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Abstract

To investigate the role of wind and precipitation on air pollution in the metropolis of Tehran, daily NO;
data from the Sentinel satellite and daily wind and precipitation data from Mehrabad station from August
1, 2018, to December 31, 2021, were used. To examine the relationship between precipitation and wind
data with air pollution, the correlation method and the existence of significant differences in air pollution
in different conditions, t-test was used. The results showed the variance and mean NO- of rainy days and
days without rainfall were not equal and on rainy days the amount of air pollution was reduced by 31.06%.
The average air pollution on rainy days is less than on days without rainfall, but no specific pattern was
observed between the amount of rainfall and the reduction of air pollution. The results showed that
increasing the wind speed to 2.5 m / s will reduce air pollution, but higher speeds will not necessarily
reduce pollution further. The variance and mean NO; are not equal on windy days of more than 2.5 meters
per second. At speeds of more than 2.5 meters per second, the amount of air pollution is reduced by
59.25% with 99% confidence. The results show that the effect of wind in reducing air pollution in Tehran
is more than rainfall and shows a more distinct pattern of air pollution.

Keywords: Air Pollution, NO2, Wind, Precipitation, Tehran.

* Corresponding Author: Email: t.safarrad@umz.ac.ir


http://www.jes.ut.ac.ir/

Journal of Environmental Studies
Vol. 48, No. 3, Autumn 2022

388

Extended Abstract

Introduction

With the growth of urbanization and the increase of industrial activities, more environmental problems
appeared in human life. One of the direct effects of urban development is environmental change such as
reduced air conditioning, reduced lighting, increased heat island, air pollution and other environmental
problems. Today, air pollution is increasing in metropolitans, especially in industrial cities. Many cities
around the world face the problem of photochemical smog. The smog reduces visibility, affects people's
regular travel and reduces air quality. Nitrogen dioxide (NO2) and nitrogen oxide (NO) are commonly
known as nitrogen oxides (NOx = NO + NO.) and are important trace gases in the atmosphere that exist
in both the troposphere and stratosphere, resulting in human activities, especially combustion. NO2 gas
is one of the main undesirable components of photochemical smoke fog and one of the criteria for
detecting air pollution under National Ambient Air Quality Standards (NAAQS). Short-term inhalation
of this toxic gas will cause vital problems and especially worsen the condition of people with respiratory
diseases. This gas is the result of industrial activities and motor vehicles inside cities. Spatially, this
pollutant is specific to large cities and it can be called urban air pollutant. NO2 has a seasonal cycle and
its peak occurs in the cold season and has the lowest rate in the warm season. One of the important
factors in reducing or increasing the concentration of pollutants is weather conditions.

The most important factors affecting air pollution are inversion, precipitation occurrence, relative
humidity, wind direction and speed, and in other words, atmospheric conditions. To effectively control
air pollution, it is essential to know the relationship between air pollution and daily air conditions. One
of the most important problems in Tehran is air pollution. Traffic congestion is the most important
source of air pollution in Tehran and the two main groups of polluting industries around Tehran are the
automotive industry and fuel production. These industries have high energy consumes in Iran, whose
energy is produced by the power plants around them. In addition to the above, topography and climate
characteristics have also added to Tehran's air pollution problem. Tehran is located at a high altitude and
is surrounded by the Alborz mountain range, so the polluted air will be trapped by the wind in the eastern
half of the city. Air pollution in Tehran has long been considered as an important environmental factor
by the community and managers. For better understanding and management, it is necessary to study the
temporal and spatial changes of air pollution and its reducing or increasing environmental factors. The
aim of this study is to investigate the effect of two factors: wind and precipitation, which are often
considered reducing factors of urban pollutants, and the effect of each of these parameters on the
concentration of NO,, which is one of the important compounds in the formation of smog.

Materials and Methods

Satellite data is an innovative way to monitor surface phenomena. The Sentinel 5 satellite with a
Tropomi sensor allows the detection of gaseous pollutants. To study the amount of NO- as one of the
most important air pollutants, we used Sentinel 5 satellite products from August 1, 2018, to December
31, 2021.The pixel size of these data is 1113.2 meters. Daily rainfall and wind data of Mehrabad synoptic
station in Tehran were used to check the wind and precipitation status during this period. After filtering
the lost data, 1077 days with pollution data and weather conditions were prepared for analysis. This
study was conducted on Tehran, the capital of Iran, the largest and most populous city in the country.
Levene's test was used to show the differences between the effects of wind at different speeds on
pollution. This test was introduced in 1960 by Professor Howard Leven. This method proposed a new
approach for analysis of variance by using F-test for absolute deviation of observations from its group
mean. Levene's test is a very popular tool for examining the homogeneity of variances. This test is less
sensitive to normal distribution than Bartlett's Test and has more capability than Bartlett's test.

Discussion of Results

Emission of air pollutants in Tehran under the influence of 3 features; 1. Location of most sources of
pollutants in the west and south of Tehran 2. Existence of heights in the north, northeast and east of
Tehran and 3. The prevailing west and southwest direction of the wind in this city has caused the
formation of a thick layer of particles suspended in the air of the city with long-term durability,
especially in the east. Temporal examination of NO, concentration indicates the existence of an annual
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cycle. In this way, from July to Dec is the period of increase and from Dec to Jul is the period of decrease.
Usually, the highest amount of NO:is in Dec and the lowest amount is in July. The highest combustion
volumes due to fossil fuels and the highest inversion events and thermal overpressures occur on the
ground in winter, so it is common to expect cold months compared to warmer months when low pressure
usually forms on the ground, Have more air pollution. Another important point about NO: is that the
concentration of the highest amount of NO; in all seasons corresponds to the central areas with an
extension to the east and northeast of Tehran. This condition clearly shows the effect of topography in
creating a barrier to the exit of pollutants. It is quite clear that in the study area, regardless of the higher
concentration of NO2 in the cold season, in all seasons, the maximum accumulation of NO is in the
dominant wind path and in front of the mountain. Due to the relationship between precipitation and wind
speed with the reduction of air pollution in this study, the role of precipitation and wind speed in air
pollution has been investigated. Investigation of precipitation and pollution characteristics of Tehran
during the study period shows that NO, has a maximum and minimum time and precipitation fluctuation
in a year does not have a pattern similar to it.

The study period was divided into rainy days (at least 1 mm of rainfall per day) and days without rainfall.
The results of Leven’s and Ttest showed that NO2 variance and mean were not equal on rainy days and
days without rain and it was found that on rainy days the amount of air pollution was reduced by 31.06%,
which is statistically significant with 99% confidence. Examination of the average NO; in different
rainfall classes to find the rainfall threshold affecting the amount of pollution showed that there is no
specific regulation regarding rainfall threshold and pollution. For example, on 12/10/2018, the amount
of 96 mm of precipitation was recorded, which was the highest precipitation recorded during the
statistical period in Tehran, but the amount of NO, concentration in the air was 0.000431 mol/m2. While
the lowest amount of NO; concentration in the studied statistical period (0.000086 mol/m2) was on
10/26/2018, the amount of rainfall on that day was 0.15 mm, on the other hand on 12/2021 19 NO;
concentration was equal to 0.006671 mol/m2 (one of the highest values recorded for NO, concentration)
on which day 4 mm of precipitation was recorded.

The average wind speed increases in proportion to the increase in temperature in the warm months and
decreases in the cold months and the lower wind speed in the cold months can be added to the reasons
for the increase in pollution in these months. To more accurately investigate the role of wind in air
pollution, the amount of pollution at different wind speeds at intervals of 0.5 m /s was investigated. The
results showed that increasing the wind speed initially linearly reduces the amount of air pollution; but,
increasing the wind speed to more than 2.5 meters per second does not have a further reducing effect on
air pollution and at speeds higher than this amount, the amount of pollution remains almost constant.
The results of Levene's and Ttest showed that the variance and mean of NO, were not equal on days with
wind speeds greater than and less than 2.5 m /s and it was found that on days with wind speeds of more
than 2.5 m / s the amount of air pollution 59.25% decreases, which is statistically significant with 99%
confidence (Figure 1).
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Figure 1. Mean of NO:in different wind speeds
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Conclusions

The main sources of air pollution in Tehran include traffic congestion (city center) and automotive and
fuel production industries (mainly located in the west, southwest and south of Tehran) which are located
in the direction of the prevailing wind entering the city and the heights north, northeast and east of
Tehran will prevent them from leaving the city. This causes more air pollution in the eastern half of
Tehran. The results of this study showed that the accumulation and persistence of air pollution in the
central areas northeast of Tehran reaches its maximum and the amount of this pollution in the cold
months is more than the warm months. In this study, the role of precipitation and wind separately in
changes in the amount of air pollution was investigated. The results showed that the amount of pollution
on rainy days is significantly about 31% less than on days without rainfall, but no logical and significant
relationship was observed between the amount of rainfall and the rate of reduction of air pollution; In
other words, precipitation reduces air pollution, but changing the amount of precipitation does not cause
significant changes in the amount of air pollution. The results of this study also show that wind has a
more effective and lawful role in reducing air pollution so increasing wind speed will reduce the amount
of air pollution. As the wind speed increases from 0.5 to 2.5 meters per second, the amount of air
pollution decreases linearly and with a steep slope, after this, the amount of air pollution will remain
almost constant. Winds with a speed of more than 2.5 meters per second have no greater effect on
reducing air pollution. Simply put, the wind threshold to reduce pollution is 2.5 meters per second. It
was also found that on days when the wind speed is more than 2.5 meters per second, the amount of air
pollution is significantly reduced by about 59.25%; therefore, it can be said that the role of wind in
reducing pollution is much greater than the role of precipitation.
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