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In recent decades, rapid urbanization, industrial concentration, and increasing traffic volumes
have turned air pollution into one of the most critical environmental challenges in metropolitan
areas. This phenomenon is closely linked to the formation of urban heat islands. The present
study focuses on the city of Isfahan—one of Iran’s major industrial centers—to analyze spatial
patterns of air pollution and its relationship with urban heat islands. Satellite data from
Sentinel-5P and Landsat 8 and 9, along with ground-based air quality monitoring stations, were
employed using spatial analysis techniques in the Geographic Information System (GIS). Four
major pollutants—nitrogen dioxide (NO,, ), carbon monoxide (CO), sulfur dioxide (SO, ), and
particulate matter—were examined. Results revealed a heterogeneous distribution of
pollutants, with the highest concentrations observed in central, northern, and northwestern
districts (notably districts 2, 8, 12, 1, 3, 7, 9, and 11), whereas southern and southeastern areas
(districts 4, 5, 6, and 15) exhibited lower pollution levels. Classical Ordinary Least Squares
(OLS) and Geographically Weighted Regression (GWR) models indicated significant positive
correlations between pollutant concentrations and urban variables such as population density,
built-up intensity, and road density. Conversely, Land Surface Temperature (LST) showed a
direct relationship with pollutant levels, while natural indicators, including vegetation cover
(NDVI), surface water (NDWI1), and elevation, were negatively correlated. Temporal analysis
showed that in 2020, coinciding with COVID-19 restrictions, NO, and CO concentrations
notably declined. Overall, findings highlight the decisive role of anthropogenic and industrial
activities in exacerbating air pollution and urban heat island intensity in Isfahan.
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Extended Abstract

Introduction

The high rate of urbanization in recent decades has had significant effects on the urban environment, including
increasing urban temperatures and urban climate change. The increase in urban population, rapid
industrialization, and increased concentrations of pollutants in the lower layers of the atmosphere have led to an
intensification of the urban heat island phenomenon (Rezaei-Rad and Rafiian, 2017). Due to further industrial
development, the amount of pollutants resulting from human activities has increased significantly, which has led
to serious problems in the public health and environmental sectors (WHO, 2016; Kashki et al., 2021). For this
reason, many countries have established centers to monitor the concentration of air pollutants such as particulate
matter, ozone, carbon monoxide, sulfur dioxide, and nitrogen dioxide (Kampa & Castanas, 2008; Zandi et al.,
2026).

Therefore, the present study aims to analyze the trend and distribution of pollutants from industries and
investigate the relationship between them and the heat island phenomenon in Isfahan city between 2018 and
2023, using satellite data, spatial statistical models (GWR and OLS), and station data, and is considered an
effective step in filling the research gap in this field.

This study is one of the first studies to study air pollution by combining ground and satellite data. Its outstanding
feature compared to similar studies is the integration of remote sensing information and field data. In addition, in
the modeling section, the research method of this study is different from previous works; in such a way that
modeling was carried out based on machine learning and OLS and GWR methods. These differences highlight
the innovation and importance of this study compared to similar studies.

Methodology

This research is applied in terms of purpose and descriptive-analytical method. Two library and field methods
were used to collect data. The first step in the present research is to obtain information through library methods.
To achieve the objectives of this research, by studying the research background and also getting a general
familiarity with the research design, it is necessary to collect information from written references on the subject,
domestic and foreign articles, theses and reputable research journals, as well as information related to the
characteristics of the region from relevant centers. This section includes collecting data on the concentration of
various pollutants from the Department of Environment and Isfahan Municipality, as well as collecting data from
Landsat 8 and Sentinel 5 satellite images from the Google Earth Engine system and was examined in the period
2018-2024. Ground station data was used to verify the accuracy of satellite data. Software such as ArcGIS, ENVI,
EXCEL were used to analyze the data.

Results and discussion

During the period 1398-1402, aerosol pollution has shown a relatively constant but increasing trend in intensity
and spatial distribution. The data indicate that high values of this index have been observed mainly in the central,
northern, eastern and northeastern regions of the city; regions such as 3, 7, 8, 10, 14 and 15 have been classified
as “very polluted” in most seasons and years. This pattern is likely due to high building density, increased
absorption and reflection of ultraviolet radiation from hard surfaces (such as asphalt and concrete), and lack of
vegetation. In contrast, the southern, southwestern and northwestern regions (especially regions 5, 6, 9 and 13)
have a more favorable situation and are often classified as “clean” or “moderately polluted”. Also, the highest
value of this index is recorded in the warm seasons of the year, especially summers, which indicates an increase
in the dispersion of light aerosols due to higher radiation and reduced relative humidity. In general, the spatial
distribution of UVAI during this time period is in line with the radiation patterns and physical structure of the
city and requires targeted management in critical areas (Zandi et al., 2014; Roki et al., 2014).

Conclusion

The present study aimed to investigate the relationship between air pollution, industrial activities, and the urban
heat island phenomenon. Using satellite data and G1S-based spatial analysis, the spatial distribution and temporal
trends of atmospheric pollutants were analyzed during the years 2018 to 2023. The data used included information
from air pollution monitoring stations and Sentinel-5P satellite images, which were processed and analyzed
separately. The study of NO, , SO, , and particulate matter (PM2.5 and UVAI) pollutants showed that high
concentrations of these pollutants are mainly observed in densely populated and industrial areas of the city and
overlap with the intensity of heat islands (LST). In Isfahan, this concentration was observed especially in the
north and northwest of the city, where important industrial sectors such as petrochemicals, refineries, and power
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plants are located. The southern and southeastern areas, which have lower population and industrial densities,
experienced better air quality. The time trend of the data over the years of the study showed an overall increase
in pollutant concentrations, however, a significant decrease was observed in 1401 due to COVID-19 restrictions,
indicating the direct impact of human activities on air pollution. Analysis of ground and satellite data showed
that NO, has the highest concentration in densely populated areas, while SO, has a heterogeneous distribution
but is concentrated in the north and northwest of the city. Particulate matter (PM2.5 and UVAI) also showed the
highest levels in the north, northeast and parts of the city center, while the southern and southwestern areas have
better air quality. Modeling using ordinary linear regression (OLS) and geographical weighted regression (GWR)
showed that population density, building density, and land surface temperature have a positive and significant
relationship with pollutant concentrations, while soil moisture (NDWI) and vegetation cover (NDVI) have a
negative relationship and play a moderating role in reducing pollutants. These findings indicate the complex
interaction of natural and human factors in shaping air pollution patterns.
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