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Abstract: Increasing population and urbanization are affecting human health and comfort. In 

order to get rid of these affects, mankind is changing its enviroment and looking for new life 

areas. This study investigates the influence of Land Cover Change (LCC) and Normalisied 

Densly Vegetation Index (NDVI) on Land Surface Temperature (LST) of Fethiye-Göcek 

Specially Protected Area (SEPA) in easterm mediterranean basin. In the study LCC, NDVI 

and LST were drived from landsat 5, 7 and 8 satellite image of resolation at 30x30 m acquired 

between 1995-2020. LST were computed based on Land Use/Land Cover (LULC) types. The 

Corine Index were used for determination of land uses. The results indicated that water, forest 

and maquia lands decreasing while urban fabric and bare lands are increasing depend upon 

the urbanization and forest fires in the basin. These changes in LULC widened the 

temperature differences between the urban and rural areas. The change in LST is associated 

with changes in constructional materials in urban land and in vegetation abundance both in 

the urban and rural areas. Vegetation has an important factor in the temperature of different 

land covers. That produces warming trend in temperetaure in built-up areas it causes to keep 

other lands warmer in cold weather. Another important result is affective Urban Heat Island 

(UHI) on climate change based on the impact of urbanization and land cover changes. 

Significantly possitive correlation were found between the urbanization rate, population and 

built-up area and warming rate of average air temperature and so the LST. 

 

Keywords: Fethiye-Göcek SEPA, Land use land cover change, Land surface temperature, 

Climate change 

 

 

1. INTRODUCTION  

Nowadays, spatial composition and configuration or landscape metrics of urban green space 

and its relationship with LST and air temperature getting importance by contemporary 

researchers (Yin, et.all., 2018; Paramanik, at.all. 2018). LST is affectted by urban Land 

Cover Change (LCC) as in air temperature (Cinar, et.,all, 2013). LST is one of the best quide 

for human thermal comfort. LCC caused by human interactions in the environment has got 

important implications for sustainable enviromental use. It mainly produced by diverse and 

ever-increasing demands for space and resources for settlement, agriculture, tourism, 

industries and transportation (Alpagun, et.all., 2009). Landscapes in the eastern 

Mediterranean have recently undergone rapid and extensive LCC. In this process, 

agricultural ecosystems were largely occupied by urban areas, while other semi-natural 

systems were replaced by agriculture.  

 

Air and Land Surface Temperature (LST) have the stronger correlation with the NDVI 

and LCC of build up enviroment associated with their development of urbanization (Shi, 

et.all., 2018). The relationship between climate change and the LCC has been regarded as an 

essential factor to understand the interactions between land and atmosphere (Tanaka, et.all., 

2013; Zhang et.all., 2010). LST is an important parameter in thermal analysis because LST 
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calculated from satellite imagery can be used to monitor urban climate in order to better 

understand the environmental conditions necessary to sustain human life. For landsat 

TM/ETM+ images to calculate LST band 6 is applied and for landsat developed imaginary of 

8 Thermal Infrared Sensors (OLI/TIRS) that captures the temperature of the Earth surface in 

two bands were 10-11 used. 
Cooling effects of green parks in urban enviroment with their extends may be obtained by 

remote sensind using LST not by local measurement is essential. Cooling extend may reach 

840 m far away from the parks in urban climate (Lin, et.all. 2015; Cohen, et.all., 2012) LCC 

is almost inevitable phenomenan during the period of economic and population growth (Tan, 

et.all., 2009; Azadi, et.all. 2010). Deformation of forests, human activities that cause the 

wrong and decreasing direction of agricultural lands show a rapid negative change in land use 

(Cinar, 2015; Hong, et.all. 2016). There is a high correlation between LST and LCC, and this 

relationship increases with rapid urbanization and destruction of forest lands (Zhang et.all. 

2010). Green areas, which are effective in the reduction of heat islands (UHI), are one of the 

ecological problems that should be emphasized. In order to reduce urban heat islands in urban 

areas, it is necessary to increase the density of urban green areas (Parmanlk, et.all., 2019). 

Uncontrolled growth and urbanization cause rapid changes in the use of snowy land and the 

formation of urban heat islands. Urban areas have been warmer than their immediate 

surroundings and rural areas, so UHI meat has been felt more (Solecki, et.all., 2005; Ekwe 

et.all., 2020). Urban heat islands cause a rapid increase in terrestrial surface temperatures 

(Sarrat, et.all. 2006; Feizizadeh, et.all. 2013). 

 

The Fethiye-Göcek specially enviromental protected area (SEPA) is one of the critical 

protected area which needs special conservation. The identification of LCC cahange can 

concribute to the reason of climate change.  The purpose of this study is to determine the 

impact of LCC and NDVI on LST. 

 

 

2. MATERIAL AND METHODOLOGY 

 

2.1 Study Area 

 

The study area is located between 36003´-37000´ N and 28012´-29025´ E, has a 

worldwide tourism repution. It is located on ancient sity of Lycian with a recorded history 

starting in the 5th century BC at eastern Mediterranean sea. The area has a Mediterranean 

climate of very hot, dry and long summers with avarege of 34 oC, winters are cool and rainy 

with an avarege of 17 oC. The annual mean total precipitation is changing between 750 mm to 

800 mm. The evarage annual total precipitation for last decade is 850 mm while it is 750 mm 

for 2000-2010. That indaces total precipitation is increasing while its falling duration is 

decreasing. The averege relative humidity is about 75% and sun shine duration is 140 h in 

winter and 360 h in summer period. The most cold month is january and the most warm 

month is july. The human thermal comfort values are changing in between May and October 

should be evaluated as a result of deterioration. The prevailing wind direction is generaly 

from West of sea surface in daytime and East from land valley of sea and land interaction. 

Evarage wind speed of the basin is about 3.5 m/sec. The study area is situated in a basin 

where climatic conditions are quite temperatures, diverse nature of landscape and the 

existence in particular mountains that run perpendicular to the cost with open valley to the sea 

wind (Figure 1). 
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             Figure 1 Location map of study area in eastern mediterranean 

 

 2.2 LULC Retrievel 

 

 Remote-sensing is a powerful and cost-effective data source for assessing the spatial 

and temporal changes on the earth surface (Dewan, et.all. 2009; Ma, et.all. 2015). Remote 

sensing techniques have been used to determine the area usage changes between 1995-2020 in 

Fethiye-Göcek SEPA. For this purpose, Landsat satellite images; Landsat 5TM, Landsat 7 

ETM+ and Landsat 8 OLI/TIRS, which were acquired on July 6, 1995; July 28, 2003; July 19, 

2020 respectively. Mean accuracy value for each image are 096, 092 and 0,96 respectively 

and each image were evaluated by 30x30 m spatial resolation (path/row:188/33). It is 

classified in the ERDAS Imagine 9.1. When selecting images, attention was paid to make 

each image between the same months and without cloud. First, band joining process was 

performed on the supplied landsat satellite images. After the joining of the image bands, all of 

them corrected radiometrically and geometrically (100 control point was used for geometric 

correction). While the images are classified, they are classified as uncontrolled according to 

the ISODATA (Iterative Self-Organising Data Analysis) algorithm. Classification was made 

by assigning 100 classes to each of the images in 4-3-2 band combinations where the color 

distribution is closer to the actual cover. WGS 84 coordinate system was used and 

georectified to zone 35. The CORINE index was used to determine landscape diversity. The 

legend of the CORINE contains 44 classes and 3 level LULC data. The first level were 

evaluated in the study. 

 

 

2.2 LST Retrievel 

 

As well known, Land Surface Temperature (LST) is one of the essential parameters in 

evapotranspiration estimation, urban climate, vegetation monitoring and climate change. The 

main objective of this study was to retrieve spatial distribution of LST for the area of Fethiye-

Göcek SEPA, Turkey using Landsat 5-7-8 satellite imagery which were acquired on summer 

seasons. The new generation of Landsat 8 has a new instrument called Thermal Infrared 

Sensor (TIRS) that captures the temperature of the earth's surface in two bands. In this 

particular study, one of the most popular methods, Radiative Transfer Equation (RTE) 

method, was employed. According to the results, the low temperatures were retrieved in forest 

area while high temperatures were found in bare land and build-up area around 40 °C.  

 

In order to evaluate LCC impact on LST each image were computed geometrically 

corrected. LST was derived using the single channel algorithm, and LULC was mapping 

using combination of supervised (i.e., maximum likelihood) image classification techniques. 
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LST retrieval using the mono-window algorithm, this algorithm is proposed by to retrieve the 

LST from Landsat 5 TM band 6 data, landsat 7 ETM+ band 6 and Landsat 8 OLI/TIR band 

10-11. In this model, only three variables, emissivity, transmittance, and effective mean 

atmospheric temperature, are required. And the digital number (DN) of Landsat images that 

are thermal bands were convverted into spectral radiance. After spectral radiance was 

converted to blackbody temperature. LST is finally computed by following formula (Figure 

2): 

 

𝐿𝑆𝑇 =
𝑇𝐵

1+(ƛ 𝑥 𝑇𝐵/þ) ̸𝑙𝑛 ɛ         )
          

 

Where TB is effective at satellite temperature in K, ƛ is the wavelength of emitted radiance 

(ƛ=11.5 Ӌm),þ is 1.438x10-2 m K and ɛ is the wavelength efficiency (Chibuike et al. 2018;Qin 

et al. 2001). 

 

1- Conversion Digital Number (DN) to TOA Radiance 

𝐿𝛾 = (
𝐿𝑀𝐴𝑋𝜆 − 𝐿𝑀𝐼𝑁𝜆

𝑄𝐶𝐴𝐿𝑀𝐴𝑋 − 𝑄𝐶𝐴𝐿𝑀𝐼𝑁
) . (𝑄𝐶𝐴𝐿 − 𝑄𝐶𝐴𝐿𝑀𝐼𝑁) + 𝐿𝑀𝐼𝑁𝜆 

𝐿𝛾 = (
15.303 − 1.238

255 − 1
) . (𝐵𝐴𝑁𝐷 6 − 1) + 1.238 

2- Convert radiance into Brightness Temperature (BT) (ln Kelvin) 

 

𝑇 = 𝐾2/ln (
𝐾1

𝐿𝜆
+ 1) 

 

𝑇 = 1260.56/ln (
607.76

𝑅𝑎𝑑𝑖𝑎𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒
+ 1) 

3- Convert Degree Kelvin into degree Celsius 

𝐶 = 𝑇 − 273.15 

Where: 

T  = Effective satellite temperature in Kelvin 

K2  =Calibration constant 2 (1260.56 for Landsat 5 TM) 

K1  =Calibration constant 1 (607.76 for landsat 5 TM) 

Lλ  =Spectral radiance in (Watts / ((m2 . sr . µm)) 

QCAL  =Quantized calibrated pixel value in DN 

LMAXλ =Spectral  radiance scaled to QCALMAX in (Watts / ((m2 . sr . µm)) 

LMINλ  =Spectral radiance scaled to QCALMIN in (Watts / ((m2 . sr . µm)) 

QCALMIN =Minimum quantized calibrated pixel value in DN 

QCALMAX = Maximum quantized calibrated pixel value in DN 
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Figure 2.2. LST flowchart with ArcGIS 

Figure 2. Study flowcahart for LST. 

2.3 NDVI Retrievel 

Normalised different vegetation index (NDVI) was used as an indicator of greenese.  

The index value is sensitive to the presence of vegetation on the Earth land surface and is also 

high correlated with climatic variables. On the other hand NDVI is related with ecological 

quantities such as terrestrial net primary productivity. That may be used to put on the relation 

between green surface and the land surface temperature. NDVI was obtained as the ratio 

between measured reflectance in the red and near infrared (NIR) spectral bands of the images 

using following formula: 

NDVI =
𝑛𝑒𝑎𝑟 𝐼𝑅 𝑏𝑎𝑛𝑑 − 𝑟𝑒𝑑 𝑏𝑎𝑛𝑑

𝑛𝑒𝑎𝑟 𝐼𝑅 𝑏𝑎𝑛𝑑 + 𝑟𝑒𝑑 𝑏𝑎𝑛𝑑
 

Index band change from -1 to +1. The higher value indicates higher vegetation level. 

Green vegetation has higher reflectance value (Oguz, et.all., 2019;, Oguz 2013). 

3. RESULT AND DISCUSSION 

 

Three clustered maps were obtained for LULC classification by using TM, ETM+ and 

OLI/TIR images of Fethiye-Göcek SEPA basin. Supervised maximum likelihood 

classification of images revealed LULC types. In this study, according to the CORINE 

legand; six LULC classes were determined; water bodies, urban fabric, farmland, forest, 

Landsat 5 TM, 7+ETM, 8OLI 

Thermal Bands 

Conversion of Digital Number (DN) Values to Top of  

Atmosphere (TOA) Radiance 

Conversion of Radiance to Brightness Temperature (BT) in Kelvin 

Conversion of Kelvin to Degree Celsius 

Land Surface Temperature (LST) for Band 6 of Landsat 5 

Extraction of Study Area by Mask 

LST for Study Area 

GIS (Map Algebra) 
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shrubs and others (open spaces with little or no vegetation including beaches and bare rocks) 

by means of selected landsat images and field workings in accordance with (Hardwick, et.all., 

(2015), Wang, et.all., (2020). 

 

The water surfaces class consisting of sea, lake, river and wetlands has the largest area 

within the borders of Fethiye-Göcek SEPA. The study area boundaries include the sea and 

land surface due to its protective approach. The population of the area, which includes rural 

and urban population is 105,000 and it has been protected due to sea turtles and endemic plant 

species. The area width, which was 34,778 ha in 1995, decreased by approximately 230 ha in 

2003 and decreased by 526 ha in total. The reason of this is the coastal filling and drying of 

wetlands, although it is protected by law. It is especially due to the areas close to the city 

center being filled and opened to development. The treatment plant is fully operational and 

does not mix pollutants into the sea, and has a protection status (Figure 3). 

 

 

 
     a             b     c 

 

Figure 3. LULC between 1995-2020; a for 1995 (Ardahanlıoglu, 2014), b for 2003 

(Ardahanlıoglu, 2014, c for 2020. 

 

When we look at the forest area cover, forest assets, which were 28,392 at the 

beginning, decreased by 826 ha in 2003 to 27,566 ha. When it was examined during this 

period, it was observed that there was a decrease due to forest fires and agricultural land 

openings. The decline continued after 2003 and a total of -1,619 ha of forest cover was 

reduced between 1995 and 2003. Most of the forest areas are composed of red pine trees. The 

maquis flora, which is mixed with red pine forests, consists of oak and olive trees. The maquis 

decreased between 2003 and 2020. In total, there was a decrease of 677 ha. The biggest 

reason of this is the large-scale forest fires. 

 

The single channel algorithm was used to obtain LST in the research area within the 

borders of Fethiye-Göcek SEPA. In 1995, water surfaces constitute the largest area. Water 

surfaces vary between 18-20 0C. The urban use obtained by filling the areas with reduced 

water surfaces has taken. In the city center, where the population carries 85,000 the 

temperature values have reached 40-45 0C. Accordingly, instead of water surfaces that have 

decreased by 526 ha, a structural area has emerged that can cause the formation of an urban 

heat island. More than half of this change occurred between 1995 and 2003. During this time, 

the temperature increase was greater. In the surface temperature image for 2020, the 

temperature change is seen at the junction of the coastline with the beach as 40 0C. Huge 

losses in agricultural areas were reflected in temperature maps. Here, due to the loss of 

agricultural land between 1995-2003, the temperature change is higher in the LST map of 

2003. It is determined that the high temperature spread is less in the LST map of 2020. The 
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decrease in snow thickness is evident when 3 maps are compared. When the maps of 1995 

and 2003 are analyzed, it is observed that the snow density is quite high on Babadağ, which is 

the highest point of the area and has economic importance in terms of tourism, whereas the 

snow spread area has decreased in the summer view of 2020 (Table 1). 

 

Table 1. Computational data for LULC (1995 and 2003 (Ardahanlıoglu, 2014), and 2020)  

 

LULC 1995 

(ha) 

2003 

(ha) 

2020 

(ha) 

Change(ha)  

1995-2003 

Change(ha) 

2003-2019  

Change(ha) 

1995-2019 

Water(Sea,lake,river

wetland 

34,77

8 

34,23

0 

34,252 -548 -22 -526 

Forest (Coniferous, 

broad leaved) 

28,39

2 

27,56

6 

26,773 -826 -793 -1,619 

Maquia 12,70

2 

12,98

2 

12,025 -280 -957 -677 

Farm (Planted, 

greenhouses  

2,439 1,511 1,047 -928 -464 -1,392 

Building (Urban 

fabric) 

899 4,078 5,446 3,179 1,368 2,280 

Others (Bare lands, 

coastal sands 

2,392 1,235 1,238 -1,157 3 -1,154 

 

Agricultural areas include cultivated-planted areas and areas covered with 

greenhouses. Agricultural activities within the borders of SEPA continue mostly as 

greenhouse cultivation. Open farming areas have started to decrease due to the widespread 

use of greenhouse cultivation. As a matter of fact, between 1995 and 2019 -1,392 ha of 

agricultural land was destroyed. The other most important reason for this is the inclusion of 

agricultural areas in the urban area. In other words, agricultural areas have decreased due to 

structural activities. 

  Constructional areas within the urban region increased rapidly 3,179 ha between 

1995-2003 and 1,368 ha between 2003-2019. Increasing awareness of protection has 

decreased the speed in the size of the structural area in recent years. A decrease is observed in 

the rate of transformation of agricultural and forestry are into constructional areas. While 

there was a decrease of 1,157 ha initially in other areas consisting of open surface and coastal 

beaches depending on the urbanization speed, no change has been observed in recent years. 

The rapid increase in afforestation activities in the last decade has slowed this decrease. 

 

Looking at the LST maps, open surfaces, 40 0C higher temperatures are seen on sand 

dunes bare rocks. Depending on the vegetation density, temperatures range between 15-20 0C 

in areas with maquis and red pine forests. Temperatures of up to 45 0C are observed in places 

where urban settlements are concentrated. Occasionally, the reason for the high temperatures 

in the northern areas is caused by the village settlements. This situation arises due to the 

intensive use of structural materials in these areas, which appear as local small settlements 

(Figure 4). 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 October 2022                   doi:10.20944/preprints202210.0069.v1

https://doi.org/10.20944/preprints202210.0069.v1


8 
 

 
    a          b              c 

  Figure 4. Temporal LST in study area. a for 1995, b for 2003, c for 2020 

 

In the last stage of the study, a simple linear regression model was applied to 

determine the relationship between the LCC data (ha) and surface temperature  (°C) for each 

decade. The correlation was significant at the 0.05 level (p < 0.05) (Figure 5). 
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Figure 5. Linear regression model for LST and LULC. 

 

According to statsitical evaluation forest land use and land cover gets negative 

correlation for LST. Therefore, forest and plantation conservation is required to prevent 

higher temperature rise, as well as to minimize the impact of climate change. Farm land uses 

indicate negative correlation for LST. When the farm uses especially for greenhouse 

production shows negative correlation for LST. Building land cover is occupied with positive 

correlation with LST and other open space uses show negative relation for LSTinstead of 

building. 

 

Concerning the relation between land use and LST, it is found that everygreen forest 

and deep water have lowest LST, deciduous and dry dipterocarp forest and actual cultivated 

areas have moderate LST and rural and urban settlements, several bare soil types and burned 
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areas have highest LST. It is found that LST degrees vary conversely depending on water or 

moisture content, biomass and elevation of each land use type. In the future, LST in the basin 

will increase as low temperature land use types have decreased while high temperature land 

use types have increased. This will create severe urban heat island phenomena in the region. 

 

It was noted that the locations of low temperatures at the green spaces agree with high 

vegetation zones and vice versa. Increasing vegetation coverage has been noted to reduce 

surface temperatures [49-52]   also indicated that a 10 percent rise in vegetation density led to 

a decreased surface temperature by approximately 1.3 °C. LST is aproximately about 14 °C in 

forest and about 45 °C in urban structure (Fig 3.4). NDVI indices were taken as <0.2 for 

computational evaluation. The higher NDVI values were found over tehe dense vegetation 

areas. The lowest NDVI were observed in urban and barren land s and over water bodies 

(Figure 6). 

 

 

 
a                       b                                c 

Figure 6. Temporal NDVI for a: 1995, b:2003 c:2020 

 

A wide range of climatic and physical variables affects NDVI, LST, and the relationship 

between plant cover and temperature. The primary variables among these are solar radiation, 

air temperature close to the earth’s surface, and rainfall (Churkina, et.all., 1998; Karnieli, 

et.all., 2009). 

 

The results showed that a strong negative relationship exists between NDVI and LST. 

LST which showed that urban green spaces have proven to have substantial cooling efects on 

the urban thermal environment within the study area. The role of urban greenery in mitigating 

high discomfort experienced in urban environments is crucial to urban planners and managers 

in the design of green spaces with a high cooling efect (Figure 7). 
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Figure 7. The relationship between NDVI and LST in research area at study period. 

 

 The increase in LST values was observed together with reduction in NDVI values. 

There is a significant negative relationship between vegetated land and LST (Bokaie et.all. 

2009; Kaplan, et.,all. 2018). In 1995 negative correlatin was observed between NDVI and 

LST and so 2003 and 2019. Regression coefficient was obtained as -0.63 for period of 1995 

and -0.59 for both 2003 and 2019. The reason fort hat decreasing regration is lowering 

amounth of  forest, maquia and farm LULC. 

 

 

4. CONCLUSION 

 

It is expected that the results of the research will be effective for researchers and 

planners in perceiving climate change and revealing the relationship between LULC and LST 

and NDVI. It is also expected that the present research will enable to supply planned 

developments for the future. Open urban green spaces and water surfaces will play an active 

role in reducing urban temperatures and presenting a more livable environment to people. In 

many scientific studies, it is seen that urban heat islands and green areas which are mostly 

composed of urban forests, roofs and vertical gardens, and water surfaces play an active role 

in creating livable environments. In the present research, the importance of taking their 

physical characteristics and green structures in design and planning into consideration has 

been revealed. 

It is essential to increase urban green open spaces and water surfaces to create an 

optimum cooling effect. The green areas placed among the tall buildings will increase the 

bioclimatic comfort effect of the environment. As a conclusion, green areas should be given 

more space during urban growth. Thus, the UHI in the areas converted from hard landscape to 

soft landscape will gradually decrease and the negative effects of climate change will be 

eliminated. As a result planning studies should be carried out carefully by taking into account 
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the natural capacities of the land in order to prevent its decreasing and the government should 

take necessary measures immediately in the region. 
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