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Abstract:

Environmental parameters are intricately interdependent and affect nearby and sometimes distant
components. Environmental parameters become more important when dealing directly with
humans. Land surface temperature (LST) is one of the environmental parameters that when it is
related to the city as the main center of human gathering, it is referred to as urban heat island
(UHI). Land use/ Land cover (LU/LC) is one of the important environmental parameters that affect
the temperature of the earth's surface and heat island. In this research, using the Landsat 8 satellite
image, the effect of LULC on the LST of Kermanshah and its outskirts was investigated. For this
purpose, first the required pre-processing was done on the image of the desired date; Single-
channel algorithm was used to prepare LST map and maximum likelihood algorithm was used to
prepare LULC map. The temperature of the studied area was between 25 and 63 degrees Celsius.
Among the five extracted LULC classes (water, vegetation, built, soil and rock), vegetation had
the lowest average temperature (44.6 degrees Celsius) and soil had the highest average temperature
(54.7 degrees Celsius). The reason why the temperature of the built areas was not high was the
reflective roofs and the reason why the water temperature was not low (compared to the vegetation)
was mixed pixels.
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Introduction:

Land surface temperature (LST) is the temperature of the earth's surface crust, which is a key
parameter for land surface processing studies at regional and global scales. LST is crucial for
understanding surface energy balance and urban climatology, influenced by characteristics such
as vegetation type, land use-land cover, and surface impermeability. The continuous expansion
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of urban areas has significantly altered land surfaces, leading to substantial changes in LST.
Research concerning LST and advancements in technology play a pivotal role in urban climate
studies[1-10].

With over half of the world's population residing in urban areas, a figure projected to rise to
nearly 70% by 2050, the phenomenon of urban heat islands (UHI) has gained prominence. UHI
refers to the disparity in temperature between built-up urban areas and adjacent rural regions,
attributable to increased heat storage capacity in cities. This temperature differential negatively
impacts air quality, energy consumption, biological systems, and human health[11-15].

Advancements in thermal remote sensing, geographic information systems (GIS), and statistical
methods have enabled researchers to analyze the relationship between UHI and the landscape.
Thermal infrared remote sensing (TIR) serves as a primary method for acquiring LST data on a
large scale. However, mitigating the effects of UHI based solely on spatial LST patterns remains
challenging, necessitating a deeper understanding of the quantitative relationship between LST
and various contributing factors[16-19].

Concerns regarding land-use/cover change have been a focal point in global environmental
change research. It's been recognized that alterations in land cover impact surface albedo and
subsequently influence surface-atmosphere energy exchange, thereby affecting regional climates.
Detailed land use mapping and forecasting facilitate informed planning processes. Investigating
the influence of land use/cover classes on surface temperature distribution in urban areas is
crucial for contemporary studies. Therefore, this study examines the role of land use/cover
classes in shaping the spatial distribution of surface temperature in Kermanshah city and its
environs[20-25].

Methodology:
Study area:

Kermanshah city with an approximate area of 5759 square kilometers (approximately 23.1% of
the area of Kermanshah province) in terms of geographical location between latitudes 34 degrees
and 47 minutes to 34 degrees and 48 minutes north and longitudes 47 degrees and 30 minutes to
47 degrees and 32 minutes east is located in the middle part of Kermanshah province. Kermanshah
city is the center of this city and the most important city in the central region of western Iran.
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Kermanshah city is located between latitudes 34 degrees and 15 minutes to 34 degrees and 24
minutes north and longitudes 46 degrees and 59 minutes to 47 degrees and 12 minutes east. The
height of the city from the sea level is 1322 and its area is about 88 square kilometers (Nasariyeh,
2015). Figure 1 shows the studied area.
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Figure (1): Map of the study area (Zinatizadeh et al 2017)

This research was conducted with the aim of investigating the effect of land use/cover on the
changes in the surface temperature of the earth. For this purpose, Landsat TM OLI satellite images
were downloaded and used in 2022. Additional information about the image used is provided in
Table 1.

Table (1): images used Information

Row Path Date Sensor
36 167 2022.08.13 oLl

The first step for conducting this study is the registration process so that the images are spatially
matched and the analyzes are more valid. for this purpose; Some specific coordinates in the image
were matched with Google Earth images. In the following, the steps of converting the raw images
of OLI sensors to the temperature of the earth's surface will be described.
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1. Digital number to radiance

The conversion of gray levels to radiance is actually the internal calibration of the meter. The raw data
recorded by the detectors have a linear response with the Earth's brightness, this response is converted to
8-bit (for Landsat 5) and 16-bit (for Landsat 8) data. By using relation 1 and the information in the metadata
that can be obtained along with downloading the images, the raw images were converted into radiance
images.

L,= gain x QCAL + offset
1

Where, LA is the amount of radiance in watts per square meter per steradian per micrometer (W.m-
2.str-1um-1) and QCAL is the gray level in the desired pixel. The values of gain and offset are the
slope and width from the origin, respectively, which can be extracted from the metadata
information.

2. Atmospheric correction

By converting the digital number (DN) to reflectance top of atmosphere (TOA) and surface
reflectance, the atmospheric effects on the reflected wavelengths are removed so that the desired
indices can be extracted for use. For this purpose, the FLAASH algorithm [26-30]

3. Calculation of brightness temperature:
After obtaining the spectral radiance of the data, equation 2 is used to convert the radiance to the
brightness temperature.

_ K2
In(%+1)

()

In this regard, LA means the amount of radiance in watts per square meter per stradian per
micrometer (W.m-2.str-1um-1) and k1 and k2 for Landsat 5 and Landsat 8 sensors are according
to Table 2.

Table (2): The amount of k1 and k2 in the Landsat 8

Ka(Kelvin) (W.m-2.str-1um-1)k; K and
1321.0789 774.8853 Band 10
1201.1442 480.8883 Band 10
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4. Calculation of the emissivity coefficient of the earth's surface

The surface emissivity coefficient (LSE) is an index of the surface's inherent efficiency in converting
thermal energy into radiant energy above the surface, which depends on the composition, roughness,
moisture content of the surface, and observation conditions (such as wavelength, pixel magnification, and
viewing angle). There are different ways to get LSE. One of these methods is obtaining LSE from NDVI
[31-37]. In this method, LSE is calculated from equation 3.

&= Svegpv + Esoil (1+Pv) (3)

In this relation, eveg and esoil for this gauge are presented in Table 3 and Pv is calculated from Equation
4.

Table (3) amount of gveg and &soil for the meter used

Esoil Sveg Band
0.9863 0.9668 Band 10
0.9896 0.9747 Band 11

NDVI-NDVIpin
NDVIyax—NDVIgin

NDVI=

(4)

In this regard, NDVImin and NDVImax mean the lowest and highest NDVI values respectively
(usually soil and vegetation).

5. Land surface temperature (LST)
The single-channel (SC) algorithm used to retrieve LST from Landsat satellite thermal images in
this research, the algorithm developed by James-Moons et al. 2014 has been applied on Landsat 8.
This algorithm is applied to all Landsat in the same way and with the relation 5.

w| !
TS =?) E(%Lm'r +W2)+ yjj + 6 (5)

In this, Ts is the land surface temperature, € is the radiant power of the earth's surface, and Lsen is
the radiance on the measuring surface. The parameters A and 6 are obtained from the relation 6.
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where, Tsen is the luminance temperature of the measuring surface, by=C2/A and 1¥, 2¥ and 3¥
functions are atmospheres obtained according to relation 7 (Jiménez-Mufioz et al., 2014; Maleki
etal., 2019).

vyl =1/t;y2=-Ld-Lu/t;y3=Ld. )

Image classification:

Remote sensing research focusing on image classification has long attracted the attention of the
remote sensing community because classification results are the basis for many environmental
and socio-economic applications. Scientists have put a lot of effort into developing advanced
classification methods and techniques to improve classification accuracy. Classification of
remote sensing is a complex process and requires consideration of many factors. The choice of
data type depends on the purpose of the research, the economic conditions of the project, the
desired scale, and other factors[37-41].

Based on the studies, the maximum likelihood algorithm assumes that the reflection values of each
class have a normal (Gaussian) distribution in each band, and the MLC algorithm assigns a pixél
to the class with the highest probability. The pixel probability is analyzed by the multivariate
normal cumulative distribution function (CDF) through the mean, variance, and covariance of the
training samples. The MLC equation IS shown in formula (8).

1
P(x|wj) = —5—— exp[—0.5(X — M;)T V; 7 (X — M;))]
((27)]Vi0.5)
where:

n = number of multispectral bands,
X = unknown measurement vector,
Vi = covariance matrix for each class,

M = mean vector of each training class.
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Results:

In this section, the results of applying the methods to the used data and examining the relationship
between land cover use and ground surface temperature in Kermanshah city and its suburbs are
discussed. The items presented in this chapter include:

1 land use map in 2022

2 accuracy table of land use map production

3 graphs of each of the land cover use classes

4 Earth surface temperature map

5 diagram of the area of temperature classes

6 graphs of the average temperature of each classis

Figure 2 shows the land use map of Kermanshah city and its suburbs. The land use map in 5 layers
of built-up areas (buildings, roads, etc.), rock layer, bare soil, vegetation (agriculture/gardens and
vegetation) natural) and water is prepared.

At first glance, it is the part where the most area of the area is bare soil, and then the most areas
are related to the stone/rock and built classes, and finally, water use has the lowest level.
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Figure (2): land use/ land cover map

Table 4, the information related to the accuracy of the land use map produced according to the
information in this table, the overall accuracy is more than 91% and the kappa coefficient is more
than 90%, indicating the high accuracy of the land use map production. The only cover user whose
usage accuracy is 68% regarding water and in other cases the accuracy is above 90%.

Table (4): accuracy of production of land use map

LU/LC producer User Omission Commission overall kappa
accuracy accuracy error error accuracy coefficient
Vegetation 94.33 97.92 5.67 2.08
Water 90.8 67.27 9.2 32.73
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Built-Up 93.98 98.28 6.02 1.72
Soil 96.85 97.98 3.15 2.02 91.64 90.37
rock/stone 98.93 96.77 1.07 3.23

Figure 3 shows the area diagram of each of the LULC. According to this diagram, soil covers the largest
area of the region with 341 square kilometers, and water use covers the lowest area with 6.9 square
kilometers. Built-up land use areas, with about 113 square kilometers, are the third land use in terms of
area.
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Figure (3): Diagram of the area of LULC classes

Figure 4 shows the surface temperature map of the studied area. Based on this figure, most of the
area has a temperature of more than 55 degrees (to 63 degrees) Celsius

The interesting thing is that the temperature in the city limits is often lower than the suburbs and
the prevailing temperatures in the city limits are between 40-45 and 25-40.
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Figure (4): Land surface temperature map

Figure 5 is the diagram of the area of temperature classes. Contrary to imagination, the area of the 55-63

degree class is not much different from the 55-55 degree classes. (Less than 3 square kilometers). According
to this diagram, the 55-63-degree class has the largest area with 268 square kilometers, and the area covered
by the classes decreases accordingly. So that 25-40-degree classes have covered the least area with 27.6

square kilometers.
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Figure (5): Diagram of the area of temperature classes

Figure 6 is the graph of average temperature of LULC classes. According to this graph, the lowest
average temperature is related to vegetation with 6.44 degrees Celsius. Then water usage with 4.46

degrees Celsius has the second average temperature.

AVERGE OF TEMPRATURE

VEGTATION WATER SOIL BUILT- STONE/ROCK
UP(URBAN)

Figure (6): Average temperature diagram of land use/cover classes
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On the opposite side, soil cover has the highest average temperature with 7.54 degrees. Due to the fact that
the land use/water cover has low accuracy and also because it has a small area that is mostly in a narrow
linear shape and includes mixed pixels, the temperature of this land use is higher than the vegetation
temperature in the study area.

Conclusion:

In this study, Landsat satellite images and especially Landsat 8 (OLI) were used to check the map
of land use/cover classes in the spatial distribution of surface temperature in Kermanshah city and
its limits. To prepare the land use map, the maximum likelihood algorithm was used, and based on
the results of the studies of Zare-Naghdehai et al. (2021), this algorithm has a suitable capability
for land cover use classification. The results of this study in this section confirmed the results of their
study and showed that this algorithm has a good ability to detect LULC According to the results of Table
4, it is clear that the accuracy is often higher than 95% and the error rate is less than 5%. Only in the case
of water LULC and more specifically the error of commission and the other side of that is the accuracy of
the user, where the amount of error of commission is high (32.73 percent) and the amount of accuracy of
the user is relatively low (67.27 percent); This problem is due to the limitations of access to ground
reference data, especially in this LULC, and the resolution of free images, as well as the small extent of
blue areas, causes the creation of mixed pixels. The commission error rate was high and the user accuracy
rate was low.

Land surface temperature is an important parameter in environmental studies, which affects not
only humans, but also living organisms and even natural environments such as plants, water
bodies, etc. LULC is known as one of the effective parameters on the spatial changes of the earth's
surface temperature. The results of this study in the city of Kermanshah and the impact of 5 types
of LULC in the city of Kermanshah showed that the use of vegetation has the lowest average
temperature (about 44.6 degrees Celsius). Regarding the results of this research, three points are
noteworthy and worth checking: 1. The temperature of water is 1.8 degrees Celsius higher than
that of vegetation, due to the fact that water has a high specific heat capacity (which means that it
heats up later and cools down later). Considering that at 10:15 a.m. the water temperature has not
yet risen completely, it seems that this amount is a bit high, which can be attributed to the lower
validity of this LULC (mixing it with urban use and buildings); Therefore, it requires more studies
in this field. 2. Contrary to the notion and assumptions regarding the urban heat island, the map in
Figure 4 shows that generally urban areas have a lower temperature, which is due to the effects of
reflective roofs (Hashmi Dere Badami et al., 2014). 3. The third point, the high average
temperature of the soil and stone indicates that the reason for the high temperature felt in the
outskirts of the cities (which is under construction and preparing the land for construction,
generally with the destruction natural areas and their transformation into bare soil) is due to the
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high absorption of temperature in these uses, although they do not have the conditions of trapped
heat in urban areas, but they generally have high temperatures.
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