
 

 
 

PACE 2021- Ataturk University, Engineering Faculty, Department of Civil Engineering, Erzurum, 25030, TURKEY  20-23 June 2021 
  1 

 
 

Research Article    20-23 June 2021 

Effects of Area Use Changes on Heat Island Formation in Urban Spaces: A Case 
Study for Elazığ 

Yaşar Menteş*1, Sevgi Yilmaz2  
1Ministry of Agriculture and Forestry, Elazığ Provincial Directorate of Agriculture and Forestry, PhD Candidate, Atatürk 
University, Turkey 
2Author Atatürk University, Faculty of Architecture and Design Departments,Department of Landscape Architecture 
Affiliation, Erzurum, Turkey 
Corresponding Author E-mail:yasarment@hotmail.com   Corresponding Author ORCID: 0000-0001-8505-470X 

Keywords   Abstract 
Urban heat island,  
Land surface temperature,  
Land use,  
Landsat 8,  
Elazığ province. 

 The relationship between climate change and cities is quite complex. According to the 
reports of the International Panel on Climate Change (IPCC), it is clearly foreseen that the 
global climate is constantly warming and will increase further in the future. The rapid 
interaction in the microclimate resulting from the change in land uses (LULC) in urban 
spaces affects the thermal comfort and health of the residents, and emerges as the main 
reasons for the temperature change. Compared to rural areas, urban areas are generally 
warmer. This phenomenon, called the Urban Heat Island (UHI), will become even more 
intense with the development of cities. Within the scope of this study, the effects of land use 
land cover (LULC) change on the urban heat island have been investigated by remote sensing 
techniques in the province of Elazığ in Turkey in 2014, 2017 and 2020. Landsat 8 thermal 
bands have been used in these analyzes using ArcGIS 10.4.1. 

1.Introduction 

Urbanization, one of the most important problems of the twenty-first 
century, has become a problem that exists all over the world. There 
are constant migrations to cities for reasons such as the 
attractiveness of cities, a better life expectancy, and raising living 
standards. 

Rapid urbanization has brought about many unknown changes in 
humans, animals, plants and the physical environment (Emmanuel, 
2005). The current global population growth and urbanization trend 
are causing significant environmental impacts on the atmosphere, 
biosphere, lithosphere, pedosphere and hydrosphere (Oke et al., 2017). 
The rapid development of urban areas as a result of unplanned urban 
planning has created an imbalance between natural and artificial 
structures, which has led to unhealthy environmental conditions 
(Enteria et al., 2021). 

Concerns about the negative effects of urbanization on the 
environment make the characteristics of urban areas increasingly 
important, especially in dense cities (Georgatou and Kolokotsa, 2016). 
While urban environmental changes have been intuitively known for 
centuries, empirical evidence to support this intuition has only been 
available in the last 50 years (Emmanuel, 2005). Modern cities are not 
sustainable because they depend heavily on fossil resources and a 
global economic network. Making cities more resilient formally and 
functionally and using local resources more efficiently is one of the 
most challenging tasks of the twenty-first century (Oke vd., 2017). 

Climate change has undoubtedly emerged as a vital problem since the 
beginning of the twenty-first century. In the last decade, urban areas 
have become the center of international debate on climate issues 
(Musco, 2016). According to UN data, it is estimated that 70% of the 
world's population will live in cities in 2050 (UN, 2017).  It is well 
known that the local climate changes as cities grow. As the urban 

population continues to grow, so do the challenges of life in densely 
populated cities. One of the most prominent environmental features 
of urban areas is the local climate phenomenon known as the urban 
heat island (UHI), which is characterized by higher temperatures 
within the city than in the rural environments (Saaroni et al., 2018). 
According to Enteria et al (2021), the UHI phenomenon is a type of 
urban thermal pollution caused by the absorption and reflective 
properties of urban materials in the densely built environment. 
According to Musco (2016), this phenomenon has been shown to be 
directly related to the size of urban areas and the population living 
inside. The cities most affected by the heat islands are the ones with 
dense population density. 

This phenomenon, which is considered a serious problem all over the 
world (Takebayashi, 2015), describes a micro-climatic phenomenon 
that occurs in urban environments. Although not a direct result of 
climate change, the phenomenon of UHI is expected to intensify due 
to the general warming projected under the climate change scenario 
for the second half of this century, when the average temperature is 
likely to increase overall (Musco, 2016). 

Urban heat island formation, change and technologies that reveal this 
change with up-to-date healthy data are used. There are many 
academic studies on the urban heat island (UHI). Guha and Govil 
analyzed the seasonal variability of the relationship between land 
surface temperature (LST) and normalized difference nudity index 
(NDBaI) on different land use/land cover (LULC) in Raipur City, India, 
using Landsat imagery (Guha and Govil, 2020). Liu et al., in their study 
in the city of Nanjing, China in 2016, carried out thematic mapping 
using the thermal infrared band of Landsat 5. In their study, it was 
determined that the average land temperature belonged to the city 
center with the highest (29.1 °C), while the temperature gradually 
decreased as it moved away from the city center. They determined 
that the surface temperature on and near the waterfront is the lowest 
temperature in the region with 24.3 °C (Liu et al., 2016). Ayanlade 
evaluated various land use/land cover change (LUCC) methods and 
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tested the accuracy of leading classification methods and their effects 
on land surface temperature (LST) change prediction in a 2016 study 
in Nigeria's Niger Delta. In the study, it was concluded that there are 
some factors that determine the remote sensing methods to be used 
in both LST and LUCC change analysis (Ayanlade, 2016). 

The urban heat island phenomenon is an important factor to consider 
to promote sustainability in urban areas. However, in order to reduce 
the effects of the heat island, it is necessary to examine its causes 
first. It is very important to reveal the effects such as socio-economic, 
geographical and climatic factors involved in the formation of UHI. 
Increasing population in urban areas causes significant changes in 
land use / land cover (LULC). This situation causes various negativities 
in the city center and its surroundings (Atak and Tonyaloğlu, 2020). 

It is possible to correlate LULC changes with changes in land surface 
temperatures (LST) by utilizing the characteristics of land surfaces (Pal 
and Ziaul, 2017). In this study, the effect of LULC changes on land 
surface temperature (LST) have been examined and their effects on 
UHI have been evaluated Elazığ province in Turkey in 2014, 2017 and 
2020. 

2. Material and Method 

2.1 Material 

The province of Elazığ, located in the Eastern Anatolia Region of 
Turkey, consists of 11 districts, including the central district. It is 
located between 38°30' and 40°0'21'' E longitudes, and 38°0'17'' and 
39°0'11'' N latitudes. Due to its location; The province is surrounded 
by Bingöl from the east, Tunceli from the north, and Malatya from the 
west and southwest (Figure 1). The borders of the province cover a 
total area of 9153 km², of which 8,327 km² is land, 826 km² is dam and 
natural lake. In terms of population density, it is the fourth largest 
province of the Eastern Anatolia Region after Van, Erzurum and 
Malatya provinces (WIKIPEDIA, 2021). 

 
Figure 1. Elazığ city study area location map 

 

The climate is continental in Elazığ. The summer months are hot and 
dry, and the winter months are cold and harsh. Compared to other 
provinces in the Eastern Anatolia Region, winters are much milder. 
Due to the dams built around Elazığ, changes in the climate have been 
observed recently. Elazığ is at an altitude of 1067 m above sea level. 
In winter, there is much more rainfall in Elazığ than in summer 
(Anonim, 2021a). The average temperature between 1938 and 2020 is 
13.1 °C. Average annual precipitation: 416.1 mm (MGM, 2020). 
According to the climate classification made by Köppen and Geiger, it 
is included in the "Csa" group. (Köppen and Geiger, 1954). 

Population of Elazığ province: 587960. The urban/rural population 
values of Elazığ province are given in Table 1 at 10-year intervals. 

Table 1. Urban/rural population values of Elazığ province 
between 1927-2020 (TUIK, 2020) 

Years Total  
populatio
n 

Urban 
Populatio
n 

Rural 
Populatio
n 

Urban 
Populatio
n Ratio 

Rural  
Populatio
n  
Ratio 

1927 213531 34417 179114 16.1 83.9 
1940 190366 36311 154055 19.1 80.9 
1950 213330 42186 171144 19.8 80.2 
1960 278332 81223 197109 29.2 70.8 
1970 376915 151555 225360 40.2 59.8 
1980 440808 187025 253783 42.4 57.6 
1990 498225 272790 225435 54.8 45.2 
2000 569616 364274 205342 64 36 
2010 552646 400675 151971 72.5 27.5 
2020 587960 455220 132740 77.4 22.6 

 
According to the first census conducted in 1927, 83.9% of the 
population of Elazığ city lived in rural areas, while the rate of 
population living in urban areas was 16.1%. However, the rural 
population decreased continuously in the following years. In 1990, the 
urban population rate (54.8%) exceeded the rural population rate 
(45.2%). In 2020, 77.4% of the population started to live in urban areas 
(Table 1). 

Population movements between urban and rural areas in Elazığ have 
a very dynamic structure. The rate of urban population is in an 
increasing trend and this rate will continue to increase (Figure 2). 

 

 
Figure 2. Urban/rural population distribution of Elazığ 

Province between 1927-2020 
 
2.2. Method 
Remote sensing techniques are widely used in monitoring the urban 
heat island. Remote sensing studies with satellite images are large-
scale studies. Studies carried out in this context can cover the entire 
city or its immediate surroundings. 

Within the scope of the study, Landsat 8 satellite images downloaded 
from the USGS website were used to calculate the LULC and land 
surface temperature (LST) values of Elazığ province. Landsat satellite 
images of Elazığ province for the years 2014, 2017 and 2020 were 
downloaded. The month of July, when there were cloudless days and 
clear images, was preferred for downloading the data (Table 2). 

Although the heat island phenomenon is more conspicuous in winter, 
the environmental problems it causes occur mostly in summer (Sasaki 
et al., 2008). The cloudiness of downloaded satellite images is below 
10%. ArcGIS 10.4.1 software has been used during the preparation and 
evaluation of LULC and LST maps. 
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Table 2. Landsat application images used in the research 

Years Satellite image Date Path/Row 
2014 Landsat 8 09.07.2014 172/33 

16.07.2014 173/34 
2017 Landsat 8 17.07.2017 172/33 

24.07.2017 173/33 
2020 Landsat 8 16.07.2020 173/33 

25.07.2020 172/34 
 
Performing LULC analysis 
Firstly, Geometric and Radiometric corrections were made on Landsat 
8 satellite images downloaded from the USGS website. The bands in 
the satellite images have been combined with the "Composite bands" 
process and turned into a single piece with “Arcmap 10.4.” program. 
Since the Elazığ province area consists of 2 satellite layers, these two 
layers have been combine and it has been made into a single layer 
according to the provincial border. Supervised Classification method 
has been used in LULC Classification. 

Performing LST analysis 

Band 10 (Thermal-1), Band 4 (red) and Band 5 (near infrared) are used 
to calculate the LST for Landsat 8 satellite images. To determine the 
UHI effect in Elazığ province, Chen et al. (2014), Avdan and 
Jovanovska (2016) and Du et al. (2017) calculated LST values using 
Landsat images. The steps of this method are given below: 

 
a. Conversion to Top of Atmosphere (TOA) Radiance 
Using to radiance rescaling factor, Thermal Infra-red Digital 
Numbers can be converted to TOA spectral radiance 
 
𝐿𝐿𝐿𝐿=𝑀𝑀𝐿𝐿∗𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄+𝐴𝐴𝐿𝐿- 𝑂𝑂𝑂𝑂        (1) 
 
Lλ = TOA spectral radiance (Watts/( m2 * srad * μm)) 
ML =Band-specific multiplicative rescaling factor from the metadata 
(RADIANCE_MULT_BAND_x, where x is the band number) 
AL=Band-specific additive rescaling factor from the metadata 
(RADIANCE_ADD_BAND_x, where x is the band number) 
Qcal =  Quantized and calibrated standard product pixel values (DN)    
𝑂𝑂𝑂𝑂 : Correction value for band 10.   
 
b. Conversion to Top of Atmosphere (TOA) Brightness Temperature (BT) 
Spectral radiance data can be converted to top of atmosphere 
brightness temperature using the thermal constant Values in Meta 
data file. 
 

𝐵𝐵𝐵𝐵 = � K2

ln�𝐾𝐾1Lλ�
+ 1� − 273,15         (2) 

 
BT=Top of atmosphere brightness temperature  (℃)   
Lλ = TOA spectral radiance (Watts/( m2 * srad * μm)) 
K1=K1 Constant Band (No.) 
K2=K2 Constant Band (No.) 
 
c. Normalized Difference Vegetation Index (NDVI) 
Normalized Difference Vegetation Index (NDVI) is a standardized 
vegetation index which Calculated using Near Infra-red (Band 5) and 
Red (Band 4) bands. 
 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑁𝑁𝑁𝑁𝑁𝑁 (𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 5)−𝑁𝑁 (𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 4)
NIR (Band 5)+R (Band 4)

        (3) 

 
NIR= DN values from Near-Infrared band 
R= DN values from the RED band 
  
d. Land surface emissivity (LSE) 
Land surface emissivity (LSE) is average emissivity of an element of 
the surface of the Earth calculated from NDVI values 
 
𝑃𝑃𝑃𝑃 = � 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁−𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝐵𝐵

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝐵𝐵𝑁𝑁−𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝐵𝐵
� ²        (4) 

 
Pv= Proportion of Vegetation  
NDVI= Dn values from NDVI Image 
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝑂𝑁𝑁: Minimum Dn values from NDVI Image 
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑄𝑄𝑁𝑁: Maximum Dn values from NDVI Image 
 

ε=0,004∗𝑃𝑃𝑃𝑃+0,986        (5) 
 
ε =Land surface emissivity  
Pv= Proportion of Vegetation 
0.986 corresponds to a correction value of the equation 
 
e. Land Surface Temperature (LST) 
Land Surface Temperature (LST) is the radiative temperature Which 
calculated using Top of atmosphere brightness temperature, 
Wavelength of emitted radiance, Land Surface Emissivity. 
 
𝐿𝐿𝐿𝐿𝐵𝐵 = BT

1+�λ.𝐵𝐵𝐵𝐵
c2 �.ln(ϵ)

          (6) 

       
  
BT=Top of atmosphere brightness temperature  (℃) 
λ =Wavelength of emitted radiance 
ε =Land surface emissivity  
c2= h*c/s= 14380 Mk 
h=Planck’s constant= 6,626*10-34 Js 
s= Boltzmann constant= 1.38*10-23 J/K 
c= Velocity of light= 2,998*108 m/s 
 
After LULC and LST analyzes were made, maps and charts of these 
analyzes were created and the urban heat island profile of Elazığ 
province was revealed. 
 
3. Results and discussion 
Quantitative analyzes of the effects of land use/land cover (LULC) 
types on urban heat island (UHI) formation are of great importance in 
urban planning studies. Various methods are used to classify land 
cover by using remote sensing. In this study, Supervised 
Classification method has been used in LULC Classification.  
Controlled classification is a method applied under the control of the 
user. In this classification, the user determines the sample classes 
(information classes) that are already known on the image. Landsat 8 
Band combinations have been used in controlled classification (Table 
3). 
 
Table 3. Band Combinations for Landsat 8 (Anonymous, 2021b) 

Composite Name Bands 

Natural Color 4 3 2 

False Color (urban) 7 6 4 

Color Infrared (vegetation) 5 4 3 

Agriculture 6 5 2 

Atmospheric Penetration 7 6 5 

Healthy Vegetation 5 6 2 

Land/Water 5 6 4 

Natural With Atmospheric Removal 7 5 3 

Shortwave Infrared 7 5 4 

Vegetation Analysis 6 5 4 

Each of these bands corresponds to different wavelengths. It is not 
necessary to use all band sets in this classification process. Band 1 
(Shore/Aerosol), band 2 (Blue), band 3 (Green), band 4 (Red), band 5 (Near 
Infrared), band 6 (Short Wave Infrared) and band 7 (Short Wave 
Infrared) are used. Of these bands, 432 refers to the natural color 
combination. Because the colors we can see from this group 
combination are equivalent to the real colors we see outside. The best-
known band combination for making a precise distinction between 
land areas and bodies of water is 564. When this band is used, bodies 
of water appear dark blue, and land areas with nothing but soil appear 
dark yellow. Using this combination of bands, such areas can be 
distinguished very easily. The 543 band combination, also known as 
the color infrared band combination, can be used to identify 
vegetation. When this band combination is set, the darker spots that 
appear indicate very dense or healthy vegetation. If urban areas are 
to be defined, it can be seen that urban areas are whitish blue in color. 
The LULC classes obtained by the controlled classification method are 
shown in Table 4. 
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Table 4. LULC classes used in the study 
 

LULC classes Description 
Urban/Built up 
Areas 

Residential areas, industrial areas, 
transportation networks, asphalt and 
concrete covered areas, construction sites, 
etc. 

Bare Lands Open, bare, rocky areas with no vegetation, 
etc. 

Agricultural 
Lands 

Orchards, vineyards, pasture areas, 
cultivated and planted areas, fallow areas, 
stubble areas, etc. 

Forest Lands Wide and coniferous forest areas 
Water surfaces Lake, dam lake, pond, waterways etc. 

LULC maps of Elazığ province for the years 2014, 2017 and 2020 are 
shown in Figures 1, 2 and 3, respectively. 
 
 

 
Figure 3. Elazığ province 2014 LULC Classes 
 

 

 
Figure 4. Elazığ province 2017 LULC Classes 

 
Looking at the LULC classification of Elazığ province, it is seen that 
open/bare areas occupy a large place. This is followed by agricultural 
areas, forest areas, water surfaces and urban/built areas, respectively. 
Urban/built up areas are the least dispersed areas. However, when 
compared to 2014, an increase has been observed in 2017 and 2020. 
There is a decrease in the areas of water surfaces. The water surface 
area, which was 6.79% in 2014, decreased to 6.63% in 2017 and 6.26% 
in 2020. Agricultural areas are generally concentrated in Uluova, 
Kuzova and Kanatlı Plains (Fig. 3,4,5). There is no significant change 
in the distribution of agricultural areas by years (Table 5).  

 

 
 

 
Figure 5. Elazığ province 2020 LULC Classes 

 
Table 5. Area and percentage distribution of LULC classes 

in Elazığ province 
 

Years LULC Classes Area (Ha) Percent Value 
(%) 

2014 Urban/Built up Areas 22840.85 2.44 
Bare Lands 514926.30 54.91 
Agricultural Lands 199776.92 21.30 
Forest Lands 136472.97 14.55 
Water surfaces 63646.97 6.79 
Total 937664 100 

2017 Urban/Built up Areas 23690.33 2.53 
Bare Lands 511138.78 54.51 
Agricultural Lands 202190.48 21.56 
Forest Lands 138470.82 14.77 
Water surfaces 62173.09 6.63 
Total 937664 100 

2020 Urban/Built up Areas 24520.36 2.61 
Bare Lands 505411.26 53.90 
Agricultural Lands 206536.72 22.03 
Forest Lands 142518.73 15.20 
Water surfaces 58677.43 6.26 
Total 937664 100 

 
The land surface temperature map of Elazığ province for the years 
2014, 2017 and 2020 (July) is shown in Figures 6, 7 and 8.  
 

 
Figure 6. Elazığ province LST (°C) values in 2014 (July) 
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Figure 7. Elazığ province LST (°C) values in 2017 (July) 

 

 
Figure 8. Elazığ province LST (°C) values in 2020 (July) 

 
While the average LST value was 39.1 °C in 2014, it increased to 40.0 
°C in 2017 and 40.8 °C in 2020. In parallel, it is observed that there is 
an increase in maximum and minimum temperatures (Table 6). 
 

Table 6. LST values for 2014, 2017, 2020 
 

Years LST (°C) 
Maximum Minimum Mean 

2014 50.8 12.2 39.1 
2017 51.5 13.8 40.0 
2020 52.6 14.3 40.8 

 
LULC classes and LST values for 2014, 2017 and 2020 are shown in 
Table 8. Accordingly, the lowest LST average belongs to the water 
surfaces. This is followed by forest areas. Since open/bare areas are 
directly exposed to sunlight, the LST values of these areas are also 
high (Table 7). 

Since Elazığ has a hot and arid climate, the dry farming system is 
dominant. Most of the agricultural lands are cereals (barley, wheat) 
and fallow fields. Since the grain fields were harvested in July, it can 
be seen that the LST values of these fields are not different from the 
open/bare fields (Table 7).  

Finally, in order to examine the UHI effect in Elazığ province between 
2014-2020, the existing LULC classes have been divided into 2 groups 
as urban and rural areas. For this purpose, urban and built areas have 
classified as urban areas; open/bare areas, agricultural areas, forest 
areas and water surface areas have included in the rural areas group 
(Table 8). 
 
Accordingly, while the average LST value for urban areas was 38.3 °C 
in July 2014, it increased to 39.9 °C in 2017 and 40.4 °C in 2020. Again, 
according to the July 2014 images, the average LST value for rural 

areas was 35.4 °C, while it increased to 36.9 °C in 2017 and 36.3 °C in 
2020 (Table 8). 

 
Table 7. LULC classes and LST values for 2014, 2017, 2020 

 
Years LULC Classes 

Sınıfları 
LST (°C) 

Maximum Minimum Mean 
2014 Urban/Built up 

Areas 
51.5 23.1 38.3 

Bare Lands 52.8 15.8 41.0 
Agricultural Lands 51.4 22.9 41.4 
Forest Lands 48.4 12.2 36.3 
Water surfaces 36.2 16.6 23.0 

2017 Urban/Built up 
Areas 

52.9 24.2 39.9 

Bare Lands 53.5 16.8 41.8 
Agricultural Lands 50.4 24.0 42.0 
Forest Lands 50.2 13.9 38.4 
Water surfaces 36.1 16.9 25.3 

2020 Urban/Built up 
Areas 

54.4 25.9 40.4 

Bare Lands 52.6 17.1 41.4 
Agricultural Lands 51.6 25.9 43.1 
Forest Lands 50.9 14.3 35.7 
Water surfaces 36.0 16.2 24.8 

 
 

Table 8. Urban/rural area LST values for 2014, 2017, 2020 
 

LULC Classes Sınıfları LST mean (°C) 

 2014   2017   2020  

Urban Areas 38.3 39.9 40.4 
Rural Areas  
(Bare Lands, Agricultural 
Lands, Forest Lands,  
Water surfaces) 

35.4 
 

36.9 
 

36.3 
 

 
In 2014 the temperature difference between urban and rural areas 
was 2.9 °C, in 2017 the temperature difference between urban and 
rural areas was 3.0 °C, and in 2020 the temperature difference 
between urban and rural areas was 4.1 °C. 

Adopting UHI mitigation strategies can help reduce urban warming 
trends that are already occurring in cities. The urban heat island 
effect could cause some cities to struggle more manageably with the 
up to 5°C increase currently projected for them (Sharifi et al., 2021). 
 
Conclusions 
 
Although different climatic features are seen in different parts of the 
world, the problems and challenges associated with climate change 
are almost the same. Reducing urban heat island effects is an 
important task not only for scientists but also for planners and 
designers. In the last few years, various suggestions have been 
presented and different strategies have been applied to reduce the 
effect of UHI in various cities of the world. 

In this study conducted in the city of Elazığ between 2014 and 2020, 
the temperature difference between urban areas and rural areas was 
analyzed as 4.1 °C. This difference is a clear indication of the UHI 
effect in the city of Elazığ. This danger will continue to increase as the 
urban population and anthropogenic activities increase. 

Adopting UHI mitigation strategies can make urban areas more 
livable. Studies with remote sensing techniques are large-scale 
studies. Micro-scale studies are needed in the implementation of UHI 
reduction strategies. 

Measuring regional climate effects on an area allows us to collect only 
climatic information about that area. However, it does not tell us how 
effective mitigation measures can be taken to reduce the effects of a 
heat island. Considering the potential effects of climate change and 
the need to develop cities in a sustainable way, reliable data and 
modeling and simulation tools are needed. It has been seen that there 
are very important studies in obtaining the base data to be used in 
urban planning and designs. 
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