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ARTICLE INFO ABSTRACT
Article type: PM2.5 pollution is one of the critical environmental problems that occurs after
Research Article industrialization and the increase in the population of cities. Information about
pollutant concentration, including PM2.5 pollutants, significantly impacts how city
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Received 25 February 2023 weighted averaging (OWA) technique to produce PM2.5 pollutant zonation. For this
Revised 21 May 2023 purpose, meteorological information layers include wind speed, maximum
Accepted 22 May 2023 temperature, minimum temperature, average temperature, 24-hour precipitation and
Published 20 May 2023 humidity, normalized vegetation difference index layers (NDVI), and road density

are used. The gradient descent algorithm has been used to calculate the weights
related to the order of the values to apply the OWA algorithm. The optimal learning
rate parameter has been obtained to achieve the optimal value of the weights. Also,
the layers of information were combined based on the obtained weights from OWA.
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Introduction

PM2.5 pollutant has a significant effect on atmospheric conditions, and according to numerous
epidemiological studies, this pollutant is harmful to people's general health. Also, epidemiological
studies have reported the relationship between PM2.5 and various medical diseases such as asthma,
cardiovascular problems, respiratory infections, and lung cancer. Also, PM2.5 pollutant was
recognized as the fifth cause of death in 2015 due to its small diameter and deep penetration into the
lung tissue. The concentration of pollutants in Tehran has increased rapidly due to natural conditions,
proximity to the Alborz mountain range, dust storms, and the use of fossil fuels. Therefore, preparing a
PM2.5 pollution distribution map with high accuracy is important to create an early warning
mechanism for air pollution, reduce the risk of population exposure to it, and formulate different
strategies regarding urban planning. It can be said that the PM2.5 pollutant comes from different
sources that occur in different physical and chemical patterns and different climatic and geographical
factors such as air temperature, humidity, radiation, rainfall, the topographic features of the land, and
proximity to desert areas can play a role in its creation. Also, some urban characteristics, such as
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population density, urban green space, and road networks, can affect the spatial distribution of air
pollution

Materials and methods

This study used the ordered weighted averaging (OWA) technique to produce PM2.5 pollutant
zonation. For this purpose, meteorological information layers include wind speed, maximum
temperature, minimum temperature, average temperature, 24-hour precipitation and humidity,
normalized vegetation difference index (NDVI), and road density layers have been used. The Gradient
descent algorithm has been used to calculate the weights related to the values to apply the OWA
algorithm. OWA method can combine different information obtained at the feature level. Gradient
descent algorithm is used in solving optimization problems as it goes through an iterative process to
find an optimal solution. While finding the solution, the objective function moves towards becoming
smaller. This iterative process continues until reaching a defined threshold for changes in the value of
the objective function.

Discussion and Results

The OWA algorithm was applied for different seasons, and accordingly, the zoning map of PM2.5
pollutants was obtained. As mentioned before, the Gradient descent algorithm has been used for
searching the optimal weights. Moreover, the learning rate is one of the parameters of this method. In
this study, to determine the value of the learning rate, the problem has been solved for different weights,
and the RMSE value changes with the changes in the value of this parameter. Therefore, the best
learning rate values for spring, summer, autumn, and winter seasons were obtained as 0.38, 0.69, 0.23,
and 0.38, respectively. Considering that each weight is related to an order, all the corresponding pixels in
the raster images were arranged in descending order, and each position was assigned a corresponding
weight. The weighted values were added together, and then a composite map was formed.

Conclusion

Based on the produced zoning maps that were produced separately for spring, summer, autumn and
winter seasons, a significant difference was observed in the PM2.5 pollutant concentration values in
such a way that the lowest concentration values were found in the spring season and the highest
concentration values were estimated in autumn and winter seasons. Based on the evaluation of the
model in terms of seasons, the summer season has the lowest RMSE with a value of 0.129, and the
winter season has the highest RMSE with a value of 0.190. Thus, it can be said that the criteria used in
this study better fit to the factors that cause PM2.5 pollution in the summer. In contrast, for the winter
season, it can be said that in addition to the parameters used in this study, other factors can cause
PM2.5 pollution. Also, based on the evaluation of error values by station, Aghdasiyeh station has the
lowest error value in all seasons. Also, Golbarg and Shahr-e-Ray stations have the highest error with
the same logic for seasonal error. Furthermore, the maps obtained from this study can be useful for
decision makers and analysts in the field of air pollution data from two perspectives. One of the
perspectives of data pre-processing is that the fixed and incomplete data can be prepared using
independent parameters for different stations. Also, from another perspective, these maps can be used
in the topic of PM2.5 pollution prediction for the coming days.
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