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Abstract

Air pollution is an important challenge for life in big cities and increases the number of visits to
medical centers and the number of deaths of the elderly and people with heart and lung diseases at
certain times of the year. Therefore, finding the factors affecting air pollution in cities and achieving a
valid model for predicting air quality is inevitable. In this study, the effect of meteorological variables
such as temperature, wind speed, relative humidity, rainfall and cloud cover on the concentration of
carbon monoxide, surface ozone and particulate matter smaller than 10 microns in the metropolis of
Karaj has been investigated. Also, modeling was performed by artificial neural network using the
values of meteorological parameters of Karaj city and the concentration of pollutants in the city in the
period 2012, March 20 to 2019 March 21 and the data related to 2020 March 20 to 2021 March 21
were used to test the constructed model. The results show that the strongest correlation between carbon
monoxide and wind speed and temperature are -0.216 and -0.146, respectively. The highest
correlations between ozone and relative humidity, cloudiness and temperature were  -0.328, -0.167
and 0.411, respectively. Also, suspended particles are correlated with relative humidity, precipitation
and temperature of -0.249, -0.174 and 0.211, respectively. The correlation coefficient between the
actual concentrations and the values predicted by the artificial neural network for carbon monoxide,
ozone and suspended particles were 0.909, 0.856 and 0.854, respectively.

Introduction

The increasing population of the planet in recent decades and the desire of people to have more
prosperity, has led to the migration of villagers and residents of small towns and very high population
density in metropolitan areas. The city of Karaj and the surrounding areas were known as good
weather regions in the recent past due to their pleasant climate and natural attractions, but
unfortunately over the past few decades, the conditions of this city due to the above reasons and also
being in The traffic route in several provinces of the country has changed and it has now become one
of the polluted cities. Due to the importance of air pollution and its important effects on the lives of
human societies, so far a lot of research on air pollution has been done by researchers and scientists at
the national and international levels and many laws and regulations to control and reduce air pollution
Approved. But to achieve a comprehensive management system in the field of air pollution, it is
necessary that all aspects and tools are well known and the role of these tools in the entire
management system is determined. Therefore, forecasting air quality and estimating the concentration
of significant pollutants in Karaj with the aim of timely information and maintaining the health of
citizens and planning to implement the necessary measures effectively by the relevant authorities to
reduce and control the release of air pollutants from various sources is necessary. Due to the very
important role of meteorological factors in air quality, the study and modeling of pollutants such as
carbon monoxide, ozone and PMy, in the city of Karaj using artificial neural networks and based on
the above parameters is a tool that can achieve to be used for the intended purposes.

Methodology

The data required for this research were processed after receiving from the archives of the Office of
Comprehensive Environmental Pollution Monitoring and 8-hour rolling average concentrations of
carbon monoxide, 1-hour concentrations of ozone and 24-hour concentrations of suspended particles
smaller than 10 microns were obtained and used. The meteorological data used in this study are
related to the main synoptic station in Karaj. The data obtained from this station have been used to
determine the average of different atmospheric parameters and to model the concentration of
pollutants in the city of Karaj.In order to predict the concentration of pollutants by nonlinear
regression method using artificial neural network in MATLAB R2020a space, time series of predictor
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variables X (t) and response variable Y (t) in the past have been used as input and target variables,
respectively. The mentioned data is imported from outside the network and the feedback comparing
the output value with the target value is re-applied as the input to the network by the transverse delay
line inside the network. IBM SPSS Statistic 26 software was also used for statistical analysis of
research data to determine the correlation coefficients between variables.

Conclusion

Based on the obtained correlation coefficients, it is observed that the average 8-hour concentration of
carbon monoxide has the highest negative correlation with wind and temperature, -0.216 and -0.146,
respectively. In addition, this pollutant has a significant but very weak positive correlation with
relative humidity and cloudiness of 0.087 and 0.057, respectively. Moreover, although carbon
monoxide has a very small positive correlation with precipitation, this small correlation is not even
significant. Meanwhile, the maximum concentration of carbon monoxide occurred in the cold months
of the year, ie November, December and January, and the lowest concentration occurred in June and
July, which are the warm months of the year.Regarding ozone, it is found that this pollutant has the
highest negative correlation with relative humidity (-0.328) and weakly negative correlation with
Cloudiness (-0.167). Also, the correlation of this pollutant with precipitation is very weak (-0.112).
This pollutant has a positive and significant correlation (0.41) with temperature and a positive but
weak correlation (0.185) with wind speed.Suspended particles have the highest negative correlation
with relative humidity (-0.249). Also, a relatively weak negative correlation (-0.174) is observed
between rainfall and this pollutant, but the correlation of this pollutant with cloudiness and wind is
weak. Among the above meteorological parameters, this pollutant shows only a positive correlation
with temperature of 0.211.Another point is that considering the acceptable error of artificial neural
network in predicting the concentration of pollutants, it can be said that this technique provides a
suitable model for predicting air quality in the city of Karaj to city officials and managers. However, it
should be noted that the capability of the neural network in predicting air quality in Karaj is not the
same for different pollutants, and in this regard it can be said that ozone prediction with this type of
network has a maximum reliability of 93% and then monoxide. Carbon and particulate matter are the
next with 83% and 75% accuracy, respectively.
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