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Abstract  
Urban Heat Island (UHI) has been described by authors as the UHI effect is among 
the most common forms of human origin (anthropogenic) local climate change. 
The increasing UHI effect with the differences in land use and landscape pattern 
varies depending on surface soil, watery field presence and vegetation. In this 
study, using Landsat 5 TM of 1994 and Landsat 7 ETM+ images of 2019, the 
ArcGIS 10.6.1 program and the remote sensing methods have identified surface 
temperature and vegetation distribution. Surface temperature values of the land-
use in Bolu province of 2019, 1/5000 Urban Development Plan land uses and 
average temperature values were determined. The study revealed the change 
between urban development and the effect of land surface temperature over the 
course of 25 years, and discussed the UHI effect in the Bolu province. The effects 
of the historical process in Bolu city center on land surface temperature (with LST 
differences) and vegetation distribution (Normalized Difference Vegetation Index; 
NDVI) have been surveyed. The constraints of this study are that the spatial 
resolution in orthophotos of 1994 is low, and the type of land-use temperature 
data cannot be compared to 2019. For this reason, LST and NDVI analyzes were 
conducted in 1994 orthophotos, classifying all parcels with structure and related 
area in the form of manually constructed areas (built Environment). One of the 
findings of this study are surface temperatures of areas used as farmland in the 
year 1994 data reached higher values after they quickly began to urbanize in Bolu. 
The main reason for the high surface temperature in the Bolu province over the 
25-year period is that agricultural areas are impurized and increasing population 
density and the albedo effect. It has been concluded that the lack of green space 
and lack of vegetation in the continuous urban area has increased the UHI effect. 
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INTRODUCTION 
The Urban Heat Island (UHI) is defined as a condition that prevents 

the view of the sky during the day, resulting from the absorption of 
overnight wavelength radiation and the retention of sun heat in the 
ground surface and structure (Oke, 1973; Montávez et al., 2000). The 
concept of urban heat island was first identified by Luke Howard in 
London, England in 1820 (Streutker, 2003). From 1900 onwards, the 
surface temperature discussed by various researchers and defined as 
the UHI is based on changes in land cover in cities. The UHI effect is 
among the most common forms of human-origin (anthropogenic) local 
climate change (Oke, 1973; Montávez et al., 2000). It differs depending 
on the construction of the layout in each city. In particular, the increased 
built-up areas, the excess conductivity and heat storage of the building 
materials used in recent years increase the visibility of temperature 
differences. Therefore, the temperature in dense-residential areas is 
observed several degrees higher than in rural areas (due to local 
atmospheric aeorosol concentration rise) (Oke, 1988; Wilby, 2007; 
Parker, 2010; Peker & Aydın, 2019). 

The increased UHI effect with the differences in land-use and 
landscape pattern varies depending on surface soil, water content, and 
vegetation (Owen et al.,1998; Jianjun et al., 2005; Wu et al., 2014; LIN & 
LIN, 2016). The Intergovernmental Climate Change Panel (IPCC), which 
was held on 2014, the fifth report states that the main reason for the 
rising temperature since the beginning of the 20th century is the 
increase in emissions and greenhouse gas concentrations from human 
activity, emphasizing the relationship between population growth and 
propagating urban understanding with energy consumption patterns 
(Peker & Aydın, 2019). Therefore, there are many factors in cities that 
increase the UHI effect. The UHI and the components that affect the 
urban climate as indicated by Oke (1988) can be seen below:  

•Urban geometry (the geographical location of the layout, distance, 
street widths and areas between the building dimensions,) 

• Urban cover/surface cover (structured/tiled surfaces, vegetable 
surfaces, soil surfaces, water surfaces, bare surfaces) 

• Urban fabric/building materials (construction and natural 
materials) 

• Urban metabolism (heat, water and contamination due to human 
activity). 

The urban geometry, expressed in the form of occupancy-spaces, 
formed by the surrounding area directly influences wind corridors and 
energy flow in the city (Oke, 1988). For example, the proximity between 
uncontrolled growth and structures in a dense, built-up environment 
with high-rise structures increases surface temperature (UHI effect) as 
it reduces atmospheric heat dissipation by changing wind speed and 
direction due to lack of green space. In addition, anthropogenic heat as 
the sum of the excess energy used in the transportation service and 
industry in heating and cooling activities in the urban area, may vary 
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depending on the city's population and local climate conditions (Munn, 
2002). The geographical location of the settlement directly affects local 
climate, and the sun determines the heat reaching the surface in the 
interaction between wind and cloud cover making an impact on the UHI 
(Zhao et al., 2016).  

In terms of urban cover/surface cover the excess of built-up areas is 
impermeable and the coated surface ratio is higher than rural causing 
more solar radiation in urban areas to accumulate more heat than the 
natural ground of tar-covered or asphalt surfaces and the UHI effect in 
cities to rise (Chatzidimitriou & Yannas, 2017; Gómez et al., 2013). 
Therefore, the main reason for high temperatures in urban centers 
compared to periphery is the specified energy flow change (Graves et al., 
2001; Wilby, 2007). 

The texture of urban fabric/building materials that affect the 
formation of UHI in cities directly affects the proportion of thermal 
radiation, reflection and heat capacity of the preferred materials in 
urban areas as well as the storage and reflection of solar energy on the 
surfaces (Heyer, 1992). In this case, known as the Albedo effect, surfaces 
ranging from 0-1 include the capacity to reflect solar energy. As the 
albedo value approaching 1 increases the amount of energy stored on 
the surfaces, the UHI effects can decrease (EPA, 2008). Therefore, 
surfaces with a low albedo value increase the surface temperature in 
urban areas.  
 
Table 1. Factors affecting UHI  

Researchers Factors 

Jianjun et al., 2005; Wu et al., 2014; Lin & Lin, 
2016; Owen et al., 1998 

Soil, slope, water sources, vegetation 

Oke (1988) Urban geometry, urban cover, urban 
metabolism 

Oke, 1973; Montávez et al., 2000 Land-use change 

Liu et al., 2015; Ullah et al., 2022 Urban landscape 

Kohl, 1999; Hais & Kucera, 2009; Beltrami, 
2005; Luhar, 2006; Yılmaz et al., 2016; Yıldız et 
al., 2019 

Industrial development, population density, 
topography and meteorology 

IPCC, 2014; Peker & Aydın, 2019 Anthropogenic factors, population growth, 
urban growth 

 
The urban canyon, which is created a morphology of the city, affects 

heat loss by reducing the view factor of the sky in it. Some researches 
shows that long structures and narrow canyons reduce the sky aspect 
factor creating high hot concentrations due to cool day and energy 
storage at night (McPherson et al., 1994; Bosselmann et al., 1995, Yang 
et al., 2016; Tonyaloğlu, 2019). Due to low evaporation rate, the UHI 
effect is increasing as the temperature concentration of cities and 
regional temperature is affected (Parry et al., 2007). Further research 
highlights that there is a versatile link between landscape pattern and 
UHI from the ground to the global scale (Liu et al., 2015; Ullah et al., 

737 



K.P. Kırkık Aydemir, G. Kazancı Altınok & Ö. Ünsal    

 

D
O

I: 
10

.1
53

20
/I

CO
NA

RP
.2

02
2.

22
3 

2022). Built-up areas and barren terrain increase the UHI effect while 
green areas and water surfaces reduce the UHI effect (Zhong et al., 2017; 
Sannigrahi et al., 2017; Ullah et al., 2022). Therefore, the industrial 
development of a city, population size, topographic status, 
meteorological conditions and physical macroform have a significant 
impact on the UHI effect (Kohl, 1999; Hais & Kucera, 2009; Beltrami, 
2005; Luhar, 2006; Yılmaz et al., 2016; Yıldız et al., 2019). The factors 
affecting the UHI are covered by many researchers (Table 1).    

As stated in Table 1, the physical structure of cities (such as soil, 
slope, water sources, vegetation), urban geometry, urban cover/land-
use, population density and human activity are key factors that increase 
the UHI impact. The concepts such as urban climate, urban ecology, 
urban geography, landscaping and planning are also the focus of 
research due to the unfavorable effects of cities on urban ecosystems 
(Amberber et al., 2019). The UHI effect is directly related to the urban 
temperature and the perceived temperature, affecting urban life as well. 
The use of energy sources due to the need for additional heating and 
cooling systems causes the UHI effect to increase (Tomlinson et al., 
2011). This also prepares the environment for the formation of high 
radiation fields, described as "concrete forests". The low wind speed in 
these areas also increases the temperature differences between urban 
and rural (Landsberg, 1981; Wilby, 2007). This is the main reason that 
the temperature felt during the summer months is above the seasonal 
values (Parry et al., 2007). Due to the high temperatures felt, the city's 
thermal comfort is deteriorating and poses serious threats to the health 
of the urban population (Frumkin & McMichael., 2008). The UHI also has 
negative effects on vegetation development, air and water quality (Zhao 
et al., 2016). There are many environmental problems in cities that are 
caused by the UHI effect (Table 2). 
 
Table 2. UHI effects in urban areas 

Researchers UHI impacts 

Parry et al., 2007; Landsberg, 1981; Wilby, 
2007; Guoxiang vd., 2010; Zhao et al., 2016 

Increasing temperatures 

Landsberg, 1981; Wilby, 2007 The temperatures differences between urban 
and rural areas 

Tomlinson et al., 2011 Increasing energy consumption 

Guoxiang et al., 2010; Zhao et al., 2016 Negative impacts on vegetation, air and water 
quality 

Frumkin and McMichael, 2008 Public health deterioration 

 
     As can be seen in Table 2, the rise in temperature leads to 
temperature differences in urban and rural areas increased energy use 
and demand, reduced environmental quality and deterioration of public 
health. Clean energy and zero carbon applications are essential in the 
energy-intensive workplace (industry, manufacturing, etc.) for reducing 
the UHI impact (Hunt et al., 2007). The presence of trees and vegetation 
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in the urban areas helps reduce surface temperatures with the ability to 
create shadows and reduce the amount of sunlight felt (Gallo et al., 
1999; Akbari, 2002). 
There are different methods for measuring the UHI effect based on 
observations grouped as atmospheric and surface heat islands. In the 
urban cover layer and heat layer, thermometers and air temperature 
measurements (fixed air stations/mobile stations) are performed, while 
in the determination of surface heat islands, surface temperature 
measurements (thermal images) take place using remote sensing 
methods and thermal images (EPA, 2008). The UHI measurement on the 
top layer is made from fixed meteorology and mobile stations 2 meters 
above the ground, heat islands on the boundary layer measured at more 
than 2 meters, and through measuring towers and balloons instead of 
mobile stations (Voogt & Oke, 2003). The remote sensing technique, 
which is learned about lands and sea surfaces covers images from an 
aerial perspective using beam in one or more areas of the 
electromagnetic spectrum, in addition to radiated or reflected rays from 
the earth's surface. This method allows the computational data for the 
UHI effect resulting in a large number of thermal data at a time 
(Campbell & Wynne, 2011). 
       This study identified the change between urban development and 
the effect of land surface temperature over the course of 25 years by 
using Landsat 5 TM and Landsat 7 ETM+ images from 1994 and Landsat 
2019 to deduct the UHI effect in the Bolu province. The effect of the 
historical process in Bolu city center on land surface temperature (with 
LST differences) and vegetation distribution (with Normalized 
Difference Vegetation Index (NDVI)) has been determined. Accordingly, 
the objectives of the research are to evaluate the surface temperature 
and to reveal the relationship between urban development and surface 
temperature using the remote sensing method. 
 
MATERIAL 

Bolu is located 262 km from Istanbul and 191 km from Ankara on the 
side of the D-100 (E-80) highway connecting Istanbul to Ankara in 
Turkey. Bolu’s border neighbors are Düzce and Sakarya in the western 
direction, Çankırı in the east and in the north of Zonguldak and Karabük. 
Geographically, Bolu is located between the 30°32' and 32°36' east 
longitude and the 40°06' and 41°01' north latitude (Kaya, 2019). The 
city center is set up in the Bolu plain, and is limited to two major 
mountain lanes in the north and south (DPT, 2002).  
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 Topographically, the rise in rural settlement is 1460m and falls to 

690m in the city center (Figure 2).  
 

 
 
Between 1929 and 2019, the annual temperature in the Bolu city 

center is known to be the highest 39.8°C in summer and the lowest -
31.5°C (Çağlak et al., 2019). In the Bolu province which 
characteristically reflects the Black Sea climate transitions are seen with 
the Central Anatolian continental climate. The spring and autumn 
months are cool and the summer months are under warm stress in Bolu, 
which has been precipitation almost every year. Between 1929 and 
2019, the average temperature in the city was 10.5°C and the wind 
speed measured in meteorological data was 1.3 m/h (Çağlak et al., 
2019). After these general topographic and climatic information about 
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Figure 2. Topographical map of Bolu. 

Figure 1. The Case study border and 
the geographical location of Bolu. 
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Bolu, some figures and maps were prepared to understand the 
relationship between surface temperature and urban development. 
When preparing these figures and maps, base maps were used. The 
sources of base maps have indicated here. Figure 1, base maps are 
obtained from Google. Figure 2, the contours are obtained from General 
Directorate of Mapping, Ministry of National Defence, Republic of 
Turkey. From Figure 3 to Figure 11, the satelite images are obtained 
from Landsat and aerial imagery are obtained from General Directorate 
of Mapping, Ministry of National Defence, Republic of Turkey. 
  
METHODOLOGY 

Firstly, the images of Landsat 5 TM in 1994 (28.07.1994) and Landsat 
7 ETM+ from 2019 (10.08.2019) were downloaded in the study. 
Urbanization process of Bolu, the effects of land surface temperature 
and vegetation distribution have been determined. To determine 
surface temperature, the calculation was performed in three stages, 
expressed in digital values (DN) or brightness values for satellite images 
by using ArcGIS 10.6.1 and its spatial analyst extension have used to all 
LST extraction, mapping and analysis processes (Gerçek et al., 2014; 
Alkan et al., 2017). 

*Digital values (DN) are converted to spectral radiance (Lλ) values 
measured by the satellite. The equation set up for converting pixel 
values for satellite images to spectral radians is given below. 

 
L λ=’gain’*DN+’bias’    
That is; Lλ = MLQcal + AL 
Lλ= Spectral radians (Watts/(m2 * srad * μm))  
 
ML= Band specific scaling multiplier factor 
  
AL= Band specific scaling summation factor 
Qcal  =  Quantize and calibrated standard pixel values (DN). In order 

to use the equation, it must be formulated as specified in the equation 
below. 

 
“Lλ=  (LMAXλ - LMINλ Lλ/ Qcal max - Qcal min)*Qcal max - Qcal min 

+ LMINλ” 
*In the second phase, after calculating the Spectral radiance value, 

these values must be converted to the brightness temperature (Kelvin). 
The equation required for this conversion is given below (Gerçek et al., 
2014; Alkan et al., 2017).  

 
 “C=K -273.15”  
 
Using the above equation, the LST difference between 2019 and 1994 

was revealed. Data containing LST differences is classified in 10 classes 
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according to the Natural Breaks (Jenks) method. Accordingly, hot zones 
(3.7 to 12.8°C), as the top class have been detected. 

The Normalized Difference Vegetation Index (NDVI) maps for both 
two years were produced for the difference in vegetation in the study. 
The NDVI index has been developed using the high reflections of 
vegetations for the energy form of the near infrared wavelength and the 
high absorption of energy at the red wavelength in the visible region 
(Doğan et al., 2014). Therefore, NDVI analysis is a proportional 
expression of the linear relationship between close infrared and red 
spectral bands. IN the LANDSAT-7 ETM+ satellite, BAND 3 refers to 
visible red while BAND 4 refers to close infrared. The vegetation gives 
high reflectance in the close infrared band and low reflectance in the red 
band. The formula which is given below is used for NDVI value of 
Landsat TM images (Bonneau et al., 1999; Edwards et al., 1999; ERDAS 
2003). 

 
NDVI = (Band 4 - Band 3) / (Band 4 + Band 3)  
 
In the scope of the study, urban and rural/periphery areas were 

observed using satellite images from both two periods to explain the 
land-use change between urban development and the effect of land 
surface temperature during the 25-year period between 1994 and 2019. 
In this context, orthophotos of two years were provided by the Ministry 
of National Defense Map General Directorate (2022) including the 
earliest 1994 years before the 1999 earthquake, which is a breaking 
point for shaping Bolu city center macroform. Because the 1994 
orthophotos was taken with an analogue camera there are no RGB 
bands and the spatial resolution is lower. Image classification tools were 
not available due to the resolution difference. After the current cadastral 
maps of the working boundary are provided as a solution, all parcels 
with the built environment in 1994-2019 are classified by manually. The 
rest of the unstructured areas are classified as "Agriculture & Forest, 
Other" and the types of land, such as agricultural parcels and forests, are 
mapped. Thus, land use changes have been identified over the last 25 
years (Figure 3). 

The average temperatures of the land-use classification have been 
determined by the LST difference data in 2019-1994 and the Urban 
Atlas classes (Table 2). For this operation, the LST difference map is 
divided into one degree (such as 22-23 degrees). The data (raster) has 
been converted to raster data with a decimal value and a raster integer 
value. The decimal point range values (such as 22.5 degrees) are printed 
instead of the code values. The re-classification LST difference layer is 
converted to vector data format via raster to polygon. At the final stage, 
the Urban Atlas and vector LST differential layer are colliding through 
union. 
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FINDINGS AND RESULTS 
In order to understand the UHI effect, it is necessary to examine the 

topographic and morphological structure and spatial formation of Bolu 
city center as a case study area. The city center is located in the plain 
between the two mountains and the north and south of the Bolu plain 
(see Figure 2). Moreover, that the city is located in plain and peripheries 
are completely surrounded by built-up areas, causing the cooling air in 
the valley peaks to descend to the center over the slopes. In the city, 
where wind speed is insufficient, polluted air is accumulated above the 
city (Bolu ÇŞİM, 2020; Çağlak et al., 2021). The temperature differences 
between the city center and the periphery also seen in the Bolu city 
(Çalışkan & Türkoğlu, 2014; Tonyaloğlu, 2019; Toy et al., 2019). The 
temperature in the city in August, the hottest month in summer, is 30°C, 
although the temperature in the country is 19°C, the average of 10 years 
of data from the 17070- Bolu Central meteorological station (at 763 m 
altitude) and the 17637-Bolu Mountain meteorological station (at 948 m 
altitude). The temperature difference between the urban and rural areas 
is also measured at 11°C (Çağlak et al., 2021). 

The land surface temperature in the city center varies between 21.5 
and 43.3°C as indicated in satellite images (Figure 3) in 1994.  

 

 
 
In the 1994 LST MAP, the temperature varies between 22-30 °C in 

Büyükcami, Gölyüzü, Akpınar, Semerkant, Karamanlı, Karaçayır, 
Tabaklar, İhsaniye and Aktaş neighborhood forming in the Kuruçay 
neighborhood, east of the city, the surface temperature reaches 43°C 
due to agricultural areas and military airports. In the neighborhood of 
Karaköy, where Bolu Abant İzzet Baysal University was located in 1994, 
it is seen that the surface temperature is low due to the presence of 
forestry areas. The temperature rises above 30°C in some places due to 
increased farmland in the periphery. The surface temperature effect is 
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Figure 3. LST map in 1994. 
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reduced by the rise in the northwest and south parts of the city, as the 
green forest cover increases there. Therefore, the LST effect has 
increased in agricultural areas in 1994. On the other hand, when looking 
at surface temperature in 2019, it is seen that temperatures rise above 
30°C in the Büyükcami, Gölyüzü, Akpınar, Semerkant, Karamanlı Aktaş 
neighborhood and their peripheries, but surface temperatures change 
between 25 and 30°C in the Tabaklar, İhsaniye, Karaçayır 
neighborhoods (Figure 4). 

 

 
 
     Compared to 1994, the surface temperature in the city center tends to 
increase. The effect of surface temperature is generally between 25-
32°C in the city, given the type of land-use in 2019. In the city, the 
industrial zone is 32°C, sports and entertainment areas are 31.5°C with 
the highest surface temperature. In addition, the temperature ranges 
from 29 to 30°C in agricultural areas south and west of the city. 
Compared to orthophotos in 1994, forestation and surface temperature 
at the military airport east of the city tend to decrease. The maximum 
surface temperature is 29.7°C at the military airport in 2019. The land 
has been forested in the last 25 years. 
     In order to track urban development and dense construction in Bolu, 
and to better understand their impact on urban warming, there is a need 
for comparison between the past and the present period. The 
development plan, which is important and effective in the city's spatial 
development, is dated 1985 (Taner, 2014). According to this plan, the 
city maintained its agricultural growth until 1990 and expanded with 
the opening of Abant Izzet Baysal University in 1992 and the 
construction of housing areas following the 1999 Gölcük-Düzce 
earthquakes (Taner, 2014). It is emphasized that two major earthquakes 
-- 1944 and 1999 -- were found in the south, and that they did not show 
a spread in accordance with the conditions of safe-resilient construction 

Figure 4. LST map in 2019. 
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(Bayar et al., 2017). The most important factor for developing Bolu’s 
macroform is the 1999 earthquake (Bayar et al., 2017). In addition, low-
density housing areas increased with construction of Bolu Tunnel on 
D100 roads and E80 Anatolian Highway in transportation, so the city 
expanded north, causing urban sprawl (Bayar et al., 2017). The built-
environment areas in 1994 are shown in below (Figure 5). 

 

 
 
      According to the TUREF TM33 (EPSG 5255) system, the areas that 
have been constructed for 1994 are 10.96 km2 Figure 5). when the 
orthophotos of 2019 is examined, the built-up areas have taken up 
19.61 km2 areas in total. The built-up areas cover a 30.45% area within 
the city of Bolu (Figure 6). 
 

 
 

Figure 5. Built environment in 1994. 745 

Figure 6. Built environment in 2019. 
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      Areas of built-up expanded during the 25-year growth process are 
north and west, as seen in Figure 7. 
 

 
 
      The 1/5000 Urban Development Plan and the data obtained by the 
Ministry of Environment, Urbanization and Climate change were 
evaluated together and prepared the urban land-use map (Figure 8) of 
2019, provided by the Bolu Municipality to highlight the urban growth 
between 1994-2019. 
 

 
 
      Continuous urban area; 38,243m2, high density discontinuous urban 
area; 1,006,152 m2, discontinuous urban area in medium density; 
4,700,654m2, discontinuous urban area at low density; 472.0743.4m2; 
very low density urban area; 256.092m2 in orthophotos used to 
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Figure 7. Built up are changes 
between 1994 and 2019. 

Figure 8. Urban land-use map 
(Urban Atlas, 2019). 
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determine the surface temperature effect. Passive green areas within 
the city are 947,362 m2, farmable outdoor areas; 25,248 m2, forest; 
2,274,856 m2. The green spaces in Bolu are 960,000m2 (Bolu 
Municipality Park and Gardens Directorate, 2021), which are active 
green areas. 
   
Table 3. Average temperatures related with the land-use functions in 2019, Bolu 

Land-use functions Average temperatures °C 

Industry and production area 32.0 

Sports and entertainments area 31.4 

Continuous urban area (> 80%) 31.2 

Discontinuous urban areas (high density) (50% - 
80%) 

31.2 

Mine and Discharge Areas 31.1 

Construction area 30.9 

Hotels 30.9 

Commercial area 30.8 

Urban green area ( passive ) 30.5 

Health Facilities 30.5 

Discontinuous urban areas (medium density) 
(30% - 50%) 

30.4 

Religious Facilities 30.3 

Fast transit roads and related fields 30.3 

Discontinuous urban areas (very low- density) (< 
10%) 

30.3 

Urban green area ( active ) 30.2 

İdle space 30.2 

Public Administrations 30.2 

Roads 30.1 

Discontinuous urban areas  (low- density) (10% - 
30%) 

29.9 

Graveyard areas 29.8 

Airports (Military) 29.7 

Arable land 29.7 

Education facilities 29.4 

Pastures 29.3 

Isolated buildings 28.8 

Water Surfaces 28.6 

Herbaceous plant 28.6 

Greenhouses 28.0 

Unknown area (No image) 27.9 

Forest 26.3 

 
     In terms of urban land use in discontinuous urban areas with a high-
density surface temperature (having a base floor area between 50% to 
80%) is 31°C, while the in discontinuous areas with medium-density 
(having a base floor area between 30% to50%) surface temperature of 
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30°C. On the other hand surface temperature is 29.9 °C in discontinuous 
low density urban areas (having base floor area between 10% to 30%). 
As the building storey heights increase and as decreases gap between 
the buılding and space surface temperature is increased in Bolu. The 
lowest surface temperature has seen forests area and water surfaces. 
İndustry and production areas has the highest surface temperature. İn 
active green spaces the surface temperature is 30.2°C. This is due to the 
small crown diameter of the tree. The surface temperature values 
according to the type of land-use for 2019 are discussed in detail in 
Table 3.       

Compared to 1994, the surface temperature in the Kuruçay 
neighborhood located east of the city has decreased although surface 
temperature has also increased in peripheries like Yukarı soku, Sağlık, 
İzzet Baysal and Kültür neighborhoods located in the north of the city, 
and Dağkent, Karaköy in the west of the city. When comparing the urban 
density and surface temperature values in the city center, it can be seen 
temperature differences such as 0.1- 0.5 °C.  Surface temperature in 
densely populated areas is 31.2°C while medium and low density 
residential areas is 29.7°C. The areas with the most heat reflections are 
the urban center with a temperature of 32.9°C, industrial areas with 
32.6°C, technical infrastructure areas with 32°C, bus stops with 32°C, 
city-region trade center with 31°C and city center with 30.3°C. Surface 
temperature in urban parking areas is 30°C. The lowest surface 
temperature reflections are located on the campus of Bolu Abant Izzet 
Baysal University, with a surface temperature effect of 28.7°C covered 
by forest. The surface temperature values for land-use under the 
1/5000 Urban Development Plan (Figure 9) are as specified in Table 4. 
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Figure 9. 1/5000 Urban 
development plan. 
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Table 4. Land-use functions and average temperatures in 1/5000 urban development plan 

Land-use functions in urban development plan Average temperatures °C 

No intersection with plan 29.3 

Afforestation area 29.3 

Agricultural Area 32.9 

Bus Station Area 32 

Cultural Facility Area 29.7 

Elementary School Area 30.1 

Existing Residential Area (high-density/ 301-
600) 

31.2 

Existing Residential Area (low-density/ 50-150 
p/ha) 

29.7 

Existing Residential Area (middle-density/ 151-
300 p/ha) 

29.7 

Headquarters 30.3 

Health Facility Area 30.4 

Industrial Area 32.6 

Military area 29.3 

Multi-Use Area 30.4 

Municipality Service Area 30.96 

Oil Station Area 30.6 

Open Trading Area 30 

Park 30.1 

Parking Area 30.5 

Religious Facility Area 30.7 

Secondary School Area 29.6 

Sports Area 29.2 

Technical Infrastructural Area 32 

Tourism Area 31.1 

Truck Parking Area 27.8 

University Area 28.7 

Urban-Regional Working Space 31 

Water Surface 29.8 

 
Figure 9 and Table 4 shows various land-use functions. When 

calculating the existing residential population (low-medium-high), gross 
population was used. As with many studies, the surface temperature 
map is evaluated in this study with the normalized difference vegetation 
index (NDVI) (Yüksel and Yılmaz, 2008; Şimşek and Şengezer, 2012; 
Alkan et al., 2017; Balçık and Ergene, 2017; Mercan, 2020; Polat, 2020). 
NDVI analysis uses range -1, +1 for vegetation density. Areas where the 
vegetation is dense are observed as pixel values close to +1, depending 
on the biomass, and in places where the vegetation decreases in the 
form of a pixel value close to the range -1. When the surface of the field 
is covered with rare vegetation, NDVI values are covered in dense 
vegetation in the range 0.2 to 0.5, and in the range 0,5-1, it is 
approximately 0 on rock, concrete and asphalt surfaces (Gerçek et al., 
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2014; Alkan et al., 2017). Buildings, roads, etc. in the urban area the 
albedo value measured in areas covered with non-permeable surfaces, 
tar coated or asphalt surfaces accumulate more heat than the natural 
ground, increasing the surface temperature effect. In addition, 
agricultural areas are also exposed as surfaces with a high surface 
temperature effect because there are no trees and vegetation around 
them. 

In the NDVI map of 1994, the values range from -0.3 to +0.7, showing 
a rare and moderate variation. In 2019, NDVI values range from -0.4 to 
+0.5. There has been a reduction in vegetation-cover density over the 
past 25 years. İf the areas where the NDVI difference is high is shown in 
green, the areas where the NDVI difference is low is shown in red 
(Figure 10). 

 

 
 
As it can be seen Figure 10, there were decreased vegetation density 

between 1994-2019. The NDVI map has dropped by -1, with the 
increase in construction in the neighborhoods of Beşkavaklar, 
Borazanlar, Bahçelievler, Tepecik and Alpagutbey. In the map of 1994, 
the green vegetation is dense, in Yaşamkent, Umutkent, Kılıçaslan, 
Çakmaklar, Sarıcalar, Kürkçüler, Dağkent, Küçükberk, Tepecik, Aktaş, 
Sağlık neighborhood, which have been a decrease in vegetation density 
between -0.5 and -1 due to urban growth that has expanded from center 
to peripheries. However, periphery areas with decreased NDVI values in 
the range of 0 -0.5 have increased vegetation density between 0 and 0.5 
especially after the forestation of the military area, which is the Eşref 
Bitlis Komando Brigade around Kuruçay and around it. 

Figure 10. a) 1994-NDVI values b) 
2019-NDVI values c) Between 1994 
and 2019- NDVI differences values. 
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When examining the orthophoto images from 1994-2019, it was 
observed that in 1994, the agricultural sites around the city were 
exposed to high temperature effects due to their opening to urban 
development. Agricultural areas are opened to urban growth/ new 
developing area in Sağlık, Salıbeyler, Sarıcalar, Çakmaklar, Alpagutbey 
neighborhoods located in the north side. In the southern part, it is seen 
that construction in the Sümer and Tepecik neighborhoods has 
increased and surface temperature increases. NDVI flora density values 
have been significantly reduced since Borazanlar neighborhood has also 
been converted from agricultural areas to residential areas. The urban 
land-use map shows that the Eşref Bitlis Komando Brigade area, used as 
a military airfield in the east of the city, has increased its NDVI 
vegetation density over time with forestry. 

In the LST difference map between 1994-2019, it is observed that the 
forestry in the military field, which is the Eşref Bitlis Komando Brigade 
in the east of the city, have a cooling effect on the surface between -7 
and -16°C. The lowest surface temperature values in the city are forest 
areas covered with trees, parking spaces, university campus area, fields 
with green vegetation and military areas (Figure 11). It is known that 
the northern part of the city has risen around +2°C in the Alpagutbey, 
Alpagut, Izzet Baysal neighborhoods. There have been cooling on the 
surface of -1 or -2.4°C due to parks in the neighborhoods of Kültür, 
Sağlık, Yaşamkent and Umutkent. However, the ground has been heated 
between 0.1 and 3.7°C in Kasaplar, Sandallar, Kürkçüler neighborhoods. 
During the 25-year period, temperatures increased from 3.7 to 12.8°C 
due to agricultural areas in Küçükberk neighborhood in the south of the 
city. Surface temperatures can be seen at high temperatures due to the 
absence of green space around the area of agricultural areas, which are 
partly guarded in the northwest and south of the city. 

 

 
 
The surface temperature of the Gölköy campus of Bolu Abant Izzet 

Baysal University, located in the west of the city, has increased between 
0 °C and +2°C. Similarly, it is noted that the surface temperature rises 
between 1.5 and 3.7°C in Bahçelievler, Borazanlar, Semerkant, İhsaniye, 
Karamanlı, Sümer and Aktaş neighborhoods which are located near the 
city center. Increasing particularly non-permeable surfaces in the center 
has increased the LST effect. When both LST and NDVI maps are 
reviewed, surface temperature decreases as vegetation density 
increases in the Bolu city. Therefore, the negative correlation observed 
between surface temperature and vegetation density in Bolu which is 
known for its green identity.  
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Figure 11. Bolu city center a) 1994- 
LST values b) 2019- LST values c) 
between 1994 and 2019 LST 
differences values. 
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CONCLUSION AND DISCUSSION 

The measurement of land surface temperature (LST) is an important 
assessment tool for global climate change studies, urban land use, urban 
land cover change, urban heat island and urban climate. In this study, 
Landsat 5 TM of 1994 and Landsat 7 ETM satellite images and 
orthophotos of 2019 were intended to assess the change of the urban 
heat island in Bolu city center during the spatial development process.  

The geographical location of cities, morphology, land-use changes, 
cultural and socio-economic structure etc. are factors that affect the UHI. 
In the study, the average temperatures of the land-use classes were 
determined by evaluating the Urban Atlas classes together with the 
2019-1994 LST difference data to associate the land-use cover with the 
surface temperature. The distribution of surface temperature values for 
each land-use has been determined via the existing 1/5000 Urban 
Development Plan. NDVI maps are also prepared to define vegetation 
density. After the 1999 earthquake in Bolu, the changes in land usage 
structure due to the rapid urbanization of the city with the north and 
west axes have increased the surface temperature. In Bolu, it is 
observed that a 38.39% field has been constructed when 2019-year-
structured areas are proportional to the total parcel area. The built-up 
area presence has increased by 78.9% between 1994-2019. 

1994 orthophoto images show that surface temperatures reach 
higher values after the transformation of agricultural land to urban 
areas.  Air circulation is blocked in central neighborhoods due to the 
valley structure of the city center, surrounded by mountains and located 
on the flat plateau. Compared to 1994-2019 orthophotos, it is now seen 
that agricultural areas are used for transportation and residential usage. 
It can be agreed that urban growth has increased vehicle use by 
spreading uncontrolled from the center to the periphery areas, causing 
carbon emissions and the albedo effect raising the reflection 
temperature on the surface. In the last 25 years, the NDVI difference has 
resulted in a reduction in NDVI values in the Borazanlar and 
Beşkavaklar neighborhoods within walking distance of the urban center. 
As it expanded from the center to the periphery, the NDVI value has also 
decreased in Alpagutbey, Kılıçarslan and İzzet Baysal neighborhoods in 
the north of the city and Tepecik, Sümer, Karaçayır, Küçükberk, Ovadüzü 
in the south of the city.  

In addition, forest/green areas increased in Bolu during the 25-year 
period and surface temperature has decreased at the military airport, 
the Esref Bitlis Comando Brigade in the east of the city. Therefore, the 
effect of the green surfaces seen in many studies about cooling the 
urban climate (Şimşek and Şengezer, 2012; Yüksel and Yılmaz, 2008; 
Emecen et al., 2019; Shishegar, 2013) also seen in Bolu. The process of 
sweating and evaporation of plants is known to have a cooling effect in 
urban areas. In Bolu, the Gölköy campus and surrounding forests and 
the Gölköy dam have a reduced reflectance temperature effect. Land-use 
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types in 1/5000 scale urban development plan are evaluated with 2019 
urban atlas data, the 101.818m2 parking space in low-density 
discontinuous urban area (area with a 10% to 30% build-up ratio), the 
45.514m2 parks in the medium-density discontinuous urban area (area 
with a build-up ratio of 30% to 50%), 2207 m2 areas in a sustained 
urban area, there are 7553 m2 parks in the high density, non-
continuous urban area (area with a built-up ratio of 50% and 80%), 
10,687 m2 parks with very low intensity, non-continuous urban area 
(area with a built-up ratio of 10%). Bolu Municipality has also stated 
that they are working to increase green space in the city. 

However, the main reason for the high surface temperature rise in 
Bolu province is the opening of agricultural areas for development and 
increase in population density. The choice of materials on large asphalt 
and flooring surfaces in new development areas with building forms and 
textures reduces evaporation and stores heat under the surface. In 
addition, the lack of green space in the continuous in urban settlement 
and high-density discontinuous urban settlement has caused an 
increase in the city's surface temperature. In the Conference of Livable 
Cities (2016), it has been emphasized that the global temperature has 
increased by approximately 1°C in the last 150 years. In addition, the 
increase in global temperatures between 1951 and 2010 along with the 
rise in average surface temperatures of 2°C and the impact of 
urbanization on the UHI are explained (Kurnaz, 2016). 

Accordingly, in order to reduce the existing urban heat island effect 
in Bolu and to prevent urban heat island effect in the urban 
development areas solutions should be produced by taking some 
precautions such as promoting ecological material selection, walkability 
and bicycle use, creating wind corridors, supporting green roofs and 
green building applications, using smart mapping systems. In particular, 
when planning in new development areas, creating spatial decisions in 
such a way that it does not create barriers to dominant wind direction, 
wind corridors and speed, taking into account built-up area-green field 
ratios will have an impact on reducing the UHI effect. In addition to the 
important metropolitan area today (such as London, Paris, Madrid, 
Sydney, Tokyo and New York), it is known that the Local Climate Change 
Action Plans were prepared in Turkey, which reflected climate action 
from region scale to architectural scale in large-medium-sized cities 
such as Gaziantep, İstanbul, İzmir (Peker et al., 2019). In Bolu, 
increasing efforts to produce and implement plan decisions that address 
the overall green infrastructure will be an important step toward 
protecting the green identity and to decrease UHI effect or to decrease 
surface temperatures.  
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