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Article type: Land surface temperature is essential in many fields, such as global
Research Article climate changes, hydrological, agricultural, and land use. The
relationship between land surface temperature and land use,
especially vegetation, is one of the important issues in this field.
This research aims to estimate the land surface temperature using
the method of Radiative Transfer Equations and to investigate its
locative heterogeneity in the city of Karaj. In this research, by
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analyzing the Landsat 8 satellite data, the land surface temperature
map was extracted using the Radiative Transfer Equation (RTE)
algorithm, and the land use/ cover map was extracted using the
Support Vector Machine method. Investigating the contribution of
each land use in temperature classes in Karaj city showed that bare
lands with 43.04°C had the highest role in increasing the
temperature of the north and southwest of Karaj. The gardens and
green spaces land use with lower temperatures (27.08-30.31 °C) had
the highest role in decreasing the temperature of central areas. Also,
the results showed that high residential areas and roads with tree
green belts around them have better conditions in terms of thermal
comfort. In addition, the results revealed the importance of urban
green spaces in regulating the earth's surface temperature, especially
in urban areas. Therefore, due to the increasing urbanization and the
importance of achieving favorable temperature conditions, the
creation and development of green space in urban development
plans by urban planners and designers can lead to the city's
sustainability
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Extended Abstract

Introduction

Estimating land surface temperature is crucial
for understanding climate change, energy
balance, and vegetation coverage. According to
the vegetation, water, soil, and built-up areas,
LST is variable, and its accurate estimation is
complicated due to its many applications in
different fields of knowledge. Research has
shown that the type of land use can, directly and
indirectly, affect LST; for example, industrial or
urban use usually increases the temperature,
while the levels of agricultural use or green
spaces cause a decrease in LST. In addition,
land cover indexes such as the Normalized
Difference Vegetation Index (NDVI) also have
a significant correlation with temperature
changes, and these indexes significantly affect
LST. Therefore, understanding the spatial
relationships of LST and different land uses can
be very important in urban studies and land
planning. In order to estimate LST, various
algorithms have been developed using the
analysis of satellite images. Research has shown
that the LST obtained from the radiative transfer
equation algorithm is closer to the weather
station temperature and provides acceptable
results. Based on this, considering the
importance of studying and investigating
temperature changes in urban land use, the
relationship between land surface temperature
and types of land use and the normalized
vegetation difference index was studied in Karaj
city. This study aims to estimate LST using the
RTE method to retrieve LST and analyze its
spatial characteristics in relation to the land
use/land cover of Karaj city. The results of this
research can help to better understand the effect
of land use and vegetation on the LST and could
be wused in decisions related to wurban
development and green space in this region.

Methodology

In this research, Landsat 8 satellite sensor data
were utilized to extract land use maps, the
Normalized Difference Vegetation Index and to
generate Land Surface Temperature (LST) maps
for August 2021. To conduct the present
research, satellite image preprocessing was
performed after collecting and obtaining the
necessary data from the USGS website. This
involved using the  Atmospheric and
Radiometric Correction tool (Flaash) in the
ENVI 5.6 software environment to rectify
systematic and non-systematic errors in the
digital data acquired through satellite imaging.
In the current study, focusing on changes in
land surface temperature across different land
use types, a Support Vector Machine (SVM)

classification method was employed to generate
a land use/land cover map in the ENVI 5.6
software. Subsequently, the accuracy and
precision of the classified map were assessed
using the error matrix function. In the next step,
considering the relationship between spectral
indices and land surface temperature, the NDVI
index was utilized to investigate the correlation
between Land Surface Temperature and
vegetation cover. For spatial analysis of
temperature changes, the Land Surface
Temperature was initially estimated using the
Radiative Transfer Equation (RTE) and an
open-source Python-based software called
"LST." The Natural Breaks function calculates
the average Land Surface Temperatures for
different land use categories. Subsequently, a
matching process was conducted utilizing the
Zonal Statistics function in the ArcGIS software
for each of the various land use categories
within the urban area.

Results and discussion

The study findings indicate that the type of land
use (such as residential and urban green spaces)
directly and indirectly impacts Land Surface
Temperature. As mentioned, the Land Surface
Temperature was calculated using the RTE
algorithm. The RTE algorithm is more accurate
than similar algorithms in retrieving Land
Surface Temperature because it relies on
physics-based Radiative Transfer Equations.
Then, by generating a land use map to
determine the contribution of each land use to
Land Surface Temperature changes, it was
demonstrated that the majority of the area in
Karaj city is attributed to residential land use
(42.67%), followed by orchards and urban green
spaces, covering 14.85% of the area. In the
context of the relationship between urban form
and land surface temperature in arid and semi-
arid regions, residential areas and roads in the
central regions of Karaj city fell into the second
thermal zone (30.31), registering lower
temperatures compared to other areas. The
reason for this is the presence of tall and dense
buildings with surrounding vegetation in these
areas, which, by creating shade, have taken on
the role of temperature moderation. Urban green
spaces effectively reduce ambient temperature
through their evaporation and transpiration
processes. By examining the study area on the
outskirts of Karaj city, higher temperatures were
observed compared to the city centers. This may
be because of the lack of green space
development on the city's outskirts and the
presence of land without vegetation cover.
Conclusion
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This study was conducted to analyze the spatial
characteristics of Land Surface Temperature
and its relationship with land use/land cover in
Karaj city for August 2021. As mentioned, with
the high precision of the Radiative Transfer
Equation  method, the Land  Surface
Temperature was calculated. Based on the
current research findings, in arid and semi-arid
regions, especially in urban areas, the Land
Surface Temperature is lower compared to other
land uses. The reason for this is the presence of
tall and dense buildings with surrounding
vegetation in these areas, which, by creating
shade, have taken on the role of temperature
moderation. However, this does not mean that
urban green spaces and orchards do not play a
role in cooling the city. On the contrary, plants
contribute to temperature reduction through
shading and high evaporation and transpiration
rates. Furthermore, this research identified that
bare lands play the most significant role in
increasing Land Surface Temperature. These
bare lands are situated as large patches on the
outskirts of Karaj city. Information about Land
Surface Temperature and its relationship with
land surface features can be obtained by
analyzing  satellite  images.  Therefore,

understanding the spatial relationships between
LST and land use can be important in future
studies and urban planning. Urban planners and
designers can take effective steps in achieving
sustainable  urban  development  against
temperature changes by predicting and planning
for future changes.
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