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Air pollution is one of the most significant environmental issues, as exposure to air
pollutants is widely linked to various health problems. This study aimed to investigate
the polar pattern of air pollution based on meteorological factors in the coastal belt of
Mazandaran Province. Data on the concentrations of SO,, CO, NO,, and Oz from the
TROPOMI sensor, along with meteorological variables (wind speed and direction),
were analyzed for the period from 2018 through 2022. Time series plots, Wind Rose
diagrams, Pollution Rose diagrams, and bivariate polar plots were employed for data
analysis and identification of emission sources. The examination of temporal patterns
revealed that, at most stations, the highest concentrations of SO,, CO, and NO;
occurred in 2021, while the peak Oz concentration was recorded in 2019. Annual
analyses using Wind Rose and Pollution Rose diagrams indicated that the
predominant wind direction associated with pollutant concentrations in Amirabad and
Babolsar stations aligned with wind speed. In contrast, Ramsar and Nowshahr stations
displayed different relationships between wind speed and pollutant concentration
direction. Moreover, the polar patterns in the Wind Rose and Pollution Rose diagrams
for two seasonal variables demonstrated that the directions of wind speed and
pollutant concentration differed, with the highest concentration of each pollutant
occurring at low wind speeds. The findings also indicated that the eastern areas of the
Mazandaran coastal strip experience higher levels of air pollution compared to the
western part of the study area, attributed to weather conditions, a higher density of
industries, increased vehicle traffic, the Shahid Salimi Power Plant, Miankaleh
peninsula, and the burning crop residues. Therefore, employing visual polar analysis
for pollution management is expected to be highly effective.
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Extended Abstract
Introduction
Pollution is defined as environmental contamination caused by substances in the atmosphere that are harmful to human
health and other living organisms. The concentration of air pollutants is strongly influenced by factors such as
transportation, chemical transformations, atmospheric conditions, topography, geography, and the interaction between
pollutants. To evaluate these changes, air quality models are employed to estimate the distribution of pollutants released
into the atmosphere. Various mathematical modeling approaches for air quality can be found in the scientific literature,
one of which is the receptor model. This model utilizes statistical techniques to estimate the extent of diffusion over
both local and long distances. Receptor models are commonly used to identify, describe, and monitor the distribution of
air pollutant sources. Among these models are Wind Rose and Pollution Rose plots, bivariate polar plots, clustering, and
conditional bivariate probability functions. These models are implemented in the OpenAir package of R statistical
software, facilitating the analysis of atmospheric data. Additionally, the analysis of polar diagrams, wind, and dust
pollution allows for the assessment of changes in contributions from specific sources as a function of wind direction and
time. This research aims to investigate the polar pattern of air pollution based on meteorological factors in the coastal
belt of Mazandaran Province during the period from 2018 through 2022.

Materials and Methods

Mazandaran Province, covering an area of 223,842 kmz, is located in the north of Iran, within the geographical range of
35°47" to 36°35’ north latitude and 50°34' to 54°10’ east longitude. The data used in this study includes six variables,
with two variables—wind speed (m/s) and wind direction—considered as effective variables, and four target variables:
SOz, NOy, CO, and Os. These variables were obtained daily from the National Meteorological Organization
(https://irimo.ir) and the TROPOMI sensor for the period of 2018-2022. The Wind Rose and Pollution Rose plots were
utilized to determine the direction of wind speed and pollutants, while bivariate polar analytical plots were employed to
identify potential emission sources of pollutants.

Discussion

Using the Google Earth Engine (GEE) environment, the temporal distribution of air pollution parameters (SO, CO,
NO2, and O3) was extracted. By coding in JavaScript within GEE, images of these four pollution parameters from the
Sentinel-5P satellite were retrieved. Filters were applied to define the study years (from June 29, 2018, to 2022) and
locations (Amirabad, Ramsar, Babolsar, and Nowshahr stations along the coastal strip of Mazandaran Province).
Images containing clouds were excluded using cloud filters, and the daily averages were calculated to extract time
series data for each pollutant according to the meteorological stations under study.

Since Wind Rose, Pollution Rose, and bivariate polar plots are instrumental in identifying sources of air pollution, the
sources at Amirabad station include the Shahid Salimi Power Plant to the west, Miankaleh to the east, and traffic along
the coastal road to the north. Additionally, the NO- pollutant in the summer season, originating from the northwest
direction, indicates severe pollution in the vicinity of the Neka Power Plant, attributed to increased electricity
production during this season when all power plant units are operational. At Babolsar station, traffic from the north and
heating devices burning fossil fuels during winter are identified as sources of CO, SO, and Os pollution, with
prevailing wind directions from the north, northwest, and east. The burning of straw and stubble in spring and autumn is
also likely a source of CO and Oz pollution. Finally, the graphs indicate that in other wind directions, pollutant
concentrations are minimal, suggesting a lack of significant pollution sources in those areas.

Conclusions

The current research aimed to investigate the analytical patterns of Wind Rose, Pollution Rose, and bivariate polar air
pollution on a daily, seasonal, and annual basis using satellite data, while also examining their relationship with
meteorological variables. In this regard, the four air pollution variables—CO, NO,, SO, and Os—were analyzed.
Overall, the highest concentrations of SO,, CO, and NO, at most stations were recorded in 2021, while the peak O3
concentration occurred in 2019. These results indicate that even during the COVID-19 pandemic and quarantine,
pollutant concentrations along the coastal strip of Mazandaran increased. The annual Wind Rose and Pollution Rose
plots were consistent with the prevailing wind direction, wind speed, and pollutant concentrations at Amirabad and
Babolsar stations. However, Ramsar and Nowshahr stations exhibited different relationships between wind speed and
pollutant concentrations. Consequently, the relationship between wind speed and air pollution is complex and varies
based on location, season, and pollutant type. Seasonal Wind Rose and bivariate polar plots for wind speed and
pollutants also displayed differences, with maximum concentrations of each pollutant occurring at low wind speeds.
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