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Abstract

Urbanization has a significant impact on social, economic and environmental sustainability. Dynamic urban
development and change processes affect both the natural and built environment. Recently, with the
increase in urban population and the expansion of urban areas, the pressure on natural areas has increased.
Understanding the relationships between natural and built environmental elements that depend on dynamic
processes is important and necessary for the future development and management of urban areas. For this
reason, the study aims to analyze land use/land cover changes depending on natural environmental
elements in the settlements of the Eastern Black Sea Region for a period of approximately 20 years.
Considering the heterogeneous structure of the settlements, a multivariate process was followed at the
district level. The data set of the study was provided by CORINE and TUIK and Two-Step Clustering Analysis
was used as the method. As a result of the study, the changes over time of the districts in similar and
different clusters according to their natural environment components were evaluated by comparative
discussion. The results will be useful and guiding in providing input to planning decisions regarding the
similarities and differences of districts-provinces and sub-regions based on natural environmental
components.
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1. Introduction

Terrestrial ecosystems are important components of nature since they have biological and functional effects
on climate regulation, the hydrologic cycle and as a source of natural resources to satisfy human needs.
However, during the last 300 years, the ecosystems have been subject to accelerated processes of land use
and cover changes (LUCC) (Jiménez et al., 2018). This has been identified as one of the main factors
contributing to global environmental change (Magliocca et al., 2015; Turner et al., 2013; Verburg et al., 2015).
Land change is the result of the interaction of political/institutional, economic, cultural, cultural, technological,
natural/spatial drivers and the actors involved (Blrgi et al., 2004; Hersperger et al., 2010). The term ‘land
use’ usually refers to the changes wrought on the surface of earth by way of increasing human activities. ‘Land
cover’ refers to the physical manifestation of the surface of the earth; the distribution process of water, soil,
vegetation or urban area arrangement (Fahad et al., 2020).

The factors influencing land use land cover change are complex and dynamic and vary from one place to
another. These changes are primarily driven by natural and human-induced factors (Mobaraki, 2023). One of
the most important human-induced factors is the increase in the urban population and the urbanization
processes that develop due to this increase. International statistics show that the global population has
increased rapidly over the last century and will continue to increase in the coming decades, albeit at a lower
rate (Addae & Oppelt, 2019). And it shows that the global urban population will increase by up to 68% by
2050. With stronger urbanization expected in the coming years, cities will cover increasing areas of the earth's
surface and will host the majority of the human population (Seto et al., 2012). The growth and development
of urbanization in the last few decades, as well as the land use changes around and inside big cities have been
considered as one of the most essential challenges of global sustainable development (Mobaraki, 2023). Land
use and land cover changes following population growth and urbanization cause major current environmental
problems such as widespread urban sprawl, land loss and degradation, climate change, vegetation loss,
biodiversity loss, conversion of agricultural land, deforestation and ecosystems fragmentation (Jiménez, etc.,
2018). As a result, ecosystems are also negatively affected by such destruction of nature and vegetation areas.

1.1 Theoretical Framework

Recent increases in urban populations and the expansion of urban areas have increased pressure on natural
areas (UN, 2009). As urban areas expand, transform and envelop the surrounding landscape, they affect the
environment at various spatial and temporal scales, such as climate change, loss of wildlife habitat and
biodiversity, and greater demand on natural resources (Steffen et al., 2004). With the rapid increase in
population and urbanization, especially since the mid-20th century, a number of ecological and environmental
problems have emerged, such as the uncontrolled spread of construction lands, deterioration of habitat quality
and landscape fragmentation (Han et al., 2015; He et al., 2014; Lei et al., 2016). Moreover, urban land change
is not limited to the central city but includes many new urban-rural areas functionally connected to the city
(Brenner & Schmid, 2015) and has many impacts on rural hinterlands (Bren d'Amour et al., 2016). This kind
of changes therefore profoundly affects local and/or regional environment, which would eventually affect the
global environment (Hegazy & Kaloop, 2015). At this point, open and natural/non-urbanized areas in and
around the city affected by land changes are becoming increasingly important in terms of environment and
quality of life. In many countries, open spaces are today regarded an integral part of land use planning
decisions (Maruani & Amit-Cohen, 2007). Protection of open space is directly linked to the issue of urbanisation,
making it one of the dominant planning topics in the developed World (Koomen et al., 2008). At this point,
the current and future status of “open spaces” and “non-urbanized” areas, which are natural environments for
sustainable urban development and development facing risks and challenges, is of great importance.

Open spaces are generally characterized by a low level of intervention that does not change their intrinsic
“naturalness”, and allows continuous functioning of the ecosystems and survival of nature and landscape
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values. Open spaces, which are roughly divided into two different types: agricultural landscapes and natural
areas, are also divided into two main categories according to their functions. These functions are the provision
of recreation and other services to the community and the protection of natural values (Maruani & Amit-Cohen,
2007; Koomen et al, 2008). In addition, many natural resources provide society with ecological (e.g. protection
of natural processes and resources, conservation of biodiversity) and environmental (e.g. maintaining air and
water quality, improving the local microclimate) services, that are considered life-supporting systems (Maruani
& Amit-Cohen, 2007).

Another natural environment feature, non-urbanised areas (NUAs) are part of agricultural and green
infrastructures that provide ecosystem services (La Greca et al., 2011). These areas are semi-natural patches
that represent the last remnants of nature in the urban context and play an important role in mitigating the
consequences of climate change (Bowler et al., 2010; La Rosa & Privitera, 2013). As part of the agricultural
and green infrastructure they provide ecosystem services, such as purification of air and water, mitigation of
floods and droughts, re-generation of soil fertility, moderation of temperature extremes and enhancing of
landscape quality (La Rosa & Privitera, 2013). Ecosystem services are the conditions and processes through
which natural ecosystems and the species that compose them sustain and fulfill human life (Daily, 1997).
Although ecosystem services are essential for sustaining the long-term well-being of societies, their quantity
and quality are expected to continue to deteriorate in the coming decades (Millennium Ecosystem Assessment,
2005; Foley et al., 2005). There is growing evidence that natural environments — including green and open
spaces — provide wide-ranging benefits for urban populations, referred to broadly as ecosystem services.
These benefits are commonly referred to as ecosystem services (Douglas et al., 2019). Elements of the built
environment represent a high level of intervention in the ecosystem, altering the landscape and interfering
with natural processes, sometimes irreversibly. Interference can cause irreversible consequences or damage
irreplaceable natural assets (Chavas, 2000). Therefore, under the impact of global ecosystem changes,
coordinated development of all natural elements has become a top priority in maintaining ecological security
(Gao et al., 2022). Therefore, as urban areas are expected to continue to grow in the future, planners and
political decision-makers should carefully consider the role of non-urbanized areas in providing ecosystem
services (La Greca et al., 2011). As a result, population increases, the urbanization phenomenon brought about
by population growth and land use/land cover (LULC) changes seriously threaten sustainable resource use
and global/regional environmental sustainability. Therefore, there is a need for appropriate interventions that
can prevent the negative consequences of urbanization and ensure sustainable urban development. As Seto
and Fragkias (2005) note, “characterizing and understanding the changing patterns of urban growth is critical
given that urbanization will continue to be one of the major global environmental changes in the foreseeable
future”. In such a context, knowing the spatial-temporal pattern of urban growth, monitoring land cover
change and revealing past trends will provide insights into future developments.

Based on all these, the aim of the study is to analyze the natural land cover changes of the settlements in the
Eastern Black Sea Region - at the district level - depending on time and space. The study, which supports
sustainable urban planning, evaluated the time-dependent changes of open spaces and non-urbanized areas.
The year 2000 was set as the start year and 2018 as the end year, taking into account the availability of data.
Changes in the natural environmental elements of settlements as a result of population growth and
urbanization processes were examined with the help of classified maps. In such a context, knowing the spatio-
temporal pattern of urban growth is crucial for formulating sustainable urban development policies that can
mitigate the negative impacts of urbanization and ensure sustainable urban development.

2. Methodological framework

The physical process of urban land use change is often described as a change in the absolute area of urban
space or a change in the rate at which other areas, such as agriculture, are converted to urban uses (Seto et
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al., 2000). For any time period, the spatial arrangement of urban areas provides a snapshot of various
economic, social, and political factors that influenced land-use decisions (Seto & Fragkias, 2005). Recently,
innovative approaches to urban land use planning and management such as sustainable development and
smart growth have been proposed and widely discussed (Kaiser et al., 1995; American Planning Association,
2002). Their application relies heavily on existing knowledge about the causes, chronology and impacts of
urban change processes (Herold et al., 2005).

Knowledge of the land use/cover patterns of a region is one of the prerequisites for the planning and
implementation of effective land use policies and schemes for sustainable regional development (Suthakar &
Bui, 2008). Land use changes are a complex and dynamic processes that link together natural, economic,
social and cultural factors in time and space (Koomen et al., 2008) and various tools are needed to understand
and explain these processes (Hapugala, 2013). Geographic Information Systems (GIS) and remote sensing
techniques provide effective tools in studying and monitoring land-use/land-cover change over space and time
(Addae & Oppelt, 2019). Remote sensing can detect changes in land cover and land use and monitor the
consequences of human and natural activity (Partheepan et al., 2023).

_____ L.[ Natural Areas

oo o L

Theoretical Framework I:'-_-_-_-_-_-_' _____ ip| Remote Sensing and Cluster Analysis
\ |
' O ! g
- - |
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|

Fig.1 Study process and its application in the Eastern Black Sea Region

Remote sensing data highlight high temporal frequency land cover changes that are of great importance for
earth system processes (Lambin et al., 2003). Remote sensing represents a major though still under-used
source of urban data, providing spatially consistent coverage of large areas with both high geometric detail
and high temporal frequency, including historical time series (Herold et al., 2005). Usually, land uses and
urban growth in remote sensing involves the analysis of two registered, aerial or satellite multi-spectral bands
from the same geographical area obtained at two different times (Hegazy & Kaloop, 2015). Monitoring land
cover transformation can be accomplished by a simple comparison of successive land cover maps. In contrast,
detection of subtle changes within land cover classes requires representation of land cover where surface
attributes change continuously over time and space, at seasonal and interannual scales. Such an analysis aims
at identifying changes that have occurred in the same geographical area between the two times considered
(Radke et al., 2005). Remote sensing and Geographical Information Systems (GIS), when integrated with the
tools of landscape ecology, can be used to investigate the changing spatial patterns of biodiversity.

A description of the shape, size and spatial arrangement of patches of vegetation in the landscape can be
used to link the observed pattern with the ecological processes that may have generated it. Alongside spatial
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scale, temporal scale is equally important when assessing the change of a landscape over time. Multi-temporal
analysis based on remotely sensed data has played an important role in landscape ecology (Rocchini et al.,
2006). The methodological framework consists of determining the study area based on the elements of the
natural environment, creating the natural structure data set of the area and explaining the cluster analysis,
which is the study method (Fig.1).

2.1 Study area

The Eastern Black Sea Region, one of Turkey's 12 regions according to the Statistical Regional Classification
(Level-1), consists of 6 provinces (Artvin, Giresun, Giimishane, Ordu, Rize and Trabzon) and 79 districts.
According to the 2017 Socio-Economic Development Index (SEGE) study, Trabzon ranks 26th, Rize 36th, Artvin
49th, Giresun 53rd, Ordu 60th, and Giimiishane 64th among the provinces in the region (Fig.2).
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Fig.2 Location of the Eastern Black Sea Region and population size of settlements

As of 2023, 3.20% (2,733,265 people) of the country's population of approximately 85 million live in the
Eastern Black Sea provinces. The country's population density, which was 77 people/km2 in 2018, became 78
people/km2 in 2023. While Artvin (23 persons/km2), Giresun (68 persons/km?), Glimishane (23 persons/km?)
are below the national average, Ordu (130 persons/km?), Rize (89 persons/km?) and Trabzon (177
persons/km2) are above the national average (TUIK, 2023). According to the 2018 census; the average annual
population increase in the region is 32.02 (per thousand) and the decrease in Glimiishane province in 2018 is
remarkable. All other provinces of the region are above the country average in this period. According to 2023
data the regional average is 15.94 (per thousand) and all provinces except Trabzon (7.71) are above the
regional average (TUIK, 2000-2018-2023).

The study area was chosen as the Eastern Black Sea Region due to the rich natural environmental elements
of the region. According to 2000 values, 99.49% of the region consisted of “agricultural areas”, “forest and

AR\

semi-natural areas”, “wetlands” and “water bodies” which can be defined as natural areas. With this ratio, the
region ranked first in the country. The region has an important place in the country especially in terms of
Forests and Semi-Natural Areas. The region also has the lowest Artificial area ratio in the country. According
to 2018 data, the natural area ratio was 99.23% (4th in the country). In 2018, when evaluated in terms of
natural environmental elements, there are 1,073,649 ha of agricultural areas, 2,422,571 ha of forest and semi-

natural areas and 17,112 ha of water bodies in the region (Tab.1) (TUIK, 2000-2018-2023).
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2000 2018 2000 2018 2000 2018 2000 2018 2000 2018 2000 2018
TR1 Istanbul 18.60 22.65 28.88 29.11 49.97 45.62 0.07 0.14 2.47 248 8140 77.35
TR2 West Marmara 233 2.78 54.49 55.64 42.16 40.33 0.22 0.20 0.81 1.05 97.67 97.22
TR3 Ege 226 2.75 4192 4339 54.45 5252 0.58 035 0.79 0.99 97.74 97.25
TR4 East Marmara 2.26 3.04 41.00 44.12 5530 51.24 0.22 0.26 1.22 135 97.74 96.96

TR5 Western Anatolia 2.17 261 56.50 56.43 38.10 36.73 0.65 1.52 258 2.70 97.83 97.39
TR6 Mediterranean Sea 147 2.14 35.19 35.23 6142 60.53 0.25 0.32 1.67 1.78 98.53 97.86
TR7 Central Anatolia 1.22 1.56 53.62 54.62 43.97 4146 048 149 0.71 0.87 98.78 98.44
TR8 Western Black Sea 1.19 1.20 39.23 40.66 58.84 57.19 0.15 0.16 0.59 0.78 98.81 98.80
TR9 Eastern Black Sea 0.51 0.77 28.91 30.32 70.15 68.42 0.00 0.00 0.43 0.48 99.49 99.23
TRA Northeast Anatolia 0.76 0.98 33.29 37.34 65.06 60.57 0.36 0.51 0.53 0.60 99.24 99.02
TRB Middle East Anatolia 0.63 0.86 26.71 27.48 65.85 65.04 0.68 0.34 6.13 6.28 99.37 99.14
TRC Southeast Anatolia  0.94 1.52 50.90 53.95 47.10 43.34 0.01 0.04 1.04 1.14 99.06 98.48

Tab.1 Land cover distribution of geographical regions of Turkey

2.2 The dataset

The dataset of the study, which aims to analyze land cover change due to natural environmental factors over
time and space, consists of land cover/use variables obtained from the CORINE (Coordination of Information
on the Environment) database/bank of Turkey. CORINE data includes land cover data produced by computer-
aided visual interpretation method on satellite images according to the “Land Cover/Use Classification”
determined by the European Environment Agency. The main objective of the CORINE Project is to establish a
standardized database for the purposes of determining environmental changes in the land, rational
management of natural resources and formulation of environmental policies in line with the criteria and
classification system determined by the European Environment Agency (URL-1, 2024).

Within the scope of the study, the data produced by the Turkish Ministry of Agriculture and Forestry for natural
structure within the scope of the CORINE project according to the European Environment Agency criteria and
classification units were utilized. In order to examine changes in land cover and land use, a total of 11 data
under 4 main headings (excluding artificial regions) collected under the CORINE project were used. The change
in the land cover of the Eastern Black Sea Region due to natural environmental factors was comparatively
analyzed and evaluated by utilizing the data set of 2000 and 2018 produced at the district level. In addition
to natural environmental factors, “population size” and “urban population ratio”, which are effective in land
cover change, are analyzed in the analysis of land cover change over time and space. Variables were also
included in the process. The data on these 2 variables of socio-demographic structure were obtained from
TUIK (Tab.2).

Indicators Variables
Arable Areas (21)

Continuous Products (22)

Pastures (23)

Mixed Agricultural Lands (24)

Forests (31)

3. Forests and Semi-Natural Areas (CORINE) _ Maquis or Herbaceous Plants (32)
Areas with Low or No Vegetation (33)
Inland Wetlands (41)

Coastal Wetlands (42)

Terrestrial Waters (51)

Sea Waters (52)

Population size

Urban population size

Tab.2 Selected and grouped natural environment variables (URL-1, 2024)

2. Agricultural Areas (CORINE)

4. Wetlands (CORINE)

5. Water Bodies (CORINE)

Socio-demographic indicators (TUIK)
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2.3 Methodology

The study, which aims at rational use of natural resources and sustainable development, examines the change
in land cover over the years. The district level study aims to reveal the similarities of the region according to
the natural structure elements and to classify the districts according to the natural structure elements. Land
cover variables of the natural structure of the Eastern Black Sea districts were classified with the help of cluster
analysis. After the classification according to 2000 and 2018 natural structure elements, the clusters and the
settlements in the clusters were compared and evaluated.

The change of the spatial pattern of the settlements of the Eastern Black Sea Region depending on the
determined natural environmental variables was carried out with the help of cluster analysis. Cluster analysis
is @ method used in the process of organizing and analyzing multivariate or large scientific data. It aims to
divide data that may have a high degree of similarity into several clusters in the same group/classification
(Everitt, 1993; Shih et al., 2010). The similarity level of each cluster is defined by the distance between it and
the system that each axis represents, and communities that are close to each other are more likely to be
grouped in the same cluster (Vincze & Mezei, 2011).

In the study, which aims to examine the change of land pattern at the district level over the years in order to
manage natural resources rationally and create environmental policies, the "Two-Step Cluster" method from
cluster analysis was used to reveal similar settlement texture and its change over the years. Two Step Cluster
Method; It is a hybrid clustering technique formed by combining "K Means", a non-hierarchical clustering
technique, and "Ward's Smallest Variance", a hierarchical technique (Ceylan et al., 2017). It is a single-pass
data approach that allows using quantitative and qualitative variables simultaneously, determining preliminary
clusters in the first step and then performing hierarchical clustering (Wu et al., 2016; Michailidou et al., 2009).
In the pre-clustering stage of the method, the data are scanned one by one and it is decided whether the
current situation will be combined with previously created clusters or whether a new cluster will be started
according to the distance criterion (Michailidou et al., 2009). In the cluster step; data are grouped into the
desired number of clusters using the standard hierarchical clustering algorithm according to the subsets
obtained from the preliminary cluster step (Satish & Bharadhwaj, 2010).The most important features of this
algorithm are; it can be applied to large data sets, can process categorical and continuous variables, can
automatically determine the most appropriate humber of clusters, and can remove observations that do not
comply with the obtained clusters from the data when desired (Ceylan et al., 2017).

In this process, in order to reach valid and meaningful results in the analysis, the priority step is to select
important variables and determine the number of clusters correctly (Punj & Stevvart, 1983). One of the most
basic criteria developed to determine the number of clusters is that the number of clusters can be calculated
with the expression k = (N/2)1/2 to indicate the number of N observations (Tatldil, 1992; Cakmak et al.,
2005).

3. Result

In order to compare the time-dependent changes in the natural environmental elements of the Eastern Black
Sea Region, a “two-step cluster analysis” was utilized. Population size and urban population variables affecting
the change of land cover related to natural structure were also included in the clustering analysis process.
Within the scope of the study, two-step clustering analysis was performed with 2 standardized variables of
social structure and 9 standardized variables of natural structure. The analysis of 2000 and 2018 variables was
carried out with the help of SPSS 25.0 package program. “Wetlands"” that are not located in the Eastern Black
Sea Region were excluded from the data set (Tab.3-4-5-6). As a result of the analyzes, the spatial distribution
of the time-dependent changes of the natural environmental elements of the Eastern Black Sea Region at the
district level were mapped and interpreted (Fig.3-4).
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3.1 Spatial reflections of natural structure land cover: year 2000

First of all, Two-Step Cluster Analysis was performed with 11 variables belonging to 6 provinces and 79 districts
in the Eastern Black Sea Region. In the study, it was aimed to determine a common number of clusters in
order to make comparisons between the clusters to be formed with the help of variables from different years
(2000 and 2018). The optimum cluster number formula (cluster number k = (N/2)1/2) was used to determine
the number of clusters. It was decided that the number of clusters to be used in the clustering analysis and
to reflect the diversity of 79 districts - indicated by the cluster number formula - should be “6".

Cluster-1 Cluster-2 Cluster-3 Cluster-4 Cluster-5 Cluster-6

Variable (importance) %36.71 %7.59 %29.11  %12.66 %06.33 %7.59
29 districts 6 districts 23 districts 10 districts 5 districts 6 districts

31. Forests (1) -0.58 -0.33 -0.24

21. Arable areas (0.99) -0.23 -0.22 -0.23

Population size (0.82) -0.44

32. Maquis or Herbaceous Plants (0.75) -0.51

24. Mixed agricultural lands (0.57) -0.85

Urban population size (0.51) -0.35

23. Pastures (0.5) -0.24

33. Areas with Little or No Vegetation -0.38

(0.44)

52. Sea waters (0.38) -0.42

51. Terrestrial waters (0.18) -0.44

22. Continuous products (0.09) -0.13

Ranking of mean values Lowes _

Tab.3 Importance level-mean values of variables effective in the formation of clusters (2000)

Variabl Cluster-1 Cluster-2 Cluster-3 Cluster-4 Cluster-5 Cluster-6
(;’(;30)" 36.71% 7.59% 29.11% 12.66% 6.33% 7.59%
29 districts 6 districts 23 districts 10 districts 5 districts 6 districts
(4), Savsat,
Artvin (1) Murgul (2) Arhavi, Hopa (1) Ardunug, Yusufeli,
Merkez, Borgka
(6) Dogankent,
Eynesil, Glice, (4) Espiye,
Giresun Piraziz, (1) Merkez Gorele, Kesap, Bul(:r?c/;:fclgijre" S(ezb)ir?I?:::rllLijska;r
Yaglidere, Tirebolu !
Ganakal
- (3) Kelkit, Kése,  (2) Merkez,
Giimiishane (1) Torul Siran Kirtiin
(9) Aybasti,
Gu?;elz)rl'nilelzpe (5) Golkay,
P (2) Altinordu,  Korgan, Kumru, (2) Akkus,
Ordu Kabadiiz, - .
Fatsa, Unye Persembe, Mesudiye
Kabatas, Gamas,
Ulubey
Gatalpinar,
Caybasl, Ikizce
(5) Derepazari,
Glneysu, (5) Ardegen, .
Rize Hemgin, Findikh, Pazar, @ %iggg??sm’
Kalkandere, Merkez, Cayeli
lyidere
(8) Besikduizd, (7) Arakl, Arsin,
Carsibasi,
Dernekpazar (2) Akgaabat Gaykara, Of,
Trabzon e ! - ! Sirmene, (1) Macka
Diizkdy, Hayrat, Ortahisar, -
Kopriibasi Vakfikebir,
P S Yomra

Salpazari, Tonya

Tab.4 Distribution of districts according to clusters as a result of the analysis (2000)
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After determining the number of clusters as 6, natural structure clusters for the year 2000 were formed as a
result of the Two-Step Clustering analysis. As a result of the analysis, it was seen that the most effective
variables in the formation of similarities between the districts in 2000 were “forests” and “arable areas”. The
least effective variable in the analysis where natural environment components are the most effective is
“continuous products” (Tab.3).

In 2000, the distribution of the variable values formed as a result of the Two-Step Clustering analysis with the
variables belonging to the year 2000 to the clusters was analyzed. Cluster characteristics were determined by
comparing the “Mean” values of all variables between clusters. As a result of the holistic and comparative
evaluation of 11 variables and 6 clusters, the clusters were grouped according to their natural environment
characteristics. As a result of the two-step clustering analysis, there are 29 districts in the Eastern Black Sea
Region that show the highest number (36.7%) of Cluster-1 characteristics in 2000 (Tab.3-4) (Fig.3).

Legend
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Fig.3 Spatial distribution of settlements according to natural structure components (2000)

The clusters and cluster characteristics formed as a result of the classification according to natural environment

elements and socio-demographic components are as follows.

—  Cluster-6 has the highest values of the variable “forest and semi-natural areas (3)”, which is one of the
natural environment components. And Cluster-6 consists of 6 districts of Artvin and Giimiishane
provinces. Settlements belonging to the cluster have the highest values in terms of “forests (31)",
“magquis or herbaceous plants (32)”, “areas with little or no vegetation cover (33)";

—  Another natural environment component is “agricultural areas (2)". Cluster-5 settlements have the
highest values in terms of “arable areas (21)" and “pastures (23)" within the agricultural areas indicator
set. It is seen that all 5 districts of Giresun and Gilimighane provinces are rich in natural areas;

—  Following Cluster 6 and Cluster 5, Cluster-4 settlements have the highest values for “forests (31)", “frable
lands (21)” and “maquis or herbaceous plants (32)";

—  Cluster-2, where “population size” and “urban population size” have the highest values, consists of
Akgaabat, Ortahisar, Unye, Fatsa and Giresun central districts. This cluster shows similar characteristics
in terms of population and natural structure components;

—  Cluster-3 settlements have the highest “population size” and “size of urban population” values after
Cluster-2 settlements. In addition, these cluster districts are also important in terms of “water bodies
(5)" and “forests (31)” and show similar characteristics. This cluster, consisting of 23 districts in total,
covers 29% of the region.

As a result, cluster analyse shows that in the 2000s, the natural structure - forests - was important in the

classification of settlements according to their similarities and differences. It is also observed that 29 districts
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with the lowest values in terms of both population and natural structure elements are included in Cluster-1,
showing similar characteristics.

3.2  Spatial reflections of natural structure land cover: year 2018

Following the 2000 clustering analysis, clustering analyses were conducted with the natural structure and
population variables in 2018. According to 2000 and 2018 natural structure components, the distribution of
settlements into clusters was compared. The spatial reflections of the changing land cover over the past 20
years were analyzed. As a result of the two-step clustering analysis with population and natural structure
variables, approximately half (53.16%) of the settlements in the Eastern Black Sea Region were located in
Cluster-1. In 2018, it was observed that the most effective variables in the formation of similarities between
districts were “population size” and “urban population size”. In the analysis where natural environment
components are the most effective, the least effective variable is “arable land” (Tab.5-6).

Cluster-1 Cluster-2 Cluster-3 Cluster-4 Cluster-5 Cluster-6

Variable (importance) 53.16% 8.86% 7.59% 20.25% 3.79% 6.32%
42 districts 7 districts 6 districts 16 districts 3 districts 5 districts

Population size (1) -0.33 -0.02 -0.27 -0.5

Urban population size (0.92) -0.28 -0.3 -0.41 -0.18

32. Maquis or Herbaceous Plants (0.87) -0.48 -0.44

33. Areas with Low or No Vegetation (0.79) -0.3 -0.35

22. Continuous Products (0.65) -0.18 -0.74

23. Pastures (0.63) -0.26

52. Sea Waters (0.46) -0.23 -0.49

31. Forests (0.45) -0.41

51. Terrestrial Waters (0.35) -0.29 0.07
24. Mixed Agricultural Lands (0.2) -0.38

21. Arable Areas (0.13) -0.18 -0.19 -0.19 -0.07

Ranking of mean values Lowest _

Tab.5 Importance level-mean values of variables effective in the formation of clusters (2018)

Variabl Cluster-1 Cluster-2  Cluster-3  Cluster-4 Cluster-5 Cluster-6
(‘;r(;is)e 53.16% 8.86% 7.59% 20.25% 3.79% 6.32%
42 districts 7 districts 6 districts 16 districts 3 districts 5 districts
. . (3) Ardunug, (2) Merkez,
Artvin (3) Arhavi, Hopa, Murgul Borcka, Savsat Yusufeli
(8) Dogankent, Espiye, (3) Gorele,  (3) Alucra, )
Giresun Eynesil, Glice, Piraziz, (1) Merkez Kesap, Bulancak, Sebinkarahisar
Yadlidere, Camoluk, Canakgl Tirebolu Dereli,
- (3) Kiirtiin, . (2) Merkez,
Glimiighane Torul, Siran (1) Kose Kelkit
(}1) Golkoy, Gulya_l_l, (4) Akku
Grgentepe, Kabadliz, 3y ayynordy, (1) Persembe  Aybast
Ordu Kabatas, Korgan, Kumru, Fatsa. Un el Fersemoe Mgsudi ,e
Camas, Catalpinar, Caybagi, —2=2-—=1¥€ N
o Ulubey,
Ikizce
(8) Ardesen, Derepazari, (2)
Rize Findikli, Glineysu, Hemsin, (1) Merkez (1) Pazar =~ Camlihemsin,
Kalkandere, Cayeli, lyidere, Ikizdere
(12) Arsin, Besikdiizi,
Carsibasi, Dernekpazari, (2) Akcaabat,
Trabzon Diizkdy, Hayrat, Of, Ortahisar, (1) Arakl (1) Magka (2)__(_;a_)_/ kara,
. Kopriibag
Slrmene, Salpazari, Tonya,

Vakfikebir, Yomra

Note. Underlined settlements indicate the districts that were in the same cluster in the previous period

Tab.6 Distribution of districts according to clusters as a result of the analysis (2018)
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According to the evaluation made by comparing with the 2000 data, the following results were obtained
(Tab.5-6), (Fig.4):

) . N
Fig.4 Spatial distribution of settlements according to natural structure components (2018)

Cluster-6, which has the highest values of “forest and semi-natural areas (3)” among the natural
environment components, consists of 5 districts of Artvin, GiUmishane and Giresun provinces.
Settlements belonging to the cluster have the highest values in terms of “forests (31)”, “maquis or
herbaceous plants (32)", “areas with little or no vegetation cover (33)” in this period. In 2000, Artvin
Merkez, Yusufeli and Glimilgshane Merkez districts were in the same cluster in this period;

As a result of the 2018 cluster analysis, it is seen that a new cluster with different characteristics from
the previous period was formed. Cluster-5 has the highest values for the variable “pastures” and the
highest values for the variable “maquis or herbaceous plants (32)”. Cluster 5 consists of Caykara and
Kdpriibagi districts of Trabzon province and Kose district of GUmishane province. In addition, the
population values of this cluster are lower than the other clusters;

It is seen that the variables “pasture areas”, “forest” and “areas with little or no vegetation cover”, which
are agricultural area variables of the natural environment, have high values for Cluster-4 after Cluster-6.
In addition, the cluster has secondary importance in terms of “mixed agricultural areas” as in the previous
period. Cluster-4, which consists of different cluster settlements in 2000, is completely heterogeneous.
Cluster-4 consists of 16 districts and covers 20.25% of the total settlements;

Cluster-3, which has the highest values in terms of “sea waters”, the highest values in terms of
“continuous product” and “urban population size” variables and the lowest values in terms of many other
variables, consists of a total of 6 districts in 2018. In the last 20 years, the number of settlements in
Cluster-3 with similar characteristics has decreased. Settlements belonging to the cluster consist entirely
of settlements that were in Cluster-3 in the previous period;

Cluster-2, where “population size” and “urban population size” have the highest values, consists of
Akgaabat, Ortahisar, Unye, Fatsa and Giresun central districts as in the previous period. In addition,
Altinordu and Rize Central districts also show similar characteristics (Cluster-2) in terms of population
and natural structure components;

Finally, it is observed that a heterogeneous group consisting of settlements that were in Cluster-1 and
Cluster-3 in the previous period has emerged. This cluster has moderate values in terms of both
population and natural structure components. This cluster consists of 42 districts and covers 53.16% of

the settlements in the region.
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4. Discussion

Urbanization has a significant impact on social, economic and environmental sustainability. Dynamic urban
development and change processes that have occurred recently as a result of increasing urban population
movements affect both the natural and built environment. Within the scope of the study, the changes of 6
provinces and 79 districts within the Eastern Black Sea region, which are considered rich in natural
environmental elements, were examined depending on "agricultural areas", "forest and semi-natural areas",
"water bodies" and “population size”.

In 2000, the most influential variable in cluster formation was “forests”. The repeated analysis at the end of
approximately 20 years shows the impact of urbanization on space. Namely, the most effective variables of
the clusters formed in 2018 were “population” and “urban population”. It was observed that the similarities
and differences of the settlements were determined by social structure dynamics, unlike the natural structure
elements that were effective in the previous period.

According to the time-based comparative evaluation for the Eastern Black Sea Region, Cluster-1 and Cluster-
2 have the lowest values in terms of natural structure elements, while Cluster-6 has the highest values. In
2018, it is observed that the spatial continuity of Cluster-6 settlements - natural structure continuity - has
deteriorated especially in Artvin province. It is seen that Borcka and Savsat districts, which are rich in natural
environmental elements, have similar characteristics with Ardanug district in 2018.

In 2018, the number of settlements in Cluster-4, which has high values in terms of “forest”, “arable land” and
“pastures”, increased compared to the previous period. Especially in the south of Trabzon and Giresun
provinces, there is a change and spatial continuity due to natural structure elements. In 2000, some of the
Cluster 5 and Cluster 6 settlements with high natural structure elements were included in Cluster-4 in this
period.

The number of Cluster-1 settlements, where “population” and “urban population size” and natural structure
components have medium-low values, has increased over time. This change in the coastal and especially in
the eastern part of the region is significant and remarkable. While 36.71% of the settlements in the region
were in Cluster-1 in 2000, this rate increased to 53.16% in 2018.

Finally, in both periods, it is observed that the districts of Artvin and Gilimiishane provinces are concentrated
in clusters rich in natural structure elements. Rize and Trabzon provinces, on the other hand, show a trend in
the opposite direction. This situation is consistent with the observed changes in the region. The results of
clustering analyses based on the similarities and differences of natural environment components and social
structure elements show that the settlements within the provinces have a heterogeneous distribution and that
there are differences between coastal and inland areas (Tab.4).

5. Conclusion

The transformation of natural areas is a vital issue for ecosystems. Over time, the protection of nature for
future generations becomes even more important. In this respect, the study aims to analyze the land cover
changes in the natural structures of the settlements in the Eastern Black Sea Region over time and to classify
the settlements according to their natural structure similarities. The study shows that “artificial areas” and
“agricultural areas” increased and “forest areas” decreased in the region from 2000 to 2018. In addition, the
spatial patterns of land cover changes were also revealed with the classification studies conducted specifically
for settlements. Clusters formed according to similarities in natural structure also enabled the identification of
transitions between each land use. Time-dependent classification and mapping of land cover changes can
serve as a valuable tool to protect environmentally sensitive areas from further damage. Another issue is that
land cover changes are associated with physical and socioeconomic impacts. However, the availability of
current and up-to-date physical and socioeconomic data is limited. This is a limitation of this study, which was
designed to monitor spatial and temporal land cover change and reveal complex human-nature interactions.
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It is recommended that future studies be conducted in a holistic manner with rich and up-to-date data sets.
The results will provide important insights for planners and key actions to ensure sustainable development in
the region and reduce degradation of the natural environment. This information will help in the formulation of
land planning strategies and the development of land use conservation policies. Such studies will contribute
to the planning discipline in terms of addressing economic and ecological decisions together, the necessity of
rational resource utilization and making environmentally sensitive land use decisions.

References

Addae, B., & Oppelt, N. (2019). Land-use/land-cover change analysis and urban growth modelling in the Greater Accra
Metropolitan Area (GAMA), Ghana. Urban Science, 3 (1), 26. https://doi.org/10.3390/urbansci3010026

American Planning Association (2002). Growing Smart-Legislative Guidebook: Model Statutes for Planning and the
Management of Change, APA’s Planners Book Service. http://www.planning.org/ guidebook/Login.asp

Bowler, D. E., Buyung-Ali, L., Knight, T. M., & Pullin, A. S. (2010). Urban greening to cool towns and cities: A systematic
review of the empirical evidence. Landscape and Urban Planning, 97, 147-155. https://doi.org/10.1016/
j.landurbplan.2010.05.006

Brenner, N., Schmid, C., (2015). Towards a new epistemology of the urban? City, 19, 151-182. https://doi.org/10.1080/
13604813.2015.1014712

Bren d’Amour, C., Reitsma, F., Baiocchi, G., Barthel, S., Glneralp, B., Erb, K.-H., Haberl, H., Creutzig, F., Seto, K.C., 2016.
Future urban land expansion and implications for global croplands. Proceedings of the National Academy of Sciences. 114
(34), 8939 8944. https://doi.org/10.1073/pnas.1606036114

Birgi, M., Hersperger, A.M., Schneeberger, N., (2004). Driving forces of landscape change current and new directions.
Landscape Ecology, 19, 857-868.

Ceylan, Z., Giirsev, S. ve Bulkan, S. (2017). iki Asamali Kiimeleme Analizi ile Bireysel Emeklilik Sektdriinde Miisteri Profilinin
Degerlendirilmesi. Bilisim Teknolojileri Dergisi, 10 (4), 475-485. https://doi.org/10.17671/gazibtd.323951

Chavas, 1.P., (2000). Ecosystem valuation under uncertainty and irreversibility. Ecosystems, 3 (1), 11-15. https://doi.org/
10.1007/s100210000003

Cakmak, Z., Uzgdren, N., ve Kegek, G. (2005_). Kiimeleme Analizi Teknikleri ile illerin Kiiltiirel Yapilarina Gére Siniflandirimasi
ve Degisimlerinin Incelenmesi. Dumlupinar Universitesi Sosyal Bilimler Dergisi, (12).

Daily, G. (1997). Nature’s Services: Societal Dependence on Natural Ecosystems. Island Press, Washington DC.

Douglas, O., Russell, P., & Scott, M. (2019). Positive perceptions of green and open space as predictors of neighbourhood
quality of life: implications for urban planning across the city region. Journal of environmental planning and management,
62 (4), 626-646. https://doi.org/10.1080/09640568.2018.1439573

Everitt, B. (1993) Cluster Analysis for Applications. Academic Press, New York

Fahad, K. H., Hussein, S., & Dibs, H. (2020). Spatial-temporal analysis of land use and land cover change detection using
remote sensing and GIS techniques. In JOP conference series: materials science and engineering 671 (1), 012046. IOP
Publishing. https://doi.org/10.1088/1757-899X/671/1/012046.

Foley, J. A., DeFries, R., Asner, G. P., Barford, C., Bonan, G., Carpenter, S. R., et al. (2005). Global consequences of land
use. Science, 309, 570-574. https://doi.org/10.1126/science.1111772

Gao, M., Hu, Y., & Bai, Y. (2022). Construction of ecological security pattern in national land space from the perspective of
the community of life in mountain, water, forest, field, lake and grass: A case study in Guangxi Hechi, China. Ecological
Indlicators, 139, 108867. https://doi.org/10.1016/j.ecolind.2022.108867.

Han, B., Liu, H., Wang, R., (2015). Urban ecological security assessment for cities in the Beijing—Tianjin—Hebei metropolitan
region based on fuzzy and entropy methods. Ecological Modeling, 318, 217-225. https://doi.org/10.1016/
j.ecolmodel.2014.12.015

Hapugala, G. (2013). Projecting land use transitions in the Gin Catchment, Sri Lanka. Research Journal of Environmental
and Earth Sciences, 5 (8), 473-480.

He, C., Liu, Z., Tian, 1., Ma, Q., 2014. Urban expansion dynamics and natural habitat loss in China: a multiscale landscape
perspective. Global Change Biology, 20 (9), 2886—2902. https://doi.org/10.1111/gcb.12553

Hegazy, I. R., & Kaloop, M. R. (2015). Monitoring urban growth and land use change detection with GIS and remote sensing
techniques in Daqahlia governorate Egypt. International journal of sustainable built environment, 4 (1), 117-124.
https://doi.org/10.1016/j.ijsbe.2015.02.005

TeMA - Journal of Land Use Mobility and Environment 2 (2025) 267


https://doi.org/10.3390/urbansci3010026
https://doi.org/10.1073/pnas.1606036114
https://doi.org/10.17671/gazibtd.323951
https://doi.org/10.1080/09640568.2018.1439573
https://doi.org/10.1126/science.1111772
https://doi.org/10.1016/j.ecolind.2022.108867
https://doi.org/10.1111/gcb.12553

Ozkan D. G. et al. — An evaluation on the change of natural areas: the case of Eastern Black Sea settlements

Herold, M., Couclelis, H., & Clarke, K. C. (2005). The role of spatial metrics in the analysis and modeling of urban land use
change.  Computers, environment and urban systems, 29 (4), 369-399. https://doi.org/10.1016/
j.compenvurbsys.2003.12.001

Hersperger, A.M., Biirgi, M., (2010). How do policies shape landscapes? Landscape change and its political driving forces in
the Limmat Valley, Switzerland 1930-2000. Landscape Research, 35, 259-279. https://doi.org/10.1080/
01426391003743561

Jiménez, A. A., Vilchez, F. F., Gonzalez, O. N., & Flores, S. M. M. (2018). Analysis of the land use and cover changes in the
metropolitan area of Tepic-Xalisco (1973-2015) through landsat images. Sustainability, 10 (6), 1860. https://doi.org/
10.3390/su10061860

Kaiser, E., Godschalk, D., & Chapin, S. F. Jr. (1995). Urban Land Use Planning. Urbana, IL: University of Illinois, 493.

Koomen, E., Dekkers, J., & Van Dijk, T. (2008). Open-space preservation in the Netherlands: Planning, practice and
prospects. Land use policy, 25 (3), 361-377. https://doi.org/10.1016/j.landusepol.2007.09.004

La Greca, P., La Rosa, D., Martinico, F., & Privitera, R. (2011). Agricultural and green infrastructures: The role of non-
urbanised areas for eco-sustainable planning in a metropolitan region. Environmental Pollution, 159, 2193-2202.
https://doi.org/10.1016/j.envpol.2010.11.017

Lambin, E. F., Geist, H. J., & Lepers, E. (2003). Dynamics of land-use and land-cover change in tropical regions. Annua/
review of environment and resources, 28 (1), 205-241.

La Rosa, D., & Privitera, R. (2013). Characterization of non-urbanized areas for land-use planning of agricultural and green
infrastructure in urban contexts. Landscape and Urban planning, 109 (1), 94-106. https://doi.org/10.1016/
j.landurbplan.2012.05.012

Lei, K., Pan, H., Lin, C., (2016). A landscape approach towards ecological restoration and sustainable development of mining
areas. Ecological Engineering, 90, 320-325. https://doi.org/10.1016/j.ecoleng.2016.01.080

Magliocca, N.R., Rudel, T.K., Verburg, P.H., McConnell, W.J., Mertz, O., Gerstner, K., Heinimann, A., Ellis, E.C., (2015).
Synthesis in land change science: methodological patterns, challenges, and guidelines. Regional Environmental Change, 15,
211-226. https://doi.org/10.1007/s10113-014-0626-8

Maruani, T., & Amit-Cohen, I. (2007). Open space planning models: A review of approaches and methods. Landscape and
urban planning, 81 (1-2), 1-13. https://doi.org/10.1016/j.landurbplan.2007.01.003

Michailidou, C., Maheras, P., Arseni-Papadimititriou, A., Kolyva-Machera, F., & Anagnostopoulou, C. (2009). A study of
weather types at Athens and T hessaloniki and their relationship to circulation types for the cold-wet period, part I: two-
step cluster analysis. 7heoretical and applied climatology, 97 (1-2), 163-177. DOI 10.1007/s00704-008-0057-x

Millennium Ecosystem Assessment (2005). Ecosystems and Human Wellbeing: Biodiversity Synthesis. Washington, DC:
World Resources Institute.

Mobaraki, O. (2023). Spatial analysis of green space use in Tabriz metropolis, Iran. 7eMA - Journal of Land Use, Mobility
and Environment, 55-73. https://doi.org/10.6093/1970-9870/10117

Partheepan, K., Musthafa, M. M., & Bhavan, T. (2023). Remote sensing investigation of spatiotemporal land-use changes.
TeMA-Journal of Land Use, Mobility and Environment, 16 (2), 383-402. http://dx.doi.org/10.6093/1970-9870/9908

Radke, J., Andra, S., Al-Kofani, O., Roysan, B., 2005. Image change detection algorithms: a systematic survey. /EEE
Transactions Image Processing, 14 (3), 291-307.

Punj, G., ve Stewart, D. W. (1983). Cluster Analysis in Marketing Research: Review and Suggestions for Application. Journa/
of Marketing Research, 20 (2), 134-148. https://doi.org/10.1177/002224378302000204

Rocchini, D., Perry, G. L., Salerno, M., Maccherini, S., & Chiarucci, A. (2006). Landscape change and the dynamics of open
formations in a natural reserve. Landscape and urban planning, 77 (1-2), 167-177. https://doi.org/10.1016/
j.landurbplan.2005.02.008

Satish, S. M., & Bharadhwaj, S. (2010). Information search behaviour among new car buyers: A two-step cluster analysis.
IIMB Management Review, 22 (1-2), 5-15. https://doi.org/10.1016/j.iimb.2010.03.005

Seto, K.C., Kaufmann, R.K. & Woodcock C.E. (2000). Landsat reveals China’s farmland reserves, but they're vanishing fast.
Nature, 406, 121.

Seto, K. C., & Fragkias, M. (2005). Quantifying spatiotemporal patterns of urban land-use change in four cities of China with
time series landscape metrics. Landscape ecology, 20, 871-888. DOI 10.1007/s10980-005-5238-8

Seto, K.C., Guneralp, B., Hutyra, L.R., (2012). Global forecasts of urban expansion to 2030 and direct impacts on biodiversity
and carbon pools. Proceedings of Natural Academic Science, 109, 16083-16088. https://doi.org/10.1073/pnas.1211658109

Shih, M. Y., Jheng, J. W., & Lai, L. F. (2010). A Two-Step Method for Clustering Mixed Categroical and Numeric Data.
Tamkang Journal o Science and Engineering, 13 (1), 11-19. https://doi.org/10.6180/jase.2010.13.1.02

TeMA - Journal of Land Use Mobility and Environment 2 (2025) 268


https://doi.org/10.1016/j.landusepol.2007.09.004
https://doi.org/10.1016/j.envpol.2010.11.017
https://doi.org/10.1016/j.landurbplan.2007.01.003
http://dx.doi.org/10.6093/1970-9870/9908
https://doi.org/10.1016/j.iimb.2010.03.005
https://doi.org/10.1073/pnas.1211658109
https://doi.org/10.6180/jase.2010.13.1.02

Ozkan D. G. et al. — An evaluation on the change of natural areas: the case of Eastern Black Sea settlements

Steffen W.L., Sanderson A., Tyson P.D., Jager J., Matson P.A., Moore B.III, Oldfield F., Richardson K., Schellnhuber H.J.,
Turner B.L. and Wasson R.J. (eds) 2004. Global Change and the Earth System: A Planet Under Pressure. Springer Verlag,
Heidelberg.

Suthakar, K., & Bui, E. N. (2008). Land use/cover changes in the war-ravaged Jaffna Peninsula, Sri Lanka, 1984—early 2004.
Singapore Journal of Tropical Geography, 29 (2), 205-220. https://doi.org/10.1111/j.1467-9493.2008.00329.x

Tathdil, H. (1992). Cok Dediskenli Istatistiksel Analiz. Ankara: Hacettepe Universitesi Yayinlari

Tekin, B. (2018). Ward, K-Ortalamalar ve iki Adimli Kiimeleme Analizi Yéntemleri ile Finansal Gostergeler Temelinde Hisse
Senedi Tercihi. Balikesir Universitesi Sosyal Bilimler Enstitisi Dergisi, 21 (40), 401-436. https://doi.org/10.31795/
baunsobed.492464

Turner II, B.L., Janetos, A.C., Verburg, P.H., Murray, A.T., 2013. Land system architecture: using land systems to adapt and
mitigate global environmental change. Global Environmental Change, 23, 395-397. https://doi.org/10.1016/
j.gloenvcha.2012.12.009

TUIK (2023). Available at: https://biruni.tuik.gov.tr/medas/?kn=95&locale=tr

United Nations, (2009). World Urbanization Prospects, File 3: Urban Population by Major Area, Region and Country 1950—
2050. United Nations, Department of Economic and Social Affairs, Population Division.

URL-1. https://corine.tarimorman.gov.tr/corineportal/nedir.html. (Accessed: March 2024).

Verburg, P.H., Crossman, N., Ellis, E.C., Heinimann, A., Hostert, P., Mertz, O., Nagendra, H., Sikor, T., Erb, K.-H.,
Golubiewski, N., Grau, R., Grove, M., Konaté, S., Meyfroidt, P., Parker, D.C., Chowdhury, R.R., Shibata, H., Thomson, A.,
Zhen, L., (2015). Land system science and sustainable development of the earth system: a global land project perspective.
https://doi.org/10.1016/j.ancene.2015.09.004

Vincze, M., & Mezei, E. (2011). The Increase of Rural Development Measures Efficiency at the Micro-Regions Level by Cluster
Analysis. A Romanian Case Study. Eastern Journal of European Studies, 2 (1), 13.

Wu, X., Zhan, F. B., Zhang, K., & Deng, Q. (2016). Application of a twostep cluster analysis and the Apriori algorithm to
classify the deformation states of two typical colluvial landslides in the Three Gorges, China. Environmental Earth Sciences,
75(2), 146. https://doi.org/10.1007/s12665-015-5022-2

Image Sources

All figures are original produced by the authors for this paper.

Author’s profile
Doruk Gorkem Ozkan

He received his BSc in Landscape Architecture from Karadeniz Technical University (KTU) in 2008. Also, he received his MA
(Post occupancy evaluation in urban open spaces: a case study of Trabzon coastline) and Ph.D. (The effects of campus
open space environmental attributes on place attachment: the case study of KTU Kanuni Campus) in Landscape Architecture
from Karadeniz Technical University in 2012 and 2017, respectively. Currently, he is a Professor of Landscape Architecture,
Landscape Planning and Design the Karadeniz Technical University and his research interests include landscape design,
environmental psychology, place attachment, pro-environmental behaviour. He is a member of KTU Environmental Problems
Research and Application Center, Natural structures and landscape working group.

Sinem Dedeoglu 6zkan

She received her MA in Urban and Regional Planning from Karadeniz Technical University in 2015. She completed her
doctorate in 2023. Her master’s thesis is titled “"A new method for determination of regional development level” and her
doctare thesis is titled “Territorial- and network-based region dialectics in regional planning practice: A model proposal for
the determination of the relational regions within the scope of ‘the plan region”. Her research interests include urban and
regional planning, regional development, economic and social demography, networking. She continues her academic life in
KTU Faculty of Architecture, Department of City and Regional Planning.

Seda Ozlii

In 2006, she started his undergraduate education at Karadeniz Technical University Department of Urban and Regional
Planning and graduated in 2010. In the same year, she started her master's degree at KTU Institute of Science and
Technology, Department of Urban and Regional Planning. She completed her master's thesis titled “Kirsal Yerlesme Eylem
Plani Yaratim Siireci: Trabzon/Salacik K&y Deneyimi” in 2014. In 2022, she completed her PhD thesis titled "Kent ici
ikametgah Hareketliligi Dinamiklerinin Belirlenmesi: Bir Model Onerisi" in 2022 and successfully graduated. Between 2012-
2022, she worked as a research assistant at KTU Faculty of Architecture, Department of Urban and Regional Planning. As
of 2024, she has been working as Asst. Prof. Dr. at KTU Department of Urban and Regional Planning. Her research interests
include urban geography, migration and residential mobility, action planning, participation, rural area planning.

TeMA - Journal of Land Use Mobility and Environment 2 (2025) 269



