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Abstract

Bodrum Peninsula is one of the most important tourism centers of Turkey with its geographical location, coastal and marine tourism,
natural and cultural features. It has been determined that the winter population has also increased in Bodrum in recent years, and it
is thought that this may cause an increasing permanent resident population and urbanization. The objective of this study is to
determine the changes in land cover due to the rapid increase in urbanization in Bodrum Peninsula. For this purpose, object-based
classification analysis was applied to Landsat 4-5 TM 1990, 2000, 2010 and Landsat 8 OLI 2021 multispectral satellite images. Within
the scope of the analysis, the objects were created by applying the segmentation process to satellite images. Secondly, land cover
classes were determined according to the Corine land cover classification with levels 1-2-3. Thirdly, the classification process based on
a decision tree was carried out with the classes defined using the threshold values determined for spectral and texture properties of
the objects using multiresolution segmentation. In the last stage, accuracy assessment analysis was applied to the classification results.
According to the results, it is obtained that while Urban Fabric and Burnt Areas are increased in 32 years, Forest and semi-natural areas
are decreased. As a result of population pressure due to tourism, Urban Fabric areas have moved closer to Forests and Semi-Natural
Areas. Wildfires with the effect of heatwaves were increased, biodiversity has been endangered in the study area located in the
Mediterranean basin, where human-related climate change is most clearly detected. Significantly, there has been a wildfire in Bodrum
in August 2021, which lasted for days and caused severe degradation on the land cover. For this, sustainable land cover management
is recommended to protect the natural ecosystem by minimizing the risks that cause land degradation in the Bodrum peninsula.
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1. INTRODUCTION

Rapid and uncontrolled land use/land cover
(LULC) changes can seriously affect climate,
biodiversity, soil quality, water bodies, urbanization
rate, and population pressure and many other
environmental systems (Lambin, Turner, & Geist,
2001; Thuiller, Lavorel, & Araujo, 2015; Ciirebal, Efe,
& Soykan, 2019; Ustaoglu, ikiel, & Dutucu, 2021;
Topaloglu, Aksu, & Ghale, 2021; Firatli, Dervisoglu,
& Yagmur, 2022). The Eastern Mediterranean Basin is
one of the most sensitive and vulnerable areas in the
world in terms of climate change (Koc, Biltekin, &
Ustaoglu, 2021). According to the latest, Six
Assessment  Report of the IPCC (The

Intergovernmental Panel on Climate Change), the
Mediterranean Basin is stated as one of the regions
where climate change and its effects (drought, forest
fire, etc.) are seen most effectively (IPCC, 2021). In
recent years, frequency, extent, and severity of
wildfires have increased in the Mediterranean Basin
due to land use change and global warming (Mitri &
Gitas, 2006). Particularly drought, heat waves, wind
speed and Pinus bruita Ten., which is the climax type
of the Mediterranean Phytogeographical Region,
increase the possibility of fire (Atalay, Sezer & Cukur,
1998; Atalay, 2015; Baylan & Ustaoglu, 2020).
According to the recent studies, frequency and extent
of large wildfires will increase throughout the
Mediterranean Basin 14% by the end of the century
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(2071-2100) under the RCP4.5 scenario, and by 30%
under the RCP8.5 (Ruffault, Curt, & Moron, 2020).
Determining the LULC classes and examining their
spatial distributions is an important data source for
analyzing the effects for different problems using
actual and accurate geographical information. Satellite
images provide the opportunity to determine the
spatial distribution or transformation of each LULC
class with different resolution data in monitoring the
current conditions of large areas or their changes over
time (Sertel, Musaoglu, & Alp, 2018; Mishra & Rai,
2021).

There are many studies that determine LULC
with opensource Landsat images effect on forest cover
(Yavasli, Masek, & Franks, 2013), water resources
(Ciiceloglu, Seker, & Tanik, 2021), vegetation (Ikiel &
Kog, 2015), geomorphology (Olgen, 2004) and soil
salinity (Aksoy, Yildirim, & Gorji, 2022). In recent
years, there are a lot of studies in which Object-based
classification is used in determining the LULC (Sertel
& Akay, 2015; Alganci, Sertel, & Kaya 2018; Esetlili,
Bektas Balcik, & Balik Sanli, 2018; Karabulut,
Ceylan, & Bahar, 2021).

Object-based classification method gives higher
accuracy values specifically for the classification of
high-resolution satellite images and selected as the
classification approach for this study. In this method,
homogeneous image objects consisting of pixels with
similar spectral properties are created. The images are
classified by considering the spectral, statistical,
texture and geometric properties defined for the
objects. Bodrum is one of the coastal tourism centers
located in the Aegean Region, in the Mediterranean
Basin. Coastal tourism benefits significantly from the
sea with a wide variety of recreational activities and
provides services such as accommodation depending
on the coast. Coastal tourism primarily chooses
sparsely populated coasts with natural beauty, mild
climate, and natural vegetation as far as the shore
(Doganer, 2001). Bodrum Peninsula, with various
cultural features and transport facilities and the
suitability of the natural environment, have become
one of Turkey's most important tourism centers in
recent years. In addition to touristic facilities, the
demand for summer residences are increased. A rapid
urbanization has been observed in Bodrum harbor and
its surroundings and on the coasts of Turgutreis,
Gilindogan, Akyarlar, Torba, Yalikavak, Goltiirkbiikii
and Ortakent. In the Bodrum peninsula, which has a
rich history dating back to ancient times, the people’s
main economic activities in the early 20th century
were fishing, sponge fishing, and agriculture.
Population growth is the most important factor in the
development and sprawl of settlements (Bhatta, 2010).
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Tourism has started to develop since the mid-1960s in
Bodrum. International Bodrum-Milas airport, marinas
such as the Milta Bodrum Marina, D-Marin Turgutreis
Marina and Palmarina have been effective in the
transportation of domestic and foreign tourists after the
1990s with the development of tourism.

The population has shown an increasing trend in
the last 15 years in Bodrum (URL 2). The most
important factor in the increase of the population is the
increase of summer houses, and second houses and the
residents of these sites continue to live not only in
summer but also in winter.  According to the
population projections, it has been stated that the
population growth will continue to increase in the next
ten years and will reveal the problem of drinking and
usage of water (Bakis & Ari, 2010). Human factors
such as population, tourism, etc., and natural disasters
such as forest fire, drought, etc. and their effects
caused by climate change and its effects have caused
significant changes in land cover in recent years.
According to this the purpose of this study is to
determine the changes in land cover by using Landsat
4-5 TM and Landsat 8 OL I satellite images and object
based classification method in the Bodrum Peninsula
between 1990- 2000- 2010- 2021 for 32 years.

1.1. Study area

Bodrum peninsula is located in the south-west
of Turkey with coordinates of the 36°57'N - 37°17'N,
27°13’E - 27°58’E (Figure 1). The peninsula is
surrounded by the Aegean Sea in the north, south, and
west directions and is connected to Anatolia from the
east. Volcanic rocks are located in the west of this area,
with a hilly morphology of medium slopes, while
limestone rocks are common in the east. There are
many large and small karstic holes on the limestone
rocks, and the streamline is weak. While there are
many bays on the western and northern coasts of the
peninsula, the southern coasts have flat terrains.
Bodrum harbor and settlement are located in the
southwest of the study area, protected by Karaada
(ikiel, 2004). Mediterranean climate characteristics,
Csa in the Koppen-Geiger Classification, are observed
in Bodrum Peninsula. The summer season is hot and
dry, the winter season and the spring is rainy. Annual
mean temperature is 20 °C. The average temperature
between May and October is above 20 °C. Average
annual precipitation is 710 mm. This precipitation
mostly occurs in winter, spring and autumn seasons.
Snowfall is rare. The annual average wind speed is 3.9
m/s and northerly winds are dominant. Wind speeds
increase in the afternoon during the day (Ikiel, 2005).
The research area is located in the Mediterranean
Phytogeography region depending on the climatic
conditions. Due to the destruction of the Pinus brutia
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Ten. forests that constitute the natural vegetation,
maquis vegetation is generally seen in the coastal areas
and around the settlement areas. Garig vegetation has
developed in areas where maquis vegetation has been
destroyed. There are local Pinus brutia Ten.
communities in high areas (ikiel, 2004). The 7 month
period between May and October offers ideal
conditions for coastal and marine tourism, depending
on the temperature, relative humidity, average wind
speed, and sea surface temperatures in the study area
(Ikiel, 2005). Yacht tourism has developed since the
bays suitable for yacht tourism are close to each other
in terms of climate conditions and coastal
geomorphology, there are winds suitable for yachting,

and this coast is close to the islands of Kos, Patmos,
and Rhodes, where yachts are most visited (Doganer,
2001). The population of the Bodrum peninsula,
which was 16,387 in 1904 and 15,694 in 1927 (Kodal,
2008) reached 25,811 in 1965, 97,826 in 2000,
124,820 in 2010, and 175,435 in 2019 (Figure 2). In
addition to the population increase, the number of
tourists visiting Bodrum and its surroundings has
increased year by year (URL 3). In addition to these,
Bodrum and its surroundings have turned into an area
that accommodates and serves a population well above
the population with those on yachts and boats, those
who come for a day, those who stay in summer houses.
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Figure 2- Population change in Bodrum
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2. MATERIAL AND METHOD

In this study 30 m. spatial resolution
multispectral Landsat 4-5 TM 1990 (16.08.1990),
2000 (26.07.2000), 2010 ( 06.07.2010) and 15 m.
spatial resolution panchromatic image and Landsat 8
OLI (21.08.2021) image (URL 4) used with Trimble
eCognition Developer software. Fieldwork was
carried out in July 2019 and 2020. Images were
prepared using the Bodrum Peninsula boundary vector
data, and pre-processing was completed. Corine land
cover classification was used for determining land
cover classes. CORINE (Coordination of Information
on the Environment) is the LULC data produced by
computer-aided visual interpretation method over
satellite images according to the LULC Classification
defined by the European Environment Agency (URL
5). There are different classification systems
(Anderson, Ernest, & John, 1976; URL 6) besides
Corine, in all member countries of the European
Environment Agency, including Turkey, an accessible
Corine database has been created, and Corine classes
are used to make comparisons in studies on Turkey
(URL 7).

In this study, 9 main and subclasses were
determined using Level 1, Level 2 and Level 3. The
land cover classes determined for this study are Level
1.1 Urban Fabric, Level 1.3: Mine, Dump and
Construction Sites, Level 1.2.3: Port areas, Level
1.2.4: Airports; Level 2: Agricultural Areas, Level 3:
Forests and Semi-Natural Areas, Level 3.3.4 Burnt
Areas, Level 4: Wetlands, Level 5: Water Bodies. The
workflow chart prepared for the study is given in
Figure 3.

2.1 Object-Based Classification

Image classification is the most commonly used
method to extract information about remotely sensed
images. The classification is separating pixels into
user-defined classes by using the reflection and
brightness values of each pixel on the image. In
general, pixel-based and object-based classification
methods are used in the classification process. In
recent years, the object-based classification method
has been used instead of the traditional pixel-based
classification method. The most important reason for
this can be shown that the rich information content
available with the increase in the spatial resolution of
satellite image data and aerial photographs in recent
years cannot be fully reflected in the products obtained
from the pixel-based approach (Navulur, 2007).
Object-based classification uses both spectral and
spatial patterns for image classification. This is a two-
step process involving dividing and classifying the
image into separate  objects.  Object-based
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classification is the opposite approach of traditional
pixel and sub-pixel-based classification processes. It is
based on the grouping of pixels with similar spectral
characteristics on the image, not with individual
pixels, to create image objects representing these
pixels and classifying the objects in question instead
of pixels (Blaschke, 2010; Myint, Gober, & Brazel,
2011; Esetlili, Bektas, & Balik, 2018; Kavak, 2018).
Instead of millions of pixels on the image, the objects
representing them are classified with this process. In
the object-based classification approach, structure,
texture, spectral information, and sizes of objects are
taken into account in the classification process
(Avashia, Parihar, & Garg, 2020), and a lot of
additional information can be extracted from image
objects.

Pixel-based approaches work on each pixel and
extract information from remotely sensed data based
on spectral information (Gupta & Bhadauria 2014).
The main purpose of this method is to automatically
combine each pixel in the image according to the
terrain attributes. The problems encountered by pixel-
based approaches are overcome by object-based image
classification. Object-based information interprets an
image not only according to a single pixel, but also in
meaningful image objects and interrelationships.

Object-based information extraction depends
not only on spectrum character but also on geometry
and structure information (Wei, Chen, & Ma, 2005).
In addition, the object-based approach gives more
meaningful and positive results for the thematic class
than the pixel-based approach since it uses many
properties of these segments such as color, frequency,
and neighborhood by grouping pixels in the
segmentation stage. At the same time, object-based
classification process has a structure that can be
updated continuously with the decision set or fuzzy
logic algorithms it uses. eCognition Developer
software, which is the most used object-based image
analysis software, offers a similar approach to pixel-
based approach with its nearest neighbor classification
method and gives the same meaningful results in a
more practical way (Hofmann, 2001; Kalkan &
Maktav 2010). It is seen in the literature that pixel-
based classification algorithms are frequently used to
determine the current state of land cover (Efe, Soykan,
& Ciirebal, 2012; Ikiel, Ustaoglu, & Kilig, 2013;
Dutucu & Ikiel 2016; Alevkayali & Tagil 2018;
Sekertekin, Marangoz, & Akcin, 2017; Ikiel,
Ustaoglu, & Dutucu, 2019; Mishra, Rai, & Rai, 2020).
On the other hand, object based classification, is a
classification algorithm that is used extensively after
the widespread use of very high resolution satellite
images, and its use in medium spatial resolution data
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such as Landsat has also become widespread (Sertel &
Alganct, 2016; Alganci, 2018; Aahlaad, Mozumder, &
Tripathi, 2021; Sang, Guo, & Wu, 2021). In recent
years, there have been many studies in which pixel-
based and object-based classifications have been made
comparatively. The results obtained from these studies
show that; the accuracy analysis results obtained from
Object Based classification, which is based on both
classification and segmentation principles, are higher
than the accuracy analysis results obtained from pixel-
based classification (Tampubolon, Abdullah, & Hwee,
2013; Phiri & Morgenroth 2017; Avashia, Parihar, &
Garg, 2020). Object-based classification process
consists of two stages. In the first step, the
segmentation of a multi-layered data set represents a
meaningful earth object alone or in groups. Scale,
color, shape, and texture parameters are taken into
consideration in the segmentation process. In the
second stage, the segments are classified within
hierarchical or relational definitions, taking into
account their reflection, shape, and texture
characteristics. In this study, eCognition Developer
v.10.0 software was wused for object-based
classification process (Alganci, 2018).

4
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Figure 3- The flowchart of the methodology

2.2 Segmentation

The segmentation process works in two
different methods: top-down and bottom-up. The basis
of the top-down method is the process of breaking the
whole into the smallest pieces. There are other top-
down segmentation methods. These; chessboard
segmentation, quadtree-based segmentation, and

contrast segmentation algorithms. The second strategy
of the segmentation process is bottom-up
segmentation. In this approach, small pieces are
obtained as large pieces by taking specific criteria into
account. The most important method used for bottom-
up strategy is the "Multiresolution Segmentation”
method (Baatz & Schape 2000; Benz, Hofmann, &
Willhauck, 2004; Witharana & Civco 2014). With the
multi-resolution  segmentation  algorithm, three
parameters given as scale, shape and density in
segmentation are determined by the user. The most
important of these three parameters is the scale
parameter. In the multi-resolution segmentation phase,
the scale parameter, color / shape parameter and
softness / density parameters should be determined as
close to reality as possible. Color / shape and softness
/ density parameters complement each other to 1. After
the segmentation step, different parameters are set for
the image data used, classification is made, and the
desired detail extraction is performed.

2.3 Classification

At this stage, it is aimed to assign objects with
similar characteristics from the image objects obtained
by the segmentation process by evaluating them with
different parameters such as homogeneity, size,
texture and color. eCognition software provides two
basic classifiers, namely the nearest neighbor classifier
and fuzzy membership functions. While the closest
neighbor classifier defines the classes that will emerge
with the help of sample objects determined according
to the class hierarchy through the segments formed,
fuzzy membership functions are based on the
definition of a decision set to be created for the related
classes of the properties of the objects and their
equivalent values (Kavzaoglu & Yildiz 2014).

2.4 Accuracy Assessment

Classification accuracy in remote sensing is
obtained by investigating the compatibility between
the actual class of objects assigned to several classes
in the post-classification image. This research is
performed visually by comparing it with reference data
and/or statistically. For this purpose, the compatibility
of these pixels / segments with the reference data is
examined by selecting the pixels / segments during the
classification or over the classified data. As reference
data, data obtained from aerial photographs, existing
maps and plans or GPS measurements can be used.

The most common way to describe the degree
of accuracy is to create an error matrix. Error matrix is
a quadratic pattern of numbers arranged in rows and
columns of the number of pixels/segments assigned to
a particular land cover type according to the actual
land cover. The classification results of this table are
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shown with rows and columns; rows represent class
data, representing location facts based on sample
points (Sertel & Yay 2014; Alganci, Besol, & Sertel,
2018). Many criteria for the correctness of the
classification can be derived from the error matrix. The
most common of these is the calculation of the
percentage of correctly separated categories. The ratio
of individual accuracies of classes, the sum of
pixels/segments correctly assigned to a class, to the
sum of all pixels/segments belonging to that class can
be found by deriving from the error matrix (Foody,
2002). User and producer accuracy and kappa statistics
are derived from these matrices. The number of
random control points in each class was determined by
considering the class priority, the area covered by the
class, and the homogeneity of the class (Cohen, 1960;
Story & Congalton 1986; Van Deusen, 1996; Foody,
2020).

3. RESULTS AND DISCUSSIONS

The multi-resolution segmentation algorithm
was used for the segmentation process, which is the
first step of the analysis. The algorithm aims to
determine the most suitable scale parameter for the
land, based on the necessity of expressing different
objects in different scales according to their size and
texture characteristics, especially in working areas
with heterogeneous cover types (Li & Shao 2012;
Kavzaoglu & Yildiz 2015). The scale parameter
controls the spectral variation of the group of pixels
that will create the object and the resulting segment
size. The first of the two complementary parameter
sets in the segmentation process is the shape - color
component. The shape and color are defined so that
they complement the other to the value 1. It is
determined according to this weighting which
parameter will be more important in determining the
object boundaries. The shape properties are also
determined by the compactness and softness sub-
parameters. In the second stage, determining the
threshold values of the classes and defining the class
relationships by using the spectral and texture
parameters of the pixels that make up the segments
was initiated. In this context, the most suitable
segmentation is provided with the parameter set
defined by a scale factor: 20, shape: 0.2, and
compactness: 0.8.

After the segmentation process, the
classification stage was started. Following the purpose
of the study, first of all, the settlement class was
defined. The classification process has been made with
the nearest neighborhood. The nearest neighborhood
algorithm primarily calculates the mean value vectors
representing the classes within the training set. Then,
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spectral distances between the estimated class average
vectors of the candidate pixel to be classified are
calculated. According to the calculated spectral
distances, the pixel is assigned to the sample class at
the closest distance (Lillesand, Kiefer, & Chipman,
2007). Afterward, open areas with shrub, forest ,and
water bodies were defined, respectively. Object-based
classification results were transformed into vector data
with the "export” menu in the Trimble eCognition
software and saved as a file with the extension of "*
.shp". The saved file was opened with Arc Map 10.5
software as a "*. shp" extension file, and maps were
created (Figure 4-5). For the accuracy analysis on the
classification results, a total of 365 randomly selected
control points were taken from the Landsat 4-5 TM
August 1990 image, 70 in Urban Fabric, 80 in
Agricultural Areas, 80 in Forests and Semi-Natural
Areas, 30 in Wetlands, 25 in Water Bodies, 65 in
Mine, Dump and Construction Sites, 5 in Port areas,
10 in Burnt Areas. There was no airport level class in
1990 because Milas Bodrum Intenational Airport was
built after 1990. In the Landsat 4-5 TM August 2000
image, a total of 390 randomly selected control points
were taken. 80 in Urban Fabric, 80 in Agricultural
Areas, 80 in Forests and Semi-Natural Areas, 40 in
Wetlands, 20 in Water Bodies, 70 in Mine, Dump and
Constraction Sites, 10 in Port areas, 10 in Airport.
There was no burnt area level class in 2000. Because
there have been no forest fires in this year. A total of
420 randomly selected control points were taken from
the Landsat 4-5 TM August 2010 image, 90 in Urban
Fabric, 80 in Agricultural Areas, 80 in Forests and
Semi-Natural Areas, 40 in Wetlands, 20 in Water
Bodies, 70 in Mine, Dump and Construction Sites, 10
in Port areas, 10 in Airrport, 20 in Burnt Areas. In the
Landsat 8 OLI 2021 image, a total of 450 randomly
selected control points were taken. 90 in Urban Fabric,
80 in Agricultural Areas, 80 in Forests and Semi-
Natural Areas, 40 in Wetlands, 20 in Water Bodies, 70
in Mine, Dump and Construction Sites, 10 in Port
areas, 10 in Airport and 50 in Burnt Areas (Table 1-2-
3-4).

Error matrices have been created with the class
labels of these points and their corresponding control
references (Table 1-2-3-4). Within the scope of the
study, Google Earth web map service was used
because it provides high-resolution satellite data for all
the years mentioned as verification reference data.
User accuracy for the year 1990, respectively; 78,6%
in Urban Fabric, 75% in Agricultural Areas, 87.5% in
Forests and Semi-Natural Areas, 100% in Wetlands,
100% in Water Bodies, 84,6% in Mine, Dump and
Constraction Sites, 100% in Port areas, 100% in Burnt
areas. Producer accuracy has been calculated as
respectively; 78,6% in Urban Fabric, 80% in



Land cover change analysis between 1990 and 2021 using Landsat images and object-based classification: 107
A case study in Bodrum peninsula, Aegean Region, Turkey

Agricultural Areas, 87.5% in Forests and Semi- to accuracy assessment results, overall accuracy of the
Natural Areas, 100% in Wetlands, 100% in Water classification is 84.9 % with a kappa value of 0.82
Bodies, 78,6% in Mine, Dump and Construction Sites, (Table 1). User accuracy for the year 2010,
100% in Port areas, 100% in Burnt areas. According  respectively; 87,5% in Urban Fabric, 76,3% in

Land Cover Classes

- Urban Fabric - Burnt Areas
N
i i 0 25 5 10 km 4
Agricultural Areas - Airports - @ .
- Forests and Semi-Natural Areas - Port Areas 4
- Water Bodies - Mine, Dump and Construction Sites
Wetlands

Figure 4- Land Cover Map of Bodrum Peninsula, Landsat 4-5 TM 1990-2000
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Land Cover Classes
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Figure 5- Land Cover Map of Bodrum Peninsula, Landsat 4-5 TM 2010- Landsat 8 OLI 2021
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Table 1- Accuracy Assessment Results of Landsat 4-5 TM 1990
. F(;Lejts Mine, Dump @ § User
Land Cover Urba_n Agricultural Semi- Wet Wat_er and _ E g < Total  Accuracy
Classes 1990 Fabric Areas Natural lands Bodies Const_ractlon o S < %)
Sites ) = 3
Areas a < o0
Urban Fabric 55 10 0 0 0 5 0 0 0 70 78,6
Agricultural Areas 60 10 10 0 80 75,0
Forests and Semi- 5 70 0 0 0 o 0 o0 8 875
Natural Areas
Wetlands 0 0 0 30 0 0 0 0 0 30 100,0
Water Bodies 0 0 0 0 25 0 0 0 0 25 100,0
Mine, Dump
and Construction 10 0 0 0 0 55 0 0 0 65 84,6
Sites
Port Areas 0 0 0 0 0 0 5 0 0 5 100,0
Airports 0 0 0 0 0 0 0 0 0 0 0,0
Burnt Areas 0 0 0 0 0 0 0 0 10 10 100,0
Total 70 75 80 30 25 70 5 0 0 365 100,0
Z“’d“cer 78,6 80,0 875 1000 100,0 78,6 1000 00 1000 1000  100,0
ccuracy (%)
Overal Classification Accuracy: 84.9 % Kappa Statistics: 0.82
Table 2- Accuracy Assessment Results of Landsat 4-5 TM 2000
. F(e)arr?;ts Mine, Dump ] § User
Land Cover Urban  Agricultural Semi- Wet  Water and 3 o 2 Total Accuracy
Classes 2000 Fabric Areas lands Bodies Constraction < o =
Natural - = = S (%)
Sites 5 = S
Areas a < M
Urban Fabric 70 2 0 0 0 8 0 0 0 80 87,5
Agricultural Areas 61 10 9 0 80 76,3
Forests and Semi- 3 72 0 0 0 0 0O 0 8 90,0
Natural Areas
Wetlands 0 0 0 40 0 0 0 0 0 40 100,0
Water Bodies 0 0 0 0 20 0 0 0 0 20 100,0
Mine, Dumpand 0 0 0 0 60 0 o 0 70 85,7
Construction Sites
Port Areas 0 0 0 0 0 0 10 0 0 10 100,0
Airports 0 0 0 0 0 0 0 10 0 10 100,0
Burnt Areas 0 0 0 0 0 0 0 0 0 0 0,0
Total 85 66 82 40 20 77 10 10 0 390 100,0
Producer
Accuracy (% 82,4 92,4 87,8 100,0 100,0 77,9 100,0 100,0 0,0 100,0 100,0
y (%)

Overal Classification Accuracy: 87.9 %

Kappa Statistics: 0.85

Agricultural Areas, 90% in Forests and Semi-Natural
Areas, 100% in Wetlands, 100% in Water Bodies,
85,7% in Mine, Dump and Construction Sites, 100%
in Port areas, 100% in Airports. Producer accuracy has
been calculated as respectively; 82,4% in Urban
Fabric, 92,4% in Agricultural Areas, 87.8% in Forests
and Semi-Natural Areas, 100% in Wetlands, 100% in
Water Bodies, 77,9% in Mine, Dump and Construction
Sites, 100% in Port areas, 100% in Airports.
According to accuracy assessment results, overall
accuracy of the classification is 87.9 % with a kappa

value of 0.85 (Table 2). User accuracy for the year
2010, respectively; 88,9% in Urban Fabric, 83,8% in
Agricultural Areas, 90% in Forests and Semi-Natural
Areas, 100% in Wetlands, 100% in Water Bodies,
84,3% in Mine, Dump and Constraction Sites, 100%
in Port areas, 100% in Airports, . Producer accuracy
has been calculated as respectively; 82,4% in Urban
Fabric, 92,4% in Agricultural Areas, 87.8% in Forests
and Semi-Natural Areas, 100% in Wetlands, 100% in
Water Bodies, 77,9% in Mine, Dump and Construction
Sites, 100% in Port areas, 100% in Airports and 65%
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in Burnt areas. According to accuracy assessment
results, overall accuracy of the classification is 88.3 %
with a kappa value of 0.86 (Table 3). User accuracy
for the year 2021, respectively; 91,9% in Urban Fabric,
85 % in Agricultural Areas, 87,5% in Forests and
Semi-Natural Areas, 100% in Wetlands, 100% in
Water Bodies, 85,7% in Mine, Dump and Construction
Sites, 100% in Port areas, 100% in Airports, 88% in
Burnt areas. Producer accuracy has been calculated as

Beyza USTAOGLU

respectively; 89,1% in Urban Fabric, 91,9% in
Agricultural Areas, 84.3% in Forests and Semi-
Natural Areas, 100% in Wetlands, 100% in Water
Bodies, 89,6% in Mine, Dump and Construction Sites,
100% in Port areas, 100% in Airports and 81,5 % in
Burnt areas. According to accuracy assessment results,
overall accuracy of the classification is 89.8 % with a
kappa value of 0.88 (Table 4).

Table 3- Accuracy Assessment Results of Landsat 4-5 TM 2010

Forests .
. and Mine, Dump § a User
Land Cover Urban  Agricultural Semi- Wet  Water and z = ~ o Total Accuracy
Classes 2010 Fabric Areas lands Bodies Constraction - =
Natural Sites S :: 3 % (%)
Areas
Urban Fabric 80 2 0 0 0 8 0 0 90 88,9
Agricultural Areas 67 10 3 80 83,8
Forests and Semi- 3 72 0 0 0 0 0 5 80 900
Natural Areas
Wetlands 0 0 0 40 0 0 0 0 0 40 100,0
Water Bodies 0 0 0 0 20 0 0 0 0 20 100,0
Mine, Dump and 1 0 0 0 0 59 o 0 0 70 84,3
Construction Sites
Port Areas 0 0 0 0 0 0 10 0 0 10 100,0
Airports 0 0 0 0 0 0 0 10 0 10 100,0
Burnt Areas 0 4 3 0 0 0 0 0 13 20 65,0
Total 91 76 85 40 20 67 10 10 21 420 100,0
E;;Sd“cer Accuracy  g79 88.2 847 100 100 88.1 100 100 61,9 100 1000
Overal Classification Accuracy: 88.3 % Kappa Statistics: 0.86
Table 4- Accuracy Assessment Results of Landsat 8 OLI 2021
. FC;I:;IS Mine, Dump § 2 User
Land Cover Urba_n Agricultural Semi- Wet Wat.er and _ z 5 ~ & Total Accuracy
Classes 2021 Fabric Areas lands Bodies Constraction = 2 £ %
Natural Sites 5 = 52 (%)
Areas e < o<
Urban Fabric 82 1 0 0 0 7 0 0 90 91,1
Agricultural Areas 68 9 3 80 85,0
Forests and Semi- 0 3 70 0 0 0 0O 0 7 80 87,5
Natural Areas
Wetlands 0 0 0 40 0 0 0 0 0 40 100,0
Water Bodies 0 0 0 0 20 0 0 0 0 20 100,0
Mine, Dump and 10 0 0 0 0 60 o 0 o0 70 85,7
Construction Sites
Port Areas 0 0 0 0 0 0 10 0 0 10 100,0
Airports 0 0 0 0 0 0 0 10 0 10 100,0
Burnt Areas 0 2 4 0 0 0 0 0 44 50 88,0
Total 92 74 83 40 20 67 10 10 54 450 100,0
z,;%d“cer Accuracy  gg 1 91,9 843 100 100 89,6 100 100 815 100,  100,0

Overal Classification Accuracy: 89.8 %

Kappa Statistics: 0.88

EGE COGRAFYA DERGISI (ECD)
Aegean Geographical Journal, VOL. 31 (1), 101-119, (2022)



Land cover change analysis between 1990 and 2021 using Landsat images and object-based classification: 111
A case study in Bodrum peninsula, Aegean Region, Turkey
Table 5- Results of land cover change from 1990 to 2021
1990-
1990 2000 2010 2021 2021
Land Cover Area Area Area Area Area Area Area Area Area (ha)
Classes (ha) (%) (ha) (%) (ha) (%) (ha) (%)
Urban Fabric 7387,2 25 111273 3,8 122324 42 134213 4,6 6034,1
ﬁ?er;”'t“ra' 48178,2 16,4 468831 159 462454 157 424463 144 -5731,8
Forests and 103292,8 351 999850 340 991024 33,7 860213 293 -17271,5
Semi-Natural Areas
Wetlands 791,3 0,3 773,2 0,3 773,2 0,3 768,1 0,3 -23,2
Water Bodies 133335,1 45,3 133482,2 45,4 1334309 45,4 1334309 45,4 95,9
Mine, Dump and 989,9 0,3 1283,8 0,4 14474 0,5 1833,6 0,6 843,7
Construction Sites
Port Areas 17,0 0,0 17,0 0,0 53,9 0,0 53,9 0,0 36,9
Airports 0,0 0,0 500,0 0,2 500,0 0,2 500,0 0,2 500,0
Burnt Areas 59,9 0,0 0,0 0,0 265,8 0,1 15576,1 5,3 15516,2
Total 294051,4 100,0 294051,4 100,0 294051,4 100,0 294051,4 100,0 0,0

The most significant change between 1990 and
2021 occurred in Urban Fabric, Forests and Semi-
Natural Areas, and Burnt areas (Table 5). IPCC Sixth
Assessment Report 2021 clearly states that human
activities have a direct impact on climate change. In
recent years, in which the effects of climate change
have been clearly seen, the number of forest fires has
increased all over the world, in the Mediterranean
Basin and in Turkey, together with the heat waves. In
particular, 2021 has been the year with the most fire
incidents of the last 40 years and spread over large
areas. In the study area, where the Mediterranean
climate and vegetation are typical, the land cover has
been destroyed, and the biodiversity is endangered.
The main reason for the increase in Urban Fabric areas
is the population pressure caused by tourism activities
(Figure 6). As a matter of fact, depending on the
demands in tourism, an airport was built in the study
area after 1990 (Fig 7), and the number of marinas
gradually increased after the 2000s. While there was
only the Marina in Bodrum city center before,
Turgutreis D Marin Port and Yalikavak Palmarina Port
were built after the 2000s (Figure 8). Population
growth in the last 15-20 years after 2010 was also
reflected in the statistics. This situation has caused the
settlements to move from the city center to natural
areas (Figure 6). As a matter of fact, while the number
of forest fires was negligible during the study period,
a wide range of forest fires occurred in 2021 due to
natural and human activities, a decrease in forest areas
and an increase in burned areas. It was observed that
there were fires especially in the northeast (Figure 9)
and southeast (Figure 10) of the study area.

4. CONCLUSION

In this study, land cover change due to the
development of tourism activities in Bodrum
Peninsula, where fishing, sponge fishing, and
agricultural activities were common in the early 20th
century, has been analyzed. Medium resolution
satellite images were analyzed as data in the study.
These data were analyzed using object-based
classification method in eCognition Developer
software, and high accuracy segments were produced.
It is thought that the results and the proposed method
of the study can be useful in the periodic provision of
spatial base data that can be used in the administrative
activities of decision-makers, owing to the capacity to
quick and reliable detection of time-dependent
changes.

According to the satellite image analysis results
in the period studied (1990-2021), it was determined
that while the Urban Fabric and Burnt areas increased
in the research area where marine and coastal tourism
developed, Forests and Semi-Natural Areas, are
decreased. Significant spatial changes occurred along
the shores of the study area, especially with the
urbanization in the western part of the peninsula. As a
result of the urbanization along the coast, when the
land to be built decreases, it moves towards the back
slope terrains.

As a result of population pressure due to
tourism, Urban Fabric areas have moved closer to
Forests and Semi-Natural Areas. Forest fires with the
effect of heat waves were increased, biodiversity has
been endangered, forest areas have decreased, and
burning areas have increased in the study area located
in the Mediterranean basin, where human-related
climate change is most clearly detected.
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According to obtained results, climate change
has caused forest fires in the region with the effect of
heatwaves. In the following years, again with the
effect of heatwaves, it will mainly affect human health,
thermal comfort, water resources, drinking and utility
water, agricultural areas and food safety.

Within the framework of the United Nations
Convention to Combat Desertification and Sustainable

Beyza USTAOGLU

Development Goals, the issue of balancing land
degradation is considered to become a global aim. In
this context, the outputs obtained from the study for
sustainable land management in the study area located
in the Mediterranean Basin, which is one of the most
vulnerable hot and sensitive points to land degradation
are to be shared with decision-makers.

EGE COGRAFYA DERGISI (ECD)
Aegean Geographical Journal, VOL. 31 (1), 101-119, (2022)

Figure 6- Land Cover Change in Urban Fabric, Bodrum city center from 1990 to 2021
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drum 1990 to 2021
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Figure 8- Land Cover Change in Port areas, Turgutreis D-Marin Port and Yalikavak Palmarina Port from 1990 to 2021
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d.) Bodrum, Giivercinlik, 2021

Figure 9- Land Cover Change in Burnt Area, Giivercinlik from 1990 to 2020 and 2021
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Figure 10- Land Cover Change in Burnt Area, Bodrum Wildfire from 2000 to 2021

Acknowledgments: 1 would like to thank the editor, reviewers and Assoc. Prof. Dr. Cercis Ikiel for their
constructive comments and useful recommendations that helped improve the quality of the paper.

Funding: Not applicable

Conflicts of interest/Competing interests The author declare that she has no competing interest.

EGE COGRAFYA DERGISI (ECD)
Aegean Geographical Journal, VOL. 31 (1), 101-119, (2022)



116 Beyza USTAOGLU

REFERANSLAR

Aahlaad, M., Mozumder, C., Tripathi, N., & Pal, I. (2021). An Object-Based Image Analysis of WorldView-3 Image for
urban flood vulnerability assessment and dissemination through ESRI Story Maps. J Indian Soc Remote Sens.

https://doi.org/10.1007/s12524-021-01416-4

Aksoy S, Yildirim A, Gorji T, Hamzehpour N, Tanik AG, Sertel E (2022). Assessing the performance of machine learning
algorithms for soil salinity mapping in Google Earth Engine Platform using Sentinel-2A and Landsat-8 OLI data.
Adv Space Res 69(2):1072-1086

Alevkayali, C., & Tagil, S. (2018). Ortak mallarin trajedisi lizerine teoriler: Gediz Deltasi’nda arazi kullanimi-arazi ortiisi
degisimi. Siileyman Demirel Universitesi Fen-Edebiyat Fakiiltesi Sosyal Bilimler Dergisi, 43, 120-142.

Alganci, U. (2018). Arazi ortiisii degisimlerinin cok zamanl Landsat 8 uydu gériintiileri ile belirlenmesi: Istanbul &rnegi.
Harita Dergisi, 160, 24-33.

Alganci, U, Besol, B., & Sertel, E. (2018). Accuracy assessment of different digital surface models. ISPRS International
Journal of Geo-Information, 7(114).

Alganci, U. , Sertel, E. & Kaya, S. (2018). Determination of the Olive Trees with Object Based Classification of Pleiades
Satellite Image . International Journal of Environment and Geoinformatics , 5 (2) , 132-139 . DOI:
10.30897/ijege0.396713

Anderson James R, Ernest E Hardy, John T Roach, and Richard E. Witmer (1976) A Land Use and Land Cover
Classification System For Use With Remote Sensor Data. USGS Professional Paper 964. A revision of the land use
classification system as presented in the USGS Circular 671.

Avashia, V., Parihar, S., & Garg, A. (2020). Evaluation of classification techniques for land use change mapping of Indian
cities. J Indian Soc Remote Sens, 48, 877-908. https://doi.org/10.1007/s12524-020-01122-7

Atalay, 1., 11, S., & Cukur, H. (1998). The ecologic proporties of Red Pine (Pinus brutia Ten.) forests and their regioning
in terms of seed transfer. Ege Universitesi Basimevi.

Atalay, 1. (2005). Tiirkiye Vejetasyon Cografyasi. Meta Bastm Matbaacilik.

Baatz, M., & Schape, A. (2000). Multi resolution segmentation: an optimization approach for high quality multi scale image
segmentation. In J. Strobl, T. Blaschke, & G. Griesebner (Eds.), Proceedings of Twelfth Angewandte Geographische
Informations verarbeitung (s.12—23). Wichmann-Verlag.

Bakis, R., & Ari, G. (2010). Bodrum Yarimadasiin igme-kullanma suyu problemi ve ¢dziim Onerileri. Tarim Bilimleri
Arastirma Dergisi, 3(2), 71-80. 2010 ISSN: 1308-3945, E-ISSN: 1308-027X

Baylan, K., & Ustaoglu, B. (2020). Emberger Biyoiklim Siniflandirmasina gore Tiirkiye’de Akdeniz Biyoiklim katlarinin
ve alt tiplerinin dagilis1. Ulusal Cevre Bilimleri Arastirma Dergisi, 3(3), 158-174.

Benz, U.C., Hofmann, P., Willhauck, G., Lingenfelder, I., & Heynen., M. (2004). Multi-resolution object-based fuzzy
analysis of remote sensing data for GIS- ready information. ISPRS Journal of Photogramemetry and Remote Sensing,
58(3-4), 239-258.

Bhatta, B. (2010). Analysis of urban growth and sprawl from Remote Sensing data. Springer-Verlag. DOI 10.1007/978-3-
642-05299-6

Blaschke, T. (2010). Object based image analysis for remote sensing. ISPRS Journal of Photogrammetry and Remote
Sensing, 65(1), 2-16.

Cohen, J. (1960). A coefficient of agreement for nominal scales. Educational and Psychological Measurement, 20, 37—46

Ciiceloglu, G. , Seker, D. Z. , Tanik, A. & Oztiirk, 1. (2021). SWAT Modeli Kullanilarak Tki Farkli Arazi Kullanim Veri
Kiimesinin Hidrolojik Simiilasyonlar Uzerindeki Etkilerinin Incelenmesi. Uluslararast Cevre ve Jeoinformatik
Dergisi , 8 (2) , 172-185 . DOI: 10.30897/ijege0.828112

Ciirebal, 1., Efe, R., & Soykan, A. (2019). "Spatial and Temporal Change of Bursa City Settlement Area (1955-2018) and
Environmental Impacts of Expansion”. In V. Krystev, R. Efe, & E. Atasoy (Eds.), Theory and practice in social
sciences (s. 213-226). St Kliment Ohridski University Press.

Doganer, S. (2001). Tiirkiye turizm cografyasi. Cantay Kitabevi

EGE COGRAFYA DERGISI (ECD)
Aegean Geographical Journal, VOL. 31 (1), 101-119, (2022)


https://doi.org/10.1007/s12524-021-01416-4
https://doi.org/10.1007/s12524-020-01122-7

Land cover change analysis between 1990 and 2021 using Landsat images and object-based classification: 117
A case study in Bodrum peninsula, Aegean Region, Turkey

Dutucu, A. A., & Ikiel, C. (2016). Carsamba Ovas1 ve yakin gevresinde arazi drtiisii degisiminin uzaktan algilama ve cografi
bilgi sistemleriyle analizi (1985-2013). International Journal of Human Sciences, 13(3), 5551-5560.

Efe, R., Soykan, A., Ciirebal, 1., & Sénmez, S. (2012). Land use and land cover detection in Karinca river catchment (NW
Turkey) using GIS and RS techniques. Journal of Environmental Biology, 33(2 suppl), 439-447.

Esetlili, T.M., Bektas Balcik, F., Balik Sanli, F., Ustiiner, M., Kalkan, K., Gokse, C., & ... Gazioglu, C., (2018). Comparison
of object and pixel-based classifications for mapping crops using Rapid Eye Imagery: A case study of Menemen
Plain, Turkey. International Journal of Environment and Geoinformatics,5(2), 231-243.

Firath, E., Dervisoglu, A., Yagmur, N., Musaoglu,N., Tanik, A. (2022). Spatio-temporal assessment of natural lakes in
Turkey. Earth Science Informatics, doi.org/10.1007/s12145-022-00778-8.

Foody, G. M. (2002). Status of land cover classification accuracy assessment. Remote Sensing of Environment, 80,185—
201.

Foody, G. M. (2020). Explaining the unsuitability of the kappa coefficient in the assessment and comparison of the accuracy
of thematic maps obtained by image classification. Remote Sensing of Environment, 239. ISSN 0034-4257,
https://doi.org/10.1016/j.rse.2019.111630.

Gupta, N., Bhadauria, H.S. (2014). Object based information extraction form high resolution satellite imagery using
eCognition. International Journal of Computer Science Issues,11(3,2), 139-144.

Hofmann, P. (2001). Detecting urban features from IKONQOS data using an object-based approach. First Annual Conference
of the Remote Sensing & Photogrammetry Society (s.28-33). 12-14 September.

Ikiel, C. (2004). Mugla ilinin cografi 6zellikleri. A. A. Cinar (Ed.) i¢inde, Mugla Kitab: (5.15-25). Mugla-izmir.

ikiel, C. (2005). Mugla yéresinde iklim kosullarinin insan ve gevre iizerine etkileri. Ulusal Cografya Kongresi (Ismail
Yalginlar anmisina) (s. 233-241). 28-30 Eyliil, istanbul, Tiirkiye.

fkiel, C., Ustaoglu, B., Kili¢, D.E., & Dutucu, A.A. (2013). Remote sensing and GIS based integrated analysis of land cover
change in Duzce plain and its surroundings north western Turkey. Environmental Monitoring and Assessment, 185
(2), 1699-17009.

Ikiel, C.& Kog, D. (2015). Analysis of The Changes in Vegetation of The Sapanca Lake Basin (in Turkey) Using
MultitemporalSatallite Data. International Journal of Human Sciences, 12 (1), 1095-1116.

Ikiel, C., Ustaoglu, B., Dutucu, A.A., & Kilig, D.E. (2019). Determination of land cover change in Dat¢a and Bozburun
Peninsula in Turkey (1997-2018). 2019 8th International Conference On Agro-Geoinformatics (Agro-
Geoinformatics), doi:10.1109/Agro-Geoinformatics.

Kalkan, K., & Maktav, D. (2010). Nesne tabanli ve piksel tabanli siniflandirma yontemlerinin karsilastirilmas: (IKONOS
ornegi). I1I. Uzaktan Algilama ve Cografi Bilgi Sistemleri Sempozyumu (5.153-160), 11-13 Ekim, Gebze-Kocaeli,
Tirkiye.

Karabulut, A., Ceylan, N., Bahar, E. & Kursun, 1. (2021). Crop Phenology-Based, Object-Oriented Classification Approach
Using SENTINEL-2A and NDVI Time Series: Sunflower Crops in Kirklareli TURKEY . International Journal of
Environment and Geoinformatics , 8 (3) , 316-327 . DOI: 10.30897/ijege0.858456

Kavak, K.S. (2018). Uzaktan algilama ve goriintii yorumlama. Palme Yayinevi.

Kavzoglu, T., & Yildiz, M. (2014). Parameter-Based performance analysis of object-based image analysis using aerial and
QuickBird-2 images. ISPRS Annals of the Photogrammetry Remote Sensing and Spatial Information Sciences, 11(7),
31-37.

Kavzoglu, T., & Yildiz, M. (2015). Segmentasyonda optimum 06l¢cek parametresi tespitinde konumsal otokorelasyon ve
varyansin etkisinin analizi. Tiirkiye Ulusal Fotogrametri ve Uzaktan Algilama Birligi (TUFUAB) VIII. Teknik
Sempozyumu, 21-23 Mayis, Selguk Universitesi — Konya.

Kog, D.E., Biltekin, D., & Ustaoglu, B. (2021). Modelling potential distribution of Carpinus betulus in Anatolia and its
surroundings from the Last Glacial Maximum to the future. Arab J Geosci 14, 1186. https://doi.org/10.1007/s12517-
021-07444-1

Kodal, T. (2008). Atatiirk déneminde Bodrum’un niifus yapist (1923-1938). SDU Fen Edebiyat Fakiiltesi Sosyal Bilimler
Derqgisi, 17, 77-100.

EGE COGRAFYA DERGISI (ECD)
Aegean Geographical Journal, VOL. 31 (1), 101-119, (2022)


https://doi.org/10.1016/j.rse.2019.111630.
doi:10.1109/Agro-Geoinformatics.
https://doi.org/10.1007/s12517-021-07444-1
https://doi.org/10.1007/s12517-021-07444-1

118

Lambin, E.F., Turner, B.L., Geist, H., Agbola, S., Angelsen, A., Bruce, J., Coomes, O., Dirzo, R., Fischer, G., Folke, C.,
George, P.S., Homewood, K., Imbernon, J., Lemmans, R., Li, X., Moran, E., Mortimore, M., Ramakrishnan, P.S.,
Richards, J.F., Dkanes, H., Steffen, W., Stone, G.D., Svedin, U., Veldkamp, T., Vogel, C., & Xu, J. (2001). The
causes of land-use and land-cover change: moving beyond the myths. Global Environmental Change, 11, 261 2609.

Li, C., & Shao, G. (2012). Object-based classification of land use / cover using digital aerial orthophotography. International
Journal of Remote Sensing, 33(4), 922-938.

Lillesand, T.M., Kiefer, R.W., Chipman, J.W. (2007). Remote Sensing and Image Interpretation. (Sixth edition). John Wiley
& Sons.

Mishra, P.K., Rai, A., & Rai, S.C. (2020). Land use and land cover change detection using Geospatial Techniques in Sikkim
Himalaya, India. Egyptian Journal of Remote Sensing and Space Sciences,23(2), 133-143.
doi.org/10.1016/j.ejrs.2019.02.001

Mishra, P.K., & Rai, A. (2021). Role of unmanned aerial systems for natural resource management. J Indian Soc Remote
Sens 49, 671-679 https://doi.org/10.1007/s12524-020-01230-4

Mitri, G.H., & Gitas, 1.Z. (2006). Fire type mapping using object-based classification of Ikonos imagery. Int J Wildland
Fire, 15, 457- 462.

Myint, S.\W., Gober, P., Brazel, A., Grossman-Clarke, S., & Weng, Q.H. (2011). Per-pixel vs. object-based classification
of urban land cover extraction using high spatial resolution imagery. Remote Sensing of Environment, 115(5), 1145-
1161.

Navulur, K. (2007). Multispectral image analysis using the object-based paradigm. CRC Press.

Phiri, D., & Morgenroth, J. (2017). Developments in landsat land cover classification methods: A review. Remote
Sensing,9(9), 967.

Olgen, M. K. (2004). Determining lineaments and geomorphic features using landsat 5-TM data on the lower Bakircay
plain, Western Turkey . Ege Cografya Dergisi , 13 (1-2).

Ruffault, J., Curt, T., Moron, V., Trigo, M.R., Mouillot, F., Koutsias, N., Pimont, F., Martin-Stpaul, N.K., Barbero, R.,
Dupuy, J., Russo, A., & Khedher, C.B. (2020). Increased likelihood of heat-induced large wildfires in the
Mediterranean Basin. Sci Rep 10, 13790. https://doi.org/10.1038/s41598-020-70069-z

Sang, X., Guo, Q., Wu, X,, Xie, T., He, C., Zang, J., Qiao, Y., Wu, H., & Li, Y. (2021). The effect of DEM on the land
use/cover classification accuracy of Landsat OLI images. J Indian Soc Remote Sens 49, 1507-1518.
https://doi.org/10.1007/s12524-021-01318-5

Sekertekin, A., Marangoz, A.M., & Akcin, H. (2017). Pixelbased classification analysis of land use land cover using
sentinel-2 and landsat-8 data Int. Arch. Photogrammetry Remote Sens. Spatial Information Sci., XLI1-4/W6, 91-93.

Sertel, E., & Yay, I. (2014). Vineyard parcel identification from Worldview-2 images using object-based classification
model. Journal of Applied Remote Sensing, 8(1), 083535. doi:10.1117/1.JRS.8.083535

Sertel, E. & Akay, S. S. (2015). High resolution mapping of urban areas using SPOT-5 images and ancillary data .
International Journal of Environment and Geoinformatics , 2 (2) , 63-76 . DOI: 10.30897/ijege0.303545

Sertel, E., & Alganci, U. (2016). Comparison of pixel and object-based classification for burned area mapping using SPOT -
6 images. Geomatics, Natural Hazards and Risk, 7(4), 1198-1206, doi: 10.1080/19475705.2015.1050608

Sertel, E., Musaoglu, N., Alp, G., Algan, Y.I., Kaya, $., Yiiksel, B., & Yilmaz, A. (2018). 1:25.000 &l¢ekli ulusal arazi
ortiisti/kullanimu siniflandirma sistemi ile HGK TOPOVT veritabaninin karsilastirilmasi. Harita Dergisi, 160, 34-
46.

Story, M., & Congalton, R.G. (1986). Accuracy assessment: A user’s perspective. Photogrammetric Engineering and
Remote Sensing, 52(3), 397-399.

Thuiller, W., Lavorel, S., Araujo, M.B., Sykes, M.T., & Prentice, I.C. (2015). Climate change threats to plant diversity in
Europe. Proceedings of the National Academy of Sciences of the United States of America, 102(23), 8245-8250.
https://doi.org/10.1073/pnas.0409902102

Tampubolon, T., Abdullah, K., & Hwee, L. (2013). Comparison of pixel and object based approaches using landsat data for
land use and land cover classification in coastal zone of Medan, Sumatera. International Journal of Tomography &
Simulation, 24(3).


file:///C:/Users/ismai/Downloads/doi.org/10.1016/j.ejrs.2019.02.001
https://doi.org/10.1007/s12524-020-01230-4
https://doi.org/10.1038/s41598-020-70069-z
https://doi.org/10.1007/s12524-021-01318-5
doi:10.1117/1.JRS.8.083535
https://doi.org/10.1073/pnas.0409902102

Land cover change analysis between 1990 and 2021 using Landsat images and object-based classification: 119
A case study in Bodrum peninsula, Aegean Region, Turkey

Topaloglu, RH, Aksu, GA., Ghale, YAG., & Sertel, E. (2021). High-resolution land use and land cover change analysis
using GEOBIA and landscape metrics: A case of Istanbul, Turkey, Geocarto International, DOI:
10.1080/10106049.2021.2012273

Ustaoglu, B., Ikiel, C., Atalay Dutucu, A., & Kog, D.E. (2021). Erosion susceptibility analysis in Datca and Bozburun
Peninsulas, Turkey. Iran J Sci Technol Trans Sci 45, 557-570 (2021). https://doi.org/10.1007/s40995-020-01053-5

Van Deusen, P.C. (1996). Unbiased estimates of class proportions from thematic maps. Photogrammetric Engineering and
Remote Sensing, 62(4), 409-412.

Wei, W., Chen, X., & Ma, A. (2005). Object-Oriented Information extraction and application in high-resolution remote
sensing 1mage. In Proceedings of the Proceedings. 2005 IEEE International Geoscience and Remote Sensing
Symposium, |GARSS ’05.; IEEE: Seoul, Korea, 2005, 6, 3803-3806, doi:10.1109/IGARSS.2005.1525737.

Witharana, C., & Civco, D.L. (2014). Optimizing multiresolution segmentation scale using empirical methods: Exploring
the sensitivity of the supervised discrepancy measure Euclidean distance 2 (ED2). ISPRS Journal of Photogrammetry
and Remote Sensing, 87, 108-12.

Yavasli, D. D. , Masek, J. G. & Franks, S. (2013). Mugla ilinde 2000-2010 Yillar1 Arasindaki Orman Bozunum ve Geri
Kazaniminin  Landsat Gériintiileri ile izlenmesi . Ege Cografya Dergisi , 22 (2) , 91-106 . Retrieved from
https://dergipark.org.tr/en/pub/ecd/issue/4866/66878

URL1: IPCC (2021). ARG Climate Change 2021: The Physical Science Basis.
https://www.ipcc.ch/report/ar6/wgl/#Regional. Erigim tarihi: 09.11.2021

URL2: Turkish Statistical Institute (TUIK). (2020). https://biruni.tuik.gov.tr/medas/?kn=95&locale=tr. Erisim tarihi:

17.08.2021

URLZ2: Turkish Statistical Institute (TUIK). (2020). https:/biruni.tuik.gov.tr/medas/?kn=95&locale=tr. Erisim tarihi:
17.08.2021

URL 3: Chamber of Shipping. (2020). https://www.denizticaretodasi.org.tr/tr/sayfalar/turkiyedeki-marinalar Erisim tarihi:
21.06.2021

URL 4: USGS United States Geological Survey. (2021). https://earthexplorer.usgs.gov Erisim tarihi: 12.05.2021

URL 5: European Environment Agency. (2021) Corine Land Cover Classification Classes:https://land.copernicus.eu/pan-
european/corine-land-cover Erisim tarihi: 10.09.2021

URL 6: National Remote Sensing Centre. (2012) National Land Use Land Cover Mapping using Multi-temporal Satellite
Data Technical Manual (2nd Cycle) NRSC, Hyderabad. 66 P,
https://ssdi.jk.gov.in/profiles/dkan/themes/nuboot_radix/templates/page/homepage/Technical%20Manual%20LUL
C%202nd%20Cycle.pdf Erigim tarihi: 02.11.2021

URL 7: Republic of Turkey Ministry of Agriculture and Forestry, (2018). Corine Land Cover Data
https://corinecbs.tarimorman.gov.tr/corine.Erigim tarihi: 17.01.2021

EGE COGRAFYA DERGISI (ECD)
Aegean Geographical Journal, VOL. 31 (1), 101-119, (2022)


https://doi.org/10.1007/s40995-020-01053-5
doi:10.1109/IGARSS.2005.1525737.
https://biruni.tuik.gov.tr/medas/?kn=95&locale=tr%20
https://biruni.tuik.gov.tr/medas/?kn=95&locale=tr%20
https://www.denizticaretodasi.org.tr/tr/sayfalar/turkiyedeki-marinalar
https://earthexplorer.usgs.gov/
https://land.copernicus.eu/pan-european/corine-land-cover
https://land.copernicus.eu/pan-european/corine-land-cover
https://ssdi.jk.gov.in/profiles/dkan/themes/nuboot_radix/templates/page/homepage/Technical%20Manual%20LULC%202nd%20Cycle.pdf
https://ssdi.jk.gov.in/profiles/dkan/themes/nuboot_radix/templates/page/homepage/Technical%20Manual%20LULC%202nd%20Cycle.pdf
https://corinecbs.tarimorman.gov.tr/corine

120



