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Tiirkiye Cografi Bilgi Sistemleri Dergisi

AMAC

Tiirkiye Cografi Bilgi Sistemleri Dergisi bilim ve teknolojideki gelismelere paralel olarak Cografi Bilgi

Sistemleri alaninda yeni gelismelerle ilgili yapilan ¢alismalar1 yayinlayan bir dergidir.

KAPSAM

Cografi Bilgi Sistemleri (CBS) mekansal verinin ve mekansal bilginin kayit altina alinmasi, islenmesi,
analizi, yonetilmesi ve sunumu icin gelistirilen bir sistemdir. Giintimiizde CBS tarim, arkeoloji, kutup
calismalari, havacilik, ulasim, iklim degisikligi, su¢, savunma, afet, ekoloji, egitim, ¢evre, orman, jeoloji
uygulamalarin1 da kapsayacak sekilde 1000’den fazla alanda etkin olarak kullanilmaktadir. Modern
diinyada pek ¢ok disiplinin parcasi haline gelmis olan CBS iilkemizde de gerek 6zel gerekse kamu
kurumlari tarafindan yaygin kullanim alanina sahiptir. Tiirkiye Cografi Bilgi Sistemleri Dergisi ytikselen
bir trend olan CBS’nin teknolojideki gelismeleri dikkate alarak gerek akademik gerekse 06zel sektor
arasindaki bilgi paylasimlarini desteklemeyi, ayrica geng arastirmacilara da ¢alismalarini sunabilecekleri

bir platform olusturmay: amaglamaktadir.

Tiirkiye Cografi Bilgi Sistemleri Dergisinin kapsamz;

e  Sorgulama Islemleri, Optimizasyon
e  Kartografya ve Jeodezi

e 3 Boyutlu Modelleme, Simiilasyon
e  Mekansal Bilgi

e Veri Paylasimi, Giivenlik

e  Standartlar, interoperabilite

e  Konumsal Veri Altyapisi

e Topoloji

e  Mekéansal Verilerin Saklanmasi,
indekslenmesi

e  Karar Destek Sistemleri

e  Web Uygulamalari

e  Mobil Servisler

e  Mekansal Veri Tabani Yonetim Sistemleri
e  Mekansal Veri Kalitesi

e  Biiyiik Veri (Big Data)

e  Mekansal Analiz

e  Mekansal Bilgi Yonetimi

e  Ekolojik ve Cevresel Uygulamalar

Sehir Ve Bolge Planlama
Uygulamalari

Tarim ve Toprak Uygulamalari
Kent Bilgi Sistemleri

Enerji Bilgi Sistemleri

Kiy1 Yonetimi

Dogal Kaynaklarin Yonetimi
Endiistriyel Uygulamalar

Afet Yonetimi

iklim Galismalar1

Lojistik Uygulamalar1
Mekansal Veri Madenciligi

Kadastro Uygulamalart......
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calismasi, kisa rapor ve editore mektup niteliklerinden birine uygun eserler hakem degerlendirmesinden
yayinlanabilir olduguna dair karar verildikten sonra yayimlanir. Yazim kurallarina uygun olarak
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AIM

Turkish Journal of Geographic Information Systems in the field of Geographic Information Systems in
parallel to the developments in science and technology magazine is a magazine published studies on new

developments.

SCOPE

Geographic Information Systems (GIS) is a system developed for the recording, processing, analysis,
management and presentation of spatial data and spatial information. Today, GIS is used effectively in more
than 1000 areas including agriculture, archeology, polar studies, aviation, transportation, climate change,
crime, defense, disaster, ecology, education, environment, forest, geology applications. GIS, which has
become a part of many disciplines in the modern world, has widespread use by both private and public
institutions in our country. Turkish Journal of Geographic Information Systems academic requirements,
taking into account developments in technology as well as support the sharing of information between the

private sector, also aims to create a platform to present their work to the young researchers.
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ABSTRACT

Cartography, serving as a medium of interpretation and visualization, assumes a vital role as
a mechanism for proficient communication. Its prevalent utilization is notably evident within
the educational sphere, predominantly in primary educational institutions such as schools.
The visual portrayal facilitated by maps enables young learners to assimilate knowledge and
cultivate proficiencies related to their immediate surroundings and spatial cognition. The
creation and formulation of such maps demand meticulous scrutiny and contemplation of a
myriad of factors that wield influence over children, encompassing facets pertinent to their
cognitive maturation and development. Within the context of this research, a comprehensive
set of 16 maps were curated and devised. Among these, 8 maps constitute the primary
category, encompassing the political map delineating municipalities, the administrative map
showcasing cities, the regions map, the physical geographical map, the tourism and economy
map, the agriculture map, the farming map, and the climate map. The remaining 8 maps belong
and focus on tourism and economy, with particular emphasis placed on each of the 8 regions
comprising the Republic of North Macedonia. These maps were carried out as part of the
realization of the "Atlas of North Macedonia for primary school pupils" project. This atlas has
been compiled and designed for pupils aged 6 to 10.

1. Introduction

Maps serve as visual depictions (Robertson &
Gerber, 2000), play a pivotal role in various aspects of
our daily existence (Holland, 2005), and enjoy
widespread popularity due to their inherent capacity to
evoke a strong visual impact (Bugdayci & Selvi, 2021).
Maps shape a child's perception (Myridis et al., 2007),
and they serve as a conduit for transmitting knowledge,
offering a depiction of the familiar reality that
distinguishes it from the perceptible reality we observe,
and about the observations, findings, and discoveries
made by others (Whitefield, 1997; Holland, 2005).

To ensure seamless usability of maps in education
and throughout life stages, fostering their development
and promotion becomes imperative for -effective
communication during a child's initial encounter with
their surroundings (Myridis et al, 2007; Bugdayci &
Selvi, 2021). The current cohort of children represents
the forthcoming generation of individuals who will
actively engage in utilizing and generating maps
(Anderson & Vasconcellos, 1995). Children in their early
stages of education represent a pivotal user group with
utmost significance in the realm of map utilization
(Bugdayci & Selvi, 2021). Maps are regarded as

indispensable instruments of communication within the
educational realm (Myridis et al,, 2007), encompassing
various activities associated with the arrangement or
strategizing of intricate entities (Erwin, 2011). The map
assumes a crucial role as a significant communication
instrument, serving as visual depictions equipping us
with the means to explore and comprehend spatial
relationships (Robertson & Gerber, 2000; Myridis et al.,
2007).

Fostering a child's curiosity in map reading and
engagement can have numerous benefits. By involving
children in simple map activities, they can develop
spatial awareness and an understanding of their
environment. Exploring children's comprehension of
spatial relationships can be effectively examined through
the lens of map understanding (Peter et al, 2010).
Encouraging children to create their own maps and
explore different types of maps enhances their map
literacy.

Developing assistive technologies tailored for the
needs of children, including maps, poses significant
challenges (Brule et al, 2016). The advancement in
mapping targeted for children, as well as their active
involvement in the mapping process, can only be attained
through comprehensive engagement across various
tiers, encompassing national, international, and
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grassroots levels (Anderson & Vasconcellos, 1995). The
utilization of Geographical Information System (GIS)
software and generic drawing software has witnessed a
notable surge in generating maps through digital location
data and employing computer-aided design techniques.
These advanced technologies have gradually permeated
primary school settings and are actively advocated by
educational institutions (Ordnance Survey, 2002; ESR],
2003).

Cognitive  theories are centered around
understanding the transformations that occur in our
mental processes or cognitions as we grow and develop.
As described by Jean Piaget, these theories emphasize the
interaction between a child and their environment
(Piaget, 1929). Piaget's cognitive development theory
elucidates the process by which a child actively
constructs a mental representation of the world. Piaget's
work portrayed the developing child as an active
participant in a social realm filled with contextualized
meanings. His contributions have established him as a
highly influential cognitive theorist within the field of
child development (Piaget, 2000). A multitude of studies
have been conducted, drawing significant inspiration
from Jean Piaget's theory of cognitive development.

Scholarly investigations have revealed disparities in
map comprehension between children and adults (Bartz,
1965; Sorrell, 1978; Gerber 1984). The cognitive
development of young children involves the gradual
assimilation of spatial concepts and the ability to reason
about spatial location (Uttal & Sheehan, 2014). The
accurate assessment of cognitive map knowledge carries
significant implications for various domains, including
urban planning, education, and navigational assistance
(Kitchin & Jacobson, 1997). A significant developmental
implication arising from our perspective is that the
acquisition of spatial cognition involves the process of
learning to perceive the world through the mediated lens
of maps (Liben & Downs, 1989; Liben & Downs, 1991;
Liben & Downs, 1993; Liben et al.,, 2002; Uttal, 2000;
Uttal, 2005). Lynch's (1960) comprehensive
investigation delved into the intricacies of individuals'
cognitive maps pertaining to their urban environments.
Subsequently, substantial scholarly efforts have been
dedicated to exploring the progression of these cognitive
maps in both children and adults (Downs & Stea, 1977;
Hardwick et. al,, 1976; Herman & Siegel, 1978).

Additionally, utilizing maps before trips and locating
places on a globe or world map can stimulate
geographical knowledge. Educators are required to
support pupils and students in rendering their cognitive
processes explicit, aiding them in refining and
structuring their reasoning based on established norms
and criteria (Okada & Buckingham, 2008). Educators
must devise pedagogical approaches to foster an
environment conducive to exploratory discourse,
wherein children possess the ability to substantiate their
choices and engage in respectful inquiry of others'
decisions (Owen, 2005). Embracing these map-related
experiences from an early age can empower children
with valuable life skills and a deeper understanding of
the world around them.

Blaut (1991, 1997) asserted that the aptitude for
comprehending environmental depictions, such as aerial

photographs, is an inherent and untrained capability in
young children. This assertion was supported by
empirical investigations, including the notable work of
Stea & Blaut (1973). Following the instructional
intervention, there was a noticeable enhancement in the
mapping proficiencies of the students (Klonari, 2012).
These findings indicate that both cohorts exhibit
dissimilar approaches to perceiving maps and
interpreting data, as distinct from adult perspectives.
Consequently, these purported dissimilarities have
prompted numerous publishers and cartographers to
develop maps explicitly designed for children, diverging
from those intended for adult users (Bartz, 1965; Sorrell,
1978; Gerber, 1984).

Therefore, akin to other symbolic systems such as
spoken and written language, maps serve as cultural
tools that facilitate the acquisition of knowledge and the
expansion of human cognition by enabling us to learn
about the world from others (Olson, 1994). In this regard,
we contend that the ability to perceive and engage with
the world through the mediated perspective of maps
plays a crucial role in the development of spatial
cognition. This process is facilitated by the use of
symbolic representations, such as scale models. Through
interactions with these models, children acquire a deeper
understanding of spatial relationships and develop
cognitive skills related to spatial thinking. This cognitive
development in the realm of spatial location is an integral
aspect of children's overall cognitive growth and
contributes to their broader cognitive abilities (Uttal &
Sheehan, 2014).

The examination of color usage in cartographic
representation has been a subject of extensive inquiry in
the field of cartographic research, constituting one of the
most scrutinized facets of map design. This area of study
has received significant attention from scholars
throughout history, with notable contributions from
researchers such as Robinson (1952), Jenks & Knos
(1961), Crawford (1971), Kimerling (1980), Olson
(1981), Imhof (1982), MacEachren (1995), Dent (1999),
and Brewer et al. (2003). Brewer has made substantial
contributions to the field of color research, with an
extensive repertoire of scholarly work that spans several
publications. These include Brewer (1989), Brewer
(1992), Brewer (1994), Brewer (1996), Brewer (1997a),
Brewer (1997b), MacEachren et al, (1998), Brewer
(2003), and Brewer et al., (2003). Brewer's research
encompasses a wide array of topics, such as the
application of spectral color schemes, guidelines for
utilizing diverging color schemes, the impact of
simultaneous contrast on maps, color selection strategies
to assist individuals with color impairment, and a tool for
selecting suitable colors for cartographic purposes.

Within the scope of this study, the process of
compiling and designing maps was undertaken as an
integral component of the atlas project tailored for
primary school pupils in the Republic of North
Macedonia. Prior to the compilation and design of the
maps, an extensive examination was conducted on social
studies textbooks utilized in the second, third, fourth, and
fifth grades. Additionally, the two atlases currently
employed within the educational system were included
in the review and evaluation process. By examining and
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analyzing the existing preliminary atlases and the
content of social science books, a conceptual framework
has been developed for the creation of new maps tailored
to the cognitive abilities and educational needs of
primary school pupils between the ages of 6 and 10. In
the process of creating the new maps, a deliberate
attempt has been made to rectify any gaps and omissions
identified in the preliminary atlases and social science
books. The newly compiled and designed maps aim to be
more comprehensive in their professional content, while
simultaneously ensuring greater accessibility, clarity,
and comprehension for the specific age group they target.
The aforementioned maps were presented and subjected
to testing in the presence of pupils from four primary
schools located in the city of Tetovo, North Macedonia.

2. Method

The process of assembling, conceptualizing, and
designing maps was conducted as an integral component
of the preparatory stages involved in creating an atlas
intended for primary school pupils in the Republic of
North Macedonia. The maps, together with the
comprehensive content of the atlas encompassing
symbols and tables, were purposefully customized to be
compatible with the cognitive capabilities, age group, and
spatial reasoning proficiencies of primary school pupils.
Initially, prior to commencing the cartographic work
integrated into the atlas, an in-depth analysis of the
contents of social science textbooks for lower grades,
spanning from the second grade to the fifth grade, was
conducted. In addition to examining the social science
textbooks, a review of the atlases utilized by primary
schools, irrespective of their designated age range, has
been conducted. As an integral aspect of the atlas, the
initiative commenced with the design and compilation of
symbols employed within the maps. Initially, a
comprehensive analysis and study of the symbols were
undertaken, followed by  their = compilation.
Subsequently, to assess the pupils' comprehension and
interpretation of these symbols, a testing phase was
implemented, involving students from the second to fifth
grade in primary schools. Subsequent to this phase, the
compilation and design of the maps featured in this study
were initiated. The compilation, interpretation,
visualization, and design of maps specially for the atlas
were conducted using QGIS (Quantum GIS) software. All
the maps featured in the atlas have been meticulously
compiled and designed exclusively for this project,
starting from scratch to ensure their uniqueness and
relevance. The pupils from the selected schools for the
atlas presentation were categorized into two groups: the
first group, which did not partake in the atlas
presentation, exercises, and practices; and the second
group, which actively participated in the atlas
presentation, along with associated exercises and
practices. Both groups underwent a pre-atlas test and a
post-atlas test aimed at assessing their general
understanding of maps, geographic orientation, and
spatial concepts, and to measure the knowledge gained
from the information given inside of the atlas. These
results were intended to evaluate the pupils' overall
comprehension of maps, atlases, geographical

knowledge, spatial orientation, and related topics.
Simultaneously, the aim is to derive the outcomes
regarding the efficiency and effectiveness of the
compiled atlas. The outcomes of the first group of tests
are included in this paper. The final segment of this study
involved the compilation and design of representative
population tables, which are also incorporated as a
constituent part of the atlas.

2.1. Designed maps

The atlas encompasses a variety of maps
encompassing diverse facets of North Macedonia's
geography, economy, and culture. These meticulously
crafted maps employ a visually straightforward and
accessible language, incorporating colors and symbols
that facilitate comprehension among young readers. The
maps developed specifically for the atlas purposefully
encapsulate various subjects and their respective
contents. In total, the atlas comprises eight foundational
maps, each characterized by distinct thematic content, as
outlined below:

— Political map of North Macedonia - Map of

Municipalities

— Administrative map of North Macedonia - Map

of cities

— Map of the Regions of North Macedonia

—  Physical map of North Macedonia

—  Tourism and Economy map of North Macedonia

— Agricultural map of North Macedonia

— Farming map of North Macedonia

— Climate map of North Macedonia

Within the scope of the Tourism and Economy map
of North Macedonia, there are an additional eight
supplementary maps that correspond to the eight
regions of the Republic of North Macedonia. These
auxiliary maps serve to provide detailed information and
insights specific to each region. The breakdown of the
regions and their respective auxiliary maps is outlined
below:

— Tourism and Economy map of Polog Region

—  Tourism and Economy map of Skopje Region

—  Tourism and Economy map of Northeast Region

—  Tourism and Economy map of Eastern Region

— Tourism and Economy map of Southeast Region

— Tourism and Economy map of Vardar Region

— Tourism and Economy map of Pelagonia Region

Tourism and Economy map of Southwest Region.

3. Results

3.1. Political map of North Macedonia - Map of
Municipalities

The Political map of North Macedonia, particularly
the Map of Municipalities, has proven to be a valuable
educational resource in introducing primary school
pupils to the concepts of local governance and
administrative boundaries. The map enables pupils to
readily recognize their own municipality as well as
neighboring municipalities, fostering their
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comprehension of local government operations. Notably,
each municipality is labeled on the map, facilitating
pupils' ability to locate and identify various regions
within North Macedonia. Moreover, this map enhances
their understanding of the broader political structure of
the country. Figure 1 below, displays the Political map of
North Macedonia or the Map of Municipalities:

REPUBLIKA E MAQEDONISE SE VERIUT
Harta Politike Hartae

Figure 1. The political map or municip;lities map of
North Macedonia, designed and used for the Atlas

3.2. Administrative map of North Macedonia - map of
cities

The purpose of this map is to facilitate the
comprehension of North Macedonia's administrative
structure and the various levels of government within
the country. The cities and towns depicted on the map
are labeled with clarity, enabling pupils to readily
identify and locate them. Consequently, pupils have
demonstrated the ability to easily recognize their own
cities as well as neighboring ones. This map provides the
corresponding names of the cities, thus enabling pupils
to effortlessly locate and identify distinct areas within
North Macedonia. This fosters a better understanding of
how these areas fit into the broader political framework
of the country. Figure 2 below, presents the
Administrative map of North Macedonia or the Map of
Cities:

REPUBLIKA E MAQEDONISE SE VERIUT Q

| -> Harta Admini it Harta e Qyteteve

Figure 2. The administrative map or map of cities of
North Macedonia, designed and used for the Atlas

3.3. Regions map of North Macedonia

The Regions map of North Macedonia serves as a
significant educational tool for pupils, facilitating their
comprehension of the country's diverse geography. This
map offers valuable information concerning the
geographical locations of the various regions. By
studying this map, pupils can enhance their
understanding of the distinct characteristics that define
each region. Consequently, they gain insights into how
geography can influence culture, resulting in diverse
customs, traditions, and ways of life across different
regions. Beyond providing knowledge about North
Macedonia's regions, this map also promotes the
development of critical thinking and analytical skills
among pupils. Figure 3 below, presents the map of the
regions of North Macedonia:

REPUBLIKA E MAQEDONISE SE VERIUT
Harta e Rajoneve a

i

=

REPUBLIKA E
BuLLGARTSE

RATONT LINDOR

RAJONLL
VARDARIT

RAJONI
JUGLINDOR

Figure 3. The map of regions of North Macedonia,
designed and used for the Atlas

3.4. Physical map of North Macedonia

The Physical Map of North Macedonia serves as a
comprehensive resource illustrating the country's
natural landscapes, encompassing mountains, rivers,
lakes, and other geographical attributes. This map plays
a pivotal role in enabling pupils to acquaint themselves
with the diverse natural environment of their homeland.
Through the study of this map, pupils can gain insights
into the country's topography. For instance, they can
observe that mountainous regions exhibit lower
temperatures and higher precipitation levels compared
to lowland areas. The map also highlights significant
physical features of North Macedonia, such as Lake
Ohrid, renowned as one of Europe's oldest and deepest
lakes, and the Vardar River, the country's longest and
most prominent river. Familiarizing themselves with
these natural landmarks allows pupils to cultivate a
profound wunderstanding of North Macedonia's
distinctive geography and its significance within the
Balkan region. Figure 4 below, presents the physical map
of North Macedonia:
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REPUBLIKA E MAQEDONISE SE VERIUT
Harta Fizike

[
Figure 4. The physical map of North Macedonia,
designed and used for the Atlas

3.5. Tourism and Economy map of North Macedonia

The tourism and economy map of North Macedonia
presents a wide range of prominent landmarks,
attractions, and natural resources, offering young
learners valuable insights into the diverse tourism and
economic prospects within their country. This map
serves as a tool to assist pupils in developing an
appreciation for the natural splendor of North
Macedonia, while also facilitating their understanding of
how these resources contribute to the local economy. By
exploring this map, pupils can familiarize themselves
with key touristic destinations and gain knowledge about
the economic activities associated with various regions.
This map provides an opportunity for pupils to
comprehend the interplay between tourism and the
economy, enabling them to recognize the significance of
these sectors within North Macedonia. Figure 5 below,
illustrates the touristic and economic map of North
Macedonia:
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Figure 5. The tourism and economy r;lap of North
Macedonia, designed and used for the Atlas

3.5.1. Tourism and economy map of Polog Region

The tourism and economy map of the Polog region
has been specifically designed to facilitate the
comprehension of primary school pupils regarding the
various economic activities within the region and their

relationship with the tourism industry. The map
encompasses key towns and cities within the region,
along with significant tourist attractions and activities.
Among these, the city of Tetovo, situated in the western
part of the region, holds prominence as a major tourist
destination owing to its historic Ottoman-era structures,
notably the renowned Painted or Pasha's Mosque, the
Stone Bridge known as Tabak Bridge, and the Castle or
Fortress. Additionally, the nearby Shar Mountain
National Park entices nature enthusiasts and sports
enthusiasts alike with its picturesque landscapes,
extensive hiking trails, and the well-regarded ski resort
of Sunny Hill (Popova Shapka). The city of Gostivar,
situated in the central part of the region, is distinguished
by its traditional bazaar and the breathtaking Vardar
River canyon. Notably, the city's Clock Tower serves as
an important historical and landscape site. In close
proximity, the ski resort of Mavrovo draws numerous
visitors during the winter months, while the Mavrovo
National Park remains a year-round attraction due to its
natural splendor and diverse recreational activities.
Beyond tourism, the Polog region encompasses several
significant industries and agricultural pursuits in its rural
areas. The touristic and economic map of the Polog
region, provides a visual representation in the Figure 6
below:
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Figure 6. The tourism and economy map of Polog region
of North Macedonia, designed and used for the Atlas

3.5.2. Tourism and economy map of Skopje Region

The Skopje Region, situated in the heart of North
Macedonia, stands as the most populous region within
the country and encompasses the capital city of Skopje.
Renowned for its rich cultural and historical legacy, as
well as its vibrant tourism and economic sectors, the
Skopje Region holds significant prominence. The tourism
map of the Skopje Region serves as a comprehensive
guide for visitors to explore the diverse array of
attractions offered within the region. These include
esteemed historical landmarks like the Skopje Castle or
Fortress, the iconic Stone Bridge, the Skopje Aqueduct,
Mustafa Pasha Mosque, the Clock Tower, and captivating
natural wonders such as Mount Vodno and Matka
Canyon. Additionally, the tourism and economy map of
the Skopje Region provides valuable insight into the
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various industries propelling the local economy. Through
the utilization of the atlas in classroom settings, pupils
gain a comprehensive understanding of the region's
cultural and natural heritage, as well as the myriad
economic prospects available to them. The touristic and
economic map of the Skopje region, serves as an valuable
resource in this regard, in the Figure 7 below:
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Figure 7. The tourism and economy r;lap of Skopje
region of North Macedonia, designed and used for the
Atlas

3.5.3. Tourism and economy map of Northeast
Region

The Northeast Region of North Macedonia
encompasses a diverse and captivating area that
presents numerous prospects for both tourism and
economic growth. This region comprises the
municipalities of Kriva Palanka, Kumanovo, Kratovo, and
Probistip. Within the Northeast Region, the town of
Kratovo stands out as a primary tourist attraction,
renowned for its medieval architecture and illustrious
history. Notably, the town is adorned with a distinctive
bridge, known as the Stone Bridge, which boasts a storied
heritage. Other significant historical sites within the
region include the St. George Monastery in Kumanovo,
the central square of Kumanovo aptly named New
Yugoslavia, the Monastery of Joakim Osogovski in Kriva
Palanka. Beyond its historical and cultural allure, the
Northeast Region also presents opportunities for eco-
tourism. Furthermore, the region is recognized for its
contributions to the economy, particularly through its
natural thermal bath and agricultural endeavors.
Notably, the Northeast Region holds a significant
position as a major producer of vegetables and fruits
within North Macedonia. The touristic and economic
map of the Northeast region, as depicted in Figure 8
below, provides a comprehensive overview of these
distinct features and offerings, as follows:
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Figure 8. The tourism and economy ma{) of Northeast
region of North Macedonia, designed and used for the
Atlas

3.5.4. Tourismand economy map of Eastern Region

The Eastern Region of North Macedonia, situated in
the eastern part of the country, stands renowned for its
abundant cultural heritage and captivating natural
splendor. The region boasts a multitude of significant
historical sites, drawing in a considerable number of
visitors annually. Among the prominent cities within the
region, Shtip takes center stage, positioned near the
border with Bulgaria. Shtip serves as a vital hub for
industry and commerce, flourishing with a robust
economy rooted in agriculture. Moreover, the city houses
various museums and cultural institutions that celebrate
the region's history and traditions, including noteworthy
landmarks such as the St. Nikola Church. Another
landmark in this region is the St. George Orthodox in the
city of Kochan. The Eastern Region also boasts several
parks and protected areas, serving as pivotal havens for
ecotourism and outdoor recreation. Natural thermal
baths are also a characteristic of this region. These
natural sanctuaries provide prime opportunities for
visitors to immerse themselves in the region's pristine
wilderness and engage in leisure activities. The touristic
and economic map of the East region, showcased in
Figure 9 below, offers a comprehensive depiction of the
region's notable features and economic landscape, as
follows:
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Figure 9. The tourism and economy m;p of Eastern
region of North Macedonia, designed and used for the
Atlas
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3.5.5. Tourism and economy map of Southeast
Region

The Southeast Region of North Macedonia
encompasses a diverse and picturesque area that holds
significant prospects for both tourism and economic
advancement. This region stands distinguished by its
abundant cultural heritage, breathtaking landscapes, and
a multitude of historical sites. Among the Southeast
Region's most sought-after tourist destinations, the city
of Strumica takes precedence, renowned for its scenic
parks and traditional architecture. Additionally, other
noteworthy attractions within this region include Dojran
Lake and the spa town of Gevgelija, known for its natural
thermal baths. Also, an interesting and important
lanscape in the city of Gevgelija is the Church of the
Ascension of Jesus. An important turistic landscape in
this region is the Strumica Fortress or Strumica Castle. In
terms of economic development, the Southeast Region
exhibits substantial potential in the agriculture and food
processing industries. The fertile land within this region
provides an ideal environment for cultivating a wide
array of crops, including fruits, vegetables, and grains.
Furthermore, the region boasts favorable conditions for
the growth of the homemade wine industry, benefiting
from a longstanding tradition of winemaking. The
touristic and economic map of the Southeast region,
featured in Figure 10 below, serves as an informative
visual aid, offering an overview of the region's notable
landmarks and economic opportunities, as follows:
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Figure 10. The tourism and economy maB of Southeast
region of North Macedonia, designed and used for the
Atlas

3.5.6. Tourism and economy map of Vardar Region

The Vardar Region, situated in the central part of
North Macedonia, occupies a significant position. This
region encompasses various popular tourist
destinations, including the city of Veles, celebrated for its
picturesque mountain landscapes and historical
landmarks. Additionally, within the Vardar Region lies
the renowned Tikvesh wine region, which entices
visitors with its vineyards and opportunities to sample
local wines. Another captivating historical site within this
region is the ancient city of Stobi, holding considerable
appeal for tourists. The St. Pantelejomon Church, located

in the city of Veles, also contributes to the region's allure.
Furthermore, the Vardar Region plays a pivotal role as an
economic hub for North Macedonia. Notably, it is
recognized for its flourishing manufacturing industry,
with a focus on food products, and construction
materials. The touristic and economic map of the Vardar
region, depicted in Figure 11 below, provides an
illustrative representation, presenting key attractions
and economic features of the region, as follows:
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Figure 11. The tourism and economy map of Vardar
region of North Macedonia, designed and used for the
Atlas

3.5.7. Tourism and economy map of Pelagonia
Region

The Pelagonia region, situated in the southwestern
part of the country, is renowned for its profound
historical significance, rich cultural heritage, and
captivating natural landscapes. Offering numerous
attractions, the Pelagonia region entices tourists with
notable sites such as the city of Bitola, the Pelister
National Park, and the Prespa Lake. Bitola, one of the
prominent cities within the Pelagonia region, stands out
for its historical and cultural prominence. Often referred
to as the "city of consuls," Bitola held a significant role in
diplomatic affairs. The city boasts a multitude of
historical sites, including the Bitola Fortress, the
Heraclea Lyncestis archaeological site, the Ishak Mosque,
the Alphabet Museum of the Albanian language, and the
Clock Tower. These attractions contribute to the city's
allure and showcase its rich heritage. The Pelister
National Park, a favored destination among tourists,
offers opportunities for hiking, skiing, and camping.
Additionally, the Prespa Lake, situated in the western
part of the Pelagonia region and shared between North
Macedonia, Greece, and Albania. The lake boasts a unique
ecosystem and serves as a popular spot for birdwatching,
fishing, and boating. The St. George Church in the city of
Resen and the Makedonium Monument are additional
notable attractions within the Pelagonia region. Beyond
its tourism appeal, the Pelagonia region holds economic
significance for North Macedonia. Notably, the region is
recognized for its agricultural activities, particularly the
production of apples and cherries. Furthermore, several
industrial centers, including the city of Prilep, known for
its tobacco production and processing, contribute to the
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region's economic vitality. Another turistic lanscapes
located in the city of Prilep are the Clock Tower, Bazaar
Mosque, Church of St. Cyril, and Methodius and the Prilep
Fortress or Prilep Castle. The Galicica National Park, is a
favored destination among tourists, offers opportunities
for hiking, skiing, and camping. It also extends along the
border of the Pellagonia region and the Southwest
region. The touristic and economic map of the Pelagonia
region is depicted in Figure 12 below, offering a visual
representation of the region's key attractions and
economic features, as follows:
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Figure 12. The tourism and economy ma}) of Pelagonia
region of North Macedonia, designed and used for the
Atlas

3.5.8. Tourism and economy map of Southwest
Region

The Southwest Region of North Macedonia is
renowned for its abundant cultural heritage,
breathtaking natural landscapes, and bustling urban
centers. Among its notable features are the cities of
Struga and Ohrid, which stand out as both aesthetically
pleasing and culturally significant hubs. These
destinations attract a substantial number of visitors
annually, making tourism a crucial contributor to the
region's economy. Beyond its cultural allure, the
Southwest Region also boasts several remarkable natural
wonders. Of particular note is the Ohrid Lake, situated on
the border with Albania and Greece, which serves as a
favored tourist destination. The presence of swans and
trout fish in Ohrid and Struga further enhances the
distinctive character of these cities. Ohrid Lake,
distinguished as one of Europe's oldest and deepest
lakes, exhibits a unique ecosystem and supports a variety
of endemic species, including fish, snails, and algae. Its
ecological significance has earned it the prestigious
distinction of being designated as a UNESCO World
Heritage Site. Visitors to Lake Ohrid can revel in its
crystalline waters, picturesque beaches, and enchanting
surroundings. The Clock Tower and the Fortress or
Castle in Ohrid are also important turistic landscapes.
The Galigica National Park, is a favored destination
among tourists, offers opportunities for hiking, skiing,
and camping. It also extends along the border of the
Pellagonia region and the Southwest region. The city of
Dibra or Debar boasts notable attractions such as the
statue of Skanderbeg and the Monastery of St. Jovan
Bigorski, situated nearby the city. Additionally, the city of

Kicevo or Kérgova is home to the Monastery of St.
Bogorodica, while showcasing the traditional national
clothing of Albanians. These sites contribute to the
cultural wealth of the region. In terms of economic
dynamics, the Southwest Region relies not only on
tourism but also on agriculture and industry. Agriculture
holds a prominent position within the regional economy,
with numerous small-scale family farms producing fruits,
vegetables, and livestock. The tourism and economic map
of the Southwest region is presented in Figure 13,
providing a visual representation of the region's key
tourist attractions and economic features, as follows:
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Figure 13. The tourism and economy map of Southwest
region of North Macedonia, designed and used for the
Atlas

3.6. Agricultural map of North Macedonia

The agricultural map serves as a valuable resource
for acquiring insights into the agricultural practices
prevalent throughout North Macedonia. It offers
comprehensive information regarding the types of crops
cultivated and the specific regions where these practices
are prominently observed. Moreover, the map serves to
underscore the significance of agriculture within North
Macedonia's economy and its integral role in shaping the
country's culture and traditions. Through its visual
representation of diverse agricultural practices, the map
facilitates pupils' comprehension of the varied landscape
utilization for agricultural purposes across the country.
This enables pupils to discern the cultivation of distinct
fruits, vegetables, and grains in different cities and
regions throughout North Macedonia. Complementing
the map, concise descriptions and explanations of the
agricultural practices are incorporated to enrich pupils’
knowledge and deepen their understanding of the
subject matter. The use of symbols and color-coded
indicators further assists pupils in identifying and
distinguishing between various crops, promoting clarity
and comprehension. The agricultural map of North
Macedonia is depicted in Figure 14, visually conveying
the aforementioned information, as follows:



Turkish Journal of Geographic Information Systems - 2024; 6(1); 01-13

Figure 14. The agricultural map of North Macedonia,
designed and used for the Atlas

3.7. Farming map of North Macedonia

The farming map of North Macedonia serves as a
crucial resource for comprehending the country's
farming sector. Its purpose is to showcase the various
livestock raised by farmers, providing vital information
for understanding the significant role that farmers play
in the country's economy. The farming map of North
Macedonia incorporates several notable features that
enhance its accessibility and comprehensibility for young
learners. Notably, the utilization of symbols to represent
distinct livestock, such as cows, pigs, sheep, and chickens,
facilitates the young learners' understanding of the
diverse range of animals reared on farms. By
familiarizing young learners with these symbols, the
farming map effectively conveys the different types of
animals found in various cities across the country.
Furthermore, the farming map of North Macedonia holds
potential as an educational tool for instilling an
understanding of sustainable farming practices among
young learners. It serves as a means to develop their
awareness of the interconnections between the
environment, agriculture, and food production. Teachers
can leverage the farming map to cultivate a deeper
appreciation for the pivotal role played by farmers in
society. Consequently, young learners will gain the ability
to discern that different cities within the country house
diverse animals, birds, and fish. The farming map of
North Macedonia is presented in Figure 15, visually
representing the aforementioned details, as follows:
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designed and used for the Atlas

3.8. Climate map of North Macedonia

The climate map of North Macedonia encompasses a
comprehensive representation of the country's various
climatic zones, shedding light on distinct temperature
ranges, precipitation levels, and other pertinent climatic
characteristics associated with each zone. For instance,
the western part of the country exhibits a Mediterranean
climate characterized by mild winters, and hot, arid
summers. Conversely, the eastern part, northeast part,
and northwest part experiences a continental climate
typified by cold, snowy winters and hot summers. The
integration of the climate map within the Atlas serves as
a valuable resource for young learners, enabling them to
comprehend the diverse climatic conditions prevalent in
North Macedonia and their consequential impacts on the
country's flora, fauna, and overall environment.
Additionally, the map offers insights into the suitability
of specific regions for cultivating different types of crops
and sheds light on the repercussions of climate change on
the agricultural sector. Moreover, the climate map holds
the potential to function as a powerful tool for fostering
environmental awareness and education. Pupils can
garner knowledge concerning the influence of human
activities on climate change and explore ways in which
they can contribute to environmental preservation.
Furthermore, the map can be employed to educate pupils
on the importance of water conservation and sustainable
agricultural practices. The climate map of North
Macedonia is presented in Figure 16 below, providing a
visual depiction of the aforementioned climatic details,
as follows:
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designed and used for the Atlas.

4. Discussion

Prior to commencing the design and compilation of
the anticipated maps for the atlas, a comprehensive
examination of the existing working materials,
particularly the preliminary atlases currently utilized by
pupils within the educational system, was conducted.
This review encompassed a thorough assessment of the
social science textbooks utilized in the second, third,
fourth, and fifth grades. Atleast two books per class were
carefully examined and subject to necessary revisions. In
this context, the designed maps are intended to be
comprehensible to children in accordance with their
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cognitive development, perception abilities, and level of
knowledge.

Throughout the process of designing and compiling
maps, significant emphasis has been placed on the
utilization of symbols that are employed within the maps,
which some of them are also represented as an example
in Figure 17 as Part 1 and Figure 18 as Part 2. These
symbols have been specifically devised and assembled to
align with the cognitive development of the pupils. All
symbols are depicted along with their corresponding
names and the respective city or region they represent.
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Figure 17. Sy;nbols that are used within the atlas maps,
sorted according to usage within the maps - Part 1.
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Figure 18. Sy;nbols that are used within the atlas maps,
sorted according to usage within the maps - Part 2

Thorough testing and validation of the symbols have
been conducted, guided by the outcomes of the tests. A
comprehensive test involving 567 primary school pupils
across different grades confirmed the clarity and
comprehensibility of symbols; results indicated a strong
understanding of symbols representing common
elements but a lower familiarity with symbols depicting
landmarks or objects from various cities. The success
percentages, depicted in the table, delineate the
performance levels across different classes. Specifically,
the results indicate success rates of 54.90%, 61.10%,
65.15%, and 69.77% for second, third, fourth, and fifth-
grade classes, respectively. The overall success
percentage, calculated as an average across all classes,
stands at 62.73%. These findings suggest a progressive
improvement in symbol comprehension skills as
students advance through the primary school grades.

The data underscores the effectiveness of the symbol-
based testing approach and provides valuable insights
for educators seeking to tailor map comprehension
strategies to specific grade levels (Jonuzi & Selvi, 2023).
Two tests were conducted with distinct pupil groups to
optimize map presentation quality. The first group was
undertaken with pupils that did not participate in the
Atlas presentation and the second group is going to be
undertaken with pupils that will participate in the atlas
presentation. The questions of the pre-atlas tests and
post-atlas tests are presented in the tables 1, 2 below:

Table 1. Pre-atlas test questions
Questions

Q. 1. Which of these states does the Republic of North
Macedonia not share a border with?

Q. 2. What is the number of regions in the Republic of North
Macedonia?

Q. 3. In which region of North Macedonia does the city of
Bitola belong?

Q. 4. What is the number of cities in the Republic of North
Macedonia?

Q. 5. What is the capital city of the Republic of North
Macedonia?

Q. 6. What is the number of municipalities in the Republic of
North Macedonia?

Q. 7. How many natural lakes does North Macedonia have?
Q. 8. What is the largest natural lake in North Macedonia?
Q. 9. What is the largest river in North Macedonia?

Q. 10. What is the highest mountain in North Macedonia?

Q. 11. What is the symbol of the city of Skopje?

Q. 12. Which state does North Macedonia share a border
with in the east?

Q. 13. What is the largest plain in the Republic of North
Macedonia?

Q. 14. The relief of the Republic of North Macedonia is
predominantly characterized by?

Q. 15. What is the resident population count in the Republic
of North Macedonia?

Table 2. Post-atlas test questions
Questions

Q. 1. In which region does the skiing center "Mavrova"
belong?

Q. 2. How many countries borders the Republic of North
Macedonia?

Q. 3. In which region of North Macedonia does the city of
Debar belong?

Q. 4. The Museum of the Alphabet of the Albanian Language
is located in the city of?

Q. 5. In which region is the highest mountain of the Republic
of North Macedonia, Mount Korabi?

Q. 6. What is the largest ethnic group in the Republic of North
Macedonia?

Q. 7. Which is the most populated region in the Republic of
North Macedonia?

Q. 8. Based on the maps and the atlas, the state border of the
Republic of North Macedonia is represented by?

Q. 9. Trofta fish is characteristic of the city of?

Q. 10. In which city of North Macedonia is the Monument of
Ilinden - Makedonium?

Q. 11. Sharr's dog is characteristic for the region of?

Q. 12. The old/ancient city of Stobi is located in the region of?
Q. 13. Which of these elements is considered a historical
element in the city of Tetova?

Q. 14. In which city of the Republic of North Macedonia is rice
grown?

Q. 15. Matka Canyon and Mustafa Pasha Mosque are part of
the city of?

10
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According to the group of pupils that did not
participate in the atlas presentation, the results of the
pre-atlas test are as follows; In this comprehensive study
involving 339 primary school pupils from the 3rd to the
5th grade, aged 7 to 10 years, stratified into female (160
participants) and male (179 participants), a pre-atlas test
was conducted to assess general knowledge related to
the Atlas. Question 8 showed the highest average
correctness at 73.49%, while question 6 exhibited the
lowest at 15.79%. According to categories of questions,
analysis of data reveals that Category C (Tourism and
Economy in North Macedonia) had the highest mean
accuracy (49.39%), followed by Category B questions
(Directions, geographical regions, and neighboring
areas) with 37.22%. Category A (Map and Atlas concepts)
having the lowest mean accuracy (18.74%) is at the end
of the list. Regarding gender differences, the female
pupils group from 3rd to 5th grade achieved an accuracy
rate of 38.54%, while the male pupils from 3rd to 5th
grade achieved a rate of 38.28% of the answers. The
study provides valuable insights into the performance of
primary school pupils in atlas-related assessments,
highlighting variations in accuracy across different
question categories and gender groups.

According to the group of pupils that did not
participate in the atlas presentation, the results of the
post-atlas test are as follows; A comprehensive cohort of
339 primary school pupils, aged 7 to 10 years and
spanning grades 3 to 5, were stratified into female (160
participants) and male (179 participants) groups. They
actively participated in the post-atlas test, assessing their
general knowledge related to the Atlas, and the
subsequent table showcases the outcomes of this
assessment. Question 13 exhibited the highest average
correctness at 60.89%, while question 3 had the lowest
average at 10.78%. Data analysis reveals that questions
within Category A (Map and Atlas concepts) had the
highest mean accuracy with 50.29%, followed by
Category C (Tourism and Economy in North Macedonia
with 32.38%. Category B (Directions, geographical
regions, and neighboring areas) exhibiting the lowest
mean accuracy with 29.96% is at the end of the list.
Regarding gender differences, the female pupils group
from 3rd to 5th grade achieved an accuracy rate of
32.89%, while the male pupils group from 3rd to 5th
grade achieved a rate of 35.52% of the answers. This
study provides valuable insights into the post-atlas test
performance of primary school pupils, highlighting
variations in accuracy across different question
categories and gender groups.

Throughout this entire process, the inclusion of
opinions and attitudes from lower grade primary school
teachers has been deemed essential. To gather their
input, two surveys were planned to be developed; one
conducted prior to the atlas presentation and the other
conducted after the atlas presentation. These surveys
aim to gauge the teachers' perspectives and insights on
the effectiveness of the maps and the atlas in the
classroom setting.

The design of the maps and the overall atlas was
specifically tailored to meet the needs of lower grade
primary school pupils. All analyses and testing conducted

were aimed at ensuring that the maps and the atlas were
comprehensive and professional in terms of visual
presentation, design, and aesthetics. The primary
objective was to create a visually appealing and engaging
atlas that effectively catered to the educational
requirements of young pupils.

5. Conclusion

The maps compiled, designed, and presented in this
study are part of the "Atlas of North Macedonia for
Primary Schools" project. This project is an integral
component of the author's diploma study and thesis. The
maps included in this study adhere to established
guidelines and frameworks for designing and compiling
maps specifically tailored for children. The aim is to
establish a new standardization within the territory of
the Republic of North Macedonia in this context.
Historically and presently, there has been a lack of map
categorization based on children's age groups. Through
the design of these maps and the atlas, a new era of
standardization in this domain is proposed.

In essence, the "Atlas of North Macedonia for
Primary Schools" serves as a valuable educational
resource for children aged 6 to 10, providing a
comprehensive  exploration of the  historical,
geographical, cultural, and environmental aspects of
North Macedonia. The atlas incorporates a diverse range
of maps, each carefully crafted to engage and facilitate
learning for this specific age group. These maps include
the Political Map of North Macedonia, which highlights
municipalities, and the Administrative Map of North
Macedonia, showcasing cities. The atlas also features
maps focused on the regions of North Macedonia,
physical geography of the country, tourism and economy
map (accompanied by individual maps for each of the 8
regions as part of the country), agriculture map, farming
map, and climate map. The design and presentation of
these maps have been thoughtfully executed to ensure
accessibility and captivate the interest of the target
audience.

Each map within the atlas provides significant
details pertaining to the various regions, cities,
provinces, and municipalities of North Macedonia,
encompassing their cultural, historical, geographical, and
natural characteristics. The concise descriptions and
accompanying information within each map offer a
comprehensive glimpse into the political, economic, and
environmental aspects that define North Macedonia's
landscape.

To summarize, the Atlas serves as a significant
educational tool, fostering a deeper understanding and
appreciation among pupils for the diverse facets of North
Macedonia, including its rich history and captivating
natural landscapes. Moreover, the atlas acts as a catalyst
for stimulating curiosity, motivating pupils to explore
and delve further into the country's culture and
environment, extending beyond the confines of the
classroom. Ultimately, the Atlas provides an effective and
captivating approach to familiarizing young learners
with the geography and cultural aspects of North
Macedonia, nurturing a passion for learning, and
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cultivating a profound appreciation for the world they
inhabit.
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Diinya niifusunun ¢ogalmasi ve gelisen teknolojiye paralel olarak, giin gectikce artan elektrik
enerjisi kullanimi yeni enerji kaynaklarinin kesfedilmesini gerektirmektedir. Ayrica gevreye
daha az zarar veren enerji kaynaklarinin 6nemi de artmaktadir. Riizgar enerjisi de siirdiiriilebilir
enerji liretimi icin en uygun yontemlerden birisidir. Riizgar santrallerinden en ideal verimin
alinmasi i¢in riizgar triblinlerinin konulacag riizgar enerjisi santralleri (RES) yer secimi oldukca
onemlidir. RES yer secimi ¢calismasi siirecinde, uygun alanlarin bulunmasi i¢in birgok konumsal
veriye ihtiya¢ duyulmaktadir. Bu g¢alismada ytkselti, egim, riizgar hizi, akarsuya uzaklik,
karayoluna uzaklik ve elektrik hattina uzaklik gibi faktor haritalari sec¢ilmistir. Ayrica fay hatti,
heyelan alanlari, su kaynaklar1 vd. gibi kisitlayic1 haritalar hazirlanarak faktoér haritalar ile
degerlendirilmistir. Bu faktorlerin 6nem siralamasini belirlemek icin Cok Kriterli Karar Verme
(CKKV) analizlerinden en yaygin kullanimi olan Analitik Hiyerarsi Prosesi (AHP) kullanilmistir.
Faktorlerin karsilastirilmasi uzman kisi ve kurum goriislerine gére yapilmis ve énem dereceleri
hesaplanmistir. Ayrica konumsal verilerin yani sira, sozel veriler de Cografi Bilgi Sistemi (CBS)
ortaminda analizler ile degerlendirilmistir. Béylelikle Sivas ilinin RES i¢in uygun olan alanlarin
haritas1 olusturulmustur. Bélgede belirlenen RES yerleri ileride yapilacak ¢alismalar igin yol
gosterici olacagl amaglanmaktadir. Ayn1 zamanda benzer alanlarda ayni yontem ile yapilacak
calismalara 151k tutacak niteliktedir.

Determining wind power plant locations by geographical information system and analytical
hierarchy process: a case study in Sivas city, Turkey
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Abstract

In parallel with the increase in the world population and developing technology, the increasing
use of electrical energy during the day requires discovering new energy. In addition, the
importance of energy sources that are less harmful to the environment is increasing. Wind energy
is the most suitable source for sustainable energy production. The selection of the wind power
plants where the wind turbines will be placed is very important to get the most ideal efficiency
from the wind power plants. The location of the wind farm is required the decision makers for
fix area for wind farm and many spatial data. In this study, factor maps such as elevation, slope,
wind speed, distance to river, distance to highway and distance to power line were selected. In
addition, fault lines, landslide areas, water resources etc. restrictive maps such as were prepared
and evaluated together with factor maps. Analytical Hierarchy Process (AHP), which is the most
widely used Multi-Criteria Decision Making (MCDM) methods, was used to determine the
importance ranking of these criteria. The comparison of the criteria was made according to
expert opinions and their significance levels were calculated. In addition to geographical and
non-geographical data were also analyzed and evaluated on Geographical Information System
(GIS) environment. Thus, a map of the areas suitable for the wind farm of Sivas province was
created. It is aimed that the location of the wind power plants determined in the region will
provide guidance for future studies. At the same time, it will shed light on studies to be carried
out using the same method in similar areas.
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1. Giris

Biitiin diinya niifusunda meydana gelen artis sebebi
ile enerji kaynaklarina ihtiya¢ artmaktadir. Bu
baglamada dogaya zarar vermeden enerji ihtiyacini
saglamak onemli bir faktordiir. Haliyle diinyada ve
iilkemizde de enerji kaynaklarinin daha verimli
kullanilmasi ve aradaki enerji agiginin kapatilmasi icin
farkli enerji kaynaklarina yonelim meydana gelmistir
(Memduhoglu vd., 2014). Bu durum ise ortaya
yenilenebilir enerji kaynaklarini cikartmistir.
Yenilenebilir enerji kaynaklarindan bazilar1 giines,
hidrolojik, riizgar, hidrojen enerjisidir. Bahsedilen
kaynaklar icerisinde c¢evreye en az zarari olan rizgar
enerjisiyle Gretim yapilmasidir. (Ekiz vd., 2022). Riizgar
ile enerji tiretmek i¢in bolgede belli sartlarin saglanmasi
disinda farkli bir seye ihtiya¢ duyulmamaktadir.
Riizgarin yogun ve siirekli oldugu diizlik alanlarin
olmasi temelde yeterlidir. Bunlar disinda farkl bolgesel
sartlarin saglanmasi halinde daha fazla enerji
iiretilmektedir. Yer yiiziine bakildigi zaman riizgar
enerjisi kullanilabilecek, doniistiiriilebilecek en uygun
yenilenebilir enerji kaynaklarindan birisidir. Ayrica
riizgar enerji santrali (RES) siirdiirtlebilirlik bakimindan
da en uygun enerji iretimi tekniklerinden birisidir
(Simsek, 2020).

Diinyada bircok iilkenin riizgar ile enerji irettigi
bilinmektedir. Sebebi ise her ge¢en giin niifusun arttig1 ve
buna bagh olarak sanayi vb. enerji ihtiyaci olabilecek
bircok  faktérii  beraberinde getirmesidir. Cin
yenilenebilir enerji kaynaklarindan riizgar giicii ile
diinyada en fazla enerjiyi tretmektedir. Diger diinya
iilkelerine bakildiginda Cin'i Amerika Birlesik Devletleri
ile Almanya takip etmektedir. Siralamada 2022 Haziran
verilere gore 10.886MW kurulu giig ile Tiirkiye 12. sirada
geldigi goriilmektedir. Yatirimlarin devlet destekli ve
dogru secilen yerlere yapilmasi ile riizgardan daha fazla
enerji lretimi saglanarak mevcut durumdan daha iyi
duruma gelecegi diisiiniilmektedir (Can & Yiicel 2019).
Ayrica yiiriirliige giren Yenilenebilir Enerji Kanunlari
(YEK) ve gelisen teknoloji ile riizgar enerjisi alaninda
girisimler hizli bir ilerleme kaydetmeye baslamistir.

RES’lerin kurulum yerleri i¢in uygun alanlarin
tespiti genellikle Cografi Bilgi Sistemi (CBS) ortaminda
cesitli tekniklerle yapilmaktadir. RES i¢in alanlarin dogru
secilmesi 6nemlidir. Yer se¢imi analizlerinde riizgar hizi,
yonli gibi bir¢ok rilizgar parametresi disinda egim,
ylkseklik, enerji hatlar1 vd. gibi faktorler gereklidir.
Ayrica RES olarak kullanilmasi miimkiin olmayan alanlar
mevcuttur. Bunlardan bazilar sit alanlari, ormanlik
alanlar, yerlesim yeri vd. olabilir. Bu faktér ve
kisitlayicilarin dogru segilip degerlendirilmesi yapilan
calismalar i¢cin en oOnemli adimlardan birisidir.
Bahsedilenlerle alakali literatiirde bir¢cok yayin
mevcuttur (Arca & Citiroglu 2020; Ekiz vd., 2022; Urfah
& Eymen, 2021), ozellikle de Nisanca vd. (2010)
kisitlayici haritalarin uygun alanlarin belirlenmesine
olan etkisini vurgulamaktadir. Faktor se¢imiyle alakali
olarak Cevre, Sehircilik ve Iklim Degisikligi Bakanhiginin
yapilan ve yapim asamasindaki RES projeleri icgin
raporlar1 bulunmaktadir (GSiB, 2017; RES, 2023) .

CBS ortaminda uygun alanlarin se¢imi i¢in bulanik
mantik, Fuzzy Analitik Hiyerarsi Stireci (FAHP), stokastik

Vicor, genetik algoritmalar1 (GA), Particle Swarm (PSO)
gibi bircok yéntem mevcuttur. Ozellikle Cok Kriterli
Karar Analizi (CKKA) yontemlerinden AHP tercih edildigi
incelenen ¢alismalarda goriillmektedir (Atici et al., 2015;
Baban & Parry, 2000; Bennui et al,, 2007; Ekiz vd., 2022;
Memduhoglu vd. 2014; Nisanc vd., 2010; (")Z$ahin &
Kaymaz, 2013; Shorabeh etal., 2022; Simsek, 2020; Urfali
& Eymen, 2021). Ayn1 zamanda literatiire bakildiginda
Kaya etal. (2023) CKKA ile fabrika tesis etmek i¢in uygun
alan ¢alismasi, Kharaghani et al. (2022) itfaiye kurulum
alanlari i¢in uygun yerleri belirlemislerdir.

Bu calisma kapsaminda CBS ortaminda AHP ve
uygunluk analizleri kullanilarak Sivas ilinde RES yerleri
tespit edilmistir. Mevcut durum degerlendirilerek yer
se¢imi icin oOnemli olan faktér ve kisitlayicilar
incelenmistir.  Olgiitlerin  belirlenmesinde literatiir
taramalar1 disinda kamu kurumlar1 ve 6zel sektdrden
uzmanlarla gériismeler yapilmistir. Ayni zamanda Cevre,
Sehircilik ve Iklim Degisikligi Bakanhigimin raporlari
incelenerek bunlarin sonucunda faktér ve kisitlayicilar
belirlenmistir. RES alanlarina etki eden faktoérlerden
oncelikli olanlar;, AHP Kkarsilastirma matrisleri ile
belirlenerek agirliklar1 hesaplanmis. Faktorler, alinan
gorisler ve toplanan bilgiler dogrultusunda uygunluk
analizine gore, alt siniflar1 puanlanarak agirliklandirilan
faktorler ile isleme sokulmustur. Kisitlayicilar da kendi
aralarinda degerlendirilmis ve en son olusturulan faktoér
haritalar1 toplam ile ¢arpilarak RES yerleri i¢in uygun
alanlar tespit edilmistir. Sivasiliicerisinde daha 6nceden
yapilan RES’lerin konumlarinin, ¢alisma kapsaminda
bulunan en uygun yerler ile ortlisiip ortiismediginin
tespit edilmesiyle dogrulama yapilmis ve bolge icin
RES’lerin potansiyel alanlari belirlenmeye ¢alisilmistir.

2. Yontem

Bu ¢alismada uygulanan yoéntem Sekil 1'de
gosterilmektedir.

Uzman goruglerive
literatiir taramasina gore

S anian taginn ot

TR R e

Meteorolojik
faktorler
I_ Rizgar
hizs I

CBS ortaminda
uygunluk
analizine gore alt
Akarsulara simflarin
uzaklik puanianmas|

* Uzman gorugleri
N va literatir

-Yerlegim yeri ve havaalani
-Su kaynaklan ve Sulak alanlar

Tum fakedr haritalannin

-igme suyu baraji ve uzaktiklan
-Mera alani

-Tabiat parki

-Fay hattina uzaklik

-Heyelan envanteri

-Ormanlk alanlar

e

Yeniden

\ siniflandirmsa
Kisitli alan=0
Uygun alan=1

TUm haritalsnn
birlestiritmesi.

Sekil 1. Is akis semasi
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2.1. Calisma alam

Calisma alam (Sekil 2) Tiirkiye’nin I¢ Anadolu
Bolgesi'nde yer alan, bdlgenin en eski kentlerinden birisi
olan Sivas ili secilmistir. Tiirkiye’nin ytzol¢imi
bakimindan en biiyiik ikinci ili ve 2022 TUIK verilerine
gore toplam niifusu 634.924’diir. Sivas ili topraklarinin

31°007E 33°00"E

29°0'0"N-|i

biiyiilk kismi I¢  Anadolu'nun yukari Kizihrmak
boliimiinde diger kisimlar1 ise Karadenizve Dogu
Anadolu boélgesinde olup, 35° 50’ ve 38° 14’ dogu
boylamlariile 38° 32’ ve 40° 16’ kuzey enlemleri arasinda
yer almaktadir. (KTB, 2000).
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Sekil 2. Calisma alam
T.C. Enerji ve Tabii Kaynaklar Bakanhgl
Yenilenebilir Enerji Genel Miidiirligli verilerine

bakildiginda Tirkiye’de illere gore kurulabilecek
RES’lerin alam1 22.834,85 km? toplam kurulu giicii ise
114.174,08 MW'ur (YEGM, 2022). Sivas ili 328.5 km?
toplam alan ve 1.642 MW toplam kurulu gii¢ile 20. sirada
bulunmaktadir (TUREB, 2021). Ayn1 zamanda bu ilin
calisma alani olarak kullanilmasinin bir diger sebebi ise
RES yer seciminde; riizgar hizinin fazla, egimi az olan,
genis alanlarda enerji tretim potansiyelinin yiiksek
oldugunun bilinmesidir. Bu sebeple ¢alismada Sekil 3’te
gosterilen Riizgar Enerjisi Potansiyel Atlasindan (REPA)
saglanan, Sivas iliicin 100 metrede yillik ortalama rizgar
hiz1 dagilimi haritas: da dikkate alinmistir.

36°00"E 39°0°0"E

Sekil 3. REPA Sivas ili riizgar hizi dagilim haritasi1 (REPA,
2021)
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2.2. Verilerin elde edilmesi ve hazirlanmasi

RES icin en uygun yer se¢iminin belirlenmesinde

kullanilan  yontemlerin yani sira  belirlenecek
parametrelerin etkisi de o©nemlidir. Etkili olan
parametreler iyi bir sekilde secilirse, iretilecek

haritalarin, mevcut durumu daha iyi yansitic 6zellikte
olacag soylenebilir (Mazman, 2005).

Bu c¢alismada riizgar hizi, egim, yiikseklik, yola
uzaklik, elektrik hattina uzaklik ve akarsuya uzaklik
olmak tlizere toplamda 6 faktor kullanilmistir (Tablo 1).
Kullanilan en 6nemli faktor riizgar hizidir ve Meteoroloji

verileri bizim icin en iyi rehberdir. Tirkiye Riizgar
Atlasina bakildiginda bélgenin saatlik riizgar hizinin yani
sira yakin ¢evre engel bilgisi ve topografyasindan riizgar
hiz1 tespit edilmektedir. 2017 Aralik ayinda Cevre ve
Sehircilik Bakanliginin Cevresel Etki Degerlendirmesi
(CED) alaninda kapasitesinin giiglendirilmesi i¢in teknik
yardim projesi kapsaminda faktdr se¢cimi 6neminden
soyle bahsedilmektedir: RES yerlerinin belirlenmesi
projelerinde alan se¢imi projenin dogasi geregiyle uygun
riizgar kosullarinin oldugu bolgelere goére yapilmalidir.

Tablo 1. RES alanlarinin belirlenmesinde dikkate alinan faktorler

Kod Faktorler Veri kaynagi Verinin kullanim sekli
f1 Riizgar Hizi Meteoroloji Genel Midiirligi Dogrudan

f2 Egim SYM SYM’den Uretildi

f3 Sayisal Yiikseklik Modeli (SYM) USGS EarthExplorer Dogrudan

f4 Elektrik Hatlar1 CEDAS Sivas Dogrudan

f5 Karayolu Karayollar1 16. Bolge Mudiirligi Sivas Dogrudan

f6 Akarsular SYM

SYM’den Uretildi

Cevresel kosullarda rizgar hizini azaltmayarak tam
tersi artirmasi yoniinde destekleyecek faktorlerinde
dikkate alinmasi 6nem arz etmektedir. Kalan diger 5
faktor giris kisminda deginildigi gibi literatiir taramasi
yapilmis ve bunun disinda kamu kurumlar1 ve ozel
sektorden uzmanlarla goriismeler sonucunda CBS
programlarindan birisi olan ArcGIS 10.5’te gerekli
analizler ile haritalar1 {retilmistir (Sekil 4). Aym
zamanda Cevre, Sehircilik ve Iklim Degisikligi
Bakanliginin raporlari incelenerek bunlarin sonucunda
faktor ve kisitlayicilar belirlenmistir.

Bolgede RES yerleri olarak kullanilamayacak
kisitlayicilar mevcuttur. Bunlar yerlesim yerine uzaklik,

havaalanina uzaklik, ormanlik alanlar, su kaynaklari,
sulak alanlar, icme suyu barajlar1 ve belli uzakliklari,
mera alanina uzaklik, tabiat parkina uzaklik, heyelan
envanteri ve fay hattina uzaklik olmak iizere 12
kisitlayicidan olusmaktadir (Tablo2). Belli
parametrelere uzakliklar dogrudan alinirken kalanlar
ise ArcGIS 10.5 programinda tampon bolge analizi
uygulanarak gerekli kisitlayici haritalar:
olusturulmustur (Sekil 5). Kisitlayicilar ise literatiir
disinda kamu kurumlar1 ve 6zel sektdr uzmanlar ile
goriismeler sonucunda belirlenmistir. Bu arastirmalara
gore yazilan kisitli alanlar ve belirlenen tampon boélgeleri
RES yeri olarak kullanilamamaktadir.

Tablo 2. RES yerlerinin belirlenmesinde dikkate alinan kisitlayicilar

Kod Kisitlayicilar Veri kaynag

Verinin kullanim sekli Kisitlayicilarin uygun

olmayan siniflari

k1 Yerlesim yeri CORINE 2012 Dogrudan 2 km igerisi
k2 Havaalani CORINE 2012 Dogrudan 3 km igerisi
k3 Orman CORINE 2012 Dogrudan Dogrudan kendi alani
k4 Su kaynaklari (g6l vd.) Tarim ve Orman Bakanligi 15. Dogrudan Dogrudan kendi alani
Bolge Midiirliigi, Sivas Subesi
k5 Sulak alanlar (korunan Tarim ve Orman Bakanlhg 15. Dogrudan 2,5 km icerisi
goller) Bolge Miidiirligi, Sivas Subesi
k6 fcme suyu baraji Tarim ve Orman Bakanligi 15. Dogrudan Dogrudan kendi alani
Bolge Midiirliigi, Sivas Subesi
k7 icme suyu barajina mutlak Tarim ve Orman Bakanligi 15. Dogrudan Dogrudan kendi alani
uzaklik-300m Bolge Midiirliigi, Sivas Subesi
k8 icme suyu barajina kisa Tarim ve Orman Bakanligi 15. Dogrudan Dogrudan kendi alani
uzaklik-1000m Bolge Midirliigi, Sivas Subesi
k9 Mera alani Sivas Valiligi Cevre, Sehircilik ve  Dogrudan 300 m igerisi
Iklim Degisikligi il Miidiirlagii
k10 Tabiat park: Tarim ve Orman Bakanhig 15. Dogrudan 300 m igerisi
Boélge Midiirliigi, Sivas Subesi
k1l Heyelan envanterleri MTA (Emre vd., 2013) Sayisallastirma Dogrudan kendi alani
k12  Fay hatti MTA (Duman vd,, 2011) Sayisallagtirma 1 km icerisi

17



Tiirkiye Cografi Bilgi Sistemleri Dergisi - 2024; 6(1); 14-23

RUZGAR HIZI HARITASI m EGIM HARITASI

41800 42000 42500

ELEKTRIK HATTINA UZAKLIK HARITASI

§_ [ cansma mvam L %‘ Gangma Atans I
Yikseklik Elektrik Hattina Uzakhk
== peed — 1
. 1so2 - 1847 . 7o
R N S e g m_m
40800 41000 41500 42000 42500 40800 41000 41500 42000 42500
KARAYOLUNA UZAKLIK HARITASI AKARSUYA UZAKLIK HARITASI

o £5

OZEL ISARETLER
) v Al

Karayoluna Uzakiik
=

300

. 0
0 28 80 78 100

= :

w00

40800 41000 41500 42000 42600 40800 41000 41600 42000 42500

Sekil 4. 6 adet faktorii iceren haritalar
*1: riizgdr hizi, f2: egim, f3: yiikseklik, f4: elektrik hattina uzaklk, f5: karayoluna uzaklik, f6: akarsuya uzaklik
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Sekil 5. 12 adet kisitlayici iceren haritalar

*a: fay hattina uzaklik ve heyelan envanteri, b: orman alanlari, c: su kaynaklari ve koruma alanlarina uzaklik, d: icme suyu

baraji ve tampon bélgeleri, e: yerlesim ve havayoluna uzaklik

2.3. Riizgar enerjisi santral yerlerinin belirlenmesi

Bu calismada Sivas il sinirlar icerisinde RES icin
uygun yerlerin tespiti gerceklestirilmistir. Bu islem
belirlenen 6 adet faktor ve 12 adet kisitlayicilain analizi
yapilmistir. Islemlerin tiimiinde ArcGIS 10.5 yazilimi
kullanilmistir.  Oncelikle belirlenen faktér haritalarina
CKKV yontemlerinden birisi olan uygunluk analiziyle
degerlendirilerek puanlanmistir. Faktorlerin alt siniflar
yapilan calismaya etki etme oranina gore belli puanlar
verilerek yeniden siniflandirilmaktadir.

Tablo 3. Faktor haritalari alt siniflar1 ve puanlamalari

Bu faktorler dogrultusunda toplam uygunluklar
calisma alanlar karsilastirilarak degerlendirilmektedir.
Sonrasinda her bir faktor haritasi i¢in ikili karsilastirma
matrisi kurularak belirlenecek alana ne kadar etki
edecegi hesaplanmaktadir. Alkay vd. (2014) kitabinda
uygunluk analizini ve yine CKKV yontemlerinden biri
olan AHP’yi detayli olarak anlatmaktadir. Literatiirde bu
yontemleri kullanan ve detayli anlatan bir¢ok ¢alisma
mevcut olup bunlardan bazilary; Arca & Citiroglu (2020),
Baban & Parry (2000), Ekiz vd. (2022), Tiitek vd.
(2012)’dir. Uygunluk analizi ile faktor haritalarinin alt
siniflar1 puanlanmistir (Tablo 3).

Kod Faktorler Alt siniflar1 ve puanlari
f1  Rizgar Hizi(m/s) (0.96-1.50)0 (1.50-1.77)10 (1.77-1.96)50 (1.96-2.23)80 (2.23-2.69)100
f2  Egim (%) (0-6.81)100 (6.81-12.73)80  (12.73-19.85)50  (19.82-28.93)30  (28.93-72.32)10
f3  Yiikseklik(m) (588-1276)10  (1276-1562)30 (1562-1847)100 (1842-2516)90 (2516-3097)20
f4  Elektrik Hattina uzaklik(m) (250)100 (500)80 (750)60 (1000)40 (1250)20
f5 Karayoluna uzaklik(m) (100)0 (300)100 (500)90 (700)50 (900)30
f6  Akarsulara uzaklik(m) (500)0 (600)20 (700)30 (800)50 (900)20

Verilen puanlarla karar asamasinda literatiirden
faydalanildig1 kadar, karar verme siirecleri ile ilgilenen
plancilar, alaninda uzman olan meslek ve bilim insanlari,

bu gibi islemleri arazide uygulayan kamu ve o&zel
sektorlerin goriis ve bilgilerinin yorumlanmasi ve
siniflandirilmasi da analitik ve giivenilir degerlendirme
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saglamaktadir. Bu oOlgiitlerin tiimiine dikkat ederek
faktor haritalarinin alt siniflarina puanlar verilmistir.
Tablo 3’te gorildigi tizere ‘0’ olarak puanlanan siniflar
RES olarak kullanilmamasi gereken yerlerdir. Yine
yuzdelik olarak en uygun hangi sinif ise ona en yiiksek
puan degeri verilmistir.

Bu faktorlerin isleme etki etme oranlarina gore
siralanarak agirlik degerlerinin belirlenmesinde AHP
yontemi kullanilmistir. CBS uygulamalar1 igerisinde
fiziksel ve sosyal olgularin birlikte 6l¢iilmesini miimkiin
hale getiren ve bu baglamda en yaygin kullanilan
tekniktir (Saaty & Vargas., 2001). AHP sdzel gozlemlere
ve yorumlara dayanarak hizli bir sekilde soruna
odaklanmasi, faktorler arasinda baskin ve oncelikli olan
bilmeye imkan vermesi, problemi ve igerisindeki tim
parametreleri beraber diisiinerek irdelemesi gibi
avantajlarindan ¢ok tercih edilen bir yontemdir (Ekiz vd.,
2022; Giler, 2016; Saaty, 1994). Calisma yapilirken
bolgedeki uzman kisilerin gézlemleri dikkate alinmalidir.
Bu gozlemler ¢ogu kez sahanin secilmesi veya
secilmemesi yo6niinde hayati ©nem tasimaktadir,
goriislere ve ¢evre sartlarina bakilmadan yapilan
secimler  Tiirkiye  kosullarinda  ¢ok  yaniltic
olabilmektedir. AHP teknigi de bunlarin tiimiini icerdigi
icin yaygin kullanilmaktadir.

Burada AHP ydntemine gore faktdrlerin hiyerarsik
yapisi olusturulmustur. ilk olarak her bir faktériin
agirhgimin  hesaplanmasi i¢in faydalanilan bilgiler
dahilinde ikili karsilastirma matrisleri olusturulmustur.
Olgiitlerin birbirine gére 6nemleri 1 ile 9 arasinda
puanlanarak matrisler olusturulmustur. Burada gerekli
ikili karsilastirma matrisleri ¢éziimlenerek faktorlerin
agirlik degerleri belirlenmistir (Tablo 4).

FAKTOR HARITASI
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Sekil 6. Toplanan faktor haritalari ile ¢arpilan kisitli alan haritalari sonucu

3. Bulgular ve tartisma

RES yerlerinin belirlenmesi kapsaminda faktorler ve
kisitlayicilar degerlendirilmistir. Yapilan analizler ile

Tablo 4. AHP yontemi ile hesaplanan faktor agirhiklar:

Kod Faktorler Agirhk
f1 Riizgar Hiz1 0.45
f2 Egim 0.20
3 Yiikseklik 0.14
f4 Elektrik Hattina uzaklik 0.13
f5 Karayoluna uzaklik 0.05
f6 Akarsulara uzaklik 0.03

Faktér agirliklarinin sayisal degerlerinin dogruluk
hesaplamasinin yapilmasi gerekilmektedir. Bu amagla
olusturulan matris kendi icerisinde degerlendirilerek
islemler yapilmistir. Yapilan hesaplamalarda tutarlilik
gostergesi olan (Consistency Index, CI) 0.042729 ve CI
kullanilarak bulunan tutarlilik orani (Consistency Ratio,
CR) 0.034459 bulunmustur. Bulunan CR degeri 0.10’dan
kii¢lik ise yapilan ikili karsilastirma matrisi tutarl kabul
edilir. Eger biiyiik ise yapilan matris tutarsizdir (Alkay
vd., 2014; Oztiirk & Kilig, 2010). Burada 0.034459 olarak
hesaplanan CR degeri 0.1'den kii¢iik oldugu icin uygun
kabul edilmistir.

Her bir faktoriin hesaplanan agirlik degerleri ile alt
siniflar1 puanlanarak yeniden iretilmis faktor haritalar
ArcGIS 10.5 yazilmi  kullanillarak  carpilmistir.
Sonrasinda 6 adet yeniden iretilmis olan faktor
haritalar1 toplanmis ve toplam faktor haritasi tiretilmistir
(Sekil 6).

Bu faktér haritasi igerisinde kisith alanlar da
mevcuttur. Kendi aralarinda ¢arpilarak kisith ve uygun
alanlar haritas: tretilmistir (Sekil 6). Islemlerin tiimii
ArcGIS 10.5 CBS programu igerisinde bulunan reclassify,
Weighted Overlay, Euclidean Distance, Calculatior vd.
analizleri ile yapilmistir.

KISITLI VE UYGUN ALANLAR HARITASI

OZEL iISARETLER

[ Gansma avani
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haritalar1 iretilerek hesaplamalar yapilmistir. Son
olarak toplam faktor haritasi ile kisith ve uygun alanlar
haritalar1 c¢arpilarak RES alam1 uygunluk haritasi
tiretilmistir (Sekil 7). Uretilen haritaya bakildig1 zaman
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riizgar hizi verisinin 6nemi goriilmektedir. Ruzgar
hizinin fazla oldugu alanlar en uygun alanlar olarak
sonug Uriin tretilmistir. Veriler istasyon bazli olarak T.C.
Cevre, Sehircilik ve iklim Degisikligi Bakanligindan temin
edilip kullanilabilecegi gibi yine ayni1 bakanliktan REPA
tizerinden sayisallastirilarak da elde edilebilir. Sonug
olarak burada da gorilir ki en 6nemli faktor riizgar
hizidir. Bu bilgi Tiirkiye Riizgar Enerjisi Birligi
(TOREB)'nin yayimnladii raporla desteklenmektedir.
Yapilan c¢alismada Sivas il merkezinde bulunan
istasyonlarin verileri temin edilerek kullanilmistir.
Kullanilan tiim faktdrler ve faktorlerin alt siniflarina
verilen puanlamalari sonug harita ile degerlendirilince
incelenen literatiir, dikkate alinan uzman goriislerini
destekler nitelikte oldugu gorilmiistiir. Ayn1 zamanda
kullanilan kisitlayicilarla ilgili yapilan arastirma
sonucuna uygun harita iiretilmistir. Uretilen RES alanlar1
uygunluk haritast 4 alt sinifa ayrilarak puanlama ile
gosterilmistir. Alt siniflar ‘0’ puan ile Kisithi alan, ‘0 ve 60’
puan arasi az uygun alan, ‘60 ile 80’ puan aras1 Uygun
alan ‘80 ve100’ puan arasi ¢ok uygun alanlardir. Calisma
kapsaminda RES kurulabilecek alanlar tespit edilmistir
ve mevcutta bulunan RESler harita iizerinde
gosterilmistir. TUREB (2021), raporunda Sivas'ta
bulunan 3 adet RES alaninin biri Kangal, biri Giiriin
ilcelerinde olup ¢ok uygun alan sinifi icerisindedir. Diger
mevcut RES ise Sivas merkez, Celtek mevkii Karagayir
bucaginda ve uygun alan sinifi icerisindedir. Gorialdiagu
tizere kullanilan ve enerji iiretilen RES alanlar1 harita
lizerinde uygun yerlerdedir. Sivas'ta su an bulunan 3

adet RES toplamda; 150 MWe kurulu giicii ile ortalama
82.817 kisiye diisen tliim elektrik enerjisi ihtiyacini
karsilamaktadir. Kurulu olan bu alanlar genisletilerek
rlizgar tiirbini eklenebilir veya haritada goriilen diger
uygun alanlara RES kurularak sehrin elektrik enerjisi
ihtiyac1 daha fazla karsilanabilir. Bu durum hem yapilan
calismayr hem de oOncesinde kurulmus olan RES
alanlarinin dogrulugunu saglar niteliktedir.

RES alanlar1 uygunluk haritasi iiretilmis ve Tablo 5
de uygunluk smiflarinin tablosu verilmektedir. Buna
gore Sivas ili yluz O6lglimiiniin %28,74’i (8449.2675)
kisith alan olarak ¢ikmis ve bu bolgelerde RES yapilmasi
uygun degildir, %41,16 (12057.6938) oranla az uygun
olan alanlar, %47,47 (8019.0108) oranla uygun alan
takip ederken son olarak %2,63 (767.7432) oranla ¢ok
uygun alan bulunmustur. Degerlere ve haritaya bakilinca
en fazla oran az uygun alana rastlarken ¢ok uygun alan
en son siradadir. Fakat bu iki alanda da mevcut RES
alanlar1 bulunmaktadir. Hatta orani en az olan alan
icerisinde 2 adet mevcut RES yeri bulunmasi 6nemlidir.
Bakilinca bu alan en ¢ok Kangal ve Giiriin ilgelerine yakin
yerlerdedir. Sonrasinda tesis edilecek RES alanlar1 da bu
bolgelerde olmasi i¢cin g¢alisma rehber niteligi
tasimaktadir. Sivas ili bir¢ok agidan degerlendirilince
biiyiik yliz 6l¢ciimii ve buna gore riizgar ile cevre sartlar
da gbéz oniine aliminca riizgar enerjisi liretmek icin
kullanilacak alanlardan birisi oldugu diisiiniilmektedir.
Ayrica ileride belirlenecek RES yer se¢imi ¢alismalarina
yol gosterici olacaktir.
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Tablo 5. RES alanlari i¢in uygunluk siniflarinin dagilim

Alt simf Alan (kmz2) Oran (%)
Kisith Alan ‘0’ 8449.2675 28.74

Az Uygun Alan ‘0-60’ 12057.6934 41.16
Uygun Alan '60-80’ 8019.0108 27.47
Cok Uygun Alan ‘80-100° 767.7432 2.63

4. Sonuglar

Bu ¢alismada RES yerlerinin belirlenmesi icin cesitli
islemler yapilarak faktér ve kisitlayicilar belirlenerek
uygunluk haritalar1 elde edilmis, AHP yontemi ile
kullanilan faktorler agirliklandirilmis ve sonugta Sivas ili
RES alani uygunluk haritasi elde edilmistir. Faktorler ve
alt smiflar tretilip, kisitlayicilar veya siniflandirmalar
yapilarak farkli sonuglar elde etmek miimkiindir. RES
alanlarimi  belirlemek icin kullanilmasi  gereken
faktorlerle ilgili tilkemizde bir  yodnetmelik
bulunmamaktadir. Konunun uzmanlart olan kamu
kurum ve 6zel sektorlerden edinilen bilgiler sonucunda,
bircok faktoriin etkisinin bulundugu bir projede, keskin
sinirlar belirleyebilmenin miimkiin olmadig1
O6grenilmistir. Ayni zamanda mevcut RES alanlan ile
tiretilen harita cakistirildiginda uygun alan olarak
belirlenmis yerlerde ¢ikmistur.

Sivas ili kapsaminda riizgar enerjisi icin var olan bu
potansiyelin yani sira il yiiz 6l¢iimiiniin de dikkate
alinarak, ekonomik ve verimli bir sekilde
degerlendirilmesi gerekmektedir. Yapilan ¢alisma ile
RES alanlarinin belirlenmesinde, dogru projelerin hayata
gecirilmesi icin CBS ortaminda uygunluk analizi ve AHP
yontemiyle uygun alanlarin bulunmasiyla literatiire katki
saglamistir. Ayrica benzer alanlar i¢cin ayn1 yontem,
faktor ve kisitlayicilarin kullanilabilecegini gostermekte
olup, iretilen harita da gelecekte yapilacak RES
projelerine yol gosterici olacaktir.
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Urban and regional planning in developing and developed countries faces many challenges,
among them lacking support of stakeholders. Geodesign is a new approach in the framework
of Public Participatory Geographic Information Systems addressing this problem. While

GIS, Geodesign works have been carried out throughout the world they were separated from

Financial Analysis,
Southeast Turkey

economic analysis. In this project, two different development scenarios for Harran District
located in Southeast Turkey were elaborated using Geodesign methodology. Due to the

importance of this region for agricultural production and its potential for tourism, the focus of
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this work lies on these sectors. The included financial analysis revealed the huge benefits of a
scenario adopting early environmentally friendly technologies. The Net Present Value could
be eight times higher if a conversion to orchards on some lands were realized. To streamline

the computation of financial benefits on a strategic level an extension to the used
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1. Introduction

“Geodesign” as a term was used by Kunzmann
(1993) for the first time. Bibliographies (ESRI, 2019)
reveals that it took another fifteen years until it was
recognized as a new scientific approach, with which
geography could be changed by design (Artz, 2010).
Thus, Geodesign qualifies itself still as an innovative
approach at the crossroads of geography, planning,
landscape design and urban design. There is general
agreement that in today’s world of global competition the
underlying cause for changing geography is rooted in
economic profit. Astonishingly, no kind of financial
analysis has been part of the ever increasing geodesign
literature.

Without effective regional and urban planning, the
biggest challenges of our century like population growth,
climate change, environmental pollution and declining
natural resources cannot be mastered considering ever
increasing pressure on public budgets. However, in
developed and developing countries, planning activities
often do not fulfil expectations. This can be attributed to
many factors, from which the still preferred ‘top-down’

GeodesignHub software was developed.

approach plays a vital role (UNHABITAT, 2007; Polidoro
et al. 2012; United Cities and Local Governments, 2010).

Missing or insufficient involvement of all
stakeholders in the planning process results in resistance
to implementing approved plans. Resistance can
materialize in quite different forms, for example in
Turkey, plans are continuously changed up to a point
where they become obsolete (Kacar & Onay, 2015). As
Dede (2016) reports planning decisions at different
levels that have a spatial dimension do not have a chance
to reach the stage of implementation. They are the
product of desk studies fought over at court where due to
inconsistencies they become rejected. In addition, Dede
& Ayten (2012) list other bottlenecks of the Turkish
planning system, among which they mention the lack of
a planning vision that is shared among the stakeholders
and a missing general cooperation between involved
agencies.

And, according to a report of The World Bank (2015)
missing coordination prevails during the preparation of
strategic plans at regional, provincial, and local levels.
When regional development agencies, provincial
administrations, and Metropolitan municipalities
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prepare strategic plans they do not share a common
platform.

To overcome this situation, in the 1960s a novel
approach called ‘Participatory Planning’ emerged. As one
of its trailblazers, Jane Jacobs (1961) coitized in her
influential book ‘The Death and Life of Great American
Cities’ that existing planning methods neglect the
knowledge of the people of the place. To use a simple
definition participatory planning can be described as an
approach, ‘in which everyone who has a stake in the
intervention has a voice, either in person or by
representation’ (Rabinowitz, 2021).

In a recent study, Schindler (2016) evaluated
planning activities that involved at least partially
participatory planning methods including Sacramento’s
2004 Blueprint Plan (SACOG, 2010) and Northwest
Michigan’s Grand Vision (The Grand Vision Coordinating
Group, 2009). He concluded that with the promotion and
advocacy of these plans by the general public and
depending on the level of enforcement a compliance of
up to 95 percent could be reached. Such a high number
could be stated even though the framework of the
respective regional plan was voluntary.

For adopting participatory planning in real life, a
wealth of different tools has been developed and
successfully implemented (Center for Community Health
and Development at the University of Kansas, 2021).
Among them, ‘Public Participation Geographic
Information Systems (PPGIS)’, whose term was coined at
the meeting of United States National Center for
Geographic Information and Analysis (NCGIA) in 1996,
play a significant role (Nedjeljko, 2011). Classical
Geographic Information Systems (GIS) have been a
standard tool for regional and urban planning for
decades. While widely used by professionals in the
related fields they lacked intuitive user interfaces that
allowed for the participation of the general public. With
the arrival of Web 2.0 this situation has changed with
many web-based PPGIS being available now. For
example, “GeodesignHub” (GDH) (Ballal, 2015), which
includes an option for adding costs and available budgets
to the planning process, was released in 2015.

Its theoretical background is based on the textbook
‘Framework for Geodesign’ published by Carl Steinitz
(2012) who has been working with his colleagues and
students for more than 30 years to develop the GIS
rooted methodology Geodesign. With it, he could close
the gap that existed between the scientifically based
analysis tools and databases of GIS and the design tools
that were favored by architects, designers, and planners.
Geodesign fosters the collaboration of all stakeholders
including state agencies from different administration
levels, private companies, and the general public.

With GDH, the ‘Steinitz framework’ has been
converted into a digital representation of a planning
workflow, which has been applied in many workshops
for testing purposes (Rivero et al., 2015; Ballal, 2015;
Nyerges et al, 2016). Then, this software has been
successfully integrated into many planning efforts in
various parts of the world (Campagna et al., 2016; Moura
etal, 2016; Kim, 2017). Ernst et al. (2019) described the
design of a new master plan for the campus of a
university located in Southeastern Turkey based on

Geodesign. GDH software helped to create several
scenarios for a 3000-ha campus, in which all
stakeholders of the university were involved. In Sydney,
Australia, existing silos between different governmental
agencies have been broken down by engaging their
representatives during GDH workshops (Pettit et al.,
2019). They aimed at overcoming coordination problems
between these agencies that hindered the planning and
timely implementation of megaprojects in Southeast
Sydney.

Already in 1959, urban planner P.A. Stone stated,
"The choice between alternative plans must be based on
the trinity of appearance, function and cost." While urban
competitiveness - environmentally, socially, and
especially, economically - has become one of the central
issues in urban planning today (UNHABITAT, 2013), the
inclusion of financial parameters in the Geodesign
methodology has only recently drawn some interest.
Although even in “A Framework for Geodesign” (Steinitz,
2012) the importance of “economic geographies” is
mentioned there is no literature available, in which the
impact of economics is dealt with from the viewpoint of
Geodesign. In 2021, the “DesignKPI” plugin, which is
hosted on the GitHub platform (GitHub, 2022), was
added to GDH. The purpose of this plugin is to add
financial scenarios to the designs created in GDH. Until
now, no research on Geodesign that made use of this
plugin has been published.

The purpose of this ongoing project is to develop
different development scenarios for Harran District
following a participatory planning approach with the
addition of a quantitative financial analysis, which is new
in the field of Geodesign. The work has been carried out
using the PPGIS web-based platform GDH. Out of 5
planning scenarios (non-adaptor 2050 (NA 2050), late-
adaptor 2035, late-adaptor 2050, early-adaptor 2035,
and early-adaptor 2050 (EA 2050) (Ernst et al., 2021),
only the NA 2050 and the EA 2050 have been explained
in this paper. Due to space constraints, we focused on the
two most diverging development alternatives: a
business-as-usual scenario and a portfolio of projects
pacing a way to an economically, and ecologically
sustainable development. Even though the focus of this
research lays on the optimum location and selection of
projects according to a set of spatially related criteria,
cost is a factor that cannot be neglected. The included
cost-benefit analysis does not claim to be an in-depth
financial analysis rather than indicating the economic
consequences that major development decisions would
bear.

The research area of this project covers Harran
District in Sanlwurfa Province that is part of the
Southeastern Anatolia Project (GAP), one of the world's
biggest irrigation and development projects (Unver,
1997). Besides its potential for agricultural production
the region stands out for its unique archaeological
heritage, from which the UNESCO World Heritage site
Gobeklitepe located in Sanlurfa’s Haliliye District with
its first spiritually used stone monuments reaches back
11 500 years (Hackley & Gopher, 2020). In the Middle
Ages, Harran was competing with Bagdad for being the
cultural center of the world. Despite this glorious past
and the big investments made so far Sanliurfa Province
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still counts for the poorest province of Turkey in terms of
GDP per capita (2901 USD, Turkish average: 8598 USD
(TUIK, 2021a)).

Harran District has been chosen as a research area
for several reasons: 1) Archaeology/Tourism: The
famous “Harran School” established in the seventh
century CE and considered to be the start of the Golden
Islamic Age (Menemencioglu, 2007) had a major impact
on the increase of knowledge during this age and its
proliferation to the West triggering the epoque of
renaissance. The literature originating from this school
counts in thousands including inventions in
mathematics, astronomy, and medicine. In contrast to
Gobeklitepe, which essentially is made up of some big
stones only, Harran’s big cultural heritage has not been
approved as a UNESCO World Heritage Site yet (UNESCO,
2022). Correspondingly, tourism still plays a very low
role in the local economy. 2) Agriculture: The greatest
part of Harran Districts lies in the Harran plain having
one of the most fertile soils of Turkey with abundance of
water for irrigation provided by the near-by Atatiirk
Dam. Disregarding the semi-arid climate, harmful
agricultural practices comprising inappropriate
irrigation and wrong plant portfolio has caused the
salinization of soils. Due to socio-economic conditions
such harmful practices continue despite the well-known
fact that they were one of the main causes for the decline
of early civilizations in Mesopotamia (Al-Hayali, 1964).
In addition, wasting fertile soil by uncontrolled
settlements has become a major concern. 3) socio-
economic conditions: According to official statistics
Harran District had one of the highest rates of
analphabetism of all Turkish districts (7.7 compared
with 2.5 for Turkey (TUIK, 2022a)) and in 2017 one of
the largest household sizes (8.44 (Karacadag
Development Agency, 2018)) of Turkey (average 3.45
(TUIK, 2022b)). These numbers indicate the prevalence
of feudalistic structures in one of the least developed
parts of Turkey.

This project was initiated by members of the
Metropolitan n Municipality of Sanliurfa who wished to
see a more sustainable development of its district city
Harran. At the same time, an area exhibiting great
development potential paired with high constraints like
Harran District makes it attractive for research of future
projections. Especially, if Harran’s current conditions are
compared with its twin city in Italy, Alberobello. Despite
some similarities like its rural setting its clear
development path differs from Harran: Mainly due to its
conserved “Trulli” architecture (like the beehive houses
of Harran) it has become a UNESCO World Heritage Site
in 1996 and attracts now about 2 million tourists a year.

2. Method
2.1. Geodesign

Originally, it was planned to carry out this project in
close cooperation with the Metropolitan Municipality of
Sanlurfa and the Municipality of Harran by means of
conducting several workshops. However, due to the
pandemic most of the works were carried out during a
master class of Geodesign via distant learning at Harran

University, Sanliurfa. As this project was submitted to the
International Geodesign Collaboration (IGC, 2021) it had
to adhere to its standards including a 40 x 40 km research
area that does not exactly match the district boundaries,
During this project, the methodology as described
by Steinitz (2012) in ‘Framework for Geodesign’ and
summarized in the schema below was followed.

How should the landscape REPRESENTATION i

be described? MODELS -
c
)

How does the landscape PROCESS (%

operate? MODELS - 2
g

Is the landscape working EVALUATION

well? MODELS .

How might the landscape CHANGE =

be altered? MODELS
c
0

What differences might IMPACT E

the changes cause? MODELS : 2
2
=

Should the landscape DECISION et i

be changed? MODELS

Figure 1. Geodesign framework by Carl Steinitz (2012)
consisting of six phases that must be passed three times

2.1.1. Representation models

During the last few years, several development plans
that have been especially targeted the Harran District
itself or the related Sanliurfa Province have been written,
like the Harran Management Plan 2016 (Anadoku, 2016)
and the GAP Region Tourism Master Plan (Barlas Zoning
Planning Consultancy Company ,2016). While these
plans provide useful information about general
development strategies and especially, for the tourism
sector detailed proposed project descriptions, they
rarely show detailed maps of the current situation and
even more important, where such projects should be
located. In order to enable analysis that have a sound
spatial background a comprehensive GIS database
spanning ten sectors that represent sufficiently the
research area (agriculture, energy infrastructure, green
infrastructure, industry and commerce, institutional,
urban development, transport infrastructure, water
infrastructure, tourism and archaeology (naming and
amount of sectors according to International Geodesign
Collaboration standards (IGC, 2021)) had to be built. Raw
data have been obtained from the Metropolitan
Municipality of Sanlurfa and different departments of
Harran University and processed for the purposes of this
study.

2.1.2. Process models

While representation models deal with the current
state of the different systems and related subsystems for
the respective study, during this step it is tried to model
the most important processes that result of the
interactions of these systems with each other in each
period. For one of the most important systems,
agriculture, the combination of the subsystem soil
(mostly clay), subsystem climate (semiarid) and
subsystem land use (permanently irrigated land with
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wrong irrigation practices) has caused the salinization of
thousands of hectares of soil in this area. For this process,
the already existing soil salinity map produced by Harran
University’s Department of Soil and Plant Nutrition
(Cullu et al., 2010) has been made use of.

2.1.3. Evaluation models

In order to evaluate how well the ten sectors are
currently working they have been classified according to
their suitability to support the planned new projects. For
these evaluation models the requirements for the
following change models must have already been
defined. Here it becomes evident that in order to conduct
a Geodesign research successfully the above mentioned
three passes of the Geodesign framework must be
completed.

As an example, the classification sheet for the
agriculture sector is displayed in figure 2, in which a color
palette from dark green to red indicates the suitability for
location of new projects. During the first and second
passes of this study, it was decided that changes in the
agricultural sector should focus on extending orchards.
As the anticipated plant species to be used are extremely
sensitive to soil salinity, this soil characteristic had to be
included in the list of criteria for the respective suitability
map (Figure 2).
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Figure 2. Evaluation sheet for the system agriculture
focusing on projects for new orchard plantations, which
forms the basis for the creation of a suitability map for
the respective sector

Criteria that were used for this sector are quality of
the soil, irrigation, and salinization. For each of these
criteria a digital map was created from existing sources
and then, according to the above-made logical
statements these maps were combined into one final
map by means of an overlay analysis. No weighting
scheme was applied.

2.1.4. Change models

During this step, changes to the systems that were
the subject of this study were proposed. Such changes
can be made of new regulations like conversion to a
protected area (not considered in this study) or major
projects. For this, projects are drawn against the
background of the suitability map of the respective
system preferably on the most suitable lands shown as
dark green color in figure 3. In our case, over 90 projects
were created prior to the workshop. However, using the
simple drawing tools of GDH they can easily be designed
during a workshop as well.

While working on ‘Change Models’ major projects
represented as diagrams in GDH must be created with
the purpose of meeting development requirements for
the above mentioned 10 sectors based on area (ha).
Figure 3 shows a screenshot of the GDH system with
projects created for some of the sectors and enlarged, the
details for a new pecan plantation project from the
agricultural sector.

Some of the projects taken from the “Harran
Management Plan” (Anadoku, 2016) are as follows:
Determination of Camping Areas, Equestrian, Cycling and
Nature Hiking Routes in Harran and Its Connection
Points; Harran Great Mosque, Harran Mound and Inner
Castle Excavation; Han-El Ba'rur Caravanserai
Excavation and Restoration; Shuayip City Ruins
Excavation and Restoration; and Restoration Works for
Beehive Houses and Functioning for Tourism.
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Figure 3. Part of graphical user interface (GUI) of GDH
showing suitability maps for all systems (“SITE
EVALUATIONS” in the upper part) and some projects for
the systems energy, agriculture, transportation, and
industry (lower part, left side) and the details of one
project (pikdan-2) drawn against the suitability map for
the respective sector (agriculture) (lower part, right
side)

2.1.5. Impact models

Using the Geodesign platform GDH, impacts of
proposed projects on the system, to which they belong
(meaning how well they were placed on the respective
suitability maps), or all the other systems (cross-systems
impact) are computed on the spot. This computation is
executed based on the Cross System Impact matrix, in
which impacts have been defined by subject-matter
experts during the second pass through the Geodesign
framework (Figure 4).

‘Impact Models’ will reveal whether and to which
degree the created projects will have negative impacts on
projects of other sectors. For example, a planned new
photovoltaic (PV) power plant might take away space
allocated for grazing land and thus, will have a negative
impact on the sector ‘agriculture.’” As a result of ‘Impact
Models’, the first selection of projects will undergo their
modification or even deletion from the list of candidates
for scenarios to be built in the next phase.

27



Turkish Journal of Geographic Information Systems - 2024; 6(1); 24-37

ABCHAE

3 1 i -1 1 1 1 ° 1
0 Tou ‘I .
Figure 4. Cross System Impact matrix with columns
because the inflation rate has a significant impact on it
and all our computation have been made on a EURO
basis. The discounting factor has been computed as fol-
lows

1/((1 + $AI$5)%E4 (1)

whereby $AI$5 refers to the Weighted Average Cost
of Capital (WACC) in the table and E4 to the mid-year
discounting (see below).

For WACC, which is one of the most important
parameters when computing the NPV, beta values have
been taken from NYU Stern (Damodaran, 2021) for the
following sectors: “Farming/Agriculture”,
“Homebuilding”, “Food Processing”, “Hotel/Gaming”,
“Green & Renewable Energy”’, “Transportation
(Railroads)”. Rf and Rm values were derived from
Market-Risk-Premia (2022) and computed according to
the formula representing the existing condition for a
system and rows the in-tended change to a different
system. Five colors ranging from dark green (most
positive) to red (most negative) indicate the nature of an
impact for a respective change.

2.1.6. Decision models

Depending on the special methodology defined
during the second pass of the Geodesign framework,
stakeholders gather to discuss options for further
development of a region and if possible, to reach an
agreement on the optimal solution. While these activities
are usually implemented by means of one or several
workshops under the participation of decision-makers
until now, such a setting could only be simulated by
means of a virtual workshop.

During the face-to-face or virtual workshop,
stakeholders are combined into major interest groups
that develop their own scenarios under usage of projects
created during the previous two phases. Finally, they
come together in order to reduce the number of
scenarios until preferably, they can agree on one optimal
solution. Figure 5 presents one of the tools that facilitate
such negotiations.

2.2. Development of an interface for financial
analysis

vivwriw viiwiw v v v

Figure 5. Tools of GDH that facilitate negotiation for
achieving one common scenario. In this case only
projects, for which disagreements exist are shown in
table (left side) and map format (right side)

The purpose of the financial analysis was to
calculate the Net Present Value (NPV) for each project’s
investment because it is commonly used to analyze the
profitability of an investment project. At the beginning,
all financial data had been entered into the existing API
DesignKPI for GDH. As the results were not accurate
enough, we developed our own application that was
linked to GDH via its API. In a first step, a MS Excel sheet
(table 1) for calculating the Discounted Cash Flow (DCF)
for each project was set up. It comprised Capital
Expenditure / Initial investment (CAPEX), Expected
Annual Revenue, Annual Operating Expenditure (OpEx)
and Other Expenses (like maintenance). For a more
detailed analysis, after having set the values for Expected
cashflow growth and Weighted Annual Cost of Capital
(WACC) the sheet computes the values for Total
Discounted Cashflow and the NPV.

For the growth rate 3 % of cash flows has been used.

Cost of Equity = (Rf + (beta * (Rm — Rf) (D

in which Rf corresponds to the interest rate. They
reflect the status of August 2022 (Rf = 12,6 and Rm =
10,7). N stands for mid-year discounting. Since the cash
inflows and outflows occur continuously year-round, it is
inaccurate to assume that the cash proceeds are all
received at the end of each year. As a compromise, mid-
year discounting can be integrated into DCF models to
assume that FCFs are received in the middle of the annual
period (Dobner, 2002).

In this research, the financial analysis covers 30
years (2021 to 2050) for all projects, and it has been
assumed that all projects would start in 2020. A life span
of 30 years is realistic because projects in the sectors of
tour-ism, transportation, energy, and urban
development usually have such a life cycle. Even in the
agricultural sector, the chosen tree crops would surpass
this period. On the other hand, we are aware that it is an
unrealistic assumption that all projects would start in the
first year. As setting priorities for projects is a highly
political question, we avoided to be presumptuous on
this subject and stretched investments over this time
horizon only for the tourism sector. Anyway, the DCV
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calculation has been set up in a way that makes any
modifications on the start date of investment and annual
revenue quite easy.

In order to make the process of calculating financial
impacts as user-friendly as possible (one of the principles
of Geodesign) a special interface was developed (figure
6). This was accomplished by building an interface

programmed with Spyder (Python 3.9) using the API
offered by GDH. The GUI for user input was developed
with Python's Tkinter library and Python’s Matplotlib
library for the required computation processes. The
previously defined parameters and formulas of the MS
Excel spreadsheet as shown in table 1 were transferred
to this application.

Table 1. Part of Discounted Cash Flow (DCF) sheet (example for a 5* hotel) covering the first seven years of a 30-year

period
Year 2021 2022 2023 2024 2025 2026 2027
N 0,00 0,50 1,50 2,50 3,50 4,50 5,50
Investment (in €) -3.100.000 3.090.000 2.120.000
Free Cash Flow before OpEx (in €) 3.600.000 3.708.000 3.819.240 3.933.817
Operating Expenditure (OpEx) (in €) 520.000 520.000 520.000 520.000
Other Expenses
Discounting Factor 0,95 0,87 0,79 0,72 0,65 0,59

0 1 2 3 4 5 6

Total Free Cash Flow to Investment (in€) -3.100.000 3.090.000 -2.120.00 3.080.000 3.188.000 3.299.240 3.413.817
Present Value of Cash Flow (in €) 2.946.199 1.837.582 2.426.996 2.283.726 2.148.557 2.021.066
Initial Investment (in €) -3.100.000
Sum of Cash Flows (in €) 28.024.494
Present Value of Investment (NPV) (in €) 24.924.494

Area sizes for selected projects in GDH are read
automatically and with the interface as shown in figure 6
the required financial parameters can be entered. The
output is a graphic that displays the most important
parameters as can be seen in the graphics further down.

GeodesigniHub
Investment

wACC
Growth Rate of CF
Growth Rate of perpertuaty
Free Cash Flow (Subvention)

Free Cash Flow (Iincome)
OPFPeX

Other Expenses optional

o |

Figure 6. Interface for financial analysis with fields for
entering the most important parameters to calculate DCF
and NPV

2.3. Assumptions and requirements for the most
important sectors

Following the conventions of the International
Geodesign Collaboration (IGC, 2021) ten systems had to
be included in the Geodesign analysis. However, the
economic indicators of table 2 point to the fact that for
Har-ran, under the current situation and the scenario
that assumes "business as usual” for the future only two
sec-tors are relevant (if public administration that is
concentrated in the province capital is disregarded):

agriculture and services (including tourism).
Unfortunately, no numbers were available at the district
level. According to the authors’ knowledge, for the
Harran District all other sectors do not play a significant
role and even the percentage for services (in the case of
Harran mainly tourism) most probably, is much lower
than for Sanlurfa.

Table 2. Gross domestic product by provinces by
economic activity for Sanlurfa Province for the year
2020 (from TUIK 2021b)

Sector % GDP
Agriculture, forestry, and fishing 25
Industry 12
Manufacturing 8
Construction 5
Services 17
Financial and insurance activities 1
Real estate 6
Public administration incl. Education and health 26

On the other side, for the future EA 2050 scenarios
it is expected that in addition to the agricultural sector,

major changes will happen also in the Urban
Development, Archaeology/Tourism, Energy
Infrastructure and Transportation Infrastructure

sectors. Only these sectors are dealt with in more detail
in the following para-graphs.

Green infrastructure thar refers to public gardens
and parks, protected natural and semi-natural lands
(range-lands) are shown on the maps due to their huge
spatial coverage. As they play a minor role in the local
econo-my, this study has not addressed them. For the
same reason, Industrial/Commerce, Institutional and
Water In-frastructure are shown on some of the maps.
They mainly relate to future scenarios and its financial
impacts could not be computed in this study.
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2.3.1. Agricultural sector

The main differences between NA 2050 and EA 2050
for this sector become apparent if the different crop
portfolios are regarded as shown in figure 7.

B

Orchards
207
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Figure 7. Crop portfolios for creation of scenarios for the
agricultural sector (left side: NA 2050 and right side: EA
2050)

Under the NA 2050 scenario cotton would continue
to be cultivated on 25 % of the irrigable land. If costs for
energy, water, fertilizer, and pesticides are considered a
yearly total cost of 2450 €/ha has been assumed based
on current prices. From this, current governmental
subsidies of 595 €/ha must be subtracted (National
Cotton Council, 2020). Current revenues computed on a
hectare basis average 2650 €/ha.

For EA 2050, only the conversion of 20 % of irrigable
land (corresponding to 10 000 ha) to perennial plants as
it was the original target of the GAP plan (USIAD, 2008)
has been considered. Other changes like sustainable
management of rangelands and tree plantations without
irrigation have not been considered because their eco-
nomic impact will be very limited. For this, plantation of
pecan trees (Carya illinoinensis) has been chosen
because they are well adapted to the dominating
ecological conditions of the region (T.R. Ministry of
Agriculture and Forestry, Directorate of Western
Mediterranean Agricultural Research Institute, 2009).
Pecan trees will produce nuts economically sufficient
only six years after being planted. Then, they will
generate on aver-age a yearly revenue of about 14 750
€/ha for a period of at least 50 years while costs sum up
to 2200 €/ha. Due to missing official numbers for Turkey,
the sale price for farmers was calculated using Internet
resources (Pecan Nut Prices, 2021) and the ratio of sale
price for farmers to retail prices was assumed to be the
same as for walnuts resulting in 3,40 €/kg. International
figures were taken from the latest reports of US
Department of Agriculture (Rafanan, 2021) indicating a
price of about 3 €/kg. Because farmers would receive no
benefit from planting pecan trees during the first years it
is assumed that the same number of subsidies as for
cotton would be paid to those farmers during this period.
As costs for planting and maintaining a pecan orchard in
Turkey were not available the respective numbers have
been obtained from a walnut farm producing under
similar conditions (Tastan, 2013).

2.3.2. Tourism Sector
Under NA 2050, local tourism activities will only

marginally increase due to an inappropriate urban
development and a missing tourism infrastructure.

Overnight stays of tourists will be arranged by travel
agencies in nearby cities like Gaziantep and Sanliurfa and
thus, the benefit for Harran's economy will remain
limited. Only restaurants (with a total of 17 new ones)
will take profit of these visitors experiencing a moderate
growth corresponding to the rate before the pandemic
i.e, 5 % per year totaling about half a million visitors in
2050.

In contrast, EA 2050 will take profit from a positive
urban development as described in the respective
paragraph below. Huge investments in the tourism
sector are aimed at 2 million visitors per year, a quarter
of them staying overnight. The investments are
characterized by the following: 1) Careful restoration of
the archaeological sites in and around Harran City and
removal squatter settlements from the Harran tell, 2)
Building of a 5-star hotel, 3) Construction of 18 hotels
according to the “boutique hotel” principle, 3)
Development of the gastronomy sector including 40
different facilities, 4) Establishment of six visitor centers
in and around Harran City, 5) Setting-up of bicycle routes
with 12 traditional tent camps for overnight stays, 5)
Setting-up of hiking trails, and 6) Establishing a college
for tourism. All costs are based on the guidelines of the
Ministry of Environment and Urbanization (Construction
Approximate Cost, 2021).

2.3.3. Energy sector

According to the World Bank Group (Suri et al,
2020) due to favorite climatic conditions a high potential
for energy production by means of photovoltaic (PH)
plants exists in the region. Especially, in the Southern
foothills of Tektek Mountains, sufficient locations for the
construction of plants that would make Harran District
independent in terms of electric energy can be found.
However, as of 2021 almost no photovoltaic plants exist
in Harran District and due to the current structure of
governmental subsidies (Karacadag Development
Agency, 2014) this is not expected to change under NA
2050. On the other hand, one of the requirements of EA
2050 is to become energy-wise a self-sufficient district.
The required amount of PH plants for 150 000 persons
might be realized if the political will exists. It is expected
that prices for solar panels will drop by 63% by 2050
(Solar AVM 2021; The Solar Nerd 2021; Global Solar
Atlas, 2021).

2.3.4. Urban development sector

The urban development sector plays a key role in
this study because how it will evolve over time will
impact all other sectors especially tourism, archaeology,
transportation, agriculture, and energy. Current
conditions that are assumed to continue under NA 2050
are characterized by 1) standard exterior design without
insula-tion and ignoring the cultural heritage of the
region, 2) ongoing encroachment of the archaeological
site of Harran City and other locations by squatter
settlements, 3) agricultural activities (especially animal
husband-ry) within Harran City, and 4) approval of
encroachment of new subdivisions onto fertile lands
around Harran City.
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All these features will hinder the growth of the
tourism sector to become a pillar of Harran's economy.
There-fore, it can be doubted that expected population
numbers can be supported in terms of employment and
con-sequently, the already existing emigration into
bigger cities will continue. On the other hand, a carefully
planned and implemented urban development under EA
2050 would regard the cultural heritage, the protec-tion
of fertile lands and support their conversion into
orchards and thus promoting tourism, sustainable agri-
culture and a related food processing, light industry.
These economic activities would sustain a growing popu-
lation, which mainly would live in a new satellite city
accommodating about 50 000 persons covering an area
of 350 ha. It would be located at the foothills of Tektek
Mountains 15 km distant to Harran City without occu-
pying fertile lands of the Harran plain and a connection
with light rail to Harran City and Sanlurfa would be
feasible under this scenario. Costs for such a new satellite
city, including the required infrastructure, have been
computed using the guidelines of the Ministry of
Environment and Urbanization (Construction Approxi-
mate Cost 2021).

2.3.5. Transportation sector

Currently, only fossil fuel powered private and
commercial vehicles are used. Coaches of private
companies bringing tourists to Harran are starting to
cause parking problems. The district road connecting
Harran with the Sanlurfa - Akgakale road consists only

of atwo-lane road in bad condition. However, the General
Directorate of Highways (KGM) has reserved enough
land adjacent to the Harran district road that would allow
the up-grade to a four-lane road and the construction of
a light rail line from Harran to Sanhwurfa. There, a
connection to the Turkish high-speed rail network would
exist from 2030 on. Whereas under NA 2050 no major
changes are expected to happen, under EA 2050 several
projects to reduce the dependency on private vehicles, to
de-crease traffic volume around Harran City and
Sanliurfa and to minimize travel time for commuters are
envis-aged.

3. Results

The map in figure 8a gives an overview of the
research area's current situation. Nearly all the land is
used by agriculture. The dark green color indicates the
national park ‘Tektek Mountains’ where intensive
grazing is a frequent practice. The yellow spot within the
settlement area of Harran City represents the
archaeological site of Harran.

When compared with the above map, NA 2050 's
map in figure 8b does not exhibit many differences due
to ongoing, unchanged practices in all major sectors.
Changes will arise mainly in and around Harran City,
which result from inappropriate urban development. On
one side, the encroachment into fertile lands around the
city by planned new subdivisions and on the other side
into the archaeological site by squatter settlements
become apparent.
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Figure 8. (a) The research area's current situation including the most important sectors against the background of
satellite imagery from Google Earth. Due to scaling reasons Tourism and Archaeology sectors have been combined into
one class, (b)The research area showing the NA 2050 scenario including the most important sectors for this scenario
against the background of satellite imagery from Google Earth. Due to scaling reasons Tourism and Archaeology sec-tors

have been combined into one class

In contrast, the map of EA 2050 of figure 9 displays
a vastly different picture characterized by the following
features: 1) The brown areas around Harran City
represent new plantations with pecan trees that will give
Har-ran the appearance of a garden city. 2) The
archaeological site has even slightly increased in size
caused by the removal of squatter settlements. Other
changes for the tourism sector cannot been detected due
to the map scale. 3) At the edge of the Tektek Mountains

a new satellite city with an industrial area in the North
has been founded. 4) A light rail connection from there
via Harran City to Sanlhurfa has been built. 5) In the
eastern part of the research area all rangelands are
managed in a sustainable way.
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Figure 9. The research area showing the EA 2050
scenario including all ten sectors for this scenario against
the back-ground of satellite imagery from Google Earth.
Due to scaling reasons Tourism and Archaeology sectors
have been combined into one class. For a better
understanding of planned agricultural innovations

Agriculture (Or-chards) has been added as a separate
class

Both scenario maps, NA 2050, and EA 2050, are the
results of the selection of single projects and their combi-
nation to form scenarios that meet a set of predefined
requirements. Whereas in the case of NA 2050 ‘business
as usual’ including only some minor changes has been
assumed, for EA 2050 major projects requiring big in-
vestments have been created. For the selection and
location of these projects the most important criterion
was to minimize negative impacts on other sectors. For
example, the foundation of a new satellite city would
have caused less costs for the required infrastructure if a
location nearer to the existing city had been chosen (One
additional kilometer of the light rail sector equals 8 500
000 €) (Senlik, 2013). However, this would have
happened at the cost of building on fertile farmland. A
summary of the financial analysis for both scenarios is
given in table 3.

Table 3. Summarized economic analysis for NA 2050 and EA 2050 scenarios for the most important sectors

NA 2050 EA 2050
Sector Total Sum of NPV Total Sum of NPV
Investment Cashflows Investment Cashflows
Agriculture -17.084.550€ 116.697.171€ 99.612.622€ -15.657.000€ 816.776.910€ 801.119.910€
Tourism -6.071.043€ 60.787.747€ 60.252.067€ - 35.305.622€ 389.625.872€  382.341.058€
Urban development -232.327.789€  320.754.555€  108.754.555€ -416.100.000€ 312.750.986€ 96.650.986€
Transportation NA NA NA -432.000.000€ -11.966.477€ -99.966.477€
Energy NA NA NA -14.677.500€ 159.951.946€  145.274.446€

The greatest monetary impact on the future
development of Harran province if EA 2050 were chosen
will come from projects in the agricultural and tourism
sectors. In order to get a better understanding of these
numbers below, the details for some projects are shown.

NPV/DCF Analysis
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Figure 10. Financial analysis of a new pecan plantation
project covering an area of 590 ha

Figure 10 shows the performance of a new
plantation of pecan trees covering a project area of 590
ha. While investment costs are extremely low due to low
wages and prices for tree saplings, revenues starting
from year 7 are remarkably high due to a high demand
on national and international markets (Bailey, 2021)
resulting in a NPV of 78.838.632 €. If instead, the same
area is used for cotton cultivation as in NA 2050 the
results shown in figure 11 indicate that with 8.050.343 €
the NPV is relatively low and without continued
governmental subsidies might turn into losses easily.

Since for these kinds of agricultural activities costs can be
computed based on area for all planned pecan
plantations (9210 ha) an NPV of about 801 million €
compared with a NPV for cot-ton production of only 99
million € can be expected.

4 NPV/DCF Analysis
Result: Cotton

Total Investment : -1.094.450 €

Investment Horizon : 2021 25

~—— Total Free Cash Flow to Investment
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Figure 11. Financial analysis for a cotton plantation
covering the same area as the pecan plantation shown in
figure 11 (590 ha)

In the related sensitivity analysis growth rates of
cash flows from 0 % to 5 % and WACCs from 8 % to 17 %
have been chosen. The results suggest a great variability
in the PVI ranging from 2 Mio. € to 18 Mio. € for the
cotton plantation and from 32 Mio. € to 145 Mio. € for the
pecan plantation. Such a variability is not unexpected.
Important for these two projects is the fact that they
belong to the same factor characterized by the same
growth rates and WACC values. That means that
whatever values are chosen the relatively significant
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difference in PVI for these projects would persist.
Without doubt, comparing cotton with pecans is like
comparing apples with pears. However, as the needed
values are not available such a detailed analysis would
require separate research.

4. Discussion

Until recently, the urban and regional planning
process was split into two subprocesses that were
working independently from each other: In a first step,
the current situation was analyzed and evaluated using
classical GIS software with its underlying databases of
scientifically sound data. In the second step, planners
draw their ideas of the future of a space relying on design
software like 3D City Planner, Sketchup or Lumion.
CityEngine from ESRI does bridge this gap, however, with
the price of having highly skilled staff at hand, something
that applies to the other software mentioned as well. In
contrast, the Geodesign approach requires a platform
that is so user-friendly that it can be utilized “live’ e.g.,
during workshops. In addition, Geodesign besides using
scientific criteria, encourages the inclusion of personal
values for the evaluation of different scenarios because
this is how the human brain works and makes its
decisions.

Several comprehensive development plans for
Harran District and its region have been written during
the last ten years. One of the more recent ones, “Harran
Management Plan” (Anadoku, 2016) is even a product of
stakeholder consultations. Interestingly, all these plans
share one important drawback: They become very vague
if it comes to the question of where the mentioned
(mega) projects should be located, and they lack the
presentation of related maps. Naturally, this originates
from the “Not in my backyard” thinking where a
consensus of the “what: has been found however, this
cannot be said on the “where: question.

This is exactly where PPGIS comes into play by
offering tools for mediating the most critical step in
regional and wurban planning, which is spatial
management. As has been shown in this research the
used web-based software GDH enables all stakeholders
to participate in the spatial planning process. For this, no
knowledge of geomatics technologies is required. Still, it
must be mentioned that the preparation of the needed
data and the conduction of workshops cannot be realized
without the involvement of both subject-matter and GIS
experts. Although the workshop held during this project
was a simulated one where all participants were either
teachers or students of geomatics, agriculture and
architecture, previous workshops organized by the
authors of this paper proved the above made statement
on prerequisites to be true.

The most crucial point whether development plans
can be implemented or not is their economic feasibility.
Parallel to building a spatial database, requirements for
different development scenarios for the five sectors most
important in our research area were defined. These
requirements included data on costs, fees, subsidies, and
revenues that would arise or could be earned for the
major projects to be implemented in 30 years. This data

covered costs in terms of current prices and the expected
trend for the next 30 years. For the agricultural sector,
planting and marketing of pecans seems to be an
exceptionally suitable alternative to the dominating crop
cotton because the world market has been in a big
demand for pecans during the last years (Rafanan, 2021).
Although it is hard to say if this trend will continue over
30 years, it could resultin an NPV eight times higher than
current practices.

However, we did not carry out an in-depth financial
analysis. Rather, it was tried to feed the spatial analysis
with economic data to enable all stakeholders to estimate
the financial consequences of their suggested projects.
For this, within GDH for all ten sectors costs per hectare
were predefined. The weak point is that only one cost
category can be used and no differentiation, e.g., between
costs for squatter settlements or organized construction
of new city quarters can be made. In this way, the sector
sums up the costs for all the projects in each sector using
an average cost factor. In addition, a special extension for
NPV/DCF analysis was developed. Parameters like unit
prices, WACC values or investment costs can easily be
updated both for projects and whole sectors.

Some weak points of this financial analysis must be
mentioned:

1) For one of the most important parameters
impacting financial performance, the WACC factor, beta
values must be defined for each sector. We had to rely on
the values of the US market as they are usually only
published for companies listed on the stock exchange.
Due to the little concentrated structure of the agricultural
and tourism sectors such data could not be found for
Turkey.

2) Also, the exact time when the foreseen
investments will be made will affect cash flows severely.
Especially for the tourism and the urban development
sectors, continuous growth has been expected and
investments distributed accordingly. As the current
pandemic has shown, such a growth could easily be
disrupted.

3) For this kind of financial analysis, using a 30-year
horizon adds additional risks. However, for ambitious
scenarios like becoming a center of tourism shorter time
horizons do not make much sense.

Besides these methodological considerations,
distortion of the real picture that results from common
cost/benefit analysis has been addressed. Projects cause
costs and their economic benefits might not become
apparent immediately or its consequences could only be
measured by its social and environmental impact that
under the current economic framework cannot easily be
converted into financial numbers. Especially, the
construction of a new satellite city under EA 2050 would
come ata high price. If apartments can be sold as planned
there would be a NPV of 97 million € after an initial
investment of 313 million €. On the other side, doing
business as usual and continuing with an urban
development that is inappropriate for promoting
development of the tourism sector will not be as cheap as
it seems on the first glance: If people are forced to
emigrate from Harran District due to missing job
opportunities and will stay unemployed due to lacking
skills costs that will have to be borne by the social
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security system could be as high as 17,000,000 € for one
year only. Naturally, these families would not be able to
pay rent to stay in a legal building. Rather, they would
erect another ‘gecekondu’ (meaning ‘build overnight’) at
the edge of one of Turkey’s megacities and thereby,
increasing problems in these agglomerations. This
urban-rural duality problem has been discussed in
Turkey since decades (Erdem, 2016).

Spatial analysis with the GDH software reveals
conflicts between competing projects within the same
sector or different sectors instantly, especially between
urban development and tourism. It is impossible to
tolerate the encroachment of squatters onto the
archaeological site of Harran and promote international
tourism. However, if it is decided to implement EA 2050
that includes a careful urban development then, as
examples from other cities like Carcassonne (France) and
Alberobello (Italy), currently a partner city of Harran,
prove, the tourism sector could outdo a cotton based
agricultural sector by a factor of four. The NPV could be
as high as 382 million €, which could be used for the
further development of the region.

Political will is of utmost importance for the energy
and transportation sectors too. For the light-rail project
an up-front investment with public funding of 430
million € must be made. On the revenue side a negative
NPV of 100 million € is expected and this only on the
condition that half of the tourists would use it. These
numbers would certainly change if indirect costs like CO2
emission reduction, traffic accidents minimization and
reduced dependency on private cars had been included.

5. Conclusion

Worldwide, the importance of effective involvement
of all stakeholders in regional and urban planning has
been recognized. Tools like GDH have been developed
and successfully used especially for the development of
metropolitan municipalities for years. Based on GIS
technology suitability maps are produced that form the
basis for the most appropriate selection of projects in
different sectors. More advanced systems include tools to
make decisions according to a set of personal preferences
or values and tools for negotiating between different
interest groups. Then projects can be combined to create
scenarios with different development options.

Although these systems are strong on the spatial
side of planning their performance on the financial side
can still be improved. For this research, a special
extension for GDH for conducting NPV/DCF analysis was
developed. Calculations of NPV and DCF required in-
depth studies of the respective sectors to produce
realistic numbers for investment costs and revenues for
the planned projects.

Naturally, all financial numbers are subject to
discussion and consequently, a PPGIS should support
updating these numbers easily. While the approach
described in this paper allows the instant change and
recalculation of numbers for total investment costs, total
revenues, and other parameters, changing the underlying
components would still need a substantial amount of
time. Therefore, more research is required on how to

design appealing graphical user interfaces that facilitate
the input of detailed data.

Government policy especially by means of
subsidizing certain agricultural practices can change
man-nude landscape totally. In the case of the EU,
without subsidies for milk producing farmers the Black
Forrest would return to an area completely covered by
forest and tourism would no longer be an important
source of income. Similarly, recent studies at the
Department of Agricultural Economics at Harran
University (oral communication) discovered that
without the different subsidies including those for water
and electricity paid to the farmers of Harran eventually
this area would be turned into grazing lands again. As
such subsidies have at least partially embedded in our
financial analysis there is evidence that a redirection of
these subsidies could help to convert Harran into a green
garden. By this, both the agricultural and the tourism
sector could undergo a more sustainable development -
economically, socially, and environmentally.

Government policies will not change or if changed
they will have insignificant effect without support from
different interest groups at the local and regional level.
Considering the current cultural background, it can be
doubted whether any fundamental change will occur
during at least one generation period in this least
developed region of Turkey. There is no evidence that the
brain drain from East to West (on a national and
international scale) can be stopped soon. In its evaluation
of the GAP project Benek (2009) concludes that even this
mega project had only a modest impact on the regional
structural problems: “Itis seen that the works carried out
within the scope of the GAP for a period of 30 years have
not yet reached the desired level in terms of completing
the projects within the targeted period and solving these
structural problems...”
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Oz

Meralar, ucuz ve Kkaliteli yem kaynagi konusunda olduk¢a zengin olan ve hem yenilebilir
hayvanlarin hem de yaban hayatinin beslenmesine olanak saglayan degerli arazilerdir. Meralarin
hayvanlarin beslenmesine yetmesi ile yemlerin tiiketilme orani azalmaktadir. Bu sayede et ve siit
tirtinlerinin daha rahat iiretilebilir olmasi ekonomik, saglik ve sosyal agidan 6nem arz etmektedir.
Ancak mera alanlarinin farkli amaglarla kullanilmasi girisimleri otlak alanlarin miktarini
azaltmakta ve beklenen verimin karsilanmasina sebep olmaktadir. Ozellikle 2019 yilinda
baslayan ve 2020 yilinda tiim diinyaya yayilan Covid-19 pandemisi insanlari daha daginik ve
miistakil ortamlarda yasamaya itmistir. Bu durum mera arazilerinin ev, barinak, kdy evi vb.
amaglarla isgal edilmesine ortam hazirlamistir. Bu ¢alismada Malatya'nin Akc¢adag ilgesi Bahri
kéyii ve Battalgazi ilgesi Merdivenler kdyilinde bulunan mera arazilerinin isgalleri sirasiyla 2003-
2020 ve 2009-2023 yillar1 arasindaki Google Earth Pro goriintiileri ile incelenmis ve mera
alanlarinin isgal oranlari ve zaman igerisindeki degisimleri arastirilmistir. Calisma sonucunda
2003 yilindan giliniimiize kadar Bahri kdyiindeki toplam mera parsellerinin %0.7’si mesken
amagli, %23.8'1 ise tarimsal amagla isgal edilmistir. Merdivenler kéyiindeki toplam mera
parsellerinin ise %0.06’s1 mesken amagli, %31.16’s1 ise tarimsal amaglarla isgal edilmistir. Bu
calisma arazi ¢alismasi ile tespit edilmesi gii¢c olan mera isgallerinin Google Earth Pro arsiv
goriintiileri yardimiyla yil bazli olarak tespit edilebilecegini gostermektedir.

Determination of pasture occupation areas using Google Earth Pro archive images: the case

of Malatya province

Keywords

Pasture Occupation,
Remote Sensing,
Google Earth Pro,
Malatya Province

s
i check for

v updates

Research Article
Received: 25/04/2024
Revised: 15/15/2024
Accepted: 20/05/2024
Published: 05/06/2024

Abstract

Pastures are valuable lands that are rich in cheap and high-quality feed resources and enable the
feeding of both edible animals and wildlife. As the pastures become sufficient to feed the animals,
the rate of feed consumption decreases. In this way, it is important from an economic, health and
social perspective that meat and dairy products can be produced more easily. However, attempts
to use pasture lands for different purposes reduce the amount of grazing areas and cause the
expected yield to be met. In particular, the Covid-19 pandemic, which started in 2019 and spread
all over the world in 2020, has pushed people to live in more dispersed and detached
environments. This situation means that pasture lands can be used as houses, shelters, village
houses, etc. It has prepared the environment for occupation for various purposes. In this study,
the occupation of pasture lands in Bahri village of Malatya's Akcadag district and Merdivenler
village of Battalgazi district were examined with Google Earth Pro images between 2003-2020
and 2009-2023, respectively, and the occupation rates of pasture lands and their changes over
time were investigated. As a result of the study, 0.7% of the total pasture parcels in Bahri village
have been occupied for residential purposes and 23.8% for agricultural purposes since 2003. Of
the total pasture parcels in Merdivenler village, 0.06% is occupied for residential purposes and
31.16% is occupied for agricultural purposes. This study shows that pasture occupations, which
are difficult to detect through field work, can be detected on a yearly basis with the help of Google
Earth Pro archive images.
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1. Giris

Diinya niifusunun artmasina paralel olarak tiim
diinyadaki ve iilkemizdeki gida talebi de artmaktadir.
Gelismis tarimsal faaliyetler sayesinde daha az kaynak
kullanilarak niifusa yetecek miktarda bitki ve meyve
iiretimi yapilabilmektedir (Ertus, 2019). Bunun yaninda
hayvansal gida iurinlerinin iiretilmesi icin hayvanlarin
yeterli miktarda besin almasi gerekmektedir (Koyuncu &
Akgiin, 2018). Hayvanlarin beslenme miktari et ve siit
kalitesini dogrudan, gelecek nesillerdeki tiirlerini de
dolayli yoldan etkilemektedir. Bu nedenle hayvanlarin
dengeli ve kaliteli beslenmesi de 6nemlidir. Meralar, tim
iilkelerde oldugu gibi iilkemizde de hayvanlar icin hem
ucuz hem de Kkaliteli bir besi kaynag1 olmaktadir. Bunun
yaninda dogal bir denge unsurunun olusmasinda énemli
bir rol oynayan meralar toprak ve sularin muhafaza
edilmesi, genis yesil alanlarin olusturulmasi ve insanlar
icin dogayla bulusma alani olarak kullanilabilmektedir
(Comakl vd., 2012). T.C. Tarim ve Orman Bakanligi
verilerine gére 1970 yilindan giiniimiize mera alanlari
%39.4 azalarak 13 milyon hektara diismiistiir. 1970°li
ylllarda Turkiye ytzolglimiiniin (78 milyon hektar)
~%?28’1 meralarla kapliyken giinlimiizde ~%17’ye
gerilemistir. Tiirkiye’'nin bolgeleri incelendiginde en ¢ok
mera alani Dogu Anadolu bélgesinde bulunmaktadir.
Tiirkiye’deki toplam mera alaninin %42’si Dogu Anadolu
bolgesinde bulunmaktadir (TOB, 2024).

Hem hayvanlar hem de dogal yasam dengesinin
korunmasinda énemli rol oynayan meralarin korunmasi
da onemli konulardan biridir. Tiirkiye’de 4342 sayili
Mera Kanununda meralarin korunmasina ve isgallerin
Oonlenmesine dair tedbirler acgikca belirtilmis olsa da
mera alanlarindaki isgaller yildan yilar artmaktadir
(Balabanli vd., 2009). 2020 yilinda tiim diinyaya yayilan
pandemi ve 6 Subat 2023 tarihinde yasanan merkez tisst
Kahramanmaras olan ve ¢evre illerde de biiyiik yikimlara
sebep olan Kahramanmaras depremleri insanlari
sehirden uzaklastirmis ve dogal yasam alanlarini daha
cazip hale getirmistir. Buna ek olarak ekonomik ve sosyal
degisikliklerin etkisiyle tarim duriinlerinin ihtiyacinin
karsilanmasi i¢cin de mera alanlar isgal edilmistir
(Balabanli vd., 2009). Tim bu sebepler goz oOniine
alindiginda gerek yapi isgali gerekse de tarimsal isgaller
mera alanlarinin azalmasina neden olmaktadir. 4342
sayili Mera Kanunu, 3091 sayih Tasinmaz Mal
Zilyetligine Yapilan Tecaviizlerin Onlenmesi Hakkinda
Kanun veya 2886 sayii Devlet [hale Kanunu
cercevesinde mera isgalleriyle ilgili cesitli yaptirimlar
s6z konusudur. Ancak kanunlarin uygulanmasinda cesitli
sebeplerden dolay1 aksakliklar yasanabilmektedir. Bu da
isgallerin sonlandirilamamasina hatta daha da artmasina
sebep olmaktadir.

Mera isgallerinin tespiti genellikle vatandas veya
muhtarlarin il Tarim ve Orman Miidiirliikklerine ihbar
sonucu yapilan tespitlerle Dbelirlenmektedir. Bu
tespitlerin maddi kilfeti ve tespit komisyonunun
yolluklar1 davalilardan tahsil edilmektedir. Ancak hukuki
slirecin uzamasi ve bazi durumlarda davalilarin tam
olarak belirlenememesi sebebiyle hem alacaklar tahsil
edilememekte hem de isgali yapanlar gecen siire zarfinda
mera alanlarindan haksiz yere yararlanmaktadirlar.
Mera ve yaylak alanlari genellikle yiiksek, engebeli ve

genis arazi yapilarina sahip olduklari i¢in isgallerin saha
kontrolleriyle tespit edilmesi biiyiik miktarda biitge ve
insan kaynagi gerektirmektedir. Gliiniimiizde yer gozlemi
calismalarinda biyiik avantaj saglayan uzaktan algilama
verileri yardimiyla arazi kullanimindaki zamansal
degisimler belirlenebilmektedir (Dengiz & Duran, 2014;
Coban, 2016; Uzun, 2019). Reis vd. (2016), Landsat 5
verilerinden Kahramanmaras ili Géksun ilgesindeki arazi
kullaniminin zamansal degisimini incelemislerdir.
Dumlu (2010), Landsat verilerini kullanarak Ardahan
ilindeki meralarin siniflandirmistir. Uzun (2019), Bingol
ilindeki mera alanlarini siniflandirmak i¢in uzaktan
algilama ve Cografi Bilgi Sistemleri (CBS) yontemlerini
birlikte kullanmislardir. Meralarin botanik
kompozisyonunu ve saglik durumlarini belirlemek icin
Normalize Edilmis Fark Bitki Ortiisii Indeksini (NDVI)
kullanmislar ve sonuglar1 CBS ortaminda analiz
etmislerdir. Yukaridaki c¢alismalarda kullanilan orta
cozinirlikli uzaktan algilama goriintileri mera
alanlarinin tespiti ve mera alanlarindaki hakim bitki
ortiistiniin  belirlenmesi icin faydali olsa da mera
alanlarinda yapilan isgalleri belirlemek i¢in yetersizdir.
Mera alanlarina izinsiz yapilan kii¢iik evlerin veya kii¢iik
alanli tarla ve bahgelerin Landsat ve Sentinel-2 gibi orta
¢OzUnurlikli verilerle belirlenmesi zordur ve hata
yapmaya miisaittir. Bu nedenle literatiirdeki calismalar
genellikle mera isgallerinde Kkarsilasilan durumlarin
hukuki dayanaklarini (Balabanli vd, 2009) ve mera
kanunlarinin zamansal degisimlerini (Cevher vd., 2008)
arastirmaktadir. Ge¢mis ¢alismalar incelendiginde mera
alanlarindaki isgalleri uzaktan algillama ydntemleriyle
belirleyen calismalar sinirhdir.

Uzaktan algilama verileri farkli ¢oziintirliiklerde
olup ticari ve licretsiz temin edilebilen uydu goriintiileri
mevcuttur. Bu sistemler icinde hem yliksek ¢oziiniirliige
sahip hem de fcretsiz olan uydu goriintilerine
ulasilabilecek en uygun platform Google Earth Pro’dur.
Google Earth Pro platformu c¢esitli uydu tabanh yer
gozlem verileri, hava araci verileri ve sokak gérinimu
(Street view) verilerini kullanmaktadir. Bu nedenle
mekansal  ¢oziintrlikler  {icretsiz  uydu  verisi
kaynaklarina oranla oldukga ytiksektir. Ayrica Google
Earth Pro platformunda tarihi gorintiiler de kayit altinda
oldugu icin zamansal degisimleri belirlemek de
mimkindir (Wibowo et al, 2016). Jaafari &
Nazarisamani (2013), Google Earth Pro verileri ve
Landsat verilerinin arazi ortiisii/arazi kullanimindaki
dogruluklarimi karsilastirmislardir. Calisma sonucunda
Google Earth Pro verileri 0.93 genel dogruluk ve 0.87
Kappa katsayisi ile Landsat verilerine gore daha iyi
sonuclar vermistir. Landsat verilerinden elde edilen
genel dogruluk ve Kappa katsayisi sirasiyla 0.77 ve
0.75’tir. Sowmya et al. (2017), Google Earth Pro verilerini
Hindistan'in Bangalore sehrindeki arazi oOrtiisii/arazi
kullanimini belirlemek i¢in kullanmislardir. Calismada K-
Nearest Neighbour yontemiyle %75 simiflandirma
dogrulugu ve 0.74 Kappa katsayisi elde etmislerdir. Hu et
al. (2013), Google Earth Pro goriintiileri ile Cin’in Wuhan
kentinde nesne tabanhi smiflandirma yoéntemini
uygulamislardir. 570 rastgele test dogruluk noktasindaki
siiflandirma sonuglarimi Quickbird uydu verileri ile
karsilastirmislardir. Sonuglar GE'nin %78.07'lik genel
siniflandirma dogruluguna sahip oldugunu ve bunun
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Quickbird'den biraz daha diisiik oldugunu goéstermistir.
Z-testi sonuglarina gore bu iki veri arasinda anlaml bir
fark bulunmamistir. Google Earth Pro verileri cesitli
calismalarda kullanilmis ve basarili sonuglar vermistir.
Ancak literatiirde Google Earth Pro verilerinden mera
alanlarindaki isgalleri tespit eden ¢alismalar simirhdir.
Bu ¢alismada Malatya’nin Akc¢adag ilgesi Bahri koyt
ve Battalgazi ilgesindeki Merdivenler kdyiinde 2003-
2024 yillar1 arasindaki mera isgalleri alansal olarak
incelenmistir. Google Earth Pro veri tabanindaki ge¢mis
verilerle giincel veriler karsilastirilmis ve mera alanlari
manuel olarak belirlenmistir. Elde edilen isgal alanlariile

mera parselleri CBS ortaminda analiz edilerek isgallerin
mekansal ve zamansal analizleri yapilmistir.

2. Materyal ve Yontem
2.1. Calisma alam

Calisma alani olarak Malatya ilinin Akcadag ilgesi
Bahri koyli ve Battalgazi ilgesindeki Merdivenler
koytinde bulunan meralar belirlenmistir (Sekil 1).
Malatya ilinin de bulundugu Dogu Anadolu Bélgesi
Tiirkiye’deki en ¢ok mera alanina sahip bolgedir.

Sekil 1. Calisma alam
2.2. Materyal

Malatya ilindeki mera alanlarina yapilan isgalleri
belirlemek ic¢in iki farkli veri kaynagi kullanilmistir.
Bunlardan birincisi mera alanlarin1 da iceren Tarim ve
Orman Bakanhgi tarafindan gelistirilen Mera Bilgi
Sistemidir (MERBIS). ikinci veri kaynagi ise mera
isgallerinin yillara gore degisimini belirlemek icin Google
Earth Pro veri tabanindaki uydu ve hava verileridir. Uydu
tabanli yer gozlem verileri, yeryiiziindeki arazi
ortiisii/arazi kullanimi hakkinda o6nemli bilgiler
saglamaktadir. Landsat (30 m) ve Sentinel (10 m) gibi
orta ¢Ozlniirlikli uydu goérintileri bilyik 6lcekli
calisma alanlarm simiflandirmak ve arazi durumunu
belirlemek i¢in kullanish olsa da kiiciik yapilarin

[:] Mera parseli sinirt
[:] Mera isgal alan:

tespitinde yeterli degildir. Ancak Google Earth Pro
platformu, veri tabaninda yiiksek ¢6ziiniirlikli uydu
gorintiileri ve hava fotograflar1 bulundurdugundan arazi
kullanimiyla ilgili daha ayrintili analizler yapilmasina
yardimci olmaktadir. Ayrica uydu goriintiilerinin farkh
tarihlerde mevcut olmasi ge¢misten giiniimiize arazi
kullamimi  degisimlerini de analiz etmeye imkan
saglamaktadir.

2.3. Google Earth Pro iizerinden mera isgallerinin
tespiti

Uydu goriintileri arazi kullanimi/arazi ortiisiini
tespit etmede oldukea kullanish verilerdir. Google Earth
Pro platformu c¢esitli uydu goriintilerini ve hava
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fotograflarin1 birlestirerek yiiksek c¢oziinirlakli bir
gorlintii arsivi saglamaktadir. Farkli tarihlerdeki
verilerin de veri tabaninda bulunmasi zamansal
degisimlerin analiz edilmesine olanak saglamaktadir. Bu
calismada Google Earth Pro iizerinden mera isgal alanlari
yil bazli olarak tespit edilmistir. Farkli tarihlerdeki
goriintiler tizerinden tiim mera isgalleri belirlenmistir.
Mera isgalleri yapilasma yoluyla yapilan isgaller ve
tarla/bahgeye doniisiim yoluyla yapilan isgaller olmak
tizere iki baslikta incelenmistir. Belirlenen isgal alanlari
Google Earth Pro tizerinden Keyhole Bicimlendirme Dili
(KML) formatinda disar1 aktarilmistir ve ArcGIS
ortaminda analiz edilmistir.

3. Bulgular

Mera alanlarinin biiytik ve daginik olmasi nedeniyle
mera isgallerinin yerinde gozlem ile tespit edilmesi
giictiir. Bu nedenle yiiksek c¢oziintrlikli gorinti
arsivine sahip Google Earth Pro platformu sayesinde
farkl yillardaki mera isgal alanlarin tespit etmek hem
zaman hem de maliyet agisindan daha avantajlidir. Bu
calismada iki farkli ilge i¢cin mera isgal alanlar1 Google
Earth Pro arsiv gorintiileri iizerinden operatdr kontrolli
bir sekilde analiz edilmistir. Merdivenler koyiinde
bulunan 592 ve 627 numarali mera parselleri i¢in 2009-
2023 yillar1 arasindaki mera isgal alanlari Sekil 2 ve 3’te
gosterilmistir. Bahri koylindeki 146/7 numarali mera
parseli icin 2003-2020 yillar1 arasindaki isgaller ise Sekil
4’te gosterilmistir.

2018

2023
Sekil 2. Merdivenler kdyl 592 numarali mera parselinin yillara gore isgal degisimi

2020

@ Yapiiggal sinin

| Bahgeiggal sinin
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aptiggal sinin

Bahge iggal sinir

2014

Sekil 3. Merdivenler kdyii 627 numarali mera parselinin yillara gore isgal degisimi

Sekil 2 incelendiginde 2009-2014 yillar1 arasinda
yap1 isgallerinin arttigi ve 2018-2023 yillar1 arasinda
bahgce amacgh isgallerin yayginlastifi goriilmektedir.
Toplam alani 974.751 m2 olan mera parselinin 1259,9
m?’si yap1 amacli, 253.219 m2’si ise bah¢ce amagh isgal

edilmistir. Sekil 3 incelendiginde mera alanindaki
isgallerin ¢cogunun 2009 yilinda yapildig1 goriilmektedir.
54850 m?lik isgalin 54576 m?%si 2009 yilinda
gerceklesmistir. Yapilan isgallerin %99’unu bahce amacgh
isgaller olusturmaktadir.
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2003 2012
~ \

2016

C] Yapi iggal siniri

| Bahgeisgal sinir

D Tarlaisgal siniri

Sekil 4. Bahri koyii 146/7 numarali mera parselinin yillara gore isgal degisimi

Sekil 4 incelendiginde mera alanlarmin ~%20’si bagl isgal alanlar1 degisimi sirasiyla Sekil 5 ve 6’da
bahge, ~%47’si ise tarla amag¢h kullanim i¢in isgal verilmistir. Merdivenler ve Bahri kéytindeki mera isgal
edilmistir. Baz1 parsellerin zaman icerisinde farkl alanlarinin mera alanlarina orani ise sirasiyla Tablo 1 ve
amaglarla isgal edilmesi de s6z konusudur. Merdivenler 2’de verilmistir.

ve Bahri koylerindeki tiim mera parsellerinin yillara
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MERDIVENLER KOYU iSGAL ALANLARI
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Sekil 5. Merdivenler kdyii mera alanlarina yapilan isgallerin parsel bazli dagilimlari

Tablo 1. Merdivenler kéyii isgal alanlarinin oransal dagilimi

Mera Parseli

isgal Tiiri

0/592 0/600 0/594 0/627 0/628 0/626 Toplam
Yap: 0.13 0.13 0,06
Bahce 25.98 6.40 2.86 14.44 24.09 42.09 15.46
Tarla 0.63 3.28 15.70
Toplam 26.11 6.40 3.48 14.57 24.09 45.37 31.23
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Sekil 6. Bahri kdyii mera alanlarina yapilan isgallerin parsel bazli dagilimlar:
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Tablo 2. Bahri kdyii isgal alanlarinin oransal dagilimi

Mera Parseli

Isgal Tirdk — 70 073732  146/7 153/46  0/696  0/405  149/55 149/1 _0/760 _ Toplam
Yap1 0.51 0.64 0.10 4.10 19.77 0.51 2.03 0.23 0.68
Bahge 26.02 19.78 19.58 35.62 6.08 14.70
Tarla 33.08 28,59 44.61 52.53 9.13
Toplam 26.52 20.42 52.76 32.69 64.38 53.05 2.03 35.85 6.08 24.51
Sekil 5 ve Tablo 1 incelendiginde Merdivenler gorsellestirme. Nizar Polat: Kavramsallastirma,

koytinde 6 farkll parselde toplam ~436.000 m2 isgal
gerceklesmistir. Bu isgallerin toplam mera alanlarina
orani ise %31.23’tlr. En fazla isgalin yapildig1 parsel
%45.37 ile 626 numarali parseldir. Sekil 6 ve Tablo 1
incelendiginde Bahri koyiinde 9 farkl parselde toplam
~146.000 m2 isgal gerceklesmistir. Isgallerin toplam
mera parsel alanlarina orani ise %24.51’dir. En fazla isgal
oranina sahip parsel %64.38 ile 696 numarali parseldir.

Sonuglar incelendiginde yil gectikce mera
alanlarinin daha fazla isgal edildigi goriilmektedir. isgal
alanlarinin buyiik bir kismin1 bahge ve tarla amach
kullanimlar olusturmaktadir.

4. Sonuglar

Bu c¢alisma mera alanlarindaki cesitli isgallerin
ylllara gore degisimlerini ele almaktadir. Arazi
kosullarinin elverissiz olmasi ve yerinde isgal tespiti
calismalarinin kendilerine has zorluklarindan dolay1
mera isgallerini tespit etmek ve takip etmek zordur.
Yerinde tespit calismalar1 baslatilsa bile gecmise yonelik
mera isgallerinin belirlenmesi gulgctiir. Gegmisten
giiniimiize yapilan mera isgallerinin belirlenmesi i¢in en
uygun yontemlerden birisi uydu veri arsivlerinden
yararlanmaktir. Yiiksek ¢ozlntrliklii uydu verilerinin
pahali olmast ve disik ¢ozlintrlikli uydu
gorlntiilerinin ise yapi isgali gibi kii¢iik alanl isgalleri
belirleme konusunda yetersiz olmasindan dolay1 Google
Earth Pro platformundaki verilerin kullanilmasi isgal
tespit calismalarinda ¢esitli avantajlar saglamaktadir. Bu
calismada Google Earth Pro platformundaki yiiksek
¢cozunirliklii gorintiller sayesinde Malatya ilinde
bulunan iki farkli kdydeki mera isgalleri belirlenmistir.
Isgallerin hangi amacla yapildig1 (yapi, bahge ve tarla) ve
hangi yildan itibaren isgallerin meydana geldigi arsiv
verileriyle belirlenmis ve alansal analizler yapilmistir. Bu
calisma yiiksek ¢oziintrlikli Google Earth Pro arsiv
verilerinin mera isgali tespitinde kullanilabilirligini
arastirmaktadir. Gelecek calismalarda farkli
¢ozinirliikteki uydu verilerinden mera isgallerinin
otomatik bir sekilde tespit edilmesi planlanmaktadir.
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Bu calisma Harran Universitesi Bilimsel Arastirma
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Ulkelerin gelismislik diizeylerinin &lgiilmesi icin bircok endeks iiretilmektedir. Tiirkiye’de de
illerin gelismislik diizeyleri Sosyo-Ekonomik Gelismislik Endeksi (SEGE) ile &l¢tilmiistir. Bu
¢alismanin amaci, 2017 yilinda {iretilen SEGE degerleri ile sosyal, ekonomik, kiiltiirel verilerin
iliskisini siral1 en kii¢iik kareler (OLS) yonteminden yararlanarak arastirmaktir. SEGE iliskisinin
konumsal agidan baglantilar1 sunularak literatiire katki saglamaktadir. Sosyal, ekonomik,
kiiltiirel basliklara ait: SEGE degeri, konut fiyat endeksi (KFE), konut satis sayisi, okuma yazma
bilen ve bilmeyen, dogum, 6liim, bosanma, intihar, yoksulluk riski, kiitiiphane, miize, tiyatro ve
sinema ziyaretci sayilar1 seklinde toplam 14 kriter ele alinmistir. Verilerin orijinal halleri matris
formatinda diizenlenerek niifusa ve alana dayal islemler gergeklestirilmistir. Analize hazir hale
getirilen verilere Sirali En Kiiciik Kareler Yontemi uygulanmistir. OLS analizde SEGE degeri
bagiml degisken olarak alinmis ve VIF degeri >7.5 olan okuma bilen ile bosanma yogunlugu
cikartilarak geriye kalan kriterler analize dahil edilmistir. Analiz sonucunda R2 (0.9176) ve
diizeltilmis R2? (0.9045) degerleri, yiiksek anlamlilik derecesinde modeli acikladig1 tespit
edilmigstir. Cografi Bilgi Sistemleri araciligiyla analizin standart sapmasi, tahmin ve kalinti
degerlerinin haritalari elde edilerek gorsellestirilmistir. Gergek deger ve tahmin deger arasindaki
fark olarak tanimlanan kalinti degerleri; mutlak anlamda sirasiyla Ankara (1.1215), Yalova (-
0.7568), Yozgat (-0.6570), Karabiik (0.5025) ve Canakkale (-0.4829) illerinde ytiksek ¢ikmistir.
14 ilde ise ¢ok az (-0.07-0.04) kalint1 degerleri gézlenmistir.

Analysing with ordinary least squares (OLS) method data of social, economic, cultural, and
the socio-economic development index (SEGE) in Tiirkiye
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Abstract

Many indices are produced to measure the development levels of countries. In Tiirkiye, the
development levels of provinces are measured by the Socio-Economic Development Index
(SEGE). The aim of this study is to investigate the relationship between SEGE values produced in
2017 and social, economic and cultural data by using the ordinary least squares (OLS) method.
It contributes to the literature by presenting the locational connections of the SEGE relationship.
A Total 14 criteria were taken into account, including SEGE value, house price index (HPI),
number of housing sales, literate and illiterate, birth, death, divorce, suicide, poverty risk, library,
museum, theater and cinema visitor numbers belong to the titles of social, economic and cultural
data. The original data were organized in matrix format and population and area-based
operations were performed. Ordinary Least Squares Method was applied to the data prepared
for analysis. In the OLS analysis, SEGE value was taken as the dependent variable and the
remaining criteria were included in the analysis by excluding literacy and divorce density with
VIF value >7.5. As a result of the analysis, RZ (0.9176) and adjusted R2 (0.9045) values were found
to explain the model with a high degree of significance. Maps of the standard deviation, prediction
and residual values of the analysis were obtained and visualized through Geographic Information
Systems. Residual values, which are defined as the difference between the actual and estimated
values, were higher in absolute terms in Ankara (1.1215), Yalova (-0.7568), Yozgat (-0.6570),
Karabiik (0.5025) and Canakkale (-0.4829). In 14 provinces, very low residue values (-0.07-0.04)
were observed.
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1. Giris

Ulkelerin ~ gelisim  diizeylerinin  belirlenerek
siralanmasi, kalkinmalar1 i¢in biiyiilk O6nem arz
etmektedir. Ulkelerin uluslararasi diizeyde

karsilastirilmasi, politika ve stratejik planlamalarin
yapilmasi, kit kaynaklarin korunarak siirdiiriilebilir
kullaniminin saglanmasi, sosyal adaletin saglanmasi, ig
kaynaklarin paylastirilmasi, dis yardimlarin dagitilmas,
saghk, egitim ve diger sosyal durumlarinin
degerlendirilmesi gibi daha bircok ama¢ igin
kullanilmaktadir. Bu nedenle iilkelerin gelisim
diizeylerinin giincel veriler 1s181nda dogru ve objektif bir
sekilde belirlenmesi oldukc¢a degerli olup bir¢ok alanda
politika yapilip uygulamalar1 ydnlendirme konusunda
yardimci olmaktadir (SEGE, 2024; UNCTAD WESP,
2022).

Ulkelerin gelisim diizeyleri 6zellikle ekonomik
boyutta ele alinmakta ve 6l¢iilmesi genellikle kisi basina
disen milli gelir ile gerceklestirilmektedir. Ancak bir
iilkenin gelisiminin degerlendirilmesinde nihai kriterin
yalnizca ekonomik biiylime olmadigi, insanlarin
mutlulugu ve yetenekleri ile toplumsal huzur ve refahin
da dikkate alinmasi gerektigi vurgulamaktadir. Bu
baglamda da farkh farkli amaglar dogrultusunda Diinya
Bankas1 (World Bank), Birlesmis Milletler Kalkinma
Programi (United Nations Development Programme-
UNDP), International Monetary Fund (IMF), Financial
Times Borsas1 (Financial Times Stock Exchange-FTSE)
gibi farkli organizasyonlar farkli gostergelerle iilkelerin
gelisim diizeylerini 6l¢cmektedir. Gostergeler; demografi,
ekonomi, egitim, saglik, enerji, ¢evre, altyapi, finans,
bilim ve teknoloji vb. ana basliklarindan olusmaktadir.
Gosterge degerleri analiz edilerek lilkeler genel olarak
gelismis, gelismekte ve az gelismis iilkeler seklinde
gruplandirilmaktadir (Kalkinma Plam, 1963; Ovgiin,
2011; Nielsen, 2011; Teker & Ozer, 2012; Salep, 2017;
UNCTAD WESP, 2022; Karakayaci, 2022; SEGE, 2024;

HDI, 2024).

Ulkelerin ekonomik biiyiimesi ve kalkinmasi,
toplumun  gelismesi  karsilastirma  yapilabilecek
endekslere baglanmakta ve arastirmalar

stiregelmektedir. Karsilastirmalar; siralama, gruplama,
siniflandirma ile gergeklestirilerek veriler temel bilesen
(Ersungur vd., 2007), faktor, (Sen vd., 2006) kiimeleme
(Camur & Kaya, 2022), diskriminant (Cift¢i vd., 2020),
analitik hiyerarsi prosesi ile gri iliskisel analiz (Ustiinisik,
2007) gibi yontemlere tabi tutulmaktadir. Diinya
Gelismislik indeksi (Ozkan vd. 2023), Insani Gelisme
Endeksi (Meydan & Sari, 2018; Ciftci vd., 2020; Kanbir,
2022), Finansal Gelismislik Endeksi (Teker & Ozer,
2012), Biitiinlesik Baglanti Endeksi (Selim & Demir,
2019), Sosyo-Ekonomik Gelismislik Endeksi (Yildiz vd.,
2012; Sakarya & ibisoglu, 2015; Dolu & Kuvvetli, 2023;
Karadas & Erilli, 2023), gibi endeksler bulunmaktadir. Bu
endeksler sadece iilkeleri karsilagtirmak icin degil, iilke
icindeki farkli idari birimlerden il ve ilgelerin de
gelismislik diizeylerini 6l¢mek i¢in kullanilmasina imkan
tanimaktadir (Meydan & Sari, 2018). Gelismislik

diizeylerini etkileyen faktorlerin mekansal ekonometrik
yontemle Moran’s 1 ve Geary’s c istatistiklerinden
yararlamldigi gézlenmistir (Ozkubat & Selim, 2019).
Sosyo gelismislik endeksi ile iller arasindaki net go¢lerin
iliskisini arastiran (Yakar, 2013), Sosyal ve Ekonomik
Zarar Gorebilirlik Endeksi iireten (Ozceylan & Coskun,
2012), yabancilarin miilk ediniminin mekansal etkilerini
inceleyen (Aslan, 2023) ¢alismalar da bulunmaktadir.

Tasinmaz degerleme ¢alismalarinda SEGE bagimsiz
degiskenlerden biri olarak kullanildig1 gézlemlenmistir.
Istanbul icin erisilebilirligin olduk¢a énemli oldugu ve
metro ingaatlarinin konut fiyatlari iizerinde olusturdugu
deger artist hedonik fiyat modeli kullanilarak
arastirilmistir. Konut fiyatlari ile SEGE verileri arasinda
istatistiki acidan anlaml iliski bulunmustur (Kahveci,
2019). Konya ilinin 31 ilgesi i¢in sosyo-ekonomik
gelismislik endeksi hesaplanmis ve tarim arazisinin
degerine etki eden faktorler arasina dahil edilerek
etkileme potansiyeli arastirilmistir (Karakayaci, 2022).

Tirkiye’de sosyal ve ekonomik gelismislik
arastirmast Sanayi ve Teknoloji Bakanligi tarafindan
yapilmakta olup bir¢cok kurum ve kurulus i¢cin bazi
uygulamalarda referans alinmaktadir. En énemlilerden
biri yatirnmlarin tesviki uygulamasi olup bunlarin
mekansal analiz altyapisini olusturmasidir (Kalkinma
Ajanslar, 2019).

Toplu  tasinmaz  degerleme  c¢alismalarinda
tasinmazlarin ozellikleri ve konumlar1 biiyiik 6nem
tasimaktadir (Podor & Nyiri, 2010; Ulvi & Ozkan, 2019;
Biiytikkaracigan vd., 2017). Deger tahmin sonuglarinin
performans analizlerinde aciklanamayan kisimlari
ekonomik ve bazi mahalli kriterlere baglanmaktadir
(Yalpir, 2007; Unel, 2017).

Bu calismanin amaci1 Tirkiye illerinin sosyo-
ekonomik gelismislik endeksi bagimli degisken alinarak
Cografi Bilgi Sistemi (CBS) yaziliminda yer alan sirali en
kiigiik kareler yontemi ile sosyal, ekonomik, kiiltiirel
veriler arasindaki iligkileri arastirmaktir. Bu calisma,
toplu tasinmaz degerleme konularina althik olacagi
ongorilmektedir.

2. Materyal ve Metot
2.1. Calisma alam

Diinya iilkelerinin gelismislik diizeyleri
incelenmektedir. Tiirkiye, gelismekte olan iilke grubunda
yer almaktadir (UNCTAD WESP, 2014; Human
Development, 2024). Calisma alani, Tiirkiye il sinirlariile
bir biitiin iilke ele ahnmistir (Sekil 1). Ulkeler arasinda
siniflandirmada Tiirkiye; 2015 yili i¢in Diinya Bankasi
iist orta (upper middle) seviye bulurken, 2023 yilinda
Financial Times Borsasi (Financial Times Stock
Exchange-FTSE) Hisse Senedi Ulke Simiflandirmasi
kapsamindaki piyasalar iginde ileri diizey gelismekte
olan “Advanced Emerging” (FTSE, 2018) iilke olarak
gozikmektedir.
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Sekil 1. Tiirkiye’de kilometre kareye diisen insan sayisini (niifus yogunlugu-2017) gésteren ¢alisma alani

Tiirkiye niifusu 2023 yilinda 85,372,377 (TUIK,
2024a) olup kisi basina Gayrisafi Yurt I¢i Hasila (GSYH)
2023 yilinda cari fiyatlarla 307 bin 952 £ (13 bin 110 $)
olarak hesaplanmis ve %4.5 artmistir (TUIK, 2024b).
Savas, salgin hastalik, afet, kuraklik-iklim degisikligi, vb.
yasanan olumsuzluklar; insanlarin bir yerden bir yere
goc etmesine, ekonomik dengelerin bozulmasina, yasam
kalitesinin azalmasina, iilke yapisinin degismesine vb.
durumlara yol agmaktadir (Simsek, 2018). Tiirkiye'de
zaman zaman ekonomik krizler yasanmaktadir (Keyder,
2022). Ancak 2022 yilindan 2023 yilina gecisteki
fiyatlarin kisa siirede hizli artislar1 satin alma giiciini
diisirmiis ve tasinmaz degerlerinde de dengenin
bozulmasina yol agmistir. Tasinmaz degerleme
calismalarinda kullanilmak iizere toplanan olgun piyasa
degerlerinden s6z hala edilememektedir. 2024 Yili mart
ayina ait Tiiketici Fiyat Endeksi (TUFE) yillik %68.50,
ayhk %3.16 ve Yurt i¢i Uretici Fiyat Endeksi (Yi-UFE)
yillk 9%51,47, ayhk %3.29 artmistir (TUIK, 2024c).
fhracat bir énceki yilin ayn1 ayina gére %4,1 oraninda
azalarak 22.6 milyar dolar, ithalat ise %5.7 oraninda
azalarak 30.1 milyar dolar seviyesinde oldugu
belirtilmistir (SBB, 2024).

2.2. Sosyo-ekonomik gelismislik endeksi ve diger
kriterler

Tiirkiye’'nin bolge, il ve ilgeleri kapsaminda sosyo-
gelismislik arastirilmasi; Sanayi ve Teknoloji Bakanligi,

Kalkinma Ajanslar1 Genel Midirligi tarafindan
gerceklestirilmektedir. Sosyo-Ekonomik  Gelismislik
Endeksi (SEGE); demografik, istihdam, egitim, saglik,
rekabetci/yenilikci kapasite, mali, erisilebilirlik ve yasam
kalitesi ana bagliklarina ait alt kriterlerin verileri ile
arastirnlmistir. il bazinda ilk olarak 1969 yilinda
baslayarak en son 2017 yilinda rapor hazirlanmis ve
sosyo-ekonomik agidan gelismislik diizeylerine gore iller
siralanmistir. SEGE verileri bilimsel temellere dayali
olmasindan dolay1 bir¢ok kurum tarafindan cesitli

politika uygulamalarinda referans olarak
kullanilmaktadir. Kullanilan yontemlerin ve
degiskenlerin gelistirilerek stirdirilmesi

planlanmaktadir (Kalkinma Ajanslari, 2019).

Tablo 1. SEGE (2017) degiskenlerin ana bagliklari

Sira

No

I DEM Demografi Degiskenleri

II IST Istihdam Degiskenleri

111 EGT  Egitim Degiskenleri

IV SAG  Saghk Degiskenleri

Vv RYK Rekabetci ve Yenilik¢i Kapasite Degiskenleri
VI MAL Mali Degiskenler

VII ERi Erisilebilirlik Degiskenleri

VIII YKL  Yasam Kalitesi Degiskenleri

lllerin 2017 yili icin Sosyo-Ekonomik Gelismislik
Endeksi arastirma calismasi gergeklestirilmistir. Bunun
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icin demografi, istihdam, egitim, saglik, rekabetgi ve
yenilik¢i kapasite, mali, erisilebilirlik ve yasam kalitesi
(Tablo 1) ana basliklarin altinda yer alan 52 degiskene ait
2013 ve 2014 yillarimin verileri degerlendirilmistir.
Temel Bilesen Analizi (TBA) yontemi kullanilarak SEGE
skorlar1 hesaplanmis ve illerin goreceli siralamalar: ve
kademeleri belirlenmistir (Kalkinma Ajanslari, 2019). Bu
calismada SEGE degerleri (skorlari) bagimhi degisken
olarak ele alinmistir.

Bu calismada; SEGE, KFE, konut satis sayisi, okuma
yazma bilen ve bilmeyen, dogum, o6liim, intihar ve
bosanma sayisi, yoksulluk riski, kiitiiphane kullanici
sayisl, miuize ziyaretc¢i sayisi, tiyatro ve sinema seyirci
sayisi ile ilgili veriler kullanilmistir. SEGE igerisinde
sosyal ve ekonomik kriterleri barindirmaktadir. Ancak

Tablo 2. Kriterlerin kategorileri ve 6zellikleri

SEGE’de yer almayan ya da farkli formlarda kullanilan
kriterlerin 2017 yilina ait verileri dikkate alinmistir.
SEGE verileri Sanayi ve Teknoloji Bakanligi, Kalkinma
Ajanslar1  Genel Midirligi'nin hazirlamis oldugu
rapordan, Konut Fiyat Endeksi (KFE) Tiirkiye
Cumhuriyeti Merkez Bankasi'nin Elektronik Veri Dagitim
Sistemi (EVDS, 2017) veri tabanindan indirilmistir. KFE
icin deger aralif1 fazla ve degisken oldugundan dolay1
“Ocak 2017” donemi kullanilmistir. Diger kriterlere ait
veriler de Tiirkiye Istatistik Kurumu’nun veri tabanindan
(TUIK, 2017) temin edilmistir. Bu veriler farkh
kaynaklardan toplanarak bir araya getirilmis ve matris
formatinda diizenlenerek bazi verilerde 6n islemler
yapilip analize hazir hale getirilmistir (Tablo 2).

Sira No Ana Basliklar Kriterler

Kaynak

SEGE SEGE

Konut Konut Satis Sayisi

Dogum
Bosanma
intihar

Oliim
Yoksulluk Riski

Demografik Yapi

O ONOUT D WN = O

Konut Fiyat Endeksi (Ocak2017)

Okuma Yazma Bilen
Okuma Yazma Bilmeyen

SEGE (2017)
EVDS (2017)

TUIK (2017)

10 Kiitiphane Kullanici Sayisi

11 Kiilttrel Faaliyetlere
12 Katiim

Miize Ziyaretci Sayisi
Tiyatro seyirci sayisi
13 Sinema seyirci sayisi

2.3. Siral1 en kiiciik kareler yéntemi

Sirali En Kiigiik Kareler (Ordinary Least Squares-
OLS) ydntemi, bir dizi degiskenler arasindaki iliskileri
modellemek amaciyla kullanilmaktadir. Konumsal
otokorelasyon, heteroskedastisite ve normal dagilim
testlerinde OLS Analizi gerceklestirilmektedir (Fischer &
Getis, 2010). Bu yontem ekonomik zaman serilerinin
arasindaki uzun ve kisa donem olgular1 arastirmak
amaciyla Stock & Watson (1993) tarafindan
gelistirilmistir. Dinamik OLS veya sirali GLS seklinde
genis orneklemlerle test edilmistir. Cin’deki veriler ile
pratik bir gorsellestirme gerceklestirilmistir. Topyekiin
enerji talep fonksiyonlar1 i¢in makroekonomik veriler
goz onlinde bulundurulup ¢ift yonli logaritmik formu
dikkate alinarak model elde edilmistir (Masih & Masih,
1996). Bu c¢alismada bagimli degisken ile bagimsiz
degiskenler arasindaki iliskiyi modelleyip tahmin etmek
icin Esitlik (1)’'den yararlanilmistir (Charlton &
Fotheringham, 2009).

14
Yi=Bo+ ) B+ e (M
k=1

Y; = Bagimli Degisken

X, = Bagimsiz Degisken
B = Regresyon Katsay:ist
& = Hata Payt

n = Gozlem Sayist (i =1,2,3,...,n)

p = Kriter Sayist (k=1,23,..,p)

OLS analizi ile kriterler kalibre edilerek daha ¢ok
Cografi Agirlikli Regresyon (Geographically Weighted
Regression-GWR) Analizinde veri seti testlerinde
kullanilmaktadir (Fotheringham etal., 2024). Literatiirde
banka sistemlerindeki sermaye yeterlilik orani (Harkati,
et al, 2020), arazi yilizey sicakhigi (land surface
temperature-LST) (Kusak & Kucukali, 2023), sosyo-
ekonomik gelismislik diizeyleri (Yakar, 2013) gibi farkh
calismalarda da kullanildig1 gézlenmistir.

3. Bulgular
3.1. Verilerin diizenlenmesi

Illerin sosyo-ekonomik gelismisliklerinin
hesaplanmasi sadece bir kritere dayanmamaktadir. Bir
ilin ozellikleri, il de yasayan halkin davranis ve yasam
tarzlari, ekonomik kosullar, kiiltiirel o6zellikler ile
dogrudan iliskili oldugundan c¢ok fazla kriter
incelenmekte olup ayr1 ayr1 islem siirecinden
gecmektedir. Bu ¢calismada ele alinan kriterlerden olusan
illere ait verilerin anlamli olmasi amaciyla yogunluklari
icin diizenlemeler yapilmistir. SEGE, KFE ve yoksulluk
riski verileri aynen kullanilirken diger kriterlerde alan ve
niifus ile baglantili islemler uygulanmistir. Konut satis
sayisinda, ilin kilometrekare (km?2) alanina orani Esitlik
(2) ile alandaki satis yiizdesi hesaplanmistir. Diger
kriterler niifus ile baglantih oldugundan Esitlik (3-6)
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kullanilarak yiizde,
bulunmustur.

binde ve yiiz binde oranlar

Konut Satis Sayilari

Okuma Yazma Bilen
Okuma Yazma Bilmeyen
Dogum

Bosanma

Olim

intihar

Kiitiiphane

Miize

Tiyatro

Sinema

Calismada diizenlenen veriler hem gorsel olarak
haritalari tiretilmis hem de OLS analizinde kullanilmistir.
SEGE degerlerinden en yiiksek istanbul (4.051) en diisiik
Sirnak (-1.788) oldugu gozlenmistir. KFE Ocak 2017
verilerinden en yiiksek Diyarbakir ve Sanlurfa iken en

Konut Fiyat Endeksi (Ocak 2017)

Value
. High : 98,6

- Low:92,2

Konut Satis Sayist yogunlugu =

Yogunluk=(Say1/il niifusu)*100

SatisSayist km?)| + 100 )
_ - *
llinYuzolgimi (2)

(3)

Yogunluk=(Say1/il niifusu)*1000 4)
Yogunluk=(Say1/il niifusu)*100 000 (5

Yogunluk=(Ziyaretgi-Seyirci Sayisi/il niifusu)*100 (6)

diisiik endeks Balikesir ve Canakkale illerine aittir. Konut
satis sayisinda illerin yiizoélglimiine (km?) gére en yogun
olan il Istanbul, en az olan ilin Hakkari oldugu
gorilmiustir (Sekil 2).

SEGE, KFE ve Yuzolgumdeki Konut Satis Sayisi

SEGE 2017
Value

- High: 4,051

Low:-1,788

Konut Satig Orani

Value
- High : 4519.31
Low : 1.71954

0 125250 500 750 1000
BN N km

Sekil 2. Kriterlerin gorselleri; (a) SEGE, (b) Konut Fiyat Endeksi, (c) Konut satis sayisinin yiizdesi

Demografi verilerinin yogunluklarina iliskin tematik
haritalar1 genel anlamda incelenmistir. Ulkenin
batisindaki illerde okuma bilme oraninin yiiksek
yogunluklu oldugu goézlenirken dogu illerinde okuma
bilmeyenlerin oram yiiksek yogunluktadir. Dogum orani
dogu illerinde, bosanma bati illerinde yogunluktadir.

Intihar oraninin karma bir durum sergilerken &liim
oranlar1 Marmara ve Karadeniz Bélgeleri'nde biraz daha
yogunlukta oldugu goriilmektedir. Akdeniz Bolgesi de
yoksulluk riskinin ytiksek oldugu tespit edilmistir (Sekil
3).
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Okuma Bilmeyenler

Value
High : 8.79

Bosanma

Value
High : 2.53187

Low : 0.185011

Value
High : 9.85463

- Low : 2.56396

Demografik Yapinin Yogunluklar:

Okuma Bilenler
Value

High : 98.8

Dogum
Value
- High : 3.17638

Low : 0.967127

intihar

Value
High : 9.06183

Low: 0

Yoksulluk Riski

ValueH_ —
igh : 19.
-
- Low : 11.7
0 125250 500 750 1000
km

Sekil 3. Demografik yapinin yogunluklary; (a) Okuma bilenler, (b) Okuma bilmeyenler, (c¢) Dogum, (d) Bosanma, (e)

Intihar, (f) Oliim, (g) Yoksulluk riski

Kiiltiirel alanlarin ziyaret ve seyirci oranlar1 gorsel
olarak sunulmustur. Niifusun yiizden fazlas1 sirayla
Kirsehir, Isparta ve Konya illerinde kiitiiphaneye
gitmekte olup en az olarak Istanbul %10 ‘un altinda
kalmaktadir. 18 ilde miize ziyareti hi¢ gerceklesmemis

52

olup niifusunun yaklasik 7 kati ziyaretgisi olan il
Nevsehir ili olmustur. 2 ilde tiyatroya ve 4 ilde sinemaya
2017 yilinda hig¢ gitmeyen olmustur. Yozgat ve Ankara
illerinde en cok tiyatro ile Bolu, Yalova ve Istanbul
illerinde en ¢ok sinema seyredilmistir (Sekil 4).
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Kiiltiirel Ziyaret ve Seyirci Yogunluklar:

Kiitiiphane g'z\;
Value .

High : 189.538

- Low : 7.8808

Tiyatro
Value

- High : 24.8882

Low: 0

Sinema
Value

- High : 189.436

Low: 0

0 125250 500 750 1 000
N S s km

Sekil 4. Kiiltiirel verilerin yogunluklari; (a) Kiitiiphane, (b) Miize, (c) Tiyatro, (d) Sinema

Verilere OLS analiz uygulanmadan énce korelasyon diizeyinde anlamli iligkili oldugu saptanmistir. Bosanma
analizi yapilarak matrisi sunulmustur. SEGE degerleri ile orani ile okuma bilen (0.835**) ve bilmeyen (-0.835**)
konut satis orani, okuma bilen ve bilmeyen, dogum, oranlar arasinda da ytliksek derecede anlaml bir iligki
bosanma, tiyatro ve sinema seyirci oranlar1 (p<0.01) bulunmaktadir (Tablo 3).

Tablo 3. Korelasyon Analizi

Korelasyon
# 0 1 2 3 4 5 6 7 8 9 10 11 12 13
1 -265% | .638**| .810**| -.810** 557*; .806** .010 | .297*+| .222*| -.183 .095 | .572*| .766**
1 -.265% 1 132 | -396**F | .396** | .538** 314*; .014 | -.472**| -159| -.054| -.030 -.148 -153
2 .638** 132 1 .283*%| -283*| -041| .284*| -121 -126 125 | -.274% | -.016| .365**| ,502**

3 .810** | -396** | .283* 1 .835** .083 | .465**| .224*| -018 174 | 371*+| .580**

1.000** | .659**
1 .659**

4 | -810**| .396**| -283* -083 | -.465** | -.224*| .018| -.174|-371*¢| -580**

1.000** .835**

5 -557*%| .538**| -.041| -.659**| .659** 1

600*’; -116 | -873**| -.094| -163| -.091|-308**| -364**

6 .806** | -314** | .284*| .835**| -835** 600*"-‘ 1 161 | .402*%* | .249*| -.091| .234*| .452**| 597**
7 .010 .014 -121 .083 -083| -116 161 1 227*% | .267*| 164 | -.064 -.013 -.183
8 297%% | - 472%* -126 | .465**| -465** 873*"-‘ A402%* | 227* 1 .004 | .209 .091 .189 .149
9 222% -.159 125 224% | -224*| -.094 | .249*| .267* .004 1 .074 143 .092 -.067
10 -.183 -054 | -274* -018 018 | -163| -.091 164 .209 074 1 164 | -210] -.291**
11 .095 -.030 -016 174 -174 | -.091| .234*| -.064 .091 143 164 1 .076 .022
12 S572% | -148 | .365%F| .371**| -371** 308*’; 452** 1 -013 .189 .092| -210 .076 1 A459**
*k _ Kok sk | _ Hok - *k _ _ - Hk
13 .766 153 | .502 .580 .580 364%* .597 .183 .149 .067 291%* .022| 459 1

*. Korelasyon 0.05 diizeyinde anlamldir.
**_Korelasyon 0.01 diizeyinde anlamlidir.
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3.2. Verilerin analizi

Sosyo-ekonomik gelismislik endeksinin (SEGE)
degerleri belli bir aralikta oldugundan dolay1 OLS
analizinde aynen kullanilirken diger kriterlerde de
yogunluklarin oldugu tespit edilmistir. CBS yaziliminda
iller ile entegrasyonu saglanarak OLS analizi
gerceklestirilmistir. SEGE degeri bagimli degisken,
digerleri bagimsiz degisken olarak isleme alinmistir.

kriterler cikartilarak analizler yinelenmistir. Istatistiki
acidan uygun olan kosullarda analizin R% (0.9176) ve
diizeltilmis R? (0.9045) degerleri 1’e cok yakin elde
edilmistir. Bu durumda analiz sonuglarinin anlamlhiliklar
oldukca yiikksek olup modelin kabul edilebilirligi
gozlenmistir (Tablo 4).

Tablo 4. Anlamlilik verileri

R2 Diizeltilmis R2  AICc F

Anlamlilik
Diizeyleri

Analizlerde Varyans Enflasyon Faktorii (Variance 09176 0.9045 58.0730  0.0000

Inflation Factor-VIF) degerlerinin>7.5 olmasi
durumundaki dogum orani ve okuma bilenlerin orani

Tablo 5. Kriterlerin Katsayilar ve istatistiki olarak anlamliliklari

Kriter B Std. Hata t-Statistic  Probability Robust SE = Robust_t Robust_Pr VIF

Intercept 0.7396 2.4649 0.3001 0.7650 2.3007 0.3215 0.7488  --------
KFE -0.0172 0.0250 -0.6865 0.4947 0.0241 -0.7131 0.4782  1.5200
Konut Satis 0.0006 0.0001 7.5129 0.0000* 0.0001 9.1088 0.0000*  1.6355
Kiitiiphane 0.0007 0.0013 0.5112 0.6109 0.0009 0.7139 0.4777 1.2734
Miize -0.0005 0.0004 -1.0334 0.3050 0.0002 -2.6828 0.0091* 1.1770
Tiyatro 0.0247 0.0089 2.7928 0.0067* 0.0162 1.5287 0.1309  1.4498
Sinema 0.0057 0.0014 4.0166 0.0002* 0.0014 4.0135 0.0002*  2.5399
Bosanma 0.4128 0.1214 3.4006 0.0011* 0.1023 4.0335 0.0001*  4.2872
intihar 0.0004 0.0285 0.0153 0.9878 0.0229 0.0191 0.9848 1.3326
Oliim 0.0154 0.0267 0.5753 0.5669 0.0215 0.7159 0.4765  1.7543
Okuma Bilmeyen -0.1551 0.0348 -4.4638 0.0000* 0.0305 -5.0872 0.0000*  4.0930
Yoksulluk 0.0226 0.0169 1.3397 0.1847 0.0160 1.4178 0.1607  1.3430

OLS analizinde kriterlerin katsayilar1 verilmis ve (-0.0172) seklinde bir iliski ortaya ¢ikmistir. Analiz
SEGE degerini en ¢ok etkileyen kriter bosanma (0.4128) edilen bitiin kriterlerin VIF degerleri <7.5 olup model
arkasindan okuma bilmeme orani (-0.1551) yogunluklari bagimsiz degiskenleri iyi derecede agiklamaktadir (Tablo

gorulmustiir. SEGE ile Konut Fiyat Endeksi arasinda 5).
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Sekil 5. OLS analizinde standart sapmalarin konumsal dagilimlari

OLS analizi sonucunda bulunan standart sapmalarin
konumsal dagilimlar1 incelenmistir. Ankara ilinin
standart sapmasi yliksek olup bu ilin verilerinin daha
detayli inceleme altina alinmasi gerekliligi gdzlenmistir.
Karabiik ili pozitif yonde (1.50-2.50), Canakkale ve

Yozgat negatif yonde (-2.50)-(-1.50) degerler alarak
standart sapma meydana gelmistir (Sekil 5).

OLS analizinde tahmin sonuc haritasi verilmis olup
%90 basar ile SEGE degerlerini tahmin ettigi tespit
edilmistir. En yiiksek deger 4.051, tahmin 4.10 iken en
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diisiik deger (-1.79), tahmin (-1.69) oldugu gorilmiistiir
(Sekil 6).
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Sekil 6. OLS tahmin sonuglar1
Kalint1 (Residual), gercek deger ile tahmin deger anlamda sirasiyla Yalova (-0.7568), Yozgat (-0.6570),
arasindaki farktir. Afyon Karahisar, Artvin, Bolu, Denizli, Karabiik (0.5025), Canakkale (-0.4829), Kocaeli
Diyarbakir, Erzurum, istanbul, Kars, Kayseri, Kirsehir, (0.4589), Rize (0.4533), Hatay (-0.4412), ve Tokat (-
Malatya, Nevsehir, Osmaniye, Tekirdag illerinde kalinti (- 0.4381) Isparta (0.4232) ve Bilecik (0.4218) illerinde
0.07-0.04) aralig1 en az seviyede ¢ikmistir. Ankara ilinde farklar bulunmustur (Sekil 7).

(1.1215) ile en yiiksek fark meydana gelmistir. Mutlak
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Sekil 7. OLS analizinde kalinti miktarlar
farklilasan bir baska formatta endeksler
4. Sonuglar hesaplanmaktadir. Bu ¢alismada bagimli degisken SEGE
degerinin konut fiyat endeksi ile diger kriterler
Sosyo-ekonomik gelismislik endeksi; iilke, bolge, il arasindaki iliskileri il bazinda bulunmustur. Sirali En
ve ilce seviyesinde yapilarak stratejik planlamada Kiiglik Kareler Yontemi ile CBS yaziliminda analiz edilmis
kullanilan 6nemli bir kriterdir. Degisken sayilar1 artan ve ve elde edilen model anlamli (R2 0.9176) ¢ikmistir. Analiz
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sonucunda standart sapma, tahmin ve Kkalinti
degerlerinin konumsal dagilimlari irdelenmis ve Ankara
ilinin verileri diger illere gore farkliliklar1 bulunmakta
olup bagimsiz degiskenlerin bagimhi degiskeni ¢ok
aciklamadig tespit edilmistir.

Literatiir ¢alismalarinda sosyal gelismislik endeksi
ile kiltirel ve demografik yapidaki negatif kriterler
arasindaki iliski analizine oldukca az rastlanmistir.
Kriterler farkh farkli olmakla birlikte kaynak kullanimi
(Ahadinezhad et al., 2023), kentsel form (Venerandi et
al,., 2018) tasinmaz fiyatlar1 (Jackson et al,, 2007;
Mirkatouli et al.., 2018; Fuerst & Haddad, 2020) vb.
konularda iliski bulunmustur. Bu calismalarda
regresyon, hedonik gibi yontemler kullanmilmistir. CBS
yazilimlar1 yardimiyla Moran’s [ and Geary’s C
istatistikleri, OLS ve GWR analizleri ile basarili sonuclara
ulasan ¢alismalar da bulunmaktadir (Yakar, 2013; Bhatti
etal, 2024).

Bu calisma, SEGE degeri ile diger farkli kriterlerin
ele alinarak analiz edilebilecegini gostermektedir. Ayrica
tasinmazlarin degerleme islemlerinde althik olarak
kullanilabilecek bir endekstir. Gelecekteki ¢calismalarda il
bazindaki SEGE degeri ile saglik kuruluslarinda muayene
ve kontrol sayisi, motorlu tasit sayisinin trafik kazalarina
orani, mutluluk diizeyleri gibi farkli kriterlerle de
arastirmalar yapilabilir. illerin kentlesme diizeylerinin
saglhikli ve giincel verilerle genis bir perspektiften
bakmak i¢cin mevcut yapi ortaya ¢ikarttirilip sosyo-
ekonomik ve sosyo-kiiltiirel gelismislik incelenebilir.

Yazarlarin Katkisi

Calisma tek yazar tarafindan hazirlanmstir.

Cikar Catismasi Beyani

Yazar herhangi bir ¢ikar catismasi beyan etmemektedir.
Arastirma ve Yayin Etigi Beyani

Calismada arastirma ve yayin etigine uyulmustur.
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