn2 MogtDnic
the first time mentioned in 1131. M¢l | erds magpasoaf 171
settl ement named Mostienitz. 1st Military Survey, she
Stable Cadastre of 1830, the village is listed as Moschtienitz as well as in the Second Military Survey (m&Bsheet O

VI), whereOber Moschtienitz is stated.
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Figure 1. The engraving of the Swedish encamp me

The author portrayed in detail the village and its immediate surroundings constituting the majority of the Swedish camp.
Obviously, the engravingnostly of the set of similar representations in the Cefiitabpean area, resembles a detailed
topographical plan. It displays from a high oblique view an almost rectangular segment of landscape measuring
approximately 4 1 2.5 rkawr tvh eeansetd, frrooumg hsloyu tihrwetstte taor ea b
Mo gt Dni ce, PSestavl ky, BeR®dj ezmect Faygds 2t)owMDemqritt eoft h
a map, the engraving is not oriented according to the current catapreage. The frame dimensions are 320 to 231

mm.
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