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Highlights

e Comprehensive Assessment: Systematic, multi-scalar analysis of the correlation between 22 distinct
urban form indicators and primary air pollutants across all 22 administrative districts of Tehran.

e Spatial Determinism: Empirical confirmation of the decisive role of urban spatial structure and
morphological patterns in modulating air quality variations.

Extended Abstract
Introduction

Despite occupying less than three percent of the Earth’s surface, contemporary cities are the primary drivers of
anthropogenic pollution, exposing a vast global population to hazardous air quality with severe public health and
economic repercussions. While vehicular emissions and fossil fuel consumption are the dominant sources of
atmospheric pollutants, local climatic conditions, complex topography, and—critically—urban form exert a
profound influence on pollutant dispersion and concentration. Recent scholarship has increasingly focused on the
nexus between urban morphology and air quality, suggesting that land-use patterns and spatial configurations can
significantly attenuate or exacerbate the accumulation of pollutants. However, much of the extant research has
been geographically limited or focused on restricted sets of environmental indicators.

Tehran, as a rapidly expanding megacity characterized by industrial development, high population density, and
intensive motorized transport, serves as a critical case study for this environmental challenge. This research aims
to investigate the complex relationship between various urban form indicators and air pollution levels across
Tehran’s 22 districts. Specifically, the study seeks to answer: What are the primary morphological indicators
affecting air quality, and what are the specific correlations between these urban form dimensions and major
pollutants (CO, Os, NOz, SO-, and PM2.5)? This understanding is essential for shifting towards more sustainable
urban planning paradigms.

Theoretical Framework

This study conceptualizes the city as a dynamic system where physical form and environmental processes are
inextricably linked. The research operationalizes urban form through 22 metrics categorized into four strategic
dimensions: environmental design, land use, accessibility, and density. By meticulously calculating the
quantitative values of these metrics for each district, the study provides a robust empirical basis for evaluating the
spatial distribution and intensity of pollutants.

The correlation between these indicators and annual pollutant concentrations is analyzed to assess how spatial and
design configurations influence urban environmental performance. This research adopts an applied analytical
approach, utilizing quantitative spatial data to delineate the association between the dense urban fabric of Tehran
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and the magnitude of pollutants. Pearson’s correlation coefficient is employed as the primary statistical tool to
establish the strength, direction, and structural significance of these bivariate dependencies. By integrating
concepts from urban morphology and environmental science, this research offers a comprehensive understanding
of how strategic spatial interventions can be leveraged to enhance urban environmental resilience.

Methodology

This research is an applied study utilizing a quantitative-statistical approach. The primary objective is to analyze
the correlation between urban form indicators and air pollution across Tehran’s 22 districts. Data regarding the
concentration of pollutants (CO, SOz, NO, Os, and PM2.5) were compiled from official air quality monitoring
station archives and longitudinal environmental reports.

The indicators of urban form were categorized based on a thorough literature review, followed by the definition
of standardized quantitative measures for each. Subsequently, the Pearson correlation test was performed to test
the null hypotheses concerning the relationships between independent variables (urban form metrics) and
dependent variables (pollutant concentration). This method allows for a clear evaluation of linear relationships
within the high-density urban environment of Tehran, facilitating the identification of critical morphological
factors that correlate with air quality degradation.

Results and Discussion

The Pearson correlation analysis revealed a diverse range of relationships between urban form and pollutant
concentrations. Statistically significant positive correlations were observed between “residential unit density” and
pollutants such as CO, SOz, NO2, and PM2.5, confirming that high-density residential areas—often associated
with increased traffic and energy consumption—are more susceptible to air quality issues. Similar trends were
noted for “gross population density” and “distance traveled,” which show a strong positive correlation with SO-
and NO: emissions, underscoring the role of transport and human intensity in pollution cycles.

Conversely, indicators associated with sustainable urban design, such as “public transport network length” and
“per capita green space,” demonstrated inverse relationships with several pollutants. For instance, increased green
space coverage was negatively correlated with SO: and CO levels, suggesting a significant mitigating effect.
However, the study also encountered complex nuances; for example, while some indicators like “pedestrian and
bicycle path length” showed negative associations with SO, they exhibited positive correlations with others,
indicating that the impact of urban form on air quality is multifaceted and highly dependent on the specific
pollutant under examination.

Conclusion

This study provides empirical evidence that urban form is a fundamental determinant of air pollution distribution.
By analyzing 22 morphological indicators, the research confirms that structural characteristics—such as land-use
intensity, density, and spatial connectivity—directly influence the accumulation of CO, SOz, NO:, and PM2.5.
The results suggest that urban air quality is not merely a product of emissions, but also a result of how urban space
is organized. Therefore, to mitigate air pollution, urban planners must move beyond traditional emission-control
policies and embrace strategic spatial planning. Targeted interventions in density management, the enhancement
of green infrastructure, and the optimization of accessibility can act as effective tools for long-term environmental
management and sustainability in the Tehran metropolitan area.
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