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Objective: Rapid urbanization and intensive industrial development have led to critical air
pollution challenges in Iranian megacities, with Isfahan experiencing some of the most
severe conditions. This study aims to analyze the spatiotemporal patterns of major air
pollutants in Isfahan from 2018 to 2023.

Methods: Sentinel-5P (TROPOMI) satellite data were combined with ground-based
monitoring stations to evaluate the spatial distribution and temporal trends of five key
pollutants: nitrogen dioxide (NO2), carbon monoxide (CO), sulfur dioxide (SO2), fine
particulate matter (PM..s), and the UV Aerosol Index (UAI). Spatial analyses were
performed to identify concentration gradients and pollution hotspots across urban districts.
Results: Concentrations of NO. and CO were consistently higher in the central and
northern areas, decreasing toward the east and south. SO: exhibited fluctuating spatial
patterns across the study period, while UAI levels were predominantly elevated in the
eastern and northeastern districts. PM.s concentrations were also higher in central and
northern zones. Temporally, a marked decline in NO2, CO, PM..s, and UAI levels was
observed in 2020—coinciding with COVID-19 restrictions—followed by an increase in
subsequent years as human activities resumed.

Conclusions: The findings underscore the dominant influence of anthropogenic sources,
particularly vehicular traffic and industrial activities, on Isfahan’s air quality. The
integration of satellite and ground-based data provides a robust framework for monitoring
urban air pollution and supports the formulation of sustainable air quality management
strategies for industrial megacities.
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Introduction

Air pollution remains one of the most critical environmental challenges facing rapidly urbanizing regions around
the world. In Iran, metropolitan areas such as Isfahan have experienced increasing levels of atmospheric
pollutants due to accelerated industrial activities, vehicular emissions, and spatial expansion of urban
infrastructure. These changes have contributed to a deteriorating air quality trend, posing serious threats to public
health and ecological stability. Given the pressing need for effective environmental monitoring and urban air
management, the present study seeks to investigate the spatial and temporal variations of five major atmospheric
pollutants across the urban landscape of Isfahan between 2018 and 2023 (1397-1402 in the Iranian calendar).
The pollutants studied include nitrogen dioxide (NO:), carbon monoxide (CO), sulfur dioxide (SO2), particulate
matter smaller than 2.5 microns (PMa.s), and the UV Aerosol Index (UAI). These pollutants were selected due to
their prevalence in urban atmospheres and their adverse effects on human health and the environment.

The main objective of this research is to extract and analyze the distributional patterns and long-term trends
of these pollutants using high-resolution satellite data from the TROPOMI sensor on the Sentinel-5P platform,
supplemented by ground-based air quality monitoring stations in Isfahan. The study aims to determine high-
concentration zones, examine pollutant intensity gradients across the city’s fifteen districts, and identify critical
spatial patterns that can inform air pollution mitigation policies.

Materials and Methods

In this study, the temporal trends and spatial distribution patterns of atmospheric pollutants in the metropolitan
area of Isfahan during the period 2018 to 2023 were analyzed through the integration of remote sensing data and
ground-based observations. Annual data on atmospheric pollutants, including NOz, CO, SOz, PM..5, and the UV
Aerosol Index, were acquired from the TROPOMI sensor onboard the Sentinel-5P satellite. The data were
extracted using the Google Earth Engine platform and processed within the ArcMap environment.

Simultaneously, ground-based air quality monitoring data were collected to validate and complement the
satellite-based analysis. Annual distribution maps were generated in GIS based on point measurements from
monitoring stations using appropriate interpolation techniques. The resulting maps allowed for the analysis of
pollutant concentration patterns across the fifteen municipal districts of Isfahan. This enabled a spatial
comparison based on geographical location, land use characteristics, and urban morphology, contributing to a
comprehensive understanding of pollution dispersion in the city.

Results

The analysis of data derived from Sentinel-5P (TROPOMI sensor) and ground-based monitoring stations in the
metropolitan area of Isfahan during the six-year period from 2018 to 2023 reveals distinct spatial patterns for
four major air pollutants: nitrogen dioxide (NO2), carbon monoxide (CO), sulfur dioxide (SO:), and the UV
Aerosol Index (UAI). The spatial distribution of nitrogen dioxide (NO2) indicates that the highest concentrations
have consistently been located in the central, northern, and northwestern districts of the city throughout the study
period. Districts 1, 2, 3, 7, 8, and 12 exhibited elevated levels of NO., whereas southern and southeastern areas—
particularly districts 4, 5, 6, 13, and 15—showed relatively better air quality. Accordingly, the spatial gradient of
NO: concentrations generally decreases from the dense central core toward the southern and eastern peripheries.

Regarding carbon monoxide (CO), findings show that this pollutant has been most concentrated in the central
and western parts of the city, especially in districts 1, 3, 8, 9, and 11. In contrast, peripheral districts such as 4, 5,
6, 12, and 15 have experienced comparatively lower concentrations. This reflects a declining gradient in CO
levels from the city center outward toward suburban areas. In the case of sulfur dioxide (SO:), the spatial
distribution appears less uniform, with noticeable fluctuations in intensity and geographic spread over the years.
Nonetheless, higher concentrations were generally observed in the northwestern, western, central, and some
eastern areas of the city, including districts 5, 8, 9, 10, 12, and parts of districts 2 and 13. Meanwhile, southern
and southeastern zones—namely districts 4, 6, 14, and 15—exhibited lower levels of SO.. Thus, the pollutant
tends to decrease in concentration from the northwest toward the southeast.

The distribution of the UV Aerosol Index (UAI) also reveals that higher aerosol concentrations were
concentrated in the eastern, northeastern, and central districts, especially districts 10, 14, 15, 7, and 1. Cleaner air
conditions were more prevalent in the southern and southwestern areas, particularly in districts 5, 6, 9, 13, and
northern part of district 2. Therefore, the spatial gradient for aerosol content generally declines from the east
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toward the south and southwest. In general, the temporal trend of pollutants during the study period indicates a
marked reduction in concentrations of NOz, CO, and UAI in the year 2020. This decline aligns with the COVID-
19 outbreak, during which stringent public health measures—including lockdowns, industrial shutdowns, and
reduced urban traffic—led to a temporary improvement in air quality. However, as restrictions were gradually
lifted in 2021 and 2022, pollution levels began to rise again, with some areas recording their highest values
within the entire study period by 2022.

Conclusion

The results obtained from the analysis of Sentinel-5 satellite data and ground monitoring stations in the
metropolitan area of Isfahan during the period 2018 to 2023 indicate that air pollution, particularly for nitrogen
dioxide, carbon monoxide, sulfur dioxide, and the aerosol index, was highly concentrated in the central,
northern, and western parts of the city. The southern and southeastern regions consistently exhibited better air
quality. The temporal trend of the data shows a significant decrease in pollutants in 2020, coinciding with the
COVID-19 pandemic restrictions and a reduction in human and traffic activities. Following this, a gradual
increase in pollutant levels was observed in 2021 and 2022, reflecting a partial return to pre-pandemic conditions
and increased urban and industrial activities.

These findings highlight the importance of continuous air quality monitoring and the implementation of
effective pollution control policies to strategically reduce regional pollution and improve public health.
Furthermore, the integration of satellite data with ground observations provides a comprehensive and reliable
approach for environmental analysis, which can be utilized in urban planning and resource management.
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Fig. 3. Spatial zoning of (NO:) pollutant
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