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Preface of the Rector 

!
n behalf of Namõk Kemal University, I would like 
to express my deep gratitude to be one of the 
prominent partners of ILMM-BSE Project. I believe 

that the outcomes of this project will significantly 
contribute to the solution of environmental problems of 
Black Sea countries including Turkey and, particularly 
Ergene River Basin. 

All kinds of investment and industrial development promoting employment 
opportunities for the people should be supported. However, sustainability of the 
development in the aspect of environment should also be ser iously considered. 

Environmental pollution is a common problem of industri al and populated areas, 
though the severity of problem varies. Ergene River Basin with fertile plains has 
become the agenda of both Thrace Region and whole Turkey due to the pollution 
problems occurring for the last three decades. This situation has been noticed by 
the authorities and an action plan to save Ergere River and its Basin has put into 
implementation. It seems that the improvement proces s will take times and need 
costly investments. The cheapest and easiest way of dealing with this problem is 
to take precautions before the problem emerges. 

The best way to take action without polluting depends on the existence of the 
tools to predict how and to what extent investments and land use change will 
affect basin ecosystems. In this context, the outcomes of ILMM-BSE Project will 
be extremely useful for local authorities and decision makers as a decision 
support instrument. 

The benefits of the Project are not limited by the researc h results obtained and 
decision support system. It also provided capacity develo pment and cooperation 
opportunities to produce common solutions to our common problems in Black Sea 
Basin. 

 

Prof. Dr. Osman !"M! EK 
 
Rector of Namõk Kemal University 
Tekirdag-TURKEY  
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Preface of the Editor in Chief 

!

and is a scarce resource increasingly affected by the 
competition of mutually exclusive uses. Fertile land 
in rural areas becomes scarcer due to population 

growth, pollution, erosion and desertification, effects of 
climate change, urbanization etc. On the remaining land, 
local, national and international users with different socio-
economic statuses and power compete to achieve food 
security, economic growth, energy supply, nature 
conservation and other objectives. Land use planning can 
help to find a balance among these competing and sometimes contradictory uses. 
Within the scope of ÒIntegrated Land Use Management Modelling of Black Sea 
Estuaries (ILMM-BSE)Ó project, land use change was modelled in Ergene Basin and 
its delta in Turkey as well as Ropotamo and Veleka riversÕ basins and their deltas 
in Bulgaria; Danube, Dniester and Dnieper deltas in Ukraine and Guria region in 
Georgia for their commonalities, regarding the view point of their current 
conditions and characteristics. 

Although the primary objective of the project was to model land use change, the 
focus was on land use planning application to support sustainable development 
within specified areas in order to ensure the protection o f ecosystem services. 
Other subject areas such as biodiversity and high conservation values, mitigation 
of climate change and adaptation to it as well as food security issues were also 
studied.  

Additionally, impact assessment and management tools for sustainable land use, 
new institutional legislation for land-use planning authorities, strategies for 
public and stakeholdersÕ participation in the decision making process and guide 
for the development of decision-support systems were investigated. I hope the 
established network during the project will be successfully beneficial to solve our 
common environmental problems. 

 

Prof. Dr. Fatih KONUKCU 
Reseach Coordinator of ILMM BSE Project 
 
Namõk Kemal University, Faculty of Agriculture, Biosystem Engineering 
Department, TR59030 Tekirdag-TURKEY.   
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Black Sea Joint Operational Programme (2007 -2013) 

 

The Black Sea Basin Joint Operational Programme 2007-2013 (hereafter Black Sea 
JOP) is a programme under the European Neighbourhood and Partnership 
Instrument (ENPI) of the EU. 

The New Neighbourhood Strategy and JOP Black Sea Global objective of the Cross 
Border Cooperation in the new Neighbourhood strategy is to support sustainable 
development along both sides of the EUÕs external borders, to help ameliorate 
differences in living standards across these borders, and to address the 
challenges and opportunities following on EU enlargement.  

Global objective of JOP Black Sea is to achieve a stronger regional partnership 
and cooperation to promote sustainable economic and social development  of the 
regions of the Black Sea Basin, based on stronger regional partnership and 
cooperation. 

The Black Sea JOP covers three priorities and a technical assistance component. 
Each of the three priorities has a number of Measures:  

Priority 1: Supporting cross border partnerships for economic and social 
development based on common resources 

Measure 1.1 : Strengthening accessibility and connectivity for new intra- regional 
information, communication, transport and trade links  

Measure 1.2 : Creation of tourism networks in order to promote joint tour ism 
development initiatives and traditional products 

Measure 1.3 : Creation of administrative capacity for the design and 
implementation of local development policies 

Priority 2: Sharing resources and competencies for environmental protection 
and conservation 

Measure 2.1:  Strengthening the joint knowledge and information base needed to 
address common challenges in the environmental protection of river and 
maritime systems 

Measure 2.2:  Promoting research, innovation and awareness in the field of 
conservation and environmental protection for protected nat ural areas 
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Measure 2.3:  Promotion of cooperation initiatives aimed at innovation in 
technologies and management of solid waste and wastewater management 
systems 

Priority 3: Supporting cultural and educational networks for the establishment 
of a common cultural environment in the Basin 

Measure 3.1:  Promoting cultural networking and educational exchange in the 
Black Sea Basin communities. 

Partner Countries and Covered regions of the Programme 

Bulgaria:  Severoiztochen, Yugoiztochen; 

Greece:  Kentriki Makedonia, Anatoliki Makedonia Thraki; Romania: South East 
Region; 

Turkey:  TR10 ("stanbul), TR21 (Tekirdag, Edirne, Kirklareli), TR42 (Kocaeli, 
Sakarya, Duzce, Bolu, Yalova), TR81 (Zonguldak, Karabuk, Bartõn), TR82 
(Kastamonu, Cankõrõ, Sinop), TR83 (Samsun, Tokat, ‚orum, Amasya) ve TR90 
(Trabzon, Ordu, Giresun, Rize, Artvin, GŸmŸ#hane); 

Russia: Rostov Oblast, Krasnodar Krai, Adygea republic; 

Ukraine:  Odesa, Mykolaiv, Kherson, Sevastopol, ZaporoshÕye and Donetsk Oblast, 
Crimea Republic, Sevastopol; 

Armenia, Azerbaijan, Georgia, Rep. of Moldova - all regions. 
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Integrated Land-use Management Modelling of Black S ea 
Estuaries (ILMM-BSE) Project 

 

Applicant 

¥ Bourgas Regional Tourism Association (BRTA), Bulgaria 

ENPI Partners 

¥ Bourgas Prof. Assen Zlatarov University, Bulgaria 

¥ Ukrainian Marine Environment Protection Assoc., Ukraine 

¥ Civitas Georgica, Georgia 

IPA Financial Beneficiary 

¥ Hayrabolu Municipality (HBM), Turkey 

IPA Partners 

¥ Turkish Marine Environment Protection Association, Turkey 

¥ Namõk Kemal University, Turkey 

Background 

Deltas are the most valuable but also the most vulne rable components of coastal 
area, both in terms of ecosystem and natural capital. The natural setting of 
deltas is most often bounded by mountains on one side and coa stal zones on the 
other and may include post-industrialized zones. In co nsequence, the areas 
surrounding deltas provides excellent opportunities and landscapes for 
habitation; forestry, agriculture and the tourism sector, while deltas themselves 
offer opportunities for fisheries and aquaculture. As a res ult, the direct and 
indirect impact on sensitive ecosystems in Europe ha s considerably reduced their 
ability to meet an ever-increasing demand for their utilisation and development. 
In order to meet competing interests for the long term, an integrated, balanced 
and multifunctional land-use management strategy for deltas must be defined 
and implemented. Such a management approach must not only consider the 
interests for their use in promoting socio-economic development, but also the 
limits of such natural resources for the delivery of goods and services and the 
potentially catastrophic consequences of over-utilization. T herefore, decisions on 
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the land-use management of deltas should be based on scientific ecological and 
socio-economic information and be applied using the best available tools and 
models available. For these reasons, it has been agreed by the partners that it is 
essential that such a project should be realised in order to develop, enhanc e and 
integrate these tools and models to achieve a multifunctional approach within 
the coordination umbrella of a Black Sea Basin (BSB) Centre of Excellence. 

Need for the Project 

Prior to the preparation of the proposal for the ac tion, local authorities (local 
municipalities, local government agencies, etc.) an d universities have been consulted 
about the objectives and possible outcomes of the p roject. They, almost in common, 
emphasized the fact that; 

¥ there is significant level of development pressure placing target delta areas in 
danger, 

¥ there is considerable management void in these area s, where already 
prepared management plans are inapplicable, 

¥ there is significant lack of information and knowle dge about ecosystems of 
target areas, 

¥ there are initiatives to promote these areas for to urism purposes, without 
proper land-use plans, which may endanger target de ltas and their watersheds 
areas. 

Objectives of the Project 

¥ To develop and evaluate, impact assessment and management tools for the 
sustainable land use of the watershed areas of coastal deltas, by integrating 
existing expertise and resources, strengthening sci entific and technological 
excellence, creating a progressive and durable inte gration of research 
capacities and advancing knowledge of the topic, vi a achieving; 

¥ creation of a well-designed integrated database sys tem involving all relevant 
European research and application practices to ensu re lasting integration 
studies and coordination of research and informatio n exchange, 

¥ fostering communication and collaboration on land m anagement for 
sustainable use and development of estuaries and th eir watershed areas by 
using advanced information and networking technolog ies, 

¥ development of land-use models for use in decision- making and in analysing 
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the costs and benefits of each alternative land-use  choice, 

¥ induction of a cooperative institutional structure (organization) that will 
provide involvement for all stakeholders in resourc e management decision-
making, 

¥ development of methodologies to promote inter-juris dictional problem solving 
in the sustainable management of estuaries and thei r territories and the 
commitment of all levels of decision-making, by lin king the sustainable 
development strategies in participating countries, Turkey, Bulgaria, Ukraine 
and Georgia, 

¥ creation of cooperation and networking among scient ists, land developers and 
decision makers in Black Sea basin to promote consensus of the means of 
avoiding value loss and to further the application of participatory approaches 
by joint congresses, workshops and training courses, 

¥ development of an environmental education program to ensure long-term 
sustainability of a participatory process. 

Activities of the Project 

Main activities of the project may be classified into four,  

¥ Integrating activities, 

¥ Joint research programme, 

¥ Spreading excellence activities, and 

¥ Management activities. 

Each activity has specific purposes and deliverables 

Outcomes of the Project 

The basic outcome will be sharing knowledge, ensuri ng the lasting integration of 
information and data, networking experts and stakeh olders throughout Black Sea 
basin, expanding the use of scientific tools to pro mote sustainability in the use of the 
territories of coastal deltas and to spread excelle nce worldwide. 
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Research Objectives 

Coastal deltas are shallow aquatic ecosystems, which  develop at the interface 
between coastal terrestrial and marine ecosystems. The rates of structural and 
functional changes of both hydro geomorphological u nits and biological communities 
of the estuaries are thus highly dependent on the v ery active exchanges on auxiliary 
energy and mass, with the surrounding ecosystems, i n particular. However, they 
develop for themselves particular mechanisms for st ructural and functional 
regulations, which in turn lead to specific product ive and carrying capacities. This 
group of activities aim at estimation of the carryi ng capacity which is extremely 
important for sustainable land-use without adversel y affecting future yields and the 
integrity of ecosystems of these semi-enclosed coas tal areas. 

 

Expected Outputs of the joint Research Activities (JRA)  

Project outputs of Joint Research Activities (JRA) are grouped into four Work 
Packages (WP). 

WP1 

Research carried on, (i) Development of integrated GIS for coastal deltas and 
associated watersheds as a tool for sustained management practices; (ii) 
Establishments of a model bank; (iii) Assessment of carrying capacity and 
potential for aquaculture production by modelling; (iv) Modelling possibilities of 
future of deltas under climate changes, sea level rising and disaster; (v) 
Assessment of the result of modelling and monitoring studies of existing projects; 
(vi) Real-time monitoring strategies and methodologies. 

 

WP2 

Research carried on, (i) Assessment of ecosystem characteristics and biodiversity 
of Black Sea deltas; (ii) Assessment of SES characteristics and biodiversity of 
Black Sea deltas; (iii) Assessment of present transport, energy and natural 
resources capacity in the territory of deltas within Black Sea basin; (iv) 
Development of a methodology for estimation of NC value; (v) Assessment of 
geological / geo-chemical characteristics of deltas; (vi) Soil characteristics and 
their potential for various land-use options, including agriculture and forest;(vii) 
Air-Land-Sea interaction problems; (viii) Classification of Black Sea deltas. 
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WP3 

Research carried on, (i) Review of existing EIA/SIA/CIA regulation for land-use 
planning and the development of new regulations; (ii) Risk assessment of the 
results of a lack of sustainable land use planning; (iii) Sustainability impact 
assessment of land management and regional development strategies; (iv) 
Evaluation of cost-benefit analysis; (v) Evaluation of cos t-effectiveness 
methodologies. 

 

WP4 

Research carried on, (i) Development and evaluation of criteria and standards for 
implementation of integrated sustainable land-use planning and management; (ii) 
Development of indices and index for assessing land-use impacts on delta 
ecology; (iii) Erosion and desertification risks assessment for watersheds; (iv ) 
Development of tools for predictions required for de cision-making; (v) 
Methodologies for qualitative and quantitative accounting of the multifunctional 
effects of land management and development strategies with regard to 
environmental protection, rural development, land use, landscape, tourism,  
recreation, agriculture and forestry activities; (vi) Assessment of trans-boundary 
problems; (vii) Thresholds of sustainability; (viii) Gui de for the development of 
decision-support systems; (ix) Strategies for public and stakeholdersÕ 
participation in the decision making process; (x) Institutional strengthening for 
land-use planning authorities; (xi) New institutional legislation for land-use 
planning authorities; (xii) Evaluation criteria for Natural Parks, Natural Assets, 
and World Heritage Sites in estuary watersheds; (xiii) Development of an 
integrated framework analysis; (xiv) Impact assessment and management tools 
for sustainable land use; (xv) Development of P-S-R of indicators for the use of 
decision makers. 

 

Expected Results of Joint Research Activities 

Both carrying capacity of sensitive target areas and level of these beneficial uses 
for sustainable and cost-effective estuary ecosystems will be addressed by joint 
research activities which are grouped in four work packages, i.e. WP1, WP2, WP3 
and WP4. This will be through the development of an  integrated and object-
oriented model, coupled to GIS and through quantify ing the all fluxes of various 
land-use alternatives through the ecosystem, in ord er to assess potential impacts on 
the function and structure of this ecosystem. For t his, the approach is through 
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enhanced/developed models and tools to be used for integrated sustainability 
impact assessment. Consequently, the following rese arch activities focuses on 
understanding, analysis, integration and evaluation  will be carried out. 

Target Deltas/Estuaries/watersheds of ILMMBSE proje cts 

¥ Ergene River basin in Turkey;  

¥ Ropotamo and Veleka RiversÕ basins and their deltas in Bulgaria; 

¥ Danube, Dniester and Dnieper deltas in Ukraine, 

¥ Guria region in Georgia 

were selected as target deltas, for the implementation of the activities of the 
action, for their commonalities, from the view point of their cur rent conditions 
and characteristics.  

The term Òriver mouthÓ is also used instead of ÒestuaryÓ and ÒdeltaÓ since they 
are types of river mouths. However, the research results of Ergene River basin in 
Turkey, which is defined as watershed/river basin, were  obtained and presented 
as comparison between deltas and watershed and between Aegean Sea and Black 
Sea. 
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Project Partners 

Applicant: 

 

BOURGAS REGIONAL TOURIST ASSOCIATION 

Bulgaria, 8000 Burgas; 29A, Ferdinandova, Str., flo or 4; tel/fax: +359 56 841966; e-mail: 
brta@abv.bg; www.brta.eu  

BOURGAS REGIONAL TOURIST ASSOCIATION (BRTA) was established in 1998 as 
an organization in public benefit. It unites the existing in Burgas region local 
tourist organizations, regional tourist associations and local authorities 
(municipalities). The goal of BRTA is to support and encourage the development 
of tourism in Burgas region and alone or in cooperation with other organizations 
working to develop the region as a tourist destination. 

BRTA is registered in accordance with the requirements of the Tourism Act in 
Bulgaria. 

 BRTA is the only regional tourism organization in Bulgaria, a member of the 
National Board of Tourism in Bulgaria from its establishment until now. National 
Tourism Board is a state public advisory and coordinating body to the Minister of 
Economy and Energy (MEE).  

BRTA is a member of the Regional Committee on Employment in Burgas region. 

 

ENPI Partners: 

ÒProf. Dr Assen ZlatarovÓ University  

Bulgaria, 8010 Burgas; 1, Prof. Yakimov, Bul., tel/ fax: +359 56 86 00 41; e-mail: rector@btu.bg, 
www.btu.bg  

ÒProf. Dr Assen ZlatarovÓ University  is the only state university in Southeast 
Bulgaria. It was founded on 6th October 1963 by Decree $  162 of the Council of 
Ministers as a Higher Chemico-technological institute ÒProf. Dr Assen ZlatarovÓ 
which connected forever it with the name of its patron. ÒPro f. Dr Assen ZlatarovÓ 
University was ratified as such by a resolution of the National Assem bly in 1995. 
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More than 320 highly qualified lecturers, 127 of them habilitated, teach at the 
university. Organization and management of the educational process at the 
university comply with the European requirements and criteria for qualit ative 
educational and research process. A university evaluation and education quality  
maintenance system has been worked out. The University has been rated among 
the first in Bulgaria according to the quality of the research on Hirsch system for 
scientific contribution. Carrying out the policy of the university management for 
rejuvenating and heightening the qualification of the academic staff, there has 
been a practice established for announcing competitions on all levels Ð from 
Òassistant professorÓ to ÒprofessorÓ. 

 

Ukrainian Marine Environment Protection Association  

Ukraine, 65023 Odessa; 6, L. TolstoyStr., tel/fax: +38 0482 333 888; e-mail: info@ukrmepa.org; 
www.ukrmepa.org  

Ukrainian Marine Environment Protection Association (UKRMEPA)  is a member 
of the International Association for the Protection of the Mari ne Environment 
INTERMEPA. In 2008, it was formally recognized by the international community 
and the Marine already internationally successfully cooperated with other 
affiliates INTERMEPA.  

UKRMEPA created on the basis of Odessa National Maritime Academy, Nautical 
Institute of Ukraine - Department of Marine Institute UK, the Institute of 
Postgraduate Education, maritime executives and specialists of Water Transport 
of Ukraine, the Ukrainian Central design Bureau "Slipway" with the support of the 
Odessa regional organization "Green Party".  

Its main goal is to consolidate the capabilities of members of the Organization for 
the advancement of the marine environment and the coastal  zone of the Black 
Sea and the Azov Sea, as the basis for the existence and further development of 
civil society. 

International Association Civitas Georgica  was established in 1996 by those, who 
believe that Georgia is a country of European values. Our mission is to promote 
establishment of democratic and efficient local government in Georgia, to assist 
democratic reforms and to advance the competent public participation  in local 
decision-making. 
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Civitas Georgica

Georgia, 0164 Tbilisi; 97, Tsinamdzgvrishvili Str.,  tel: +995 32 951991, fax: +995 32 911948; e-
mail: office@civitas.ge; http://www.civitas.ge/

Civitas Georgica specializes in effecting policy change through institution 
building, organization and management development and training. Civitas 
Georgica has already conducted over 50 large and small-scale projects in sectors 
including public sector reform, local government capacity building, 
regional/community development, pre-school and primary education, youth 
empowerment and engagement in public life, civic participation and advocacy.

To achieve its goals, Civitas Georgica enters in strategic partnership with other 
organizations. We are the members of Central and Eastern European CitizenÕs 
Network (CEE CN), European Network of Training organizations (ENTO), the 
national NGO coalition on decentralization.

IPA Financial Beneficiary:

Hayrabolu Municipality

Turkey, Hayrabolu Municipality, TR2; tel: +90 282 3 15 4471; e-mail: baskan@hayrabolu.bel.tr; 
www.hayrabolu.bel.tr

Hayrabolu is one of the oldest settlements in Thrace . Hayrabolu Municipality 
(HBM)will be the IPA Lead Beneficiary of the project. HBM will be responsible for 
project coordination activities in Turkey. Its public instit utions are established to 
meet the common needs of people in this city. The primary miss ion of the 
municipality is to provide services based on the common goals as effectiveness, 
efficiency, and quality of service. Also, it works on improving the quality of life 
in the area and the municipalities nearby.

Hayrabolu Municipality try to implement the idea tha t allmunicipalities, towns 
and village organizations have to meet the common needs of the people in a
healthy and sustainable way, and must satisfy the needs of the people of the 
city.
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IPA Partners:

Turkish Marine Environment Protection Association

Turkey, Istanbul; 1 34674 Aziz Bey Sokak; tel: +90 0216 310 9301, fax: +90 0216 343 2177; 
www.turmepa.org.tr

Turkish Marine Environment Protection Association (TURM EPA) is a civil 
society movement founded by Rahmi M. Ko• and the Shipping Chamber of 
Commerce on April 8, 1994 with the objective of making the protection of our 
coasts and seas a national priority and creating a legacy of a sustainable Turkey 
for future generations.

TURMEPA's mission is to contribute to the preservation of seas and coasts as a 
national priority and to create a country that has reached sustainable 
development goals for future generations.

Namõk Kemal University

Turkey, 59030 Tekirda%; Namõk Kemal Mahallesi, Campus Street, No:1, De%irmenaltõ Campus; Tel:
+90 (282) 250 00 00, Fax: +90 (282) 250 99 00;e-mail: intrelations@nku.edu.tr ; 
http://www.nku.edu.tr

Namõk Kemal University was founded in 2006, with the Act numbered 5467, 
under the administration of the Higher Education Council. The University is based 
on a strong and old background of more than 30 years. Faculty of Agriculture, 
opened in 1982, and ‚orlu Faculty of Engineering, founded in 1992, build up the 
academic foundation with their education, researches and publications.

The University offers PostgraduateÕs degree with three Institutes, 
UndergraduateÕs degrees with its nine faculties and three schools, and associate 
degrees with eleven vocational schools to nearly 32000 students. It has more 
than 1000 academic and 500 administrative staff. The University is a member of 
the European University Association and is in the Balkan Universities Network.
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Outline of the Book 

 

In this Book, the research results of ILMM-BSE project on Ergene River Basin 
covering all issues listed under four work packages were presented while the 
results on Ropotamo and Veleka RiversÕ basins and their deltas, Danube, Dniester 
and Dnieper deltas and Guria region were presented in the research books 
published in Bulgaria, Ukraine and Georgia, respectively.  

A wide range of data for Ergene River basin including, Corine land use and land 
use change data, elevation vector layer, detailed hydrologic data (catchment-
microcatchment boundaries, lakes, dams, drainage network, etc.), soil map, 
geological map, protected area map, forest map, erosion map were created for 
sustained management practices (Chapter 1 ) The created data were integrated 
by GIS-based web software as a decision support system and the guide of decision 
support system for land use planning authorities were given in Chapter 2.  

Ergene River Basin has different development axes due to agricultural and 
industrial activities hosted within the basin. Rapid industrial development for 
about 25 years in the southern part of the Basin, which comprises majorit y of 
Saray, Corlu, Cerkezkoy, Muratli and Luleburgaz towns close to Istanbul, has 
brought population growth and intensive urbanisation. Recently realised 
rehabilitation of organised industrial zones (OSB) has revealed that only 45-50% 
of industry allocated zone is occupied presently. However,  it is believed that 
land use changes are inevitable in the future. This part of Ergene River basin has 
a dynamic land use change and defined as Òhot spotÓ of the basin. In this part, 
land use changes of 2023, 2030 and 2050 were simulated considering the 
demands for land determined in accordance with the linear trend analysis using 
the modelling approach of CLUE-s (Conversion of Land Use and its Effects at 
Small regional extent) in Chapter 3 .  

In Chapter 4 , the brief information on the the existing Project on Land Use 
managemet in Europe (PEGASO, IASON, EnviroGRIDS) and Action Plan of Ergene 
River Basin under application were reviewed. 

Soil characteristics, land use classes and their potential for various land-use 
options and the extent of miss use or miss managed land in Ergene River basin 
were discussed in Chapter 5  whereas geology and geochemical structure of the 
basin was reviewed in Chapter 6 .  

Biodiversity is one of the most important and the most fragile issue to be taken 
into consideration in watershed and land use management. Biodiversity of Ergene 
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River Basin was investigated with the assessment of ecosystem and Social 
Environmental Status (SES) characteristics into two parts: fauna ( Chapter 7a ) and 
flora ( Chapter 7b ). 

In the development of watershed management policy, much data are needed. 
Real-time monitoring produce more frequent and prolonged data in comparison 
to the classical monitoring methods. Additionally, classical monitoring methods 
are vulnerable to produce more deviation during sampling, carrying, analysing 
process. Therefore, real-time monitoring should be preferred to manage 
watersheds correctly. Real-time monitoring systems are very new system. 
Depending on the technological development, much more sensitive devices and 
systems capable of performing analysis of more parameters will emerge. In this 
context, real time monitoring, present real time monitoring status and real time 
monitoring strategy of Ergene River Basin were analysed in Chapter 8 .  

Atmosphere, ocean and biosphere are one interconnecte d system and air-land-
sea interactions are the most important mechanisms for the changes in the 
atmosphere-ocean-biosphere system. In Chapter 9 , air-land-sea interaction 
problems in Maritsa-Ergene River Basin are evaluated in the aspect of pollutant 
transport and deposition cases. 

Present natural resources (soil and water), energy (solar, wind, biomass, coal, 
oil) and transport (highway, rail, sea, air) capacity in the territory of Ergene 
River basin were evaluated in Chapter 10 .  

In Chapter 11 , existing EIA/SIA/CIA regulation for land-use planning and the 
development of new regulations and sustainability impact assessment of land 
management and regional development strategies were reviewed. 

Ecological thresholds defined as the points at which there is an abrupt change in 
an ecosystem quality, property or phenomenon, or where small changes in an 
environmental driver produce large responses in the ecosystem, were determined 
for four threshold issues as suggested by European Commission (DG Environment) 
and the European Environment Agency (EEA): eutrophication, freshwater 
quantity, soil erosion, and non-renewable resource use of Ergene River basin in 
Chapter 12 .  

Erosion and Desertification Risks Assessment for Ergene River Basin were made 
using Universal Soil Loss Equation (USLE) in Chapter 13 .  

The potential climate change and its effects on water resources and the yield of 
both wheat and sunflower, the two vital plants for the Thrace Region were 
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predicted in Chapter 14a  and flood risk assessment was made and flood risk map 
was created in Chapter 14b  for within the context of disaster management.  

Transboundary problems may emerge by land, water and air. Since Ergene River 
has no connection to Greece and Bulgaria. Therefore, the hydrologic 
transboundary problem of Ergene River Basin is not considered. The air born 
transboundary problem was discussed in Chapter 15  as well as in Chapter 9 . 

In chapter 16 , the risks as a result of lack of sustainable land use planning were 
assessed for Ergene River Basin in terms of territorial development, natural 
resource management, protection of biodiversity, national park and buffer zone 
management, food security, disaster risk management, adaptation to and 
mitigation of climate change, development in a drugs environment conflict 
prevention and resolution, responsible land governance. 

Development of P-S-R (Pressure-State-Response) of indicators for the use of 
decision makers and development of indices and index for assessing land-use 
impacts on delta ecology were discussed in Chapter 17 .  

Cost-Benefit Analysis and Cost-Effectiveness Methodologies were evaluated in 
Chapter 18  whereas strategies for public and stakeholdersÕ participation in the 
decision making process and institutional strengthening for land-use planning 
authorities were discussed in Chapter 19 .  

An integrated framework analysis was developed and new institutional legislation 
for land-use planning authorities was evaluated in Chapter 20 . 

Criteria for national parks, natural assets and important speci es areas in general 
and in Gala Lake National Park in Maritsa-Ergene River Basin were evaluated in 
Chapter 21 . 

Development of a methodology for estimation of Natural Capital (NC) value was 
evaluated for Ergene River Basin in Chapter 22 . 

Ecosystem Education Program developed within the   in Chapter 23 . 

A list of all relevant publications on Ergene River Basin and land use management 
and land use change modelling were provided in Chapter 24 . 
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Chapter 1 
 

Development of integrated GIS for coastal deltas 

and associated watersheds as a tool for sustained 
management practices: Ergene River Basin 
 

 

Fatih KONUKCU1  Sel•uk ALBUT1  Re! at AKG…Z2 

 

1Namõk Kemal University, Faculty of Agriculture, Bio system Engineering Department, TR59030 
Tekirdag-TURKEY. fkonukcu@nku.edu.tr;   salbut@nku.edu.tr  

21OGS Geographical Information Technology Inc., Geographical Information System Department, 
Ankara-TURKEY. resatakgoz@ogs.as 

 

1. Introduction 

Black Sea is under pressure with the industry that needed for supply of human 
necessities and it becomes polluted every passing year. Bulgaria, Ukraine, 
Georgia and Turkey taking place in Black Sea basin contain important deltas. 
Governmental boundaries prevent continuous management of these deltas. 
Deltas are geographic structures and each country applies different protection 
and production activities in their boundaries. Therefore, a common i ntegrated 
GIS for coastal deltas and associated watersheds as a tool for sustained 
management practices is needed. 
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The Integrated Land-use Management Modelling of Black Sea Estuaries (ILMM-BSE) 
Project was realized in the areas, which cover the Ergene basin in  Turkey, 
Rapotamo and Veleka River basins and deltas in Bulgaria, Dnieper, Dniester and 
Danube river basins and deltas in Ukraine and Guria region in Georgia. 

Within the scope of the Project, in the areas mentioned above, various data 
obtained from the partner countries were gathered in a common standard to 
form a databank as a tool for advanced land use modellings in sustainable land  
use management of associated deltas and watersheds. Modelling land use change 
and its impact using this database is extremely useful for decision support 
system.  

A wide range of data, particularly for Ergene River basin, has been collected, 
analysed using GIS and Remote Sensing technics and added into the system. The 
following integrated GIS data for sustained management practices were created 
for the associated deltas and Ergene River Basin (the case of Ergene River basin is 
presented in this Book, while other deltas/watersheds is presented in the related 
countries): 

¥ Corine land use/cover data of 1990-2000-2006 and 2012 for Ergene River 
basin were obtained. 

¥ Land use change between the years 1990 and 2000; 2000 and 2006; 2006 
and 2012 were modelled. 

¥ 1/25000 Scale Elevation vector layer was formed. 

¥ Detailed hydrologic data (catchment-microcatcment boundaries, lakes, 
dams, drainage network, etc.) was created. 

¥ Precipitation and Climate data were obtained. 

¥ Soil map of Ergene River basin were created. 

¥ Geological map of Ergene River basin was produced. 

¥ Protected area map was created. 

¥ 1/100000 Scale Forest map was created. 

¥ Erosion map was produced (detailed report was presented  in 13) 

The created data were integrated in a WebGIS software and used in modelling 
land use change of Ergene River Basin under different future scenarios by using 



 31 

ArcSWAT tool (Chapter 2). A user based website was developed to access 
information produced and to generate presentation of the outputs  

1.1. Development of Corine Land Cover Model 

The satellite and ancillary data used in the Corine L and Cover and Land Use 
Modelling were: 

¥ 1990 year Landsat5-TM satellite image, 30m resolution 

¥ 2000 year Landsat7-ETM satellite image, 30m resolution 

¥ 2006 year satellite image Spot4&5 / IRSP6 satellite image, 20m resolution 

¥ 2012 year satellite image Spot5, 5m resolution 

¥ 1/25000 scale raster topographic map 

¥ State Hydraulic Works Irrigation data  

¥ 1/100000 scale forest map 

¥ 1/25000 scale soil map used at the pocess. 

Satellite images were classified as 1990 - 2000, 2000 - 2006, 2006 - 2012 years 
basically. Then, the images were investigated considering the years by using 
visual interpretation technics. Initially, land cover map of year 1990 was 
produced and then differences were determined within 1990-2000 years and 
finally both maps were combined with the help of GIS methods to get land cover 
data of year 2000. During land cover interpretation, data mentioned above were 
used as auxiliary data.  

1.2. Corine Technical Details 

Mapping Land Cover Changes in CLC2006 Project: CLC-Changes is the primary 
and most important product of the CLC2006 project. CLC-Changes is a separate 
product (i.e. not derived from CLC2000 and CLC2006) having a smaller MMU (5 
ha) than CLC2000 and CLC2006 (25 ha). 

The aim of producing CLC-changes is to have European coverage of real land 
cover changes that: 

¥ are larger than 5 ha; 

¥ are wider than 100 m; 
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¥ occurred between 2000 and 2006; 

¥ are detectable on satellite images. 

This should be regardless of their position (i.e. c onnected to existing CLC2000 
polygon or being 'island'-like). 

The method chosen (updating approach) to be used for derivation of the CLC-
Changes database is to produce the change database directly, by means of 
computer-aided visual image interpretation. 

Photo-Interpretation of Changes 

Figure legends and definitions:  In the following part of this cahpeter, schematic 
figures give guidance on how to interpret changes. On these illustrating figures 
(Figures 7Ð26) the same legend is applied. Colour polygons represent patches 
visible on the satellite image(s). Polygons with thick solid outlines represent land 
cover patches that form a CLC polygon. These are also marked with the 
corresponding CLC code. Polygons with dashed outlines show patches that 
changed land cover. Patches without an outline represent patches of land cover 
that do not form valid polygons. 

Each explanatory figure consists of four boxes: 

¥ first box shows the land cover status visible on IMAGE2000 and the polygon 
outlines in CLC2000 database; 

¥ second box shows the land cover status visible on IMAGE2006 without 
polygon boundaries. Dashed outline marks patches that have changed; 

¥ third box shows polygons to be drawn in the CLC-Changes database. 
Polygons marked with red T will be deleted from the final change 
database (see term 'technical change' below); 

¥ fourth box shows the polygons as present in CLC2006 database. 

Patch 

Patch is a continuous area having a common Corine land cover type and being 
recognizable on the satellite image(s). A patch becomes a valid CLC polygon only 
if its size exceeds the MMU. 
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Direct delineation of changes

Change polygons are drawn directly over the corresponding image by means of 
CAPI and are not generated by a GIS operation (intersection of databases). 
Human expertise has control over the whole process avoiding the creation of 
false change polygons.

Real change: Unlike in CLC2000 project, change layer in CLC2006 project is 
interpreted directly, thus change polygons do not necessarily have to inherit 
their code2000 and code2006 from the corresponding CLC2000/CLC2006 polygon, 
but can be modified. Interpreter is supposed to attribute to the change polygon 
the code2000/code2006 pair that best describes the process that the given land 
cover patch has undergone in reality. Code pairs thus reflect real processes 
instead of differences of two databases. The real pr ocess is the building-up (133) 
of a small park (141) (being generalized into discontinuous urban fabric (112) in 
CLC2000), thus the code pair should be 141-133 instead of 112Ð133. In product 
CLC2006 this polygon will be generalised, too.

Technical change (T): A Technical change polygon is an auxiliary change polygon 
used for avoiding some major (minimum 5 ha, maximum 25 ha) inaccuracies of 
the CLC2006 database. They are applied exclusively in the cases listed in the 
change which means that they should not be numerous. Technical change 
polygons do not represent a change of land cover in reality, but are 
consequences of the two different MMUs of CLC-Changes (5 ha) and CLC2006 (25 
ha). They are used only in order to allow for the creation of a new polygon in 
CLC2006 by a GIS operation, after which they are deleted from the CLC-Changes 
database.
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Technical change polygons are drawn by the interpreter during change mapping 
over those 

patches < 25 ha and > 5 ha: 

¥ whose land cover has NOT changed between 2000 and 2006 (although 
might include changed patches < 5 ha); 

¥ that are not present as a polygon in CLC2000; 

¥ but we still want them to exist as polygon/part of polygon in CLC2006.  

Technical change polygons must be givenidentical co de 2000  and code 2006 and 
an additional that makes possible to select them au tomatically. The attribute 
added to each change polygon should be named technical', having value 1 if the 
change polygon is technical, and value 0 if not. 

The operation of identifying and delineating technical changes requires the 
interpreter to foresee the CLC2006 database. 

 

 

Figure 1. Landsat7 ETM 2000 Resolution 30 m 
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Figure 2. 1/25000 Scale Topographic Maps (General Command of Mapping)

Figure 3. State Hydraulic Works Irrigated Area Maps
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Figure 4. Forest Map 

1.3. Corine Classification 

European Environment Agency determined 5 basic, 44 sub-classes of land use and 
European Union shape the land cover as part of these cla sses. This classification 
system below is explained in detail.  
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1. Artificial Surfaces 

 1.1. Urban Fabric 

  111 Continous urban fabric 

   1121 Discontinues urban in cities * 

   1122 Discontinues urban in rural areas * 

 1.2. Industrial, commercial and transport units 

  121 Industrial and commercial units 

  122 Roads and rail networks and associated lands 

  123 Port areas 

  124 Airports 

 1.3. Mine, dump and construction sites 

  131 Mine extraction sites 

  132 dump sites 

  133 Construction sites 

 1.4. Artificial, non-agricultural vegetated areas 

  141 Green urban areas 

  142 Sports and leisure facilities 

2. Agricultural Areas 

 2.1. Arable Land 

   2111 Non-irrigated arable land * 

   2112 Non-irrigated arable land, green houses * 

   2121 Irrigated arable land * 

   2122 Irrigated arable land, green houses * 

  213 Rice fields 
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 2.2. Permanent Crops 

  221 Vineyards 

   2221 Fruit trees and berry plantations, non-irrigated * 

   2222 Fruit trees and berry plantations, irrigated * 

  223 Olive gloves 

 2.3 Pastures 

  231 Pastures 

 2.4 Heterogeneous Agricultural Areas 

  241 Annual crops associated with permanent crops 

   2421 Complex cultivation, non-irrigated * 

   2422 Complex cultivation, irrigated* 

  243 Land principally occupied by agriculture with significant areas of 
natural vegetation 

  244 Land principally occupied by agriculture with significant areas of 
Forest 

3. Forests and Semi-Natural Areas 

 3.1. Forests 

  311 Broad leaved forest 

  312 Coniferous forest 

  313 Mixed forest 

 3.2. Open spaces with little or no vegetation 

  321 Shrub and/or herbaceous vegetation associations 

  322 Moors and Heathland 

  323 Sclerophyllous vegetation 

  324 Transitional woodland shrub 
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 3.3 Beaches, dunes and sand plains 

  331 Beaches, dunes and sand plains 

   3321 Bare rocks * 

   3322 Bare rocks with very high salt content * 

  333 Sparsely vegetated areas 

  334 Burnt Areas 

  335 Glaciers and perpetual snow 

4. Wetlands 

 4.1. Inland marshes 

  411 Inland marshes 

  412 Peat Bogs 

 4.2. Coastal wetlands 

  421 Salt marshes 

  422 Salines 

  423 Intertidal flats 

5. Water Bodies 

 5.1. Inland Waters 

  511 Water courses 

  512 Water bodies 

 5.2. Sea Waters 

  521 Coastal Lagoons 

  522 Estuaries 

  523 Sea and ocean 
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Extra Corine Classes in Turkey 

Before this project, other National Land Cover projec ts were based on 
classification system developed by European Environment Agency, at the same 
time 12 specific class were built up for Turkey. As it is know that because of the 
geographical position of our country, it has different climate and plant features. 
So, as the fourth stage codes additional land use classes developed for Turkey. 

Codes for TURKEY 

1121. Discontinues urban in cities 

1122. Discontinues urban in rural areas 

2111. Non-irrigated arable land 

2112. Non-irrigated arable land, green houses 

2121. Irrigated arable land 

2122. Irrigated arable land, green houses 

2221. Fruit trees and berry plantations, non-irrigated 

2222. Fruit trees and berry plantations, irrigated 

2421. Complex cultivation, non-irrigated 

2422. Complex cultivation, irrigated 

3321. Bare rocks 

3322. Bare rocks with very high salt content. 

1.4. Corine Land Use Maps and Land Use Change Maps of Ergene River Basin 

The created corine land use/land cover maps of Ergene River basin for 1990, 
2000, 2006 and 2012 are presented in Figure 5, 6, 7 and 8, respectively whereas 
land use change maps between 1990 and 2000; 2000 and 2006; 2006 and 2012 are 
given in Figures 9, and and 11, respectively.  The land use statistics for 1990,  
2000, 2006 and 2012 are presented in Table 1, 2, 3 and 4, respectiveley, while 
the land use change matrix between 1990 and 2000; 2000 and 2006; 2006 and 
2012 are given in Table 5, 6 and 7.  
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Table 1. Ergene Basin Corine Land Cover Statistics 1990. 

Code 1990 Code Explanation Area (ha) Area (%) 

1 Artificial Surfaces 34.764,26  
111 Continuous urban fabric 483,00 0,03 
1121 Discontinues urban in cities 609,31 0,04 
1122 Discontinues urban in rural areas 28.343,61 1,96 
121 Industrial or commercial units 3.454,61 0,24 
122 Road and rail networks and associated 

land 
25,16 0,00 

124 Airports 148,87 0,01 
131 Mineral extraction sites 697,52 0,05 
132 Dump sites 61,28 0,00 
133 Construction sites 832,59 0,06 
142 Sport and leisure facilities 108,32 0,01 
2 Agricultural Areas 1.154.121,93  
2111 Non-irrigated arable land 693.977,58 47,93 
2121 Irrigated arable land 148.839,04 10,28 
2221 Fruit trees and berry plantations, non-

irrigated 
765,92 0,05 

2222 Fruit trees and berry plantations, 
irrigated 

329,82 0,02 

2421 Complex cultivation, non-irrigated 19.711,08 1,36 
2422 Complex cultivation, irrigated 21.189,75 1,46 
213 Rice fields 75.706,64 5,23 
221 Vineyards 825,20 0,06 
231 Pastures 87.358,41 6,03 
243 Land principally occupied by 

agriculture, with significant areas of 
natural vegetation 

105.418,49 7,28 

3 Forests 246.875,37  
311 Broad-leaved forest 65.927,95 4,55 
312 Coniferous forest 13.677,72 0,94 
313 Mixed forest 10.829,63 0,75 
321 Natural grasslands 24.545,76 1,70 
323 Sclerophyllous vegetation 1.286,53 0,09 
324 Transitional woodland-shrub 123.056,63 8,50 
331 Beaches, dunes, sands 25,25 0,00 
333 Sparsely vegetated areas 3.647,71 0,25 
334 Burnt areas 3.878,18 0,27 
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Table 1. continued. 

Code 1990 Code Explanation Area (ha) Area (%) 

4 Wetlands 5.053,15 
 

411 Inland marshes 5.053,15 0,35 
5 Water Bodies 6.948,36 

 
511 Water courses 1.377,60 0,10 
512 Water bodies 5.570,76 0,38 
 

 

Table 2. Ergene Basin Corine Land Cover Statistics 2000. 

Code 2000 Code Explanation Area (ha) Area (%) 
1 Artificial Surfaces 45.184,91  
111 Continuous urban fabric 495,38 0,03 
1121 Discontinues urban in cities 1.315,76 0,09 
1122 Discontinues urban in rural areas 30.844,58 2,13 
121 Industrial or commercial units 7.691,28 0,53 
122 Road and rail networks and associated 

land 
1.886,53 0,13 

124 Airports 213,81 0,01 
131 Mineral extraction sites 1.847,24 0,13 
132 Dump sites 156,94 0,01 
133 Construction sites 585,44 0,04 
142 Sport and leisure facilities 147,95 0,01 
2 Agricultural Areas 1.144.458,65  
2111 Non-irrigated arable land 643.509,95 44,45 
2121 Irrigated arable land 131.553,13 9,09 
2221 Fruit trees and berry plantations, non-

irrigated 
765,92 0,05 

2222 Fruit trees and berry plantations, 
irrigated 

329,82 0,02 

2421 Complex cultivation, non-irrigated 18.631,15 1,29 
2422 Complex cultivation, irrigated 20.804,19 1,44 
213 Rice fields 77.038,86 5,32 
221 Vineyards 825,20 0,06 
223 Olive groves 63.115,00 4,36 
231 Pastures 82.446,49 5,69 
243 Land principally occupied by 

agriculture, with significant areas of 
natural vegetation 

105.438,94 7,28 
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Table 2. continued. 

Code 2000 Code Explanation Area (ha) Area (%) 
3 Forests 2.458.22,99  
311 Broad-leaved forest 70.541,05 4,87 
312 Coniferous forest 19.331,36 1,34 
313 Mixed forest 19.383,01 1,34 
321 Natural grasslands 24.502,07 1,69 
323 Sclerophyllous vegetation 1.286,53 0,09 
324 Transitional woodland-shrub 107.212,91 7,41 
331 Beaches, dunes, sands 25,25 0,00 
333 Sparsely vegetated areas 3.480,66 0,24 
334 Burnt areas 60,15 0,00 
4 Wetlands 3.684,74 0,25 
411 Inland marshes 3.684,74 0,25 
5 Water Bodies 8.611,78  
511 Water courses 1.377,60 0,10 
512 Water bodies 7.461,37 0,52 
 

 

Table 3. Ergene Basin Corine Land Cover Statistics 2006. 

Code 2006 Code Explanation Area (ha) Area (%) 
1 Artificial Surfaces 46.169,25  
111 Continuous urban fabric 495,38 0,03 
1121 Discontinues urban in cities 1.315,76 0,09 
1122 Discontinues urban in rural areas 31.011,53 2,14 
121 Industrial or commercial units 8.420,41 0,58 
122 Road and rail networks and associated 

land 
1.886,53 0,13 

124 Airports 213,81 0,01 
131 Mineral extraction sites 2.059,53 0,14 
132 Dump sites 156,94 0,01 
133 Construction sites 461,41 0,03 
142 Sport and leisure facilities 147,95 0,01 
2 Agricultural Areas 1.143.562,06  
2111 Non-irrigated arable land 643.743,98 44,46 
2121 Irrigated arable land 131.224,49 9,06 
2221 Fruit trees and berry plantations, non-

irrigated 
765,92 0,05 

2222 Fruit trees and berry plantations, 
irrigated 

329,82 0,02 
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Table 3. continued. 

Code 2006 Code Explanation Area (ha) Area (%) 
2421 Complex cultivation, non-irrigated 18.440,07 1,27 
2422 Complex cultivation, irrigated 20.852,55 1,44 
213 Rice fields 78.253,15 5,41 
221 Vineyards 870,68 0,06 
223 Olive groves 63.044,07 4,35 
231 Pastures 80.195,57 5,54 
243 Land principally occupied by 

agriculture, with significant areas of 
natural vegetation 

105.841,77 7,31 

3 Forests 245.743,62  
311 Broad-leaved forest 70.369,12 4,86 
312 Coniferous forest 19.395,81 1,34 
313 Mixed forest 19.737,42 1,36 
321 Natural grasslands 24.294,33 1,68 
323 Sclerophyllous vegetation 1.286,53 0,09 
324 Transitional woodland-shrub 107.154,51 7,40 
331 Beaches, dunes, sands 25,25 0,00 
333 Sparsely vegetated areas 3.480,66 0,24 
4 Wetlands 3.449,17  
411 Inland marshes 3.449,17 0,24 
5 Water Bodies 8.838,97  
511 Water courses 1.377,60 0,10 
512 Water bodies 7.461,37 0,52 
 

 

Table 4. Ergene Basin Corine Land Cover Statistics 2012. 

Code 2012 Code Explanation Area (ha) Area (%) 
1 Artificial Surfaces 48460,67  
111 Continuous urban fabric 495,38 0,03 
1121 Discontinues urban in cities 1409,80 0,10 
1122 Discontinues urban in rural areas 31627,74 2,18 
121 Industrial or commercial units 8914,18 0,62 
122 Road and rail networks and associated 

land 
1909,02 0,13 

124 Airports 213,81 0,01 
131 Mineral extraction sites 2951,41 0,20 
132 Dump sites 156,94 0,01 
133 Construction sites 634,43 0,04 
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Table 4. continued. 

Code 2012 Code Explanation Area (ha) Area (%) 
142 Sport and leisure facilities 147,95 0,01 
2 Agricultural Areas 1.141.081,66  
2111 Non-irrigated arable land 643917,47 44,48 
2121 Irrigated arable land 130803,66 9,03 
2221 Fruit trees and berry plantations, non-

irrigated 
765,92 0,05 

2222 Fruit trees and berry plantations, 
irrigated 

329,82 0,02 

2421 Complex cultivation, non-irrigated 18114,62 1,25 
2422 Complex cultivation, irrigated 20514,96 1,42 
213 Rice fields 79737,21 5,51 
221 Vineyards 870,65 0,06 
223 Olive groves 63034,45 4,35 
231 Pastures 77220,15 5,33 
243 Land principally occupied by 

agriculture, with significant areas of 
natural vegetation 

105772,75 7,31 

3 Forests 244509,39  
311 Broad-leaved forest 75051,53 5,18 
312 Coniferous forest 19959,33 1,38 
313 Mixed forest 19905,82 1,37 
321 Natural grasslands 24013,74 1,66 
323 Sclerophyllous vegetation 1290,88 0,09 
324 Transitional woodland-shrub 100782,19 6,96 
331 Beaches, dunes, sands 25,25 0,00 
333 Sparsely vegetated areas 3480,66 0,24 
4 Wetlands 3432,98  
411 Inland marshes 3432,98 0,24 
5 Water Bodies 10275,21  
511 Water courses 1304,23 0,09 
512 Water bodies 8970,98 0,62 
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It seems that natural areas were turned into agricultural areas or settlements 
generally in terms of variations in land cover. Important variations were occurred 
especially in 231 (pasture) and 2111, 2121, 2421 (different agricultural areas) 
coded regions. Also, change of agricultural areas into urbanized or industrialized 
areas is widely observed. When the development of both Turkey and Ergene basin 
after 1990 is investigated, it seems that the urbanization rate also increases 
accordingly. Rapid increases in industrialization and building industrial areas on 
agricultural land and pastures are the main problems in Ergene basin. Pressure on 
agricultural areas and pastures and decrease in their sizes can be easily s een 
from the matrix. This also means to the increase in contamination. In each time 
periods, changes towards 512-water bodies can be observed. These changes 
correspond to the newly constructed dams and ponds. Because of i ndustrial 
forestry in northern part of the basin, change of 324 (changes in vegetation) into 
311, 312, 313 widely seen in time periods. Afforestation works in the last decade 
has a big impact on forestry. 

As a result, the most important pressure in Ergene basin is on 231 (pasture) and 
2111 (dryland agricultural). Maximum decrease were observed in those areas. 

1.5. Collecting and Interpreting General Database 

Data for Ergene River basin were collected from different instutitio ns. Therefore, 
projections, attributes and features of databases differ accordi ng to the 
instutitions. Projections were fixed as WGS-84 and content of databases were 
revised. Errors in topology were eliminated and data were joined and stored into 
a single database. 

Obtained data: 

¥ 1/25.000 Scale Elevation Line 

¥ 1/25.000 Scale Soil Map 

¥ 1/100.000 Scale Forest Map 

¥ Lake & Dams 

¥ Province & District Border 

¥ Settlement Point 

¥ Protected Area Map 
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1.6. Elevation, Soil, Forest, Protected Area and Hydrologic Maps of Ergene 
River Basin 

Elevation, soil, forest, protected area and hydrologic maps of Ergene River Basin 
are presented in Figure 12, 13, 14, 15, and 16, respectively. 

3D model was produced from digital contour lines data. By using 3D model DEM 
(Digital Elevation Model) was obtained. DEM map was widely used as a base map 
during the project. Especially, it was used in erosion and hydrological models. 

Hydrological Analysis in Project Area 

Archydro and Arcswat softwares were used in hydrological analysis in Ergene 
basin. Initially, DEM was produced before analysis conducted in basin. Stream 
flow lines, microbasins, river outlets and points of tribu tary junctions were 
obtained by using DEM. Also, average slope and state of stream flow of each 
microbasin were revealed. During hydrological analysis soil, forestry and land use 
maps were used as an auxiliary data. Flow directions, accumulation areas and 
depressions in the project area were determined. 

1.7. Development of Catchment Erosion Model 

In the scope of the  Integrated Land-use Management Modelling of Black Sea 
Estuaries (ILMM-BSE) for Ergene Basin USLE/RUSLE (Universal Soil Loss Equation / 
Revised Universal Soil Loss Equation) methods have been selected due to their 
database suitability and also availability of integration to Geographic Informati on 
Systems (GIS), Remote Sensing (RS ) and geo-statistics (spatial statistics). By this 
way, the current and potential erosion hazard areas maps h ave been created for 
whole basin (Figure 17). The erosion model was discussed in detail in Chapter 13. 
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1.8. Golobal Land Cover Data  

Two land cover data layer (2000-2010, Figure 18 and 19, respectively) 
downloaded from global land cover website. After all layers corrected and 
prepared to be use.  

GlobeLand30 refers to the land cover of the earth between latitude 80N to 80S. 
Presently, website has provided the browsing and downloading services for 
GlobeLand30-2010 (GlobeLand30-2010) in baseline year of 2010. The brief 
information of this data product is as follows (Figure 18 and 19). 

Images and Auxiliary Data 

The images utilized for GlobeLand30 classification are multispectral images with 
30 meters, including the TM5 and ETM + of America Land Resources Satellite 
(Landsat) and the multispectral images of China Environmental Disaster 
Alleviation Satellite (HJ-1). Besides multispectral images, plenty of Auxiliary data 
are also used in the process of data production such as sample collect ion and 
classification, etc. They mainly contains: the existing land cover data (global and 
regional), MODIS NDVI, global geographic information, global DEM, thematic data 
(global mangrove forest, wetland and glacier, etc.) and online resources (Google 
Earth, Bing Map, OpenStreetMap and Map World) and so on. 

Classification Scheme 

The classification system includes 10 land cover types,  namely cultivated land, 
forest, grassland, shrubland, wetland �� water bodies, tundra, artificial surfaces, 
bareland, permanent snow and ice. Please classification scheme  is as follows: 

1. Cultivated Land. Lands used for agriculture, horticulture and gardens, 
including paddy fields, irrigated and dry farmland, vegetation and fruit 
gardens, etc. 

2. Forest. Lands covered with trees, with vegetation cover over 30%, 
including deciduous and coniferous forests, and sparse woodland with 
cover 10 Ð 30%, etc. 

3. Grassland. Lands covered by natural grass with cover over 10%, etc. 

4. Shrubland. Lands covered with shrubs with cover over 30%, including 
deciduous and evergreen shrubs, and desert steppe with cover over 10%, 
etc. 



 65 

5. Water bodies. Water bodies in the land area, including river, lake, 
reservoir, fish pond, etc. 

6. Wetland. Lands covered with wetland plants and water bodies, including 
inland marsh, lake marsh, river floodplain wetland, fo rest/shrub wetland, 
peat bogs, mangrove and salt marsh, etc. 

7. Tundra. Lands covered by lichen, moss, hardy perennial  herb and shrubs in 
the polar regions, including shrub tundra, herbaceous tundra, wet tundra 
and barren tundra, etc. 

8. Artificial surfaces. Lands modified by human activities, including all kinds 
of habitation, industrial and mining area, transportation facilities, and 
interior urban green zones and water bodies, etc. 

9. Bareland. Lands with vegetation cover lower than 10%, including desert, 
sandy fields, Gobi, bare rocks, saline and alkaline lan ds, etc. 

10. Permanent snow and ice. Lands covered by permanent snow, glacier and 
icecap. 

Data Composition and Format 

GlobeLand30 data adopts raster data format for storage, with the non-
destructive GeoTIFF compression format and the 256 indexed color pattern of the 
8 Bit. The data consist of 5 parts, namely classification result fi le, coordinate 
information file, map setting file of classification image, metadata file and 
illustrative file. 

1.9. Geological Map of Ergene River Basin 

The Geological map of Ergene River basin is presented in Figure 20.  
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Chapter 2 
 

Development of Software as a Tool for Sustainable 

Land Use Management and Guide for Decision 
Support System 
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1.  Introduction  

Decision Support System (DDS) provides a custom, flexible and dedicated 
management system, to assist managers, decision makers and policy makers in: 

¥ provide timely, transparent, well informed and reproducible ans wers to 
important questions 

¥ quickly and effectively land use planning, reduce time and cost requirements 

¥ transform data and information into knowledge and produce understandable 
results and decisions. 
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Typical DSS interactive and integrated components are data and information 
management, analysis and modelling and scenario management and alternative 
formulation (Kjelds et al. 2007)  

Data and information management.  The data and information component is key 
and central in developing a DSS. The integrated database for the studied 
deltas/watersheds was developed. The integrated GIS database for coastal deltas 
and associated watersheds as a tool for sustainable management practices includes 
land cover, land use, soil map, forest, protected areas, topography, 
geomorphology, DEM, Hydrological network, erosion, land use change (see 
Chapter1) 

Analysis and modeling : The data framework provides the basis for further analysis 
and interpretation of data and information. Depending on stage and scope of the 
DSS the analysis can range from simple to complex including statistical and 
numerical models, economic and cost/benefit as well as User Defined and C ustom 
tools as given in this Chapter. 

Scenario management and alternative formulation : The DSS framework is capable 
of supporting and providing information for present and future land use change 
under different scenarios (see Chapter 3).  

Decision making:  Customizable GIS and Web based interfaces are tailored to meet 
specific needs and requirements. Advanced graphics, on-line access, custom rules 
and interpretations can be embedded into the DSS to support and provide the basis 
for decision makers to make timely, reproducible and wel l informed decisions (se 
Chapter 1 and this Chapter). 

GIS-Based Web Software was developped to supply the Corine Land Cover 1990-
2000-2006-2012 data, to present the results of the models created within the sc ope 
of Integrated Land Use Management Modelling of Black Sea Estuarie ILMM-BSE 
Project BlackSea project and to make spatial analyses using geographic data. 

Application is comprises of two parts. One of them is geographic information 
system services that present the data and the other one is geog raphic information 
system interface that use for monitoring of the presented data and make analyses. 
GIS services let to present Corine Land Use layers 1990-2000-2006-2012, model 
outputs, to supply the usage of spatial data services as base, to supply the 
geographic analyses on data and sharing. Also, GIS services supply to spatial queries 
on presented data and geographic analyses. 
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2. General Structure f ILMM-BSE GIS-Based Web Software

ILMM-BSE GIS-Based Web Software was designed over ArcGIS Silverlight API. In this 
designed structure, geographic data is stored in central database. Data storage in 
central database is published on ArcGIS Server. Published services are presented 
over ArcGIS Silverlight API and it is possible to make analyses on it. Appl ication 
could be published online and thus platform could work separatel y.

GIS based architectural approach of ILMM-BSE WebGIS system is presented in Figure 
1.

Figure 1. GIS Based Architectural Approach of Monitoring and Evaluation System

Within the scope of software development, dynamic softwa re development 
methodologies are used. Thus, a software product working from the early stages of 
the project with iterative approach and information can provide  the business 
objectives of final product.

In an iterative project;

¥ The project is cut into mini-projects (modularity)
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¥ Each mini-project is named as iteration

¥ Each mini-project contains different activities/discipline (for example: needs 
analysis, design, programming, test, etc.) in different proportions

¥ The main object of end of every iteration creates an iteration ver sion that 
belongs to a system which is steady, integrated, tested and partially 
completed.

ILMM-BSE system is designed in 3-layered architectural structure that contains 
Presentation, Application and Data Layer (Figure 2).

Figure 2. 3-Layered Architectural Structure

WebGIS application was designed as a developable model structure. This modular 
structural application could be updated on demand without interfering in main 
structure. In this application there are designed objects and the management 
objects that control the objects. Thus, developed objects could be integrated to 
application by associating with management objects.
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3.  User Interfaces of ILMM-BSE GIS-Based Web Software 

By using web base application, the following items could be done by end-users 
(Figure 3): 

¥ Users could monitor the different kind of Google Earth Layers, 

¥ Users could monitor Corine Land Cover Layers 1990-2000-2006-2012, general 
landuse data, 

¥ Users could monitor hydrological model outputs, general databases, soils, 
different year and kind image datasets etc., 

¥ Users could monitor the land cover change statistics in different interface, 

¥ Users could change the map scales, 

¥ Users could make zoom in and zoom out to maps, 

¥ Users could set the layer transparency, 

¥ Users could display fullscreen, 

¥ Users could change the direction and reset again, 

¥ Users could display the Google Earth maps in 3D, 

¥ Users could center the maps, 

¥ Users could monitor the statistics about landuse and landuse graphics, 

¥ Users could reach the help document on WebGIS, 

¥ Users could reach the different sources on WebGIS, 

¥ Users could print the statistical data and graphics, 

¥ Users could change the web page in five languages. 

One can acces to the WebGIS application at Òhttp://www.e-blacksea.comÓ and 
when users click on black sea WebGIS statistic module, they reach the WebGIS 
interface (Figure 4).  
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3.1. Map Menu

With this menu, it is possible to display all layers, zoom in zoom out, make 
transparency settings, and change direction of map. Also users could enable or 
disable the layers that would like to display. Map menu take s place on the left side 
(Figure 4, 5 and 6) the web page and it is possible to see the functions of the map 
menu on the right side (Figure 5 and 6). 

Figure 5. Map Menu Function

This tool is used for reset the map rotation

This tool is used for drag to skew map view

This tool is used for changing the opacity of the map menu

This tool is used for zoom in the map

This tool is used for zoom out the map

This tool is used for displaying the map in full extent

    This tools are used for collapse or expand the wings of map manu        
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Figure 6. Map Menu Layer 

3.2.  Layer Function 

By using layer function, end users display governmental boundaries, Corine 1990, 
2000, 2006, 2012 land use data, land use change maps and hydrological model 
outputs. Also it is possible to set the transparency o f the layers by using this tool. 
By setting transparency of the layers, it is possible to display multi layers 
synchronously. 

3.3.  RoadMap Function 

With roadmap function, end user could display the only road l ayer or roads with 
other layers (Figure 7). 

3.4.  Physical Map Function 

With physical map function, end user could display the only ph ysical map layer or 
with other layers (Figure 8). 

3.5.  Satellite Image Layer Function 

By using Satellite Image Layer Function, end user could display Google satellite 
images for their study area. It is possible to display both satellite image and other 
land use images simultaneously (Figure 9). 
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3.6.  Language Function 

Language Function lets end-users to change the language of the web application in 
5 languages. Participant users and all users could use the web application in their 
language easily (Figure 10). 

 
Figure 10. Language Tools 

4.  ILMM-BSE Statistics Menu 

By using stats menu, end-user could get general information about project 
estuaries. This Menu contains 4 sub-function. 

To enter the statistical module click stats from upper parts of webgis application 
(Figure 11). 

 
Figure 11. Stats Menu Entry 
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4.1.  General Information Menu 

General information menu contains a short history of project, general geographic 
structure of Turkey and other project areas, general climate properties, geographic 
position of project areas, etc. End-user could get general information about their 
study area by using this menŸ (Figure 12). 

4.2.  Statistical Table Menu 

With statistical table menu, it is possible to get information about land use, land 
use changes and the statistics about land use changes in the associated estuaries or 
watersheds in the Project for the years 1990, 2000, 200 6 and 2012. End-user could 
see the land use types and changes in percent and could use this information in 
their studies (Figure 13).  

4.3.  Statistical Graphic Menu 

With statistical graphic menu, it is possible to get information about land use, land 
use changes and the statistics about the land sue changes in the associated 
estuaries or watersheds in the Project for the years 1990, 2000, 2006 and 2012. 
This menu contains 1990, 2000, 2006, 2012 land cover data and 1990-2000, 2000-
2006 2006-2012 land use change data. End-user could see the land use types and 
changes on graphics and could use these graphic images in their studies (Figure 14). 

 

4.4.  Print Function 

This function supply to print the requested display on w eb application. Users could 
print any maps, general information or statistical data by using this tool. 

5.  Integrated Management System of ILMM-BSE 

The subject of Integrated Management Systems (IMS) in terms of quality, 
environmental and occupational health and safety management is becoming 
increasingly seen as part of the organizationÕs management portfolio. Integrated 
Management Systems (IMS) have been discussed and written about by both quality 
professionals and academic researchers for a number of years (Olaru, 2014). 
Interest in this subject indicates that "integrated management systems" are seen as 
"management systems of the future" being outlined the idea of transforming them 
into organizational concepts.  
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5.1.  Integrated Management Systems  

According to the Chartered Quality Institute, UK, integration means a combination; 
that is putting all the internal management practices into one system in such a way 
that the components of the system are not separated but link ed to form one 
integral part of the companyÕs management system. In simple words, an integrated 
management system (IMS) is a management system, which combines all 
components of a business into one coherent system so as to enable the 
achievement of its purpose and mission (Olaru, 2014).  

Integrated Management System is a single structure used by organizations to 
manage their processes or activities that transform inputs of resources into a 
product or service which meet the organization's objectives and equitably satisfy 
the stakeholders quality, health, safety, environmental , security, ethical or any 
other identified requirement (Patience, 2008).  

Geographic information systems (GIS) have emerged as powerful tools for handling 
spatial data for decision-making in several areas including engineering and 
environmental fields. Geographical information system (GIS) and process simulation 
models needs to be integrated to develop sustainable agriculture management.  

Over the past years, studies of land-use management were mainly conducted 
within watershed and regional contexts (Ren, 1997; Wang et al., 2004), focusing on 
urban area (Rossi- Hansberg, 2004; Svoray et al., 2005), agricultural area (Lopez et 
al., 1994; Carsjens and van der Knaap, 2002; Klocking et al., 2003), forest land 
(Ells et al., 1997; Sharawi, 2006) and land-use allocation of farming and forestry 
land (Riveiro et al., 2005). A number of innovative approaches were applied in 
land-use management, covering land-use suitability assessment, land-use change 
forecasting, land evaluation and land-use allocation. In the field of land-use 
suitability assessment, GIS techniques are acknowledged to be a powerful tool as 
implied by recent studies (Pereira and Duckstein, 1993 ; Bojorquez-Tapia et al., 
2001; Collins et al., 2001; Joerin et al., 2001; Phua and Minowa, 2005). Collins et 
al. (2001) reviewed the application of GIS-based methods in land-use s uitability 
analysis in the United States, and grouped them into computer-assisted overlay 
mapping, multicriteria analysis method (MCA) and artificial intelligence method (Y. 
Liu et al., 2007).  

Any single method will not be effective for land-use management of 
estuaries/deltas. A comprehensive method and analysis system is essential f or 
tackling the problems of land-use management. In this respect, an integrated GIS-
based analysis system will be developed in this project. An integrated GIS-based 
analysis system covers land-use suitability assessment, land-use change and 
demand analysis, and land evaluation and allocation.  
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Land-use management of estuaries/deltas areas is a multi-component and 
multidisciplinary process that requires more than a single method for successful 
results. Thus, an integrated GIS-based analysis system was developed in this 
project for a more efficient and scientific management of such areas from a 
holistic point of view.  
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1.  Introduction 

Ergene River Basin has different development axes due to agricultural and 
industrial activities within the basin hosted. Rapid industrial development for 
about 25 years in the southern part of the Basin, which comp rises majority of 
Saray, Corlu, Cerkezkoy, Muratli and Luleburgaz towns close to Istanbul, has 
brought population growth and intensive urbanisation. Recently realised 
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rehabilitation of organised industrial zones (OSB) has revealed that only 45-50% 
of industry allocated zone is occupied presently. However, it is believed that 
land use changes are inevitable in the future. This part of the Ergene River basin 
has a dynamic land use change and defined as Òhot spotÓ of the basin. 

Land use change models are useful tools to understand causes and effects of 
future land use/land cover change dynamics. Modelling approach of CLUE-s 
((Conversion of Land Use and its Effects at Small regional extent) was developed 
for local  and regional scales studies as part of CLUE model designed for the 
studies in national and continental scales (Verburg et al ., 2002). In this part, 
land use changes of 2023, 2030 and 2050 were simulated considering the 
demands for land determined in accordance with the linear tren d analysis.  

2.  Materials and methods 
 
2.1.  Research area 

Ergene River basin constitutes of 26 main sub watersheds. This pilot study covers 
two of these sub-watersheds: Corlu and Ergene Creeks Watersheds. Some 
physical characteristics of the watersheds are presented in Table 1 whereas  the 
delineation of sub-watersheds is shown in Figure 1.  

Table 1. Some physical characteristics of Corlu and Ergene Creeks Watersheds 

Physical parameters  

Watershed Area (km2) 1.504,92 

Watershed Perimetre (km) 342,22 

Watershed Max Altitute (m, h max) 490,00 

Watershed Min. Altitute m (m, h min) 50,00 

Watershed Longitude 27¡44!-28¡15! East L 

Watershed Latitude 41¡11!-41¡47! North L 
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Figure 1. The delineation of sub-watersheds 

2.2.   Maps 

Maps with 30,0 m resolution, 7,0 m multispectral band dated 07.08 .1990 
LANDSAT TM and 9,0 m multispectral band dated 10.09 2014 LANDSAT 8 were 
used. Soil maps with 1/25.000 scale was obtained from Ministry of Food 
Agriculture and Livestock Tekirdag Provincial Directorate.  

2.3.  Methods 

The CLUE-S model was developed to simulate land-use change by quantifying 
empirical relationships between land use and its driving factors by Peter H. 
Verburg in Wageningen University (Pontius and Schneider 2001; Verburg et al. 
2002). 

2.3.1.   Spatial Analysis 

The list of assumed driving forces is based on prevalent theories on driving 
factors of land-use change (Lambin et al., 2001, Kaimowitz and Angelsen 1998, 
Turner et al., 1993) and knowledge of the conditions in the study area. The 
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relations between land use and its driving factors are thereafter evaluated using 
stepwise logistic regression (Verburg et al. 2002). Logistic regression is an often 
used methodology in land-use change research (Geoghegan et al., 2001, Serneels 
and Lambin 2001). 

 

Figure 2. Schematic representation of the procedure to allocate changes in land 
use in CLUE-S model (Verburg et al. 2002)  

In this study we use logistic regression to indicate the probability of a certain 
grid cell to be devoted to a land-use type given a set of driving factors following: 

 

where Pi is the probability of a grid cell for the occurrence  of the considered 
land-use type and the XÕs are the driving factors. 

2.3.2.   Decision Rules 

For each land-use type decision rules determine the conditi ons under which the 
land-use type is allowed to change in the next time step (Verburg et al. 2002). 
The relative elasticity ranges between 0 and 1. The higher the defined elasticity, 
the more difficult it gets to convert this land-use type (Verburg et al. 2002). 

2.3.3.   Competition and Actual Allocation of Change 

For each grid cell i the total probability (TPROP i,u) is calculated for each of the 
land-use types u according to: TPROPi,u = Pi,u  + ELASu + ITERu, where ITERu is an 
iteration variable that is specific to the land use . ELASu is the relative elasticity 
for change specified in the decision rules and is only given a value if grid-cell i is 
already under land use type u in the year considered. ELASu equals zero if all 
changes are allowed (Verburg et al., 2002).  
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Figure 3. Flow chart of the allocation module of the CLUE-S model 
 

2.3.4.   Land demands and scenarios 

For the land demand module, different alternative model specifications are 
possible, ranging from simple trend extrapolations, scenario approach, to 
complex economic models (Verburg et al. 2002). In this study, scenarios are set 
to simulate the land-use pattern of 2050 based on land use of 2014. 

Assuming the effect of driving factors on land-use change keeps stable in 1990Ð
2050 and land-use requirement of 2015Ð2050 keeps the linear change on base of 
the trend in the period of 1990Ð2014: In this situation, the annual ar ea of land-
use types of 2015Ð2050, in one hand, could be extrapolated from the annual 
land-use area in the period 1990Ð2014. 

In the assessment of the results for the scenarios of 2023, 2030 and  2050; it was 
assumed that: 

¥ No protection measures will be applied in the land u se/land cover 
structures of the study area, 

¥ The Organised industrial zone in the current targeted plans will not be 
modified/increased in the future 

3. CLUE-s Modelling Process 

3.1. Creating Data Set for Land Use/Land Cover  

Land use/land cover map of 2014 was used as reference to produce maps for 
modelling process. Modelling process was based on the investigation of the 
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relationship between present land use/land cover structure and driving forces 
affecting this structure. In this research, the land use types not listed in the 
model but existed in the study area were placed in ÒothersÓ. The classes forming 
the general structure of the study area were indicated as agricultural land, 
residential area, forest, and industrial area. The maps was separated  into 
100x100 m pixels. 

3.2. Creating Data Set for Driving Factors  

Driving forces are the factors determining the land use/land cover spatially. 
They are classified into two: natural and social forces.  
 

Table 2. Driving factors of research area 

Driving Factors UNIT 

N
A

T
U

R
A

L 
F

A
C

T
O

R
S

 Elevation m 

Slope degree 

Aspect degree 

Great Soil Groups  

S
O

C
IO

-E
C

O
N

O
M

IC
 

F
A

C
T

O
R

S
 

Distance to 1.Degree Roads m 

Distance to 2.Degree Roads m 

Distance to Rivers m 

Distance Industry Development Zones m 

Population Density Person/km2 

 

3.3. Determination of Land Use/Land Cover demand 

In this part, non spatial demands are investigated. Many different statistical 
methods are used to quantify the magnitude of future land use change. Linear 
trend analysis is one of the most widely used method.  In this method, demand 
of each year increases linearly, in the form of Òy=a+bx (Nalbant et al., 2005), 
where, y is the value of the variable in time series for a given year; x is the year 
in question, a and are the constants of linear analysis. The demands for land 
cover/land use are given in Table 3. 
 
 
 



! 95 

Table 3. Demands for land use/land cover 

Year 
Residental 
Area (ha) 

Agricultural 
Area (ha) 

Forest Area 
(ha) 

Industrial 
Area(ha) 

Other Area 
(ha) 

2014 9025.13 129595.34 46116.60 6169.81 2328.12 

2015 9225.68 129399.12 46112.28 6169.81 2328.12 

2016 9426.22 129202.89 46107.96 6169.81 2328.12 

2017 9626.77 129006.66 46103.64 6169.81 2328.12 

2018 9827.32 128810.44 46099.32 6169.81 2328.12 

2019 10027.86 128614.21 46095.00 6169.81 2328.12 

2020 10228.41 128417.98 46090.68 6169.81 2328.12 

2021 10428.95 128221.76 46086.36 6169.81 2328.12 

2022 10629.50 128025.53 46082.04 6169.81 2328.12 

2023 10830.05 127829.31 46077.72 6169.81 2328.12 

2024 11030.59 127633.08 46073.40 6169.81 2328.12 

2025 11231.14 127436.85 46069.08 6169.81 2328.12 

2026 11431.69 127240.63 46064.76 6169.81 2328.12 

2027 11632.23 127044.40 46060.44 6169.81 2328.12 

2028 11832.78 126848.17 46056.12 6169.81 2328.12 

2029 12033.32 126651.95 46051.80 6169.81 2328.12 

2030 12233.87 126455.72 46047.48 6169.81 2328.12 

2031 12434.42 126259.50 46043.16 6169.81 2328.12 

2032 12634.96 126063.27 46038.84 6169.81 2328.12 

2033 12835.51 125867.04 46034.52 6169.81 2328.12 

2034 13036.06 125670.82 46030.20 6169.81 2328.12 

2035 13236.60 125474.59 46025.88 6169.81 2328.12 

2036 13437.15 125278.36 46021.56 6169.81 2328.12 

2037 13637.69 125082.14 46017.24 6169.81 2328.12 

2038 13838.24 124885.91 46012.92 6169.81 2328.12 

2039 14038.79 124689.69 46008.60 6169.81 2328.12 

2040 14239.33 124493.46 46004.28 6169.81 2328.12 
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Table 3. continued. 

Year 
Residental 
Area (ha) 

Agricultural 
Area (ha) 

Forest Area 
(ha) 

Industrial 
Area(ha) 

Other Area 
(ha) 

2041 14439.88 124297.23 45999.96 6169.81 2328.12 

2042 14640.43 124101.01 45995.64 6169.81 2328.12 

2043 14840.97 123904.78 45991.32 6169.81 2328.12 

2044 15041.52 123708.55 45987.00 6169.81 2328.12 

2045 15242.06 123512.33 45982.68 6169.81 2328.12 

2046 15442.61 123316.10 45978.36 6169.81 2328.12 

2047 15643.16 123119.88 45974.04 6169.81 2328.12 

2048 15843.70 122923.65 45969.72 6169.81 2328.12 

2049 16044.25 122727.42 45965.40 6169.81 2328.12 

2050 16244.80 122531.20 45961.08 6169.81 2328.12 

 

3.4.  Decision Rules 

Decision rules are two parts, namely, transformation e lasticity and 
transformation matrix. In transformation elasticity, Ò1Ó is the state of non-
allowed to conversion and Ò0Ó is the state of easily allowed to conver sion. The 
other state is the value between Ò0Ó and Ò1Ó. Ò0Ó and Ò1Ó values are also used 
in transformation matrix, with the same meanings. For instance, residential area 
cannot be re-conversed to agricultural area, therefore it takes Ò0Ó value. In this 
study, decision rules given in Table 3 and Table 4 were used.  
 

Table 4. Conversion Elasticity 

Conversion 
Elasticity  

Agriculture 
areas 

Forest 
areas 

Urban areas Industry areas 

0 0.8 1 1 
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Table 5. Conversion Matrix 

Conversion Matrix 
Agriculture 

areas 
Forest 
areas 

Urban areas Industry areas 

Agriculture areas 1 1 1 1 

Forest areas 1 1 1 1 

Urban areas 0 0 1 1 

Industry areas 0 0 1 1 

 

4. Results 

4.1 Model Calibration 

The calibration process was carried out on the basis of 1990  and 2014. The 
obtained simulation map of 2014 was overlapped with th e actual land use/land 
cover map and evaluated 1x1 grid. The accuracy of simulation results was found 
to be 96%.  

The actual and simulated land use/land cover maps are presented in Figure 4 
and Figure 5, respectively. 

4.2 Driving Factors 

The maps were formed for the driving factors of elevation, slope, aspect, soil 
group, distance to first degree roads, distance to second degree roads, distance 
to rivers, distance to industrial development area and p opulation density and 
presented in Figures 6, 7, 8, 9, 10, 11, 12, 13 and 14, respectively.  

4.2. Future Scenario Results 

Following the methods given in the Methodology section, the land use/land 
cover scenarios of the selected hot spot area in the Ergene River Basin were 
simulated for 2023 (Figure 15), 2030 (Figure 16) and 2050 (Figure 17). 
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