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1. Introduction

Rapid urbanization has emerged as a powerful catalyst for economic growth and social advancement,
particularly in developing nations. However, this rapid progress comes with serious environmental
repercussions, notably the alarming rise in air pollution. Given the serious threat that air pollution poses to the
environment and public health, reducing air pollutant concentrations through effective urban planning has
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become a common concern among urban planners and policymakers. In this context, urban form plays a critical
role in either intensifying or mitigating air pollution. Therefore, understanding the impact of urban form on air
quality has become a key focus in recent urban planning and environmental studies. Such research can provide
valuable insights for developing strategies aimed at designing healthier, more efficient, and livable cities. A
review of domestic research literature shows that no comprehensive study has been conducted to date on the
effects of urban form on air pollutant concentrations. Therefore, the present study aims to investigate how
various characteristics of urban form, including size, shape, fragmentation, compactness, and dispersion, affect
the concentrations of criteria air pollutants (carbon monoxide (CO), nitrogen dioxide (NO,), sulfur dioxide
(SO,), ozone (O3), particulate matters (PMo and PM,5)), and black carbon (BC) particles in the two cities of
Tabriz and Tehran, considering temperature, precipitation, and wind speed as control factors during 2015-2021.

2. Materials and Methods

The present study is applied research conducted using a descriptive-analytical method and a comparative
approach. The geographical scope of this research encompasses the cities of Tehran and Tabriz. The data used
in this study include concentrations of air pollutants, urban form metrics, and meteorological parameters during
the period from July 1, 2015, to July 1, 2021. Information on the concentrations of criteria air pollutants at
urban air quality monitoring stations was obtained from the Tehran Air Quality Control Company and the Air
Pollution Monitoring Center of Tabriz. Additionally, black carbon particle concentrations were extracted from
the MERRA-2 reanalysis model data available in the Google Earth Engine platform. Mean values of
meteorological parameters including temperature, precipitation, and wind speed were acquired from synoptic
stations in Tehran and Tabriz, provided by the Iran Meteorological Organization. For statistical analysis, R
software (version 4.3.3) was used. Metrics measuring various aspects of urban form such as size, shape,
fragmentation, compactness, and dispersion were calculated using the landscapemetrics package in R, based on
monthly Dynamic World land-use data (10-meter resolution) from Google Earth Engine. The relationships
between air pollutants, urban form metrics, and meteorological parameters were analyzed using appropriate
correlation methods (selected based on data distribution) with the corrplot package. To identify the most
influential meteorological factors and urban form characteristics affecting pollutant concentrations in Tehran
and Tabriz, machine learning algorithms including multiple linear regression (MLR) and random forest (RF)
were implemented using the tidymodels package. Model performance was evaluated based on the coefficient of
determination (R?) and root mean square error (RMSE) of validation (testing).

3. Results and Discussion

A comparison of the mean values of urban form indices in Tehran and Tabriz, based on land cover/use data
from 2015 to 2021, indicates that the built-up urban area in Tehran is larger than in Tabriz. Moreover, the urban
form of Tehran is more complex, fragmented, and compact compared to that of Tabriz. The results of this study
reveal that urban form characteristics have a significant impact on the variation in atmospheric pollutant
concentrations in both cities. Specifically, an increase in city size is associated with improved air quality in
terms of lower concentrations of CO, SO,, and Os, but with deteriorated air quality concerning NO,, PM, s, and
black carbon (BC). Furthermore, increased shape complexity in Tehran was linked to higher concentrations of
NO,, PMyq, and PM,;. The findings also indicate that high fragmentation of urban structure corresponds with
increased concentrations of NO,, Oz, and PMy,, while reducing SO, and BC levels. In addition, greater urban
sprawl led to a decline in air quality in terms of SO,, O3, and PMy,, but improved air quality with respect to
gaseous NO, and fine particulate matter (PM,s and BC). On the other hand, different urban forms indirectly
influence the dispersion of air pollutants in Tehran and Tabriz through mediating meteorological parameters
such as temperature, precipitation, and wind speed. Various aspects of urban form including size,
fragmentation, compactness, and dispersion are associated with the formation of urban heat islands. Through
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their effect on ambient temperature, these factors influence the concentrations and spatial distribution of NO,,
03, PM,5, and BC in both cities. According to the findings, the size, density, and fragmentation of Tehran’s
urban form indirectly affect the distribution of O3, PM;q, and BC via their influence on precipitation. Moreover,
shape complexity and urban sprawl in Tehran, as well as the size, fragmentation, and density of Tabriz’s urban
form, impact the accumulation or dispersion of pollutants in both cities by influencing wind speed.

4. Conclusion

The findings of this study clearly demonstrate that the physical form and structure of cities play a significant
role in determining the concentration levels of atmospheric pollutants. Elements such as size, density, shape
complexity, sprawl, and fragmentation not only have direct impacts on air quality but also exert indirect effects
through their interaction with climatic factors like temperature, precipitation, and wind speed. These results
highlight the importance of integrating environmental considerations into urban planning and design processes
and underscore the need for formulating sustainable urban development policies aimed at improving air quality
and enhancing environmental health in large cities. Especially in metropolises such as Tehran and Tabriz,
adopting data-driven approaches and utilizing urban form indicators can provide a more effective pathway for
mitigating air pollution.

Keywords: Atmospheric pollutants, Meteorological parameters, Landscape metrics, Land use, Random forest.
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