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important environmental issues of metropolises that need to pay
attention to ways to reduce air pollution in cities. Global experience
has shown that urban form indicators are one of the most important
factors affecting air pollution and energy consumption in the city.
Therefore, paying attention to the form of the city plays an important
role in the long-term perspective of cities for better air quality. The
present study is applied in terms of purpose and descriptive-analytical
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Introduction

Air pollution and the adverse effects stemming from the combustion of fossil fuels in urban
settlements constitute one of the critical environmental challenges facing modern
metropolises. As industrialization and urbanization accelerate, the reliance on energy for
production, transportation, and daily life has intensified, leading to increased emissions of
greenhouse gases and pollutants. Global experience indicates that urban form indicators are
among the most significant factors influencing air pollution levels and energy consumption
within cities. Consequently, attention to urban form plays a pivotal role in the long-term
perspective of cities aimed at achieving better air quality. While there is ongoing debate
regarding the compact city model—where proponents argue it reduces travel distances and
energy use, while opponents suggest it concentrates pollution sources—the physical
structure of the city undeniably affects the dispersion and dilution of pollutants.
Meteorological conditions, topography, and urban structures such as building height and
arrangement significantly impact wind flow and atmospheric stability. This research
addresses the hypothesis that land use patterns and physical urban form components have a
significant effect on air pollution levels, specifically investigating the spatial relationship
between these variables in Tabriz city.

Material and Methods

The present study is applied in terms of purpose and descriptive-analytical in terms of
method. The case study is Tabriz city, which, according to the 2016 census, has a population
of approximately 1.77 million, making it the sixth most populous city in Iran. Data collection
was conducted using library and documentary methods, focusing on air quality monitoring
data from the first and second halves of the solar year 1398 (2019-2020). The primary
pollutants analyzed include Sulfur Dioxide (SO2), Nitrogen Dioxide (NO2), and Carbon
Monoxide (CO). To analyze the data and answer the research questions, the Moran statistical
technique (Local Spatial Autocorrelation) was employed within the GIS software
environment (ArcGIS). While the Global Moran's I indicates overall clustering, the Local
Moran's | was utilized to reveal local spatial patterns and differences between cells and their
neighbors. Additionally, Hotspot Analysis was used to identify areas with high
concentrations of pollution. This statistical approach measures the spatial difference of
values between each cell and its adjacent cells, evaluating their significance through z-scores
and p-values to determine if patterns are clustered, dispersed, or random.

Results and Discussion

The results of the spatial zoning of air pollutants in Tabriz revealed distinct seasonal and
spatial variations. For Sulfur Dioxide (SO2), the concentration was found to be higher in the
second half of the year (Autumn and Winter) compared to the first half (Spring and Summer).
The Meydan Namaz monitoring station recorded the highest concentration of SO2, while the
Hakim Nezami station showed the lowest. Conversely, for Nitrogen Dioxide (NO2) and
Carbon Monoxide (CO), the spatial distribution indicated that concentrations were generally
lower in the second half of the year compared to the first half, though the Meydan Namaz
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station consistently exhibited the highest pollution levels among all stations. The statistical
analysis using Moran's I demonstrated a significant spatial relationship between urban
components and pollution. The Moran's Index for the effect of land use patterns on air
pollution was calculated at 0.047, with a p-value of 0.000, indicating that land use allocation
significantly influences pollution sources and sinks. Furthermore, the correlation between
urban form and air pollution yielded a Moran's Index of 0.1356. This positive value confirms
a positive relationship between urban form components and air pollution levels, suggesting
that specific physical configurations contribute to pollutant accumulation. The hotspot
analysis identified that physical barriers, such as large buildings and dense structures, alter
wind flow and reduce the dispersion of pollutants, leading to higher concentrations in central
and dense areas like Meydan Namaz.

Conclusion

The findings of this research confirm that urban form and land use patterns are effective
factors in air pollution levels in Tabriz. The spatial clustering of pollutants is not random but
is heavily influenced by the physical structure of the city and the allocation of land uses. The
higher pollution levels in specific stations highlight the need for targeted urban design
interventions. Based on these findings, several strategies are recommended to mitigate air
pollution through urban planning. First, increasing the walkability of urban spaces is
essential to reduce reliance on personal vehicles. Second, adopting Transit-Oriented
Development (TOD) strategies can help shift the city form from a single-center to a
supportive polycentric model. Third, increasing green surfaces and walls, including green
roofs and facades, can help filter particulate matter and moderate urban temperatures. Fourth,
enhancing urban permeability, especially in the dense central fabric, allows for better wind
penetration. Finally, creating open green spaces between buildings is crucial for facilitating
air flow and dispersing pollutants. Implementing these measures can significantly improve
the environmental sustainability and air quality of Tabriz in the long term.
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