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The integration of Geographic Information System (GIS) and remote sensing (RS)
technologies has proven instrumental in monitoring the environmental impacts of sulfur
dioxide (SO2), particularly its influence on temperature variations. This study examines the
spatiotemporal dynamics of SO: emissions in Baghdad during 2023, correlating them with
seasonal temperature patterns to evaluate their environmental and climatic implications.
Utilizing satellite imagery, GIS tools, and advanced data analysis techniques, the research
identifies significant seasonal trends, highlights areas of elevated pollution and
temperature, and underscores the critical role of GIS in environmental resilience. The
findings reveal an inverse correlation between SO: levels and temperature, influenced by
atmospheric dispersion, photochemical reactions, and urban heat island effects. The study
concludes with actionable recommendations for leveraging GIS-based insights to mitigate
the adverse impacts of SOz on public health and urban climate.
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Extended Abstract

Introduction

Sulfur dioxide (SO:), a pollutant from fossil fuels and industry, has complex atmospheric impacts. While it
forms sulfate aerosols that reflect sunlight and induce localized cooling, it also poses severe health risks like
respiratory issues and increased mortality, particularly affecting vulnerable groups during physical activity.
Urban areas with heavy industrial activity, such as Baghdad, face heightened exposure due to concentrated
emissions from power plants, traffic, and refineries.

Geospatial technologies like GIS and remote sensing enable precise tracking of SO: distribution and its
correlation with temperature variations. In Baghdad, extreme heat amplifies pollution’s health impacts, and
studies show SO: levels peak in summer, reaching 224 + 334 pg/m? in industrial zones. Spatial analysis reveals
higher concentrations in city centers compared to peripheries, linked to traffic and industrial density.

Temporary cooling from sulfate aerosols does not offset long-term risks like acid rain or chronic respiratory
diseases. Mitigation requires policies targeting emission reductions in energy and transportation sectors,
informed by real-time geospatial data. Integrating satellite imagery with ground measurements can optimize
pollution control strategies and urban resilience planning. For cities like Baghdad, addressing SO-’s dual role
demands balancing short-term climatic effects with sustainable health and environmental safeguards.

Data and Method

The study focuses on Baghdad, Iraq, a densely populated urban center. Data on SO: concentrations were
obtained from the Sentinel-5P satellite and Land surface temperature data. The raw satellite data were accessed
and processed using Google Earth Engine (GEE). Monthly SO: concentration levels, measured in Dobson Units
(DU), were extracted and correlated with corresponding land surface temperature data. GIS tools were used to
integrate and visualize data, they Identifying areas with high SO. and temperature levels, Examining monthly
SO: changes and their link to seasonal temperatures, and finally, Combining SO: and temperature layers to
highlight zones with both high pollution and extreme heat. Descriptive and inferential statistics analyzed the
SO:-temperature relationship. Correlation coefficients measured the strength and direction of this link, while
spatial regression assessed the impact of land use and urbanization on patterns.

Results and Discussion

SO: levels in Baghdad show a clear seasonal cycle, peaking in winter (January: 1.7 DU; December: 1.67 DU)
due to increased heating, industrial activity, and limited atmospheric mixing, while summer levels drop sharply
(August: 0.19 DU) as stronger mixing and photochemical reactions disperse pollutants. Spatial data reveal that
highest summer temperatures occur in urban cores where SO: is lowest, highlighting an inverse relationship
between SO: and temperature. In winter, SO2-derived aerosols reflect sunlight, causing localized cooling; their
reduction in summer intensifies the urban heat island effect. This interplay means SO. modulates local climate,
underscoring the need for winter pollution control to protect health and for urban greening to mitigate summer
heat. GIS-based monitoring is crucial for tracking these patterns and guiding effective interventions.

Conclusion

GIS and remote sensing are essential for tracking how SO: pollution affects temperature in Baghdad, revealing a
complex relationship between SO- levels, seasonal temperature shifts, and urban climate. SO acts as both a
climate regulator and a hazard. Advanced geospatial tools give policymakers critical insights into where and
when SO: emissions impact local climates. The study calls for integrated monitoring and policy action, and
suggests future research should use 10T and machine learning for real-time, predictive pollution analysis.
Proactive interventions and sustainable planning are key to reducing SO impacts and building urban resilience.
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