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ABSTRACT

The purpose of this study is to evaluate the trend of long-term changes in ground surface temperature
and heat islands in Ahvaz city using the split window algorithm (SW) in the period from 2014 to
2022. The Thiel-Sen estimator and the Mann-Kendall model were used to accurately estimate the
range of changes in the earth's surface temperature. Spatial autocorrelation of heat islands was
evaluated using local Moran's index, and the relationship between LST changes and urban use
parameters was evaluated using ordinary least square regression (OLS) and weighted regression
(GWR). Til-Sen trend analysis has shown that 61.93% of the area has an increasing trend and 6.39%
has a decreasing trend. According to the results of the Mann-Kendall significance test, only 6% of the
area has a constant decreasing or increasing trend. It is significant and the other sections have no
significant trends. The Pearson correlation results between the calculated air temperature and the
ground station temperature are equal to 0.716. The evaluation of the earth's surface temperature using
the global Moran's spatial correlation method showed that the temperature has a spatial structure with
a cluster pattern and its value varies between 0.63 and 0.68. In the results of the local Moran index,
Investigating the effect of urban land use factors on the trend of temperature changes using OLS and
GWR methods, showed that all independent parameters considered are significant and GWR model
has better results than OLS in the studied area.
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1. Introduction

Urbanization is one of the important factors that cause unusual changes in weather patterns around the
earth (Yao et al., 2018). In cities, the natural surface of the earth turns into impenetrable and constructed
areas. This leads to higher temperatures in urban areas compared to surrounding areas, which is known as
the urban heat island effect (Voog & Oke, 2003). With the development of remote sensing technology,
data such as land surface temperature (LST) are increasingly used to investigate the urban heat island
effect due to its wide temporal and spatial coverage. Urban heat islands show different characteristics in
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terms of space and time. In order to understand these characteristics and analyze the effects of urban heat
islands in a region, various indices such as spatial autocorrelation are used. Many existing studies have
used ordinary least squares (OLS) regression to understand the underlying relationships between LST and
land cover composition. Despite the popularity and wide acceptance of OLS regression in existing
research, it does not consider spatial dependence and spatial heterogeneity across the study area. A lot of
existing research has used the GWR to understand the potential relationships between LST and land cover
composition in different parts of the globe (Zhao et al., 2018). While spatial changes have been effectively
addressed and represented using the GWR, temporal changes to urban areas have been largely ignored by
most studies. The aim of this research is to fill this knowledge gap by presenting a longitudinal study that
allows the spatio-temporal assessment of the intensity of urban heat islands. This study is carried out with
a pair of remote sensing and statistical modeling, with the aim of achieving the following goals: (1)
Investigating the spatial distribution and temporal changes of urban heat islands in a 9-year period. (2)
The trend of changes in the temperature of the earth's surface in the mentioned time period. (3) It
evaluates the relationship between changes in land surface temperature and a number of urban land use
variables using OLS and GWR regression analysis in Ahvaz city.

2. Materials and Methods

In this research, Landsat-8 satellite images in the months of September in the period from 2014 to 2022
were used to calculate the LST in Shahr-Hawaz, and the data of the weather station were used to perform
the split window algorithm and validate the surface temperature map. The research method in this study
includes six processing steps: (1) pre-processing of images, (2) integration of PAN data and thermal
infrared (TIR) images (3) calculation of ground surface temperature using the split window algorithm (4)
validation of calculated temperature (5) spatial analysis of ground surface temperature (6) investigation of
temperature changes in the studied time period using Mann Kendall and Tilsen methods (7) extraction of
factors affecting the temperature of the area using ordinary least squares (OLS) and Reg regression
models weight ratio (GWR).

3. Results and Discussion

By examining the surface temperature maps using the dividing window algorithm for the period of 2014-
2022, the following results have been obtained. The minimum temperature of Ahvaz city during nine
years is as follows.

2019<2017<2020<2014<2021<2015<2022<2016<2018
The maximum temperature of Ahvaz city during nine years is as follows.

2014<2018<2020<2021<2016<2022<2019<2017<2015

In this research, local and global Moran spatial autocorrelation statistics have been used to reveal the
spatial pattern of Ahvaz city temperature and local differences. The results of the global Moran's test
indicate a strong clustering in the studied period. The results of the local Moran test have shown that the
year 2021 has the most heat islands and the year 2019 has the lowest number of heat islands, and the cool
islands have the highest number in 2021 and the lowest number in 2017, in Ahvaz city. In order to
identify and determine the trend, the non-parametric Mendall-Kendall test and Thiel-sen estimator method
were used to estimate the slope of the trend. According to the results of the Kendal-Man significance test,
22.2% of the area of Ahvaz has a permanent increase trend and 3.82 % has a permanent decrease trend.
Other parts do not have a significant trend. The results of the analysis of the age trend in the studied
period showed that 93.61 %of the region has a significant increasing trend and 6.39% has a significant
decreasing trend in the surface temperature of the earth. OLS regression and GWR regression models



Vol. 23, No. 79 Geography and Development 135

were used in order to identify the influencing factors for LST changes. The results of the least squares
regression showed that all independent variables were significant and there was no multicollinearity in the
independent variables. The coefficient of determination R2 and AlICc (corrected) were used to compare
regression models (GWR) and model (OLS). The results showed that GWR has significant explanatory
power for the relationship between LST and urban land use and provides higher LST prediction accuracy
compared to OLS.

4. Conclusion

The characteristics of land use and land cover in Ahvaz city have experienced dynamic changes due to the
process of industrialization and continuous urbanization. The trend of LST changes in Ahvaz has a
significant increasing trend. The average LST has increased from 33.92°C in 2014 to 36.86°C in 2022,
which has led to the increase of the heat island. Spatial clustering of LST in an ecosystem can play an
important role in determining land use and land cover dynamics. Ahvaz city has a significant level of
spatial autocorrelation in LST values and a very strong cluster pattern in the mentioned time period. The
reason for this increase in temperature over time can be attributed to urbanization and other human
activities. According to the results of this research, in order to reduce the effects of the surface
temperature in the city of Ahvaz, it is suggested to cultivate vegetation compatible with the region in the
barren areas and around the Karun river. Also, more green spaces should be built inside the city and
gardens and forest parks around the city. Oil industries that produce a lot of pollution and temperature
should be moved outside the city. On the other hand, the city should grow in such a way that it has the
least impact on the surrounding vegetation and agricultural lands.Keywords: split window algorithm,
trend finding, spatial analysis, regression, urban use.
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