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Abstract

Aim of study: This study was carried out to determine the effects of land use/land cover (LULC) change
on land surface temperature (LST) using Landsat satellite images.

Area of study: The study area is the Kagithane watershed in Istanbul, where population growth and
LULC changes are experienced most strikingly.

Material and methods: Landsat 5 for 2002 and Landsat 8 for 2021 were used to investigate the
relationship between LULC and LST and the correlation between NDVI and LST by the steps of
classification of Landsat images to determine the change in LULC, estimation of normalized difference
vegetation index (NDVI), calculation of the LST for 2002 and 2021.

Main results: When the results were examined, the major increase and decrease were 1014.7 ha and
933.3 ha in urban and forest areas, respectively. The highest LST values related to LULC were observed in
urban and open areas while the lowest values were observed in forest areas and water bodies. Besides, the
lowest increase in LST was 0.6°C in forest areas, whereas the highest increase was detected in urban areas
with 2.6°C.

Research highlights: This study has shown the importance of protecting the forest areas in the watershed
from fragmentation and how necessary it is to plan forests or green areas for cooling the urban climate.

Keywords: Land Use/Land Cover (LULC), Land Surface Temperature (LST), Forest Areas, Urban
Watersheds, Cooling Effect

Arazi Kullanimi/Arazi Ortiisii (AKAO) Degisiminin Arazi Yiizey
Sicakh@i (AYS) Uzerindeki Etkilerinin Degerlendirilmesi:

Kagithane Havzasi Ornegi

Oz

Calismanin amaci: Bu galisma Landsat uydu goriintiileri kullanilarak arazi kullanimi/arazi értiisii (AKAO)
degisiminin arazi yiizey sicaklig1 (AYS) lizerindeki etkilerini belirlemek ve AY S'de arazi kullanimi olarak orman
ortiisii ve kentlesmenin sonuglar arasindaki farklar1 ortaya koymak amaciyla yapilmastir.

Calisma alani: Niifus artig1 ile arazi kullanimi/arazi ortiisii degisimlerinin en dikkat ¢ekici sekilde yasandigi
Istanbul ilinde yer alan Kagithane Havzasi caligma alani olarak secilmistir.

Materyal ve yontem: Bu kapsamda 2002 yili i¢in Landsat 5 ve 2021 yili i¢in Landsat 8 uydu goriintiileri
kullanilmigtir. Bu veri kaynaklari, Kagithane Havzasi igin Landsat goriintiilerinin arazi kullanimlarina gore
siniflandirilmasi, normallestirilmis bitki ortiisii farkinin (NDVI) tahmin edilmesi, 2002-2021 yillar1 arasinda
arazi yiizey sicakligmin belirlenmesi, hesaplama adimlar ile AKAO ile AYS arasindaki iliskiyi ve NDVI ile
AYS arasindaki korelasyonu aragtirmak i¢in kullanildi.

Temel sonuglar: Caligma sonuglar incelendiginde, 2002-2021 yillar1 arasinda AKAQ’ye bagli AY'S degerleri
en yiiksek kentsel ve agik alanlarda gozlenirken; en diisiik degerler ise orman alanlari ve su ylizeylerinde
gozlenmistir. Bununla birlikte AYS’deki en diisiik artis 0.6°C ile orman alanlarinda; en yiiksek artis da 2.6°C ile
kentsel alanlarda tespit edilmistir.

Arastirma vurgularz: Bu ¢aligma havzadaki orman alanlarinin pargalanmadan korunmasinin 6nemini ve kent
ikliminde serinletici etkinin artirilabilmesi i¢in de orman alanlarinin veya yesil alanlarin kent igerisinde
planlamasinin yapilmasinin ne kadar gerekli oldugunu gostermistir.

Anahtar Kelimeler: Arazi Kullanimi/Arazi Ortiisii (AKAOQ), Arazi Yiizey Sicaklig1 (AYS), Orman Alanlari,
Kentsel Havzalar, Serinletme Etkisi
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Introduction

The world is getting increasingly
urbanized nowadays. It is stated that by 2050,
68% of the world's population will live in
cities, while it is foreseen that this rate will
increase from 75.1% to 86% in Turkey
according to a United Nations report (UN,
2019). As a result, increased population and
urban sprawl have become the major
components of the land use/land cover
(LULC) change in the world. This has led to
an increase in the pressure on natural
resources and the conversion of land
worldwide, as it is in Turkey. Additionally, a
growing population means a greater demand
from the ecosystems. Therefore, this causes
many differences between rural-urban
gradients in the context of climate and
hydrological properties. Especially, the
changes in LULC have critical impacts on
some variables such as temperature, humidity,
precipitation, albedo, cloudiness, and air
pollution, whereas they vary from region to
region. At that point, urbanization is the main
factor that makes these differences even more
severe.  Therefore, urbanization has
dramatically altered natural and semi-natural
surfaces into impermeable urban buildings
and disrupted not only the balance of the
Earth's surface radiation and energy but also
the composition of the atmospheric structure
in the near-surface (Foley et al., 2005; Song et
al., 2018). Thus, the surface elements of urban
areas consist of impervious materials such as
concrete, asphalt, and metal creating
significant differences in the heat balance in
urban areas (Ozyuvaci, 1999; Kisthawal,
2010). The replacement of natural land
surfaces with artificial surfaces in urban areas
leads to the accumulation of solar energy
which makes urban air warmer up to 2-10°C
than surrounding non-urban areas (Oke,
1988). This difference is called an urban heat
island (UHI). However, due to its changing
structure, the increase in obstacles against air
flows, the contribution of urban and industrial
heat sources, biological and industrial wastes,
transportation vehicles, and the suspended
aerosols in the atmosphere increase, and as a
result, air pollution occurs. Although this
situation causes the relative humidity to be
lower in urban areas, it leads to an increase in
the greenhouse effect (Tirkes, 2008). For
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instance, Nayak and Mandal (2012) indicated
that Western India was getting warmer due to
increased greenhouse gas concentration and
LULC changes.

In addition, with climate change, the
warming of urban areas has gained much
more importance and has been the subject of
many studies which investigated the
relationship between LULC and temperature
(Zaeemdar & Baycan, 2017; Yu et al., 2018;
Nayak & Mandal, 2019; Unal et al., 2020;
Wahab et al., 2022). Herein, the methods used
to reveal the relationship between LULC and
temperature used measured air temperature
data and determined land surface temperature
(LST) according to several thermal remote
sensing data. Remote sensing, a highly
advanced technology, uses a combination of
high-resolution images and image processing
tools to effectively reveal changes in land use
(Herold et al., 2003; Chaudhuri & Mishra,
2016). With the use of various methodologies,
remote sensing has been used for LULC
mapping and change analysis (Butt et al.,
2015; Liu & Yang, 2015). It has been stated
that Landsat satellite images are especially
useful for LULC change and also for
urbanization (Bagan et al., 2010; Mei et al.,
2016). For instance, in the study depending on
temperature datasets, Nayak and Mandal
(2019) pointed out that India had a warming
trend between 1981 and 2006 due to increased
dryland and agricultural areas as well as the
decrease in shrublands and forested areas. In
another study, Karakus (2019) indicated that
urban built-up and bare lands had the highest
LST values while the vegetated areas had a
lower average LST value which was estimated
from Landsat satellite images. Furthermore,
Yu et al. (2018) stated that the value of LST
increased with an increase in urban areas and
also with a decrease in green spaces. Similar
results were indicated in the study of Celik et
al. (2019) which investigated the relationship
between land use/cover changes and land
surface temperature in Istanbul. It was
mentioned that the mean LST wvalues
increased with the expansion of urban areas.
Another study which was conducted in Mersin
revealed that the transformation of natural
areas into artificial areas caused an increase of
about 6°C in LST in 28 years (Orhan, 2021).
In a study by Unal et al. (2020) based on
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MODIS LST data, the continuous built-up
areas, paved roads and a decrease in green
areas have been highlighted as the factors
causing increased UHI intensity.
Additionally, Zaeemdar and Baycan (2017)
determined that the most positive exponent
relationships were between the artificial
surfaces with low albedo, low vegetated areas,
and LST depending on Landsat images.
Therefore, they noted that this relationship has
an increasing effect on UHI formation.
Another study based on annual mean air
temperature taken from two meteorological
stations located in urban and rural areas
showed that there was a significant increasing
trend in the time series of UHI depending on

the substantial modifications in the
landscape’s surface (Wahab et al., 2022).
These studies show that there is an

increasing effect of urban and artificial
surfaces on UHI or in contrast, it can be said
that there is a negative relationship between
green areas and LST which means a cooling
effect and was used to mitigate the UHI
effects. However, many studies investigated
the cooling effect of forests, urban parks, or
green spaces (Bowler et al., 2010; Akbari &
Kolokotsa, 2016; Moss et al., 2019; Paschalis
et al., 2021; Peng et al., 2022). Such that, the
construction of green infrastructure and blue
networks in cities was highlighted as an
important nature-based solution to moderate
the UHI effects in the study of Peng et al.
(2022). Another study conducted by Paschalis
et al. (2021) emphasized that urban forests
should be preserved as natural reserves for
reducing the UHI effect. Also, in the study of
Emecen and Erdem (2019), it was mentioned
that urban green areas contribute to cooling
the urban climate in Samsun. Therefore, it has
been found that green areas help cities adapt
to climate change successfully. This could be
counted as climate regulation ecosystem
service of forests (Sturiale & Scuderi, 2019).
Urban green infrastructure makes the
environment more resilient in two ways
(Brumlop & Finckh, 2011). First, it helps
with climate adaptation by increasing
ecosystem resilience, such as watershed
management and conserving agricultural
species' genetic diversity. Second, it is used as
carbon storage which aids climate change
mitigation. Emissions can be reduced in this
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way. However, by constructing roads,
bridges, and land misuse, people cause
fragmentation and degradation in the
ecosystem. As a result, urban areas face
extreme weather conditions like floods, heat
waves, droughts, and other threats (Demuzere
etal., 2014).

In this context, the Kagithane watershed
located in the most populated city, Istanbul, in
Turkey has been selected to investigate the
impact of LULC on LST. Istanbul has always
been accepted to be in a critical location
throughout history. This characteristic made it
densely migrated. Therefore, it has been the
most populated city in Turkey for a long time.
Indeed, the proportion of the population in this
city increased from 24.2% in 1927 to 93.2%
in 2021 (Turkish Statistical Institute [TUIK],
2022). Hence, the urban proportion has been
increasing heavily. This leads to a severe
decline in natural lands which ends up in UHIs
and extreme weather conditions. In addition,
Istanbul has faced several climate and
hydrology-related issues such as floods due to
mis-land use that should be understood well to
be resilient. That is why, it is important to
investigate the correlation between LST and
LULC in this city and the results of this study
can be utilized by urban planners in terms of
planning cooler cities. So that, the current
study’s objectives were to: reveal the
relationship between LULC and LST using
remote sensing techniques; determine the
effects of LULC on LST between 2002 and
2021; show the differences between the
outcomes of both forest cover and
urbanization as a land use on LST; finally
discuss why and how forests should be
included in urban planning to prevent heat
island formation along with mitigating
climate change effects or adapting to it. For
the region, determining the LST by remote
sensing is not new, but highlighting the forest
areas in terms of cooling effect is novel.

Material and Methods
Study Area

In this study, a watershed located in
Istanbul, where about 16 million people
inhabit within a total area of approximately
5400 km?, has been selected as the study area.
The study area is called Kagithane watershed
which is one of the important watersheds on
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the European side of Istanbul (39°-45° N and
41°-45° E) (Figure 1). The watershed has an
area of 230.3 km? and drains into the Golden
Horn which is the estuary of the Alibey and
Kagithane rivers. The watershed’s upland is
covered by forests, while the lowland is
occupied by residential areas. The average

26°550°E w00E

annual precipitation varies from 800 to 1120
mm. The region's main parent materials are
Neogen  Belgrad and  Carboniferous
formations with clay schists and alluvial zones
seen locally in various portions of the
watershed (Cokoyoglu, 2008).
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Figure 1. Location of study area

This watershed was selected as the study
area because there is a forest within its borders
called Belgrad Forest which provides many
ecosystem services such as fresh water and
recreational facilities to meet the public’s
demand.
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Data Source

In this study, satellite images have been
used to investigate the land surface
temperature (LST) and the relationship
between LULC and LST. The Landsat-5
Thematic Mapper (TM) for 2002; the
Landsat-8 (OLI/TIRS) Operational Land
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Imager (OLI) for 2021 and Thermal Infrared
Sensor (TIRS) were the satellite images
intended to be determined. The first Landsat 5
TM image was acquired on July 16, 2002,
while the second Landsat 8 OLI image was
acquired on August 5, 2021 that covered the
study area was downloaded from the United
States Geological Survey (USGS) earth
explorer website (URL-1, 2022). To avoid
seasonal effects, data acquisition time was
kept closest for each year in the study by
preferring less than 10% cloudiness. ArcGIS
10.1 and Google Earth Pro software were used
for the processing, verification, and analysis
of satellite images. All of the images and data
were converted in the same coordinate system
(UTM/WGS 84) to analyze the changes in
LULC, normalized difference vegetation
index (NDVI), and LST in the study area. All

Landsat images were geometrically rectified
to a common map reference system (WGS
84 _UTM_zone 35N).

Overall, these data sources were used to
investigate the relationship between LULC
and LST and the correlation between NDVI
and LST by the steps of classification of
Landsat images to determine the change in
land use and land cover, estimation of
normalized difference vegetation index
(NDVI), calculation of the land surface
temperature (LST) to determine the surface
temperature changes in the Kagithane
Watershed due to LULC changes for the years
from 2002 to 2021. These steps have been
shown as a flowchart of the methodology of
this study (Figure 2). These steps were
described in the subsequent subsection in
detail.

Landsat 5 TM and Landsat 8
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Figure 2. The flowchart of the methodology used in this study

Calculation of Land Surface Temperature
To investigate the LST effect on the central
districts of Kagithane Watershed, the LST
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values were calculated using the Landsat
thermal images (Band 6 for Landsat 5 TM and
Band 10 and Band 11 for Landsat 8 OLI/TIRS
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Satellites). The following steps were applied
to determine the surface temperature. ArcGIS
10.1 software and its raster calculator tool and
map algebra expression were used to assess
these steps.

In the first step, Equation 1 was used for
Landsat 5 to convert the digital number (DN)
of the image to the brightness value, expressed
by Ibrahim (2017).

L.= (LMAX — Lmin) 255 x DN + Lmin 2

Where:
L. Spectral radiance; Lmax: 15.303 (spectral
radiance of DN value 255); Lmin: 1.238
(spectral radiance of DN value 1); DN: Digital
Number

Equation 2 was used for Landsat 8
(Hashim et al., 2022).

)

Ly =ML x Qca + AL

Where:
My: Factor scale = 0.0003342; Qca: DN of
band 10 and 11; A.: Added factor = 0.1

In the second step, the radiance values
were converted to the satellite brightness
value (°C) using Equation 3 (Hashim et al.,
2022).

)

Te = —g 2— - 273.15 3)
In(E+ 1)

Where:

Te: Effective at-sensor brightness

temperature; Kj: Calibration constant 2

(607.76 for band 6, 1321.0789 for band 10,
and 480.8883 for band 11); Ki: Calibration
constant 1 (1260.56 for band 6, 774.8853 for
band 10, and 1201.1442 for band 11); In:
Natural logarithm

In the last step, the temperature was
converted from Kelvin to degrees Celsius
using Equation 4 (Terfa et al., 2020).

Tp

LST (°C) = 4
©) [1+ 2 (ZB) x in ()] “)

Where:

Te: Effective at-sensor brightness

temperature; A: Wavelength of emitted

radiance (10.8 um); P: (h*c) / k (1.438x 1072
mKk); h: Planck constant (6.626x 10734 Js %);
c: velocity of light (2.998x 10® ms™?); k:
Boltzmann constant (1.38x 102 JK™?); &
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Spectral emissivity value, Using Equation 5
(Hishe et al., 2017).

€=0.004 x Py + 0.986

Where:
Pv: Proportion of vegetation, calculated with
using Equation 6 (Sobrino et al., 2004).

(®)

NDVI - NDVI,;
PV — ( min
NDVIpax - NDVIpig

)? (6)

Normalized Difference Vegetation Index
(NDVI) Calculation

It is calculated as in equation (7) (Hashim
et al., 2022) using the red (R) and near-
infrared bands (NIR) of NDVI Landsat

satellite images, which are considered to be a

good indicator of the surface radiant

temperature.

NDVI = SR @)
NIR+R

Band 3 with the red band (0.63-0.69 pum)
and Band 4 with the infrared band (0.76-0.90
pum) were used in Landsat-5 Thematic Mapper
(TM) satellite images. Band 4 with the red
band (0.63-0.67 pm) and Band 5 with the
infrared band (0.85-0.87 um) were used in the
Landsat-8 OLI/TIRS satellite images (Masek
et al., 2020).

Landsat Images Classification

Supervised classification was made on
satellite images of 2002 and 2021 to prepare
land use land cover change maps. ArcGIS
10.1 software was used to assess the land use
change in the Kagithane Watershed. Many
methods are being used to implement
supervised classification, such as maximum
likelihood, K-nearest neighbor, and minimum
distance  classification  (Muttitanon &
Tripathi, 2005). Maximum likelihood
algorithm was used to create land use maps.
The Maximum likelihood algorithm assigns
each spectrally evaluated pixel to the class
with the highest correlation (Shalaby &
Tateishi, 2007). The classification was made
using the best band combination of Landsat
satellite images. The maximum likelihood
algorithm was applied to classify the LULC of
the study area. Considering the interest of the
study and dominant LULC, four classes which
were forest, urban, bare land, and water body
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have been generated based on the current
situation. Few other LULC classes can be
generated but their proportion is too small and

()

is not even reflected clearly. For the
classification, forty training samples for each
class were distributed across the study area.

¥

i — —
007515 3 45 6

Legend
Kagithane watershed
Land use classification
Bareland
B Forest

Il Urban
I Water body

(b)

Figure 3. LULC classification for 2002 (a) and 2021 (b) in Kagithane watershed

On the other hand, classification accuracy
assessment plays a critical role in terms of
land use mapping and understanding map
quality and reliability (Erasu, 2017). Hence, to
perform the accuracy assessment, training
samples and their representativeness (Lu &
Weng, 2007) are essential for image
classification. Additionally, developing the
error matrix led to obtaining important
accuracy assessment metrics such as overall
accuracy, producer and user accuracy, and
kappa coefficient (Lu & Weng, 2007). So, the
accuracy of the classification was calculated
using the kappa index besides the overall
accuracy, producer, and user accuracy in the
current study. To calculate these accuracy
assessment components using reference
points formed by random sampling method
(Wondrade et al.,, 2014), Google Earth
observations were used. Subsequently,
accuracy assessment analysis was performed
by associating the classification results with
the reference points.

Results
LULC Classification

The results of the supervised classification
of Landsat images showed the variation in
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LULC between 2002 (Figure 3a) and 2021 in
the Kagithane watershed (Figure 3 b). It is
clearly seen that the upland of the watershed
consists of the forest while the lowland of the
watershed is covered by urban areas for both
years. Also, the total area of every LULC class
and the percentage of these classes were
calculated and presented in Table 1.

During the study period, the major
increase was observed in urban areas with
1014.7 ha and the major decrease was in forest
areas with 933.3 ha. The urban areas were
74925 ha in 2002 and 8507.3 ha in 2021
while the forest area was 11244.7 ha in 2021
and 12178.0 ha in 2002. In addition, the size
of the bare land also decreased from 3209.2 ha
in 2002 to 3112.4 ha in 2021.

In contrast, the area of water bodies
increased from 155.1 ha in 2002 to 168.1 ha
in 2021 (Table 1). The increase in the size of
the water bodies can be attributed to the mine
excavation leading to the formation of pit
areas in the western north part of the
watershed.
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Table 1. The area of LULC classes in the Kagithane watershed for 2002 and 2021

2002 2021 Changes in the area (2021-2002)
LULC Area Area Area Area
() n* () o M cor 007
Bare land 3209.2 13.9 31124 135 -96.8 -0.4 -3.0
Forest 12178.0 52.9 11244.7 48.8 -933.3 -4.0 -1.7
Urban 74925 325 8507.3 36.9 1014.7 4.4 13.5
Water body ~ 155.1 0.7 168.1 0.7 13.1 0.1 8.4

* The percentage of each LULC class in a total area of the watershed for the specific years.
** The percent change in the area of each LULC class between specific years.

The comparison of LULC in Kagithane
Watershed revealed that the changes in forest
and bare land areas conversely led to an
increase in urban areas during the study period
(Figure 4).
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Bareland

-2000

Furthermore, there are positive changes of
13.5% and 8.4% for urban areas and water
bodies respectively, whereas there are
negative changes of 7.7% and 3.0% for forest
areas and bare land, respectively (Table 1).

H2002 N2021 mchange

Urban Water body

LULC classes

Figure 4. Comparison of LULC and the amount of change in Kagithane watershed between 2002

and 2021

Accuracy Assessment

When accuracy assessment results were
analyzed, the overall accuracy and Kappa
coefficient were 95.2% and 0.93, respectively
in 2002 (Table 2) and these values were
90.4% and 0.87, respectively in 2021 (Table

3). Wondrade et al. (2014) mentioned that if
the kappa coefficients are greater than 0.75
and/or 0.80, the classification and reference
data are compatible. The accuracy evaluation
results showed that the current study is
compatible with the recommended values.

Table 2. Accuracy assessment and Kappa coefficient for LULC in 2002

Ground truth/reference

LULC Water body Urban Forest Bare land Row total User accuracy
Water body 35 0 0 0 35 100%
Urban 1 68 2 4 75 90.7%
Forest 0 0 74 1 75 98.7%
Bare land 0 1 2 42 45 93.3%
Column total 36 69 78 47 230

Produce accuracy 97.2% 98.5% 94.9% 89.4%

Overall accuracy 95.2%

Kappa coefficient 0.93
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Table 3. Accuracy assessment and Kappa coefficient for LULC in 2021

Ground truth/reference

LULC Water body Urban Forest Bare land Row total User accuracy
Water body 34 0 1 0 35 97.1%
Urban 1 62 9 3 75 82.7%
Forest 0 0 73 2 75 97.3%
Bare land 0 2 4 39 45 86.7%
Column total 35 64 87 44 230

Produce accuracy 97.1% 96.9% 83.9% 88.6%

Overall accuracy 90.4%

Kappa coefficient 0.87

Normalized Difference Vegetation Index 0.27 and 0.70 in 2002 (Figure 5a) while the
(NDVI) values were -0.08 and 0.59 in 2021 (Figure

The NDVI values of the Kagithane 5b). The north part of the watershed was
watershed were estimated from Landsat covered by a dense forest cover and
images in 2002 (Figure 5a) and 2021 (Figure represented by a high NDVI of 0.70 in 2002.
5 b). The NDVI values were in the range of -

Legend Legend
[] Kagithane watershed \ [ kagithane watershed
NDVI_2002 “%‘ NDVI_2021
— High : 0,70 ! [} High : 0,59
— — S Low :-0,08
Low : -0,27 007515 3 a5 6 ¥
(a) ®)

Figure 5. The NDVI values of the Kagithane watershed estimated from Landsat 5 (a) in 2002 and
Landsat 8 (b) in 2021

On the contrary, the south part of the were represented by low NDVI values in 2002
watershed was covered by dense urbanization (Figure 5 a).
and represented by the lowest NDVI of -0.27 When the NDVI values of the Kagithane
in 2002. In addition, in 2002, the urban sprawl watershed in 2021 were evaluated, it was seen
was developing towards the northern part of that the northern part of the watershed had a
the watershed and even some mining fields high NDVI value because the area was
could be seen in the northwest of the covered with forests as in 2002. However, the
watershed. As a consequence, these areas NDVI value for the same area was lower than

149



Kastamonu Uni., Orman Fakiiltesi Dergisi, 2024, 24(2): 141-157

Kastamonu Univ., Journal of Forestry Faculty

Uygur Erdogan et al.

in 2002 which was 0.59. However, it was
observed that the urbanization in the southern
part of the watershed turned into an even more
intense structure, and this was reflected in a
lower NDVI value compared to 2002. Apart
from this, it was observed that the formations
in the northwest of the watershed caused
fragmentation in the forest areas. Therefore, it
can be clearly seen on the map that the NDVI
values have been changed for this region as
well (Figure 5Db).

Land Surface Temperature (LST)
The LST of the Kagithane watershed was
extracted from thermal bands of Landsat

Legend
[] Kagithane watershed
Land Surface Temperature_2002
B 23272
[ 273-297

298-318
31,9-334
B s:5-389

KM
45 6

007515 3

@

images for July 16, 2002 and August 5, 2021.
The LST values ranged between 23.0 and
38.9°C in 2002 as shown in Figure 6a while it
ranged between 25.4 and 40.1°C in 2021 as
shown in Figure 6 b.

The LST results showed that the northern
part of the watershed had low-temperature
degrees in both years. In contrast, the southern
part of the watershed had high-temperature
degrees in both years. Also, the results
indicated that the minimum and maximum
temperature values of LST were higher (25.4-
40.1°C) in 2021 (Figure 6b) than in 2002
(23.0-38.9°C) (Figure 6a).

Legend
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Figure 6. The LST of the Kagithane watershed estimated from Landsat 5 (a) in 2002 and Landsat

8 (b) in 2021

Additionally, the results of zonal statistics
in ArcGIS which describes the relationship
between the LST and different LULC classes
revealed that urban areas had the highest LST
maximum value of 38.9°C and 40.1°C in 2002
and 2021, respectively (Table 4). This was
followed by bare lands with a value of 37.7°C
in 2002 and 38.9°C in 2021 (Table 4). On the
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other hand, the lowest LST value was
determined in water with 23.0°C in 2002 and
25.4°C in 2021 (Table 4). Besides water,
forestland also had the lowest LST values
among the other LULC classes with 26.0°C
and 25.7°C in 2002 and 2021, respectively
(Table 4). Moreover, when the differences in
LST values between 2002 and 2021 were
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evaluated, it was observed that the highest
increase was in urban areas at 2.6°C, and the

lowest increase was in the forestland at 0.6°C
(Table 4).

Table 4. The LST values of different LULC classes in 2002 and 2021

2002 2021 Difference (2002-2021)

LULCClass MIN MAX MEAN STD MIN MAX MEAN STD MIN MAX MEAN
Bare Land 256 377 31.2 18 267 389 326 1.8 11 1.2 13
Forest 247 342 27.5 16 257 369 28.1 1.5 0.9 2.7 0.6
Urban 26.0 389 32.6 1.1 265 401 35.1 22 0.5 1.2 2.6
Water body  23.0  33.0 26.6 17 254 388 28.7 2.0 24 5.8 2.1

Furthermore, these results showed that
LULC significantly affects LST in the
Kagithane watershed. In other words, the
LULC variations such as increasing in urban
areas or decreasing in forest areas caused an
increase in LST in the watershed (Figure 7).
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2000,0
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For instance, decreasing of 933.3 ha in the
forest area induced an increase in LST from
27.5°C to 28.1°C while increasing of 1014.7
ha in the urban area induced an increase in
LST from 32.6°C to 35.1°C in the watershed
(Figure 7).
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Figure 7. The relation between the LST and LULC of the Kagithane watershed in 2002 and 2021

Relationship between LST and NDVI

A negative correlation was determined
between NDVI values and LST values when a
general assessment was made between both
parameters in the current study for 2002 and
2021 (Figures 8 and 9). The R? values were
observed as 0.75 and 0.79 for the years 2002
and 2021, respectively.

Areas covered by the highest NDVI values
are located in the northern part of the
watershed. The lowest NDVI values are
concentrated in an area covering the urbanized
part of the watershed. Areas covered by the
highest NDVI values are usually forested
areas (Figure 5a and b). NDVI values
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increased with the increase of vegetated areas
while the LST values decreased.
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Figure 9. The correlation between NDVI and LST values in 2021

Discussion

The comparison of LST according to the
LULC in the Kagithane watershed was
examined in this present study. To gain this
purpose, satellite images were used in a lot of
research around the world and also in Turkey,
for analyzing the relationship between LULC
and LST values during a study period (Dihkan
et al., 2015; Aslan & Koc-San, 2016; Sarp et
al., 2018; Fatami & Narangifard, 2019; Halder
et al., 2022; Kaiser et al., 2022).

In this context, the Landsat 5 TM and
Landsat 8 OLI were used to evaluate the
LULC and LST values in 2002 and 2021,
respectively in this study. The results of this
the study indicated that the highest LST mean
values were estimated in urban areas at 32.6°C
and 35.1°C for the years 2002 and 2021,
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respectively. The same was also valid for the
maximum LST values, and the maximum LST
values for both years were the highest in urban
areas with 38.9°C and 40.1°C in 2002 and
2021, respectively. These results were
consistent with the results of studies
conducted worldwide. For instance, Morsy
and Morsy & Hadi (2022) indicated that urban
cover revealed maximum LST values
compared to vegetation and water bodies in
Egypt. Also, Halder et al. (2022) determined
the changes in LST and LULC and analyzed
the relationship between these factors in India.
As a result of this study, an increasing trend of
LST was observed between 1990 and 2020
due to rapid urbanization, population, and
industrialization. Mondal et al. (2021)
emphasized that LST values in the city center,
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where urbanization is increasing, will increase
at an alarming level every 10 vyears.
Additionally, another study conducted in
Turkey investigated that the city center has the
highest LST value and pointed out that the
LST value increased by 4.5°C from rural areas
toward the city center (Soydan, 2020). A
similar result which was obtained by Okumus
and Terzi (2021) for Istanbul indicated that
the surface temperature difference between
urban and rural areas reached 4.3°C.

On the other hand, the land use class with
high LST values following urban areas was
the bare land in this study. The LST value for
the bare land varied between 25.6°C and
37.7°C in 2002 whereas it was determined
between 26.7°C and 38.9°C in 2021. Also, the
LST mean values of bare land were the second
highest values for both years of the study
period with 31.2°C and 32.6°C values in 2002
and 2021, respectively. A high LST value for
bare land was also reported in a previous study
with a value of 46.0°C in Baghdad (Hashim et
al., 2022). In another study, it has been stated
that the construction surfaces (in this study
this class is urban) and the open spaces with
little or no vegetation class (in this study this
class is bare land) trigger heat island
formation in the summer months (Kesgin
Atak & Ersoy Tonyaloglu, 2020). Apart from
this, an essential detail about bare land is that
this land use type is generally exposed to
conversion into another land use, especially in
urban watersheds. Also, this reduces the area
of bare land and affects the LST depending on
the converted LULC class as examined in the
present study. In addition, if the bare land is
converted into urban areas, this may also
cause high LST values. However, Fatami and
Narangifard (2019) mentioned that the bare
lands decreased because of population growth
and urbanization.

Despite the high LST values for urban and
bare lands, the low LST values were
determined for forests and water bodies in the
present study. When the LST mean values
were examined for the study periods, the
water bodies had the lowest LST mean value
at 26.6°C in 2002 whereas the forests had the
lowest LST mean value at 28.1°C in 2021. In
addition, the lowest LST maximum value of
33.0°C was determined for water bodies in
2002, while this was changed to forests as
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36.9°C in 2021. In this case, the excavation of
mine areas in the western-north part of the
watershed verifies the increased area of the
water body. Therefore, it can be said that
mining processes caused an increment of LST
values for water bodies. However, it is not
enough to accept that this is the only reason to
increase the LST values. The air temperature
also becomes important in this phase as it
affects the LST values. Therefore, the air
temperature has been measured higher than
long-term averages in the Marmara region in
2021 (Turkish State Meteorological Service
[MGM], 2022).

The lowest LST values for water bodies
and forests/vegetated areas were also
determined in previous studies (Hashim et al.,
2022; Khorrami et al., 2021; Morsy & Hadi,
2022; Kesgin Atak & Ersoy Tonyaloglu,
2020). This situation can be attributed to high
NDVI values of water bodies and forests as it
was emphasized in those studies as well.
Pandey et al. (2022) found that while
vegetation surface and agricultural land
generate low LST the settlement and fallow
land generate high LST. Moreover, the trees
and vegetation have a crucial role in
decreasing surface and air temperatures by
providing shade and through
evapotranspiration (Akbari et al., 1997;
Carrillo-Niquete et al., 2022). Similarly,
Ellison et al. (2017) mentioned that the
climate-cooling effects of the forest should be
recognized as the principal contribution of
trees against climate change especially for
adaptation. Besides, the structure (size, shape,
composition, canopy cover, etc.) and the
boundary particularly determine the scale of
the cooling effect (Bowler et al., 2010).
Additionally, a decrease in the quantity of
vegetation causes the deterioration of
vegetation quality, which was highighted as
the source of augmented LST due to the
transformation of vegetation areas into bare
lands and urban areas in the study of Fatami
and Narangifard (2019). In other words,
fragmentation and degradation of forests and
green areas also have negative effects on the
processes of cooling. In the present study, the
northern part of the watershed consisted of
forests and as a result of this, the highest
NDVI values and lowest LST were
investigated in this part of the study area
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where the forests have a dense structure that
can provide this. However, this part of the
study area had been under the pressure of new
constructions for highways and mining
excavation, and also the area of forests
decreased by 933.3 ha in the watershed. Thus,
the fragmentation and degradation of forests
can be seen in 2002 and 2021 for mining and
highway constructions, respectively. Also,
this may explain the difference in LST values
for the same part of the study area between
2002 and 2021. For instance, Carrillo-Niquete
et al. (2022) determined the increase of LST
in a range of 2.6-3.9°C after deforestation.
Therefore, it can be said that there is a
negative relation between the high LST values
and vegetation or vice versa. This is also
consistent with the negative correlation results
between LST and NDVI in the current study.
Also, the relationship between NDVIand LST
was mentioned as a significant correlation
(Kaufmann et al., 2003; Chen et al., 2006),
and the increase in LST values was associated
with a decrease in NDVI values (Bokaie et al.,
2016). In addition Li et al. (2014) stated that
vegetated land has a significant and negative
relationship with LST. On the other hand,
Guha and Govil (2023) found a neutral
relationship between LST and NDVI. They
emphasized that the reason for this situation is
that the earth's surface properties and weather
conditions may change during the winter
months.

Conclusion

This study examined the effects of LULC
change on LST, which were determined for
the Kagithane watershed from 2002 to 2021,
using Landsat satellite imagery. When an
assessment was made on the obtained results,
it was seen that urbanization has an increasing
impact on LST in this study. Kagithane
watershed was selected as a case study to
analyze the effects of LULC on LST between
2002 and 2021. When the LST values were
examined, the mean temperature difference in
forest areas increased by 0.6 °C, while this
value was the highest value observed in urban
areas with an increase of 2.6 °C. Therefore,
the study has a critical value in emphasizing
the importance of the cooling effect of forest
areas in an important metropolitan area like
Istanbul within urban planning in the
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adaptation and mitigation process to climate
change. In the future projections of this
highly-populated city, it is necessary to
implement a conservative framework for the
green areas to take place in the urban
ecosystems in terms of both the cooling effect
of green areas and the sustainability of other
services provided. However, there are some
limitations and future scope of the present
study. Firstly, the 2000s were not looked at
because the cloudiness rate was above 10%.
In this respect, more satellite images can be
studied with image enhancement techniques.
Secondly, data from a sufficient number of
meteorological stations representing the
Kagithane Watershed can be wused to
significantly verify the result. On the other
hand, the lack of air temperature in the area
was the limitation of the current study.
Finally, some other statistical techniques and
diagrams can be applied to present these
relationships.
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