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Obijective: Air pollution can have serious negative effects on human health, including
cardiovascular and respiratory diseases. Monitoring and controlling air pollutants is very
important to protect public health and the environment. Like many developing countries,
Iran is facing air pollution, especially in its big cities and industrial cities. One of the
powerful tools in air pollution monitoring is remote sensing methods. The aim of this study
is to use relatively high-resolution satellite data to monitor air quality and air pollution
using Sentinel-5 (Sentinel-5P) sensor images.

Methods In this study, a comprehensive monitoring based on the values of some of the
most important air pollutants (including Al, O3, NO2, SO2, CH4 and CO) has been done
using Sentinel-5 satellite images for Iran in 2019-2023.

Results: The results of this research showed that the emission of carbon monoxide and
sulfur dioxide gases had a decreasing trend (in the months of June as an example of the
examined month), but nitrogen dioxide gas, methane gas, ozone gas and aerosols had an
increasing trend during the month. from June 2021 to 2023. In general, air pollution is
more serious in the northern parts of the country, especially in big cities and several large
urban gatherings. In this study, it was investigated how the levels of six air pollutants in
Iran vary and differ from June 2019 to 2023. Another important result of this research is
that the total amount of air pollution in 2020-2023 has faced an increasing trend compared
to 2019. Also, the monitoring by Sentinel-5 satellite images shows that in recent years,
Tehran has had the most polluted air in terms of carbon monoxide, nitrogen dioxide, sulfur
dioxide and suspended particles (dust). Also, changes in the concentration of pollutants do
not follow a specific pattern. It was also found that the GEE system is able to process a
large amount of data in a very short time with high accuracy.

Conclusions: Air pollutants (Al, O3, NO2, SO2, CH4, and CO) in Iran have significant
spatial differences that should be considered in future planning to combat pollution.
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EXTENDED ABSTRACT

Introduction

Air is a complex heterogeneous mixture of gases and particles, some of which are routinely
monitored and are referred to as quality pollutants. These pollutants include gaseous
pollutants such as nitrogen dioxide (NO2), sulfur oxides (SO2), and particulate matter PM10
(less than 10 um) and PM2.5 (less than 2.5 pm). As air pollution has become a problem, air
quality monitoring is essential. Monitoring must continue for a long time to record different
atmospheric conditions. These monitoring data must be analyzed comprehensively to better
understand air quality. Nowadays, satellite remote sensing data with wide spatial coverage
and long time periods have become a promising tool for estimating surface air pollutants, and
have shown potential to fill the gap left by ground-based monitors, especially in areas with
sparse monitoring. Iran is among the ten countries with the highest air pollution. The origin of
air pollutants in Iran today includes the high use of fossil fuels and fine dust resulting from
long-term droughts in Iran and the Middle East. Therefore, studying and monitoring air
pollution in Iran is of great importance. This goal can be achieved using remote sensing data
with speed, accuracy, wide area and longer time periods. For this purpose, in this study, we
have investigated the spatio-temporal characteristics and factors affecting the concentration of
tropospheric pollutants over Iran between 2019 and 2023, due to the availability of satellite
data and information from Sentinel-5. For this purpose, methane (CH4), carbon monoxide
(CO), nitrogen dioxide (NO2), ozone (03), sulfur dioxide (SO2) and aerosol (Al) products of
the TROPOMII sensor installed on the Sentinel-5P satellite have been used.

Methods

This research is considered applied research in terms of purpose and descriptive-analytical in
terms of method. The geographical area of the study includes Iran. Iran is actually located in
West Asia and in the Middle East region. Iran is located in the desert belt of the world. For
this reason, dry and semi-arid climatic conditions prevail in most of Iran. Frequent droughts in
Iran and the Middle East and the high use of fossil fuels in Iran have increased air pollution in
Iran. The required data relied on Sentinel-5P TROPOMI NRTI data. For this purpose, the
monthly average of tropospheric pollutant concentration images was extracted from January
2019 to December 2023. The required data relied on Sentinel-5P TROPOMI NRTI data. For
this purpose, the monthly average of tropospheric pollutant concentration images was
extracted from January 2019 to December 2023. These data were extracted and processed
through the Google Earth Engine (GEE) platform and Python programming. Then, the maps
obtained from the previous stage were analyzed in ArcMap software. This research is
considered to be applied in terms of purpose and descriptive-analytical in terms of method.
The geographical area of the study includes the country of Iran. Iran is actually located in
West Asia and in the Middle East region. Iran is located in the desert belt of the world. For
this reason, arid and semi-arid climatic conditions prevail in most of Iran. Frequent droughts
in Iran and the Middle East and the high use of fossil fuels in Iran have increased air pollution
in Iran. In this way, the average concentration of air pollutants was extracted using Sentinel
5P data and shown by maps and graphs.

Results

Carbon monoxide (CO) is another important trace gas that has a significant impact on
environmental pollution. The analysis of the extracted maps and graphs clearly shows that the
amount of carbon monoxide (CO) is decreasing and the distribution of regional concentrations
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of carbon monoxide (CO) between 2020 and 2023 shows smaller ranges than in 20109.
Nitrogen dioxide (NO2) also plays an important role in air pollution as a primary pollutant
and as a precursor to the production of ozone and fine particles. Fossil fuel consumption,
biomass burning and lightning are the primary sources of NO2 production. The analysis of the
maps and graphs shows that the amount of nitrogen dioxide concentration is increasing,
especially in spatial areas related to metropolitan areas. In addition, the results of the studies
show that O3 gas, another secondary pollutant formed by sunlight and its precursors such as
nitrogen oxides (NOx) and volatile organic compounds (VOCs), has also been increasing.
Sulfur dioxide (SO2) is also a dangerous environmental pollutant and is derived from fossil
fuels. The results of the study show that although the production of this pollutant in Iran is
high and widespread, it has had a decreasing trend during the period under study. The
distribution of pollutant particles and aerosols also shows an increasing trend, but does not
follow a specific pattern. The regional distribution of methane (CH4) also showed a sharp
increase for the years 2020 to 2023 compared to 2019.

Conclusion

Based on the results of this study, it was found that the emissions of carbon monoxide and
sulfur dioxide have decreased, but nitrogen dioxide, methane, ozone, and aerosols have
increased during the months of June 2021 to 2023. The results show that these pollutants
show distinct spatial and seasonal changes. In general, air pollution is much more serious in
the northern parts of the country, especially in large cities and several large urban
agglomerations. In the present study, it was examined how the levels of six air pollutants in
Iran vary and differ from June 2019 to 2023. The results of the study also showed that the
changes in the concentration of pollutants do not follow a specific pattern. Monitoring carried
out by Sentinel-5 satellite images shows that in the year under study, Tehran had the most
polluted air in terms of the total gases of carbon monoxide, nitrogen dioxide, sulfur dioxide,
and suspended particles (dust). The results of this study confirm the findings of Ghanadi et al.
2022, Gharibi et al. 2021, and Mohammadnejad Arough 2020 regarding the high potential of
remote sensing data in studying air pollution, especially over large geographical areas.
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