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ABSTRACT

Most of critical issues such as increase in pollution levels, sudden climatic changes and the rise of temperature in
the urban area, leading to the formation of Urban Heat Islands (UHI), have been resulted from urbanization. As
population density increases, most terrestrial areas become cities, and cities grow very fast. The reason to do the
current study is to compare Single-Channel, SEBAL and Split-Window methods and then choose the best method
for estimating land surface temperature. The objectives are as follows: Three independent studies were conducted
using a series of Landsat data: (i) to land-use/land-cover (LU/LC) classification by object-oriented method and
change detection; (ii) to understand the connection between particular LU/LC class and Land Surface
Temperature(LST); and (iii) LST recovery using Single-Channel, SEBAL and Split-Window, as well as
comparing these methods together. The results of land-use classification and change detection indicated that urban
areas have increased, while agriculture has declined. The results of validation of the three temperature recovery
methods demonstrated that due to using two thermal bands simultaneously, the Split-Window method functions
better and in these three algorithms, water bodies and wet soils exhibit minimum surface temperatures. Due to
less vegetation, areas such as deserts, saline soils and residential area display a higher surface temperature.
Vegetation has always been an obstacle for heat input and inversely related to surface heat. In addition, due to
fuel pollution of machinery and factory, urban areas experience high temperatures. The only gap of this study was
the utilizing 5-cm surface temperature data, which was only available at airports and was not available.
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INTRODUCTION

Climate change, especially in urban areas, has received major attention due to its effects on humans, biodiversity
and the urban ecosystem (Jain et al. 2020). Particularly, the transition from the surface of the natural earth to the
impenetrable layer of the city can lead to significant climate change in the region (Weng & Lu 2008; Zhang et al.
2009; Liu et al. 2014). The unprecedented changes of landscape and human appropriation significantly dismantle
the energy exchange between the earth surface and the atmosphere, leading to increase in the urban ambient
temperature that deviates from the surrounding non-urbanized areas (Buyantuyev & Wu 2010; Ramezani &
Ramezani 2021; Gholizadeh et al. 2021; Ameer Abbas 2022; Surya Suamba et al. 2022). The effect of urban
morphology on building energy performance draws more and more attentions nowadays as building energy use
accounts for over a quarter of the total energy use by cities. By a rapid urbanization of cities, the morphology of
urban blocks develops from the single and low-density type to the diversified and high-density one, which has
great influence on the underlying ground surface conditionings, ventilating performance and heat gain at a district
scale, thus enhancing urban heat island effect and upraising building energy consumption (Zhou et al. 2017).
Advanced models and techniques are required to describe this process, especially for typical urban-suburban areas.

Particularly, the transition from natural land surface type to urban impervious layer can result in significant
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regional climate change. Urban thermal environments are considered as a typical study variable by many authors
(Weng & Lu 2008; Zhang et al. 2009; Liu et al. 2014). The development of thermal remote sensing provides a
suitable solution for the fracture observed in the normal monitoring of urban heat islands. Such techniques can
quantitatively and effectively monitor the distribution characteristics of urban heat islands as well as the periodic
and dynamic changes in urban thermal environments (Pongracz et al. 2010). A more detailed analysis about the
effects of the urban land use coverage on the distribution of urban land surface temperature (LST) as well as the
scope and intensity of urban heat island, are useful for understanding the underlying mechanisms and evolution
of urban heat islands (Wang et al. 2019). LST is an important parameter for monitoring the energy level of the
surface, since the main variable determines the upward thermal radiation and it is one of the main controllers of
the sensitive and latent heat flux between the surface and the atmosphere (Trigo et al. 2009). In recent decades,
there have been proposed various algorithms for estimating the actual surface temperature using various sensors.
The basis of these algorithms is based on various assumptions and approximations of radiation equations. The
difference between these methods is in the number of bands used, mathematical algorithms and statistical methods
for calculating atmospheric and ground emission changes to determine coefficients and computational constants.
In general, atmospheric effects and emissions are two important factors in calculating surface temperature
(Sekertekin et al. 2020). Investigations show that urban areas are warmer than the surrounding rural ones and this
phenomenon, generally called urban heat island. The heat emitted from urban structures plays the most important
role in urban heating, especially the heat island of the city, and it is necessary to seriously consider ways to reduce
the heat island of the city. Fage Ibrahim (2017) in a study examined using urban lands in changing land cover and
their effects on land surface temperature in Dohuk City, Irag. A Split-Window algorithm was used to achieve LST
exhibiting that land use alterations and land cover affect LST. In addition to being affected by land cover and land
use, LST is also very sensitive to temperature and humidity, than water. So that, the forest areas, with lower
temperatures and also are man-made and urban areas, display higher temperatures. Nurwanda & Tsuyosh (2018)
in a study analysed land use change and development of urban thermal islands in Bogo City, Philippines by remote
sensing, which used images of Landsat TM and Landsat 8 OLI / TIRS. The results of this study showed that the
highest temperature is related to urban areas, while the lowest to plant areas. In another study, Asghari
Saraskanroud et al. (2019) investigated the relationship between different land uses and surface temperature based
on spatial autocorrelation analysis (Moran) using Landsat 8 (OLI) satellite image data in Ardabil, North-western
Iran exhibiting that urban areas have higher temperatures compared to water ones due to their heat absorption. In
the above context, a reliable and long-term estimate of LST is very important for a large number of applications.
Therefore, given the importance of the subject and the studies performed by other authors, in this study, the
temperature estimate of Isfahan City is evaluated using different algorithms of measuring distance in an 18-year
period and comparing the results with land use changes to determine to what extent is the surface temperature
affected by land use.

MATERIALS AND METHODS

Isfahan, a tourist and industrial city in Central Iran by longitudes 51° 50’ E and 51° 78’ E and latitudes 32° 50’ N
and 32° 80’ N, covers an area of approximately 550 km?. Its topography is generally low around the Zayandeh
Rud (1550 m) and high in the mountain (1650 m). The location of the study area was presented in Fig. 1. Land
use and detecting changes in the maps of Isfahan was performed using object oriented algorithm obtained by
Landsat 8(OLI) and Landsat 5(TM) image (Fig. 4). As a result, using the object oriented algorithm, eight land use
categories were distinguished including, saline, desert, residential, water cultivation, fallow, rain-fed cultivation,
water bodies and Gavkhuni Wetland in the selected region. The object-oriented classifier yields an overall
accuracy of 97.25 % in 2000 and 96.19% in 2018. Also the kappa coefficient in 2000 and 2018 were 0.95 and
0.93 respectively (Table 3). Residential areas exhibited an increasing trend with an area of 33359.13 ha in 2000
and 33603.66 in 2018. Furthermore, 2207.88 ha of agricultural land has become residential areas. Moreover, most
of the land turned into the residential, belonged to the desert parts with an area of 11864.73 ha. From 2000 to
2018, due to the water shortage, water cultivation declined, by 10.10357 ha turning into desolate and fallow areas.
The study primarily aimed to compare the performance of the most common methods for LST retrieval from
Landsat-5 TM and Landsat-8 TIRS images of Single-Channel (SC) method by Jiménez-Mufioz & Sobrino, Split-
Window and Surface Energy Balance. Then, the relationships between land use/land cover (LULC) and LST in
Isfahan City were examined. The LST Landsat (TM, TIRS) images in July and June (2000 and 2018) were
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obtained from the US Geological Survey (USGS; https://earthexplorer.usgs.gov/). The details of the acquired
Landsat image are given in Table 1.
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Fig. 1. Geographic location of the study area.

The obtained Landsat (level L1T) images were geometrically and topographically corrected. All the images were
in Universal Transverse Mercator (UTM) projection system (zone 39 North for KMA) with WGS-84 datum.
Necessary atmospheric corrections such as noise and haze correction were performed on every image before
mosaicking using ENVI 5.3. For validation of the results, meteorological data obtained from the Meteorology
Research Center in Isfahan Province, Iran was used, while eCognition Developer 64 software was employed for
classification of lands with object oriented algorithm. In the presented study, using Landsat 8 (TIRS) and Landsat
5 (TM) image for Isfahan City, land surface temperature is calculated in three ways, i.e., Single-Channel, Split-
Window and SEBAL. Then the relationship of each land use with surface temperature was investigated. The
accuracy could be obtained by comparing the results of the three methods. Surface temperature was calculated
using the SEBAL and Single-Channel method in 2000.Then, by SEBAL method and using the Normalized
Difference Vegetation Index (NDVI) and Leaf Area Index (LAI) the surface radiation was calculated, then the
land surface temperature was obtained using the formula provided. Notably, the SEBAL method uses a band 10
(Thermal -TIRS), while the single-band method uses a thermal band 6 (TM). In the case of Split-Window method,
both thermal bands of Landsat 8, bands 10 and 11, were used to calculate the temperature. In this method for
estimating the surface radiation, the Fraction Vegetation Cover was used and then by using the aforementioned
formulas, the land surface temperature was estimated for the study area. The results indicated that, the maximum
temperature of the earth is found in lands of desert and arid area, while the minimum temperature was observed
in the areas of water and dense vegetation.

The Jime nez-Mun"oz and Sobrino’s Single-Channel

Single-Channel is one of the most widely used methods for calculating the land surface temperature, which is
used in many remote sensing projects. This algorithm uses the Brightness temperature images, thermal radiation
and land surface emissivity. In this method, special emphasis is placed on estimating the water vapor in the
atmosphere. In this study, this method was used to calculate the land surface temperature of TM. The main goal
of the Single-Channel method is to obtain an algorithm to retrieve LST from one thermal band of the sensor
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(Sobrino et al. 2004). Jime ' nez-Mun~oz & Sobrino (2003) have developed a generalized Single-Channel method
in order to retrieve LST from only one thermal channel, in which the LST is given by the following equations (1-
6).

TS = y[‘g_l(lpll‘sensor + 1/’2) + lpS] + 5 (1)
With

CaLsensor (A* -1 -
Y= {?rszenT [a Lsensor + 4 1]} ! 2
6= _yLsensor + Tsensor (3)

Where Lgg,sor 1S at-sensor radiance in Wm=2 srium?, T,.,.«or IS at-sensor brightness temperature in K, C;=1.19104
108 Wum* m2srtand C,=14387.7um. The atmospheric function 11, 1, and 13 can be obtained as a function of
the total atmospheric water vapor content (w) according to the following equations particularized for TM6 data:

P, = —1.1836w? — 0.37607w — 0.52894 4)
5 = —0.04554w? + 1.8719w — 0.39071 (5)
Y5 = —0.04554w? + 1.8719w — 0.39071 (6)

Split-Window (SW) Algorithm for LST Retrieval

The SW algorithm is based on the different atmospheric absorption behavior of two radiometric channels within
thel10-12.5 um window region. It was initially proposed to produce the real-time surface temperature patterns for
seas and water bodies where the surface was commonly assumed to be a black body. Later, it was depicted that
using the SW algorithm actually minimizes the small surface emittance effect on retrieved sea surface temperature
(SST), and a suitable overestimation of atmospheric water vapor absorption can compensate for the surface
emittance effect in a reasonable range of atmospheric total water vapor content (Ulivieri et al. 1994). The SW
algorithm removes the atmospheric effect using the differential atmospheric absorption in two adjacent thermal
infrared channels centered at 11 and 12 pm, and finally applies the linear or nonlinear combination of brightness
temperatures to calculate LST (Wan & Dozier 1996). Since it does not require accurate information about the
atmospheric profiles at the time of the acquisition, a variety of SW algorithms have been developed and modified
to successfully retrieve LST from several sensors. Based on the new refinement of the generalized SW algorithm,
a nonlinear structure of TB (as described below) was adopted to obtain LST from the TIRS of Landsat 8 (Wan
2014). The proposed SW algorithm utilizes the atmospheric window in the range of 10 um to12 um wavelengths
for the TIRS bands (10 and 11). The basis of the SW algorithm is the radiance attenuation for atmospheric
absorption, which is proportional to the radiance difference of simultaneous measurements at two different
wavelengths, each of them being subject to varying amounts of atmospheric absorption (McMillin 1975). The
mathematical expression for LST can be expressed as:

LST =TB + C1(TB'® — TB') 4 C2(TB' — TB')2 4+ C° + (C3 + C*W)(1 — &) + (C5 + CW)Am  (7)

where LST is land surface temperature in Kelvin (K), C° to C% are SW coefficient values, TB° and TB*! are
brightness temperature of bands 10 and 11 in Kelvin (K) m is mean of the LSE of the TIRS bands, W is
atmospheric water vapor content and Am is the difference in the LSE (Sobrino et al. 2003; Zhao et al. 2009;
Skokovic et al. 2014).

SEBAL (Surface Energy Balance) Method

Surface Energy Balance Algorithm for Land (SEBAL) is considered as a physically-based analytical image
processing method that evaluates the components of the energy balance and determines the LST as the residual.
SEBAL is based on the computation of energy balance parameters from multi-spectral satellite data.

In order to calculate the corrected thermal radiance, the emissivity in the thermal band should first be calculated,
for which, the spectral radiance (LL), the reflectivity values in each band (p,), and the surface albedo () are
required.
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Spectral radiance (LA)
The spectral radiance is the radiance energy at the top of the atmosphere, which is detected by the satellite sensors.
We calculated the spectral radiance for each band using the following equation.

Lmax— min
LA = 2t DN — Ly (8)
where DN is the degree of greyness of the pixels and LI is in (W/m?/sr/mm). Lmax and Lmin are the calibration
constants of the sensor, equal to the maximum and minimum values of the spectral radiance (in W/m?/sr/ mm)
detectable for each band by the sensor, in the header file of the Landsat 8 and Landsat 7 images.

Reflectivity of hemisphere (p;)
The reflectivity of a surface is the ratio of the reflected energy to the amount of energy striking the surface. The
amount of reflection is calculated for each band using the following equation:

_ 1'[1)l
P2 = Esun, cosed, ©)

where p; is the spectral reflectivity for each band and ESUNA is the average for each band of solar radiation
striking the top of the atmosphere in (W/m?% mm). The ESUN;, values for the sensor are in the Metadata file. The
incident angle of the sun’s radiation (0) is computed as follow:

0 =90-p

where [ is the sun’s elevation obtained from the header file of the Landsat satellite image, which is available for
every scene. The sun’s elevation depends on geographical location and in the current study it was equal to
68.53712984 for our study area.

The inverse of the square distance between the Earth and the sun (dr), is calculated using the Duffie & Beckman
(1980) equation:

dr = 1+ 0.033 cos (DOY 2% ) (10)

where DOY is the sequential day within a calendar year which. The image date of 28 July in our study, is
calculated at about 209 (Header File).

The surface radiation (g)

Surface radiation is the ratio of the thermal energy emitted from a surface to the thermal energy emitted from a
black body of the same temperature. In the SEBAL method two surface radiations are used: the first for the thermal
energy emitted in a narrow thermal band (eng) of 10.5 to 12.5 y; and the second in a broad thermal range (go) of
6 to 14 u . The eng figure is used to calculate the surface temperature (Ts). In our model, surface radiations are
calculated using the following experimental functions:

If NDVI > 0 then the following two situations are distinguished

(a) For Leaf Area Index (LAI), LAl <3 (17)
ens = 0.97 + 0.0033 x LAI (12)
g0=0.95 + 0.01xLAl

(b) For LAI > 3=0.98 €0 0.98, = eng

For water and snow, the € NB and ¢ 0 filters are used.
Water: NDVI <0; 0. < 0:47 eNB =0.99; €0 = 0.985
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Snow: NDVI <0; o.> 0:47 eNB =0.99; €0 = 0.985
In the above equations a is the (i.e. the surface’s albedo).

Brightness temperature (Tbhb)
Brightness temperature (TB) is the microwave radiation radiance traveling upward from the top of Earth's
atmosphere. To calculate the brightness temperature, the following equation is used:

—__k
Thb = — Lewey (13)
where ki and k are the spectral radiance for thermal band. The resulting values of k; and kz were 774.8853 and
1321.0789, while L11 is the spectral radiance of band 10.

Land surface temperature (Ts)
The LST was calculated using surface temperature (Ts) equation:

Tg = —2— (14)

€NB.K;
LH(T+1)
where K1 and K2 values in relation to sensors (TM) are 607.76 and 1260.56, respectively and for sensor (OLI)
that the band was thermal 10, the values of k; and k; are 774. 88 and 1321.07 respectively.

Land use extraction

In the presented survey, LULC has been obtained from remotely sensed data using the object-oriented (nearest
neighbor) Classification techniques. Image segmentation is a preliminary step in object-oriented image
classification. Then the spatial information of the segmented parcels can be derived and employed in further image
analysis (Gao et al. 2006).

Object-oriented classification was performed in eCognition, which is an object based processing software
program made available in 2000 from Defines Imaging GmbH and was claimed to be user-friendly, multi-scaled,
and fully functional (Blaschke & Strobl 2001). Image segmentation in eCognition is a multi-resolution, bottom
up, region-merging technique starting with one-pixel objects. Image objects are extracted from the image in a
number of hierarchical segmentation levels, and each subsequent level yields image objects of a larger average
size by combining objects from a level below, which represents image information on different scales
simultaneously. Objects are grouped into a larger object based on spectral similarity, in contrast to neighboring
objects, and shape characteristics of the resulting object. These three characteristics are grouped into a single
parameter called heterogeneity (Qian 2007). By a certain ‘scale’ parameter, three criteria define the heterogeneity
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of the objects: color, smoothness, and compactness. The last two being known as shape criterion. Color criterion
defines the weight the spectral values of the image layers contribute to the entire homogeneity criterion, as
opposed to the weight of the shape homogeneity ((Baatz et al. 2004). The classifier of object-oriented image
classification is nearest neighbor, which is a soft classifier, based on fuzzy logic. The nearest neighbor classifier,
classifies image objects in a given feature space with given samples for the classes of concern. At First, sample
objects are declared for each class, then the algorithm searches for the closest sample object in the feature space
for each image object. All class assignments in eCognition are determined by assignment values in the range of
0-1. The closer an image object is located in the feature space to a sample of a class, the higher the membership
degree to this class. The best classification result keeps the highest membership values (Defines Imaging GmbH
2002; Baatz et al. 2004). The flowchart of this study is provided in Fig. 3.

{ Data collection | gatellite Images- Landsat 8(TIRS_OLI), (TM) Meteorological Stations ]

U

{ Methodology | SC | | SEB | | SW | | Object Oriented | J
Accurancy LST Extraction of Land Use Temperature
Result Analysis
| Detection Changes | Comparison of Land Use Temperatures

Fig. 3. Data processing flowchart.

RESULTS AND DISCUSSION

Land Surface Temperature retrieval

Land surface temperature maps of Isfahan City using Single-Channel and SEBAL methods are obtained by
Landsat 5 image (TM; Fig. 4). Based on the results of the study, the maximum temperature of the earth is found
in lands of desert and arid areas due to the lack of vegetation, while due to the high heat-capacity of water, the
minimum temperature is observed in areas of water bodies. The desert regions in the Single-Channel method have
mean temperatures of 45.31 and 43.47 in June and July respectively, whereas, in the SEBAL method, the average
temperatures were 45.50 and 44.98 °C in June and July, respectively. The temperature of the other land uses are
summarized in Table 1.

£1%9°0"E s20°0"E 3070 E

<1ewo-y 20007, ooy

frowers sswos] SC(June)

Fig. 4. LST map of Isfahan city by Single channel and SEBAL.
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Tablel. Comparison and statistical properties of surface temperature (in 2000).

Land Use Minimum Temperature Maximum Temperature Mean Temperatures

§ Water cultivation (SC) 26.25 47.84 34.59
8 Water cultivation (SEB) 13.67 49.11 13.84
@ Fallow (SC) 13.22 50.28 40.45
= Fallow (SEB) 29.31 55.79 39.77
£ Rain fed cultivation (SC) 27.47 74.60 38.04
% Rain fed cultivation (SEB) 25.30 53.88 31.48
o Residential (SC) 33.35 50.28 40.24
S Residential (SEB) 19.79 54.94 39.51
< Saline (SC) 16.87 46.50 41.49
3 Saline (SEB) 26.60 57.68 36.32
"g Desert (SC) 15.17 52.43 43.47
5 Desert (SEB) 15.17 55.06 45.50
g Gavkhuni Wetland (SC) 10.83 44.82 36.63
g- Gavkhuni Wetland (SEB) 27.58 49.29 39.97
2 Water (SC) 19.90 43.20 17.12

Water (SEB) 20.39 29.25 30.95

Next, the LST results are compared with the temperature measured using the 3 meteorological stations in the study
area. The results exhibited that the LST estimated by the SEBAL algorithm has higher accuracy than the Single-
Channel method (Fig. 5). It is concluded that the SEBAL offers better results in this study area, since this method
uses band 10 of the thermal bands (10 and 11) for calculating LST, while Single-Channel method uses thermal
band 6 TM for calculating LST. So, the accuracy of SEBAL algorithm is higher than the Single-Channel method.
In addition, the wavelength of band 10 used in the SEBAL method is closer to the maximum wavelength of the
earth's surface than the band 6 used in the TM sensor method. Fig5 depicts the comparison between surface
temperature measured in the meteorological stations in the study area and those that are calculated by Single-
Channel and SEBAL methods.

June July
90 60
80
50
70
60 40
50
30
40
30 20
20
10
10
0 0
0 05 1 15 2 5 3 35 0 05 1 15 2 25 3 35
Ta—Meteorological station Single channel Ta-SEBAL Ta-Meteorological station Single channel Ta-SEBAL

Fig. 5. Comparison among temperature of stations and those calculated by SEBAL method and Single-Channel.

Surface temperature retrieval was also performed using a Split-Window and SEBAL for the TIRS sensor in June
and July (Fig. 6). In both of these methods, desert and saline regions exhibited maximum, while water bodies
minimum temperatures. The desert regions in the SEBAL method displayed the mean temperatures of 44.10 and
47.11 respectively in June and July, whereas, in the Split-Window method, the average temperatures were 52.04
and 46.06 °C, respectively, in June and July. The temperature of the other land use is summarized in Table 2. It is
concluded that the Spilt-Window offers better results in this study area, since this method uses two thermal bands
(10 and 11) for calculating LST, while SEBAL method uses just one thermal band (10) for calculating LST, so
the accuracy of Split-Window algorithm is higher than SEBAL method.
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Fig. 6. LST map of Isfahan City by the Split-Window and SEBAL.

Table 2. Comparison and statistical properties of surface temperature (2018).

Land Use Minimum Temperature Maximum Temperature Mean Temperatures
% Water cultivation (SW) 32.28 50.74 40.76
&  Water cultivation (SEB) 4.94 48.98 36.91
2 Fallow (SW) 29.96 56.64 46.100
3 Fallow (SEB) 8.9 53.64 43.18
£ Rain fed cultivation (SW) 31.93 54.12 43.98
% Rain fed cultivation (SEB) 24.25 51.14 40.53
° Residential (SW) 29.68 54.54 42.24
S Residential (SEB) 7.11 51.63 39.00
5 Saline (SW) 26.55 56.68 46.68
&  Ssaline (SEB) 23.52 47.40 43.22
S Desert (SW) 31.74 49.44 46.06
5 Desert (SEB) 0.56 53.52 44.10
£ Gavkhuni Wetland (SW) 32.74 50.61 34.56
g— Gavkhuni Wetland (SEB) 26.49 48.88 34.56
& Water (SW) 27.14 43.30 32.09

Water (SEB) 0.44 39.32 17.36

CONCLUSION

Land surface temperature (LST) is considered as a key parameter in the physics of the earth surface through the
process of energy and water exchange with the atmosphere, which plays an important role in a wide variety of
scientific studies, such as ecology, hydrology, and global change studies (Kamran et al. 2015). Satellite images
are considered as an efficient technology in calculating land surface temperature. Nowadays, using remote sensing
methods, such as satellite imagery is considered as one of the efficient and important tools for displaying
environmental changes and managing environmental areas. So, in the present study, Landsat 5 and 8 satellite
images were employed to classify different uses during the years 2000 and 2018 in the region, and then to evaluate
the accuracy of classification methods in order to found the best way to classify. The results revealed that the
nearest neighbor algorithm in the object-oriented method has a kappa coefficient and that, the overall accuracy in
the image classification method was higher than in the maximum probability algorithm, since the object-oriented
method uses the shape coefficients, scale, compactness coefficient and vegetation index, as well as standard
deviation to achieve high accuracy. The results obtained from Single-Channel and SEBAL methods exhibited that
the maximum temperature of the earth is found in lands of desert and arid areas due to the lack of vegetation,
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while due to the high heat-capacity of water, the minimum temperature was observed in areas of water bodies.
The desert regions in the Single-Channel method exhibited the mean temperatures of 45.31 and 43.47 in June and
July, respectively, whereas, in the SEBAL method, the average temperatures were 45.50 and 44.98 °C in June and
July, respectively. Also, it was found that based on the results obtained from the Split-Window and SEBAL
methods, desert and saline regions exhibit maximum temperatures, while water regions display minimum. The
desert regions in the SEBAL method had a mean temperatures of 44.10 and 47.11 in June and July, respectively,
whereas, in the Split-Window method, the average temperatures were 52.04 and 46.06 °C, in June and July,
respectively. The results of this study are in line with the findings of other authors (Motlagh & Arkhi 2015;
Valizadeh Kamran 2016; Asghari & Emami 2015; Feizizadeh & Helali 2009; Orac et al. 2004; Estileli et al.
2018). It is also found that the object-oriented classification is the most accurate method for extracting land use
maps. After classification, the output of user maps of the object-oriented method was used to detect changes due
to higher accuracy. The results showed that during the period from 2000 through 2018, residential use has
increased, while agricultural use has declined due to the drying up of the river and it has become desert areas and
fallow use. Land surface temperature is one of the important parameters in the study of cities, since the air
temperature of the lower layers of the urban atmosphere, which is the center of energy exchange, determines the
climate between buildings and affects the life and comfort of urban residents. The results of the present study
showed that the surface temperature in each area is affected by the kind of utilizing the area. As it can be observed
from the tables and figures, the lowest temperature is allocated to water use, while the highest to desert areas
without vegetation. Also, the results of comparing three Split-Window algorithms, Single-Channel and SEBAL
revealed that the Split-Window method is more accurate in calculating the land surface temperature due to using
two thermal bands and the results of this method are closer to ground data.
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