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Fig. 1. Geographical location of the study area
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Abstract

Urbanization can affect land surface temperature (LST)
on a global scale by changing the natural land forms.
Reducing the consequences of climate changes, requires
to develop a coherent land use/cover management plan
that restricts unplanned urban expansion and increases
green cover. The purpose of this study is to investigate
how features and spatial patterns of urban areas and its
surroundings affect the LST of Bojnord city. For this, a
split-window algorithm (SWA) used for land surface
temperature (LST) retrieval from Landsat 8 TIRS of
2021. Based on the results, the main centers of high heat
emission in urban areas such as public facilities, car
parks and industrial areas have higher LST (more than
38 °C) compared to urban green spaces (less than 36
°C)c, which are cooler parts of the city. Comparing
the results with MODIS nighttime LST reveals the
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different behavior of LST in day and night in urban and
non-urban areas. In this study, the difference between
day and night LST was revealed using MODIS
nighttime LST. The spatial autocorrelation result show
the contrast of LST behavior in urban and peri-urban
fabric in semi-arid regions. The presence of hot spots in
permeable surface areas such as agricultural land and
cold spots in impermeable areas indicate the opposite
effect of urban heat island in such areas. Understanding
the complex interactions of urban land uses and LST by
considering regional climate patterns can help managers
and urban planners to improve the quality of life in
urban areas.

Statement of the Problem: Urbanization can affect
land surface temperature (LST) on a global scale by
changing the natural land forms. With the increase of
urbanization in recent decades, land surface temperature
has also ascended continuously, and global warming has
emerged as one of the biggest environmental challenges
facing the world. Urbanization will affect biological
systems, greenhouse gases (GHG) and land use/land
cover (LULC) changes.

Cities are complex and dynamic systems that are created
through the interaction between social, economic, and
environmental factors. Although their development has
brought many benefits, it has also changed the
geometric and physical features of the earth's surface.
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Rapid urbanization along with population growth has
increased the total impervious surface and thus reduced
green spaces. Land surface temperature, as a significant
criteria for climate change assessment has a great
impact on the composition, structure, formation and
evolution of the soil. Satellite remote sensing which
provides continuous and repeatable spatial observations
of the Earth at the lowest cost, is a unique method to
acquire the LST and monitor its large-scale temporal
and spatial variations.

With the advancement of remote sensing techniques, it
is possible to estimate land surface temperature with a
time resolution between 15 minutes to 26 days and a
spatial resolution from 10 km to 60 meters. LST
estimation is used in many studies (e.g., control and
monitoring of forest fire), hydrological cycles, climate
change, urban studies (e.g., monitoring urban heat
islands), and agriculture (e.g., agricultural water
management and drought monitoring).

Purpose: Cities are getting warmer and understanding
what causes temperature changes in urban areas may
provide clues to finding ways to mitigate some negative
impacts of climate change. The aim of this research is to
investigate the effect of spatial characteristics and
patterns of urban areas and its surroundings on the LST
of Bojnord city. By examining the behavior of the land
surface temperature in different components of the
urban and suburban fabric and taking into account the
prevailing weather conditions in the region, solutions
can be provided to prevent the occurrence of urban heat
islands (UHI) phenomenon in the future and sustainable
urban development.

Methodology: In this research, Landsat 8§ Operational
Land Imager (OLI) and Thermal Infrared Sensor (TIRS)
datasets were used to identify LULC classes and
estimate the LST. The LST map was prepared from
Landsat 8 TIRS satellite images (August 16, 2021-
06:49:19 UTC) using the split window algorithm
(SWA) in 4 steps: 1- Brightness Temperature (BT) was
estimated for bands 10 and 11, 2-the Normalized
Vegetation Difference Index (NDVI) was estimated
using OLI sensor optical bands (4 and 5), 3- the
fractional vegetation cover (FVC) image was obtained
using the image of the NDVI, and 4- the land surface
emissivity (LSE) images of bands 10 and 11 was
generated from the FVC image.

All these steps were calculated in Python software. The
SW algorithm removes the effect of the atmosphere by
using the difference of atmospheric absorption in two
thermal infrared bands adjacent to the center of 11 and
12 pm and finally applies the linear or non-linear
combination of brightness temperature to calculate LST.
Google Earth and Arc Map 10.8 software were used for
further image processing and comparison of the
prepared map with urban features and structures. The
difference between day and night LSTs was revealed
using MODIS nighttime LST.
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In this study, Moran's I index which is an effective tool
for investigating spatial patterns of an urban ecosystem
was used. GIS-based techniques help visually detect the
spatial patterns but do not confirm them statistically.
Spatial autocorrelation indices such as the global
Moran's I index contribute to the statistical validity of
these visually identified patterns.

Results and discussion: In this study, a split window
algorithm was used to retrieve the land surface
temperature. SW algorithm uses two thermal bands to
determine brightness temperature and LSE. These
values are used along with atmospheric water vapor
content to retrieve LST thus it can be more accurate
than single-channel algorithms. The retrieved LST was
compared with the synoptic station temperature of
Bojnord City. Regarding the results, in Bojnord City,
public facilities, parking lots and industrial areas have
higher LST (more than 38°C) compared to urban green
spaces (less than 36°C).

Comparing the results with MODIS nighttime LST
reveals the different behavior of LST in day and night in
urban and non-urban areas. The Global Moran's I value
is greater than zero, which indicates a positive
autocorrelation or a cluster pattern.

The p-value has also confirmed the results of Global
Moran's 1. The p-value is less than 0.05 (p < 0.05),
which rejects the main assumption of randomness and
independence in the data values. The obtained z-score is
greater than 2.58 (z-score > 2.58), so there is less than a
1% chance that the observed pattern is the result of a
random process. Hotspot analysis was also performed to
identify the cool and hot spots in the study area. The
spatial autocorrelation result showed the contrast of
LST behavior in urban and peri-urban fabric in semi-
arid regions.

Conclusion: Comparing the results with MODIS LST
reveals the different behavior of land surface
temperature in the day and night time in urban and non-
urban areas. Investigating the thermal behavior in the
semi-arid climate of Bojnord city showed that the
suburbs have higher LST than the urban areas. The
higher LST in barren soils around the city contributed to
the generation of a surface urban cool island in the
daytime. The presence of hot spots in permeable surface
areas such as agricultural land and cold spots in
impermeable areas indicate the opposite effect of urban
heat island in such areas.

Understanding the complex interactions of urban land
uses and LST by considering regional climate patterns
can help managers and urban planners to improve the
quality of life in urban areas. Also, the approach used in
this study can be helpful to follow the wurban
environment’s spatial and temporal development as an
application framework of sustainable development.

Keywords: Land Surface Temperature, Split Window
Algorithm, Landsat 8, Bojnourd city
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