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Nitrogen dioxide is a significant factor affecting air quality in various

regions worldwide. The aim of this study is to examine the
concentration and trends of nitrogen dioxide pollution between 2005
and 2018, and explore its association with precipitation levels in the
region. Based on data derived from the OMI sensor in Iran, the average
vertical column concentration of nitrogen dioxide during this period
revealed that the highest concentration was observed in the
troposphere. Megacities, particularly Tehran metropolis, exhibited
elevated levels of nitrogen dioxide due to the high population density
and extensive road transportation. Analyzing the annual changes in
nitrogen dioxide concentration in the troposphere alongside the
average annual precipitation in Iran, it was observed that the pollutant
concentration increased from 2005 to 2016 and subsequently
decreased from 2016 to 2018, primarily due to population growth.
However, when considering the overall trend, there was an upward
trend with a slope of 3.53x -2. In contrast, the time series analysis of
average annual precipitation in Iran demonstrated a declining trend
with a slope of (-0.159 mm x ). Comparing the trends of these two
variables, it can be deduced that they exhibit a negative correlation..
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Introduction

Nitrogen dioxide is a significant indicator of atmospheric air pollution, which is a leading
factor in the degradation of air quality worldwide. In addition to natural emissions, nitrogen
dioxide is predominantly generated through human activities such as transportation,
industrial operations, residential heating, power plants, and other related sources. By
scrutinizing the data on NOx emissions from both natural and artificial sources in Iran, as
provided by the European Research Center EDGAR during the period from 1970 to 2012, it
becomes evident that the emission of nitrogen dioxide in Iran has witnessed an upward trend.
The primary sources of these emissions in Iran encompass road transportation, heat and
electricity generation, residential sectors, energy production industries, oil and gas resources,
as well as direct soil emissions. When considering the average vertical column concentration
of nitrogen dioxide in Iran between the years 2005 and 2018, as observed by the OMI sensor,
it becomes apparent that the highest concentration of nitrogen dioxide is found in urban
areas, particularly in the densely populated metropolis of Tehran, which experiences
extensive intercity road traffic. Isfahan, Karaj, Mashhad, Ahvaz, and Shiraz also exhibit
elevated levels of nitrogen dioxide due to their high population densities and industrial
activities.

Material and Methods

Examining the trend of annual changes in the vertical column concentration of nitrogen
dioxide and the average annual rainfall in Iran, it is evident that the concentration of this
pollutant has increased due to population growth and human activities from 2005 to 2016,
as well as from 2016 to 2018. In general, there is an increasing trend with a slope of 3/53*-
2 for the nitrogen dioxide concentration, in contrast to the decreasing trend with a slope of
(-0.159 mm¥) for the average time series of annual rainfall in Iran. By comparing these two
parameters, a negative impact on each other can be observed. For instance, in 2016, when
the concentration of nitrogen dioxide was higher than in 2015 and 2017, the amount of
rainfall in 2016 was lower than in previous and subsequent years. Moreover, an inverse
relationship between the concentration of pollutants and precipitation is observed in 2009,
2010, 2011, 2015, and 2008. This is attributed to the dissolution of pollutants inside and
below the cloud by precipitation, resulting in cleaner air in the region. Examining the changes
in nitrogen dioxide using the Mankendal z statistical method in Iran, it is evident that
industrial cities such as Isfahan, Yazd, Arak, and the south of Tehran, as well as southern
coastal cities with refineries, exhibit a significant upward trend.

Results and Discussion

Furthermore, concerning rainfall patterns, there is a noteworthy increase in the northwestern
region of the country, while a significant decrease is observed in the eastern and southeastern
parts. Moreover, the age estimation slope for nitrogen dioxide and precipitation indicates
that Tehran exhibits the highest increasing slope for nitrogen dioxide, whereas the northern
regions display the highest increasing slope for precipitation. To conduct a more
comprehensive investigation into the interplay of these factors, four major cities with high
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pollution levels, namely Tehran, Isfahan, Mashhad, and Ahvaz, were selected. It is important
to note that errors may arise when comparing precipitation and vertical column concentration
on a large scale. Examining the diagrams for the period of 2005-2008 pertaining to these
four cities, it becomes apparent that the average annual rainfall in these locations
demonstrates a negative slope, indicating a decreasing trend. Notably, Tehran exhibits the
most pronounced decreasing slope at a rate of 2.6139mm/year, while Mashhad displays the
lowest decreasing slope at -0.4445mm/year. In contrast, the concentrations of the vertical
vertebral column in these cities show an increasing trend, with Tehran exhibiting the highest
positive slope and Isfahan displaying the lowest positive slope. Based on the diagrams, it can
be observed that in most years, the intensity of precipitation is higher during winter compared
to autumn. Conversely, the concentration of nitrogen dioxide is higher in autumn due to the
process of moisture deposition. In other words, pollutants are washed away by precipitation,
leading to dilution. Consequently, the atmosphere becomes more polluted, particularly in
autumn.

Conclusion

Examining the trend of annual changes in the vertical column concentration of nitrogen
dioxide and the average annual rainfall in Iran, we can observe that the concentration of this
pollutant has increased with the rise in population and human activities from 2005 to 2016.
However, it decreased from 2016 to 2018. Overall, it has shown an increasing trend with a
slope of 3/5297*-2 -1, contrasting with the time series of average annual rainfall in Iran. The
average annual rainfall in Iran has exhibited a decreasing trend with a slope of (-0/5978
mm/year).
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