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The United Nations statistics indicated damage caused by air pollution in Iran was 8 billion
dollars in 2008 and reached 11 and 15 billion dollars by 2014 and 2019 respectively. Few
studies have focused on the relationship between urban form and pollutions. However, it is
especially unclear whether the relationship varies across cities with different
socioeconomic characteristics. The accurate estimation of the impact of urban form on
spreading pollutants is essential for suggesting effective spatial planning strategies. Arak
metropolis is currently one of the 8 most polluted cities in the country, and its air is
continuously unhealthy for more than half of a year, especially for vulnerable groups. The
present study aimed to measure and evaluate the impact of city form on the pollution of the
city. The data obtained from Environmental Organization and Municipality of the city.
GIS, GWR regression and Moran models were used for data analysis. The research results
showed; There is a significant relationship between the city form index and the dependent
variable (air pollution index) at the 95% level. So that the R2 value obtained from the
spatial analysis of the city form index on SO2 showed 72% and the influence of the city
form on the production of this pollutant. The intensity of the effect is greater in zones 2 and
3 of Arak city. Also, the R2 obtained for the NO2 variable is equal to 79%, which
indicated that there is a spatial relationship at a high level between the independent
variable (city form) and the dependent variable, and in zone 1 of Arak. The analysis of the
spatial relationship of the city form on the production of O3 has shown R2 of 85%, which,
like other variables, showed a high level of spatial relationship between the independent
variable and O3. In zones 1, 2, 3, pollutants have the highest concentration and relationship
with the city form due to the presence of industrial machinery, aluminum factories,
Shazand thermal and petrochemical plants in these areas.
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Extended Abstract

Introduction

The population of cities is growing and it is predicted that more than 60% of the world's population will live in
cities by 2030. The increase in urban population leads to drastic changes in cities in different socioeconomic and
environmental dimensions. The sharp increase in energy consumption has led to environmental problems,
including air pollution. Many cities around the world are facing the challenge of severe pollution of particles,
and this has a negative impact on all aspects of urban life. In recent years, despite the fact that various plans have
been made to reduce the emission of pollutants but still the concentration of pollutants are increasing to a great
extent and exceeded the legal limit so that these pollutants are still a challenge for modern societies. Therefore,
according to the issues raised, the present research has focused on the following purposes: a) Status of city form
indicators (use mix and population density in Arak city), b) Status of air pollution indicators in Arak city (NO2,
S02, 03) and c) Spatial relationship between city form indicators and air pollution indicators in Arak city. This
study may provide a reference for decision-makers and essential guidance for urban planners and managers
regarding sustainable urban planning

Materials and Methods

Arak is one of the metropolises of Iran with 520,944 people in 2016, which makes it the demographic center of
Central Province and the 18th most populated city in Iran. Arak is known as the industrial capital of Iran with
1065 industrial units within 30 km of the city (South west, North West and West zones) which is one of the most
polluted cities of the country in terms of air pollutants. Different contributors like growth in population, increase
in number of vehicles, speedy industrialization, and presence of the different companies cause this city to be
placed among eighth most polluted cities of Iran. Air in Arak is more polluted than Tehran, capital of Iran, in
terms of pollution contributors. The methodology of the research is based descriptive-analytical approaches.
Data and information have been collected from related organizations (Municipality, environmental organization).
The city has divided into five zones based on city’s master plan. Four pollution measurement stations of Arak
city were accessed for NO2, SO2, O3 reports. The spatial analysis section of gas station stations uses the IDW
pollution model and the IDW spatial coverage method is used to cover unknown points (points that do not have
measuring stations). In this method, a weighted average is generally taken from the known points and record the
result for the unknown point. In the IDW interpolation method, it is assumed that the effect of each phenomenon
is proportional to the power of the inverse of its distance, so the effect of the phenomenon in question decreases
with increasing distance. . For spatial analysis, there are different models for measuring spatial autocorrelation
statistics, and in this research, the Moran model was used in GIS software. And finally, the GWR regression tool
has been used to determine the spatial changes between the independent and dependent variables.

Results

The results show distribution of NO2 had highest distribution in the western areas of the city (petrochemical and
thermal power plants) and the central areas tending to areas 4 and 5. The accumulation of O3 in the central zones
4 and 5. Also, zone 3 towards Shazand has a high concentration of this O3. In the northeastern and northern
zones, the accumulation of O3 decreased due to the distance from the center. SO2, the highest amount of
accumulation concentrated in the zone 3 of Arak city, as there are several factories like Shazand petrochemical
industries and thermal power plant. From population density of view based on the results, zones 4 and 5 with a
high score and close to one have the highest mixed uses. The analysis of the stdResid shows that 100% of the
data are within the determined range of £2.5. This shows the high desirability of the model. The adjusted R2
revealed the influence of the city form NO2 in all zones of Arak which is above 85%; however, as the map
illustrates the intensity of this spatial effect is greater in the zone 1 of the city due to the industrial machinery and
aluminum factories in this zone. By examining the pattern of the residual values of the difference between the
observed and the estimated values show that in all zones of the city, the standardized residual values do not
exceed £2.5. The analysis of the stdResid shows that 100% of the data are within the determined range of +2.5
which reflects the high desirability of the model.

Conclusion

Air pollution and the adverse effects in urban settlements are among the important environmental issues of
metropolises, and it is necessary to pay attention to the solutions to reduce the amount of air pollution in cities.
Global experiences have shown that urban form indicators are one of the most important factors influencing the
ambient 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 study found that the
relation of the city form to the air pollutants of Arak city is more in zones 1 and 3 than in other areas which is
evident due to the expansion of the unbalanced and scattered urban form of the city in these regions. As the work
of Lijie He et al. (2019), showed a less fragmented and more compact urban form which is encouraged by
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increasing urban connectivity, reducing dependence on vehicles and facilitating the use of bicycles and walking
can reduce the concentration of local air pollution. Also, Wang et al, 2022 concluded that by the expansion of the
city pollutants increase due to the use of more vehicles, The city form of zones of 1 and 3 developed in dispersed
pattern. Based on the results of the both researches, the compact form of cities can help to reduce pollutants.
Many researches have investigated the relationship between the form of cities and the release of pollutants since
2000 and most studies show the relationship between the indicators of the city form and the production and
release of pollutants.

The results showed that there is a significant spatial relationship between the city form and the emission of
NO2, SO2, and O3. According to Moran's model, the spatial distribution of pollutant data in Arak has a random
distribution. Also, there is a significant spatial relationship at the 95% level regarding to spatial relationship
between the independent variable (city form) and the dependent variable (air pollutants). The findings from
analyzing the city form proved that the urban zones of Arak 1, 2 and 3 developed in sprawl and due to the
presence of industrial factories in these areas, the level of pollution is high as shown in the figures 9, 10, 11. the
R2 obtained from the spatial analysis of the city form index on NO2, O3, SO2 has been more than 70%, which
show the high spatial impact of the city form on the production of pollutants (Table 2). Many researches that
compact urban areas had lower pollution compared to more dispersed zones.
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