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Studying air pollution distribution and factors is crucial for control. The
research focused on analyzing air pollution distribution and its correlation
with climatic variables in Mazandaran Province from 2018 to 2022 using
Remote Sensing. Air pollution distribution analyzed with TROPOMI sensor
in Google Earth Engine system. Air pollution change point analyzed with
Petit's homogeneity test. Additionally, Pearson's correlation test was utilized
to assess the correlation among variables. Spatial analysis of air pollution
showed that the highest amount of air pollution in the period of 2018-2022
was in the east of Mazandaran and at altitudes of 0-500 m. The test results
showed that the concentrations of CO, Os, and SO, gases had a significant
downward trend in some months. However, the average NO> gas in October
2020 has been significant at the level of 5%. The seasonal air pollution
concentration with NO. gas is higher in winter and autumn. The highest
concentration of Oz is in winter and spring. However, the highest
concentration of SO is related to winter and autumn. The number of sunshine
hours with a correlation coefficient between 0.5 and 0.8 has been the most
effective climate component on air pollution. Meteorological factors impact
temporal-spatial dispersion directly, indirectly.
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AN Effect of Climatic Variables on Distribution of Air Pollution in Mazandaran Province

EXTENDED ABSTRACT

Introduction

Today, air pollution is considered one of the main
and most important problems of the planet.
Because it has significant effects on human health
as well as human assets. Therefore, air pollution
has attracted the attention of the world and
managers. As a result, measuring and knowing the
exact amount of air pollution is considered very
necessary and important to reduce the deadly
effects of air pollution on living organisms and the
environment. From a reciprocal point of view, the
concentration of air pollutants is subject to change
depending on the local topography, source
emission, and surrounding meteorological
conditions. However, among these factors,
meteorological variables such as temperature,
precipitation, relative humidity, etc. are mainly
responsible for changes in the concentration of air
pollutants in the environment. To estimate a small
amount of air pollution, there are various tools
such as laboratory measurement, remote sensing
technology, ground stations, and modeling. In the
current research, the aim is to evaluate the effect
of climatic variables on the temporal distribution
of air pollution such as CO, NO;, Oz, and SO,
variables using Sentinel-5P satellite data in
conjunction with the TROPOMI sensor in the
humid climate of the north of the Iran and on the
edge of the Caspian Sea.

Material and Methods

Mazandaran province with an area of 223,842 km?
is located in the north of Iran in the geographical
range of 35° 47’ to 36° 35’ north latitude and 50°
34' to 54° 10’ east longitude. Since the present
study aims to investigate the temporal-spatial
distribution of air pollution, the air pollution
stations where air pollution data are measured and
recorded should be investigated. However, there
is no pollution monitoring station in Mazandaran
province, so remote sensing data, which are freely
available, were used. The data used includes ten
variables, among which six variables are called
wind speed (m/s), precipitation (mm), sunshine
hours (hr), temperature (°C), relative humidity
(%), and horizontal visibility min (km) as
effective variables, and four variables called SO,
NO;, CO, and Oz were considered as target
variables. The mentioned variables were obtained
daily during the period of 2018-2022 from the
National Meteorological Organization and the
TROPOMI sensor. In this study, Petit's test of
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homogeneity was used to investigate the change
point of the time series. Also, Pearson's
correlation coefficient was used to investigate the

relationship  between air  pollution and
meteorological variables.

Results

Using the Google Earth Engine (GEE)

environment, the temporal-spatial distribution of
pollution parameters (CO, NO2, SOz, and Os) was
extracted. By coding in JavaScript language in
GEE, the images of four pollution parameters of
the Sentinel-5p satellite were called. Using filters,
the study years (6/29/2018 and 2022) and place
(Mazandaran province) were defined. After that,
the images with clouds were extracted by defining
the cloud filters and by defining the average filters
for 5 years, the average maps were extracted. The
results of the spatial distribution of CO, NO3, Os,
and SO; in Mazandaran province are presented
annually in Fig. 1. As it is clear from the results
this article, the highest amounts of CO and SO
are about 0.03 mol/m? and 0.48 mol/m?
respectively, corresponding to the east of
Mazandaran and the altitude class of 0-500 m. Its
lowest value is about 0.018 mol/m? and zero
corresponds to the altitude classes of 2500-5600
m. The highest amount of O3 is about 0.14 mol/m?,
corresponding to the cities near the shores of the
Caspian Sea, Mazandaran. Its lowest value is
about 0.13 mol/m? corresponding to the high
altitudes of Mazandaran. Also, the high NO;
concentration of 14.52 mol/m? in Mazandaran
province is related to cities with high population
density and more traffic such as Sari, Gharakhil,
and Amol. Its lowest value is about 6.18 mol/m?,
corresponding to the heights of Mazandaran.

The relationship between climate variables and air
pollution variables is examined daily, for which
Pearson's correlation test is used at the 95% level.
This study shows that the components of sunshine
hours, horizontal visibility min, and temperature
have a direct relationship with the daily changes
in air pollution (O3 and CO), and the components
of relative air humidity, average wind speed, and
average temperature have an inverse relationship
with the daily changes of air pollution (SO, and
NO,). Among these, the highest intensity of
correlation belongs to the variable of sunshine
hours, whose absolute value of -correlation
coefficients in all stations is between 0.5 and 0.8.
So, its highest correlation belongs to Galugah
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station with a value of 0.8.
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Fig. 1 Air pollution map, and bar chart of annual
mean SO, and NO-: a) O3 map, b) CO map, ¢) Map
and bar chart of annual mean NO,, and d) Map and

bar chart of annual mean SO in the study area for the
period 2018-2022

Conclusions

The current study aimed to investigate changes in
air pollution daily, monthly, quarterly and
annually based on satellite data, and to investigate
its relationship with meteorological factors. In this
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regard, four air pollution variables including CO,
NO,, SO,, and Oz were investigated. Then the
factors affecting air pollution were determined. In
general, the results of the current research indicate
that:

1. The areas that are in the altitude class of 0-500
m have more air pollution than high altitudes due
to more industries, vehicle traffic, the Shahid
Salimi power plant, and the burning of straw and
stubble.

2. Meteorological variables such as temperature,
sunshine hours, wind speed, and humidity play an
important role in determining air quality. Changes
in these variables can affect the dispersion and
concentration of pollutants in the atmosphere.

3. High concentration of SO in cold months of the
year is due to burning of Mazut and diesel in the
existing power plant in the studied area.

4. Meteorological variables such as temperature,
sunshine hours, wind speed and humidity play an
important role in determining air quality. Changes
in these parameters can affect the dispersion and
concentration of pollutants in the atmosphere.
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Table 1 Pearson correlation coefficient between air pollution and climate variables in the studied stations

Stati  Variab Relative Temperatur ~ Wind Speed  Precipitation Horizontal Visibility Sunshine
on le Humidity (%) e (°C) (m/s) (mm) min (km) Hours (hr)
Os -0.51* 0.07* -0.19* -0.29* 0.32* 0.73*
Amol co -0.32* 0.07* -0.11* -0.16* 0.17* 0.46*
NO: -0.23* -0.28* -0.20* -0.19* 0.20* 0.45*
SOz -0.20* -0.24* -0.09* -0.09* 0.07* 0.22*
Os -0.56* 0.04 -0.02 -0.28* 0.41* 0.73*
Sari co -0.31* 0.07* 0.02 -0.15* 0.21* 0.47*
NO:2 -0.2* -0.24* -0.17* -0.19* 0.24* 0.44*
SOz -0.12* -0.22* -0.04 -0.07* 0.01 0.15*
Os -0.33* 0.06* -0.17* -0.26* 0.26* 0.66*
Amirabad co -0.20* 0.11* -0.02 -0.11* 0.18* 0.44*
NO:2 -0.21* 0.08* -0.08* -0.16* 0.11* 0.40*
SOz 0.00 -0.27* -0.15* -0.05 -0.03 0.13*
Os -0.45* 0.08* -0.18* -0.32* 0.27* 0.63*
Babolsar co -0.21* 0.13* -0.06* -0.17* 0.20* 0.47*
NO:2 -0.15* -0.24* -0.28* -0.20* 0.16* 0.26*
SOz -0.13* -0.21* -0.12* -0.07* 0.04 0.12*
Os -0.45* 0.06 -0.06 -0.37* 0.37* 0.66*
Nowshahr Cco -0.13* 0.04 0.02 -0.12* 0.12* 0.20*
NO2 -0.14* -0.32* -0.13* -0.19* 0.11* 0.27*
SOz -0.12* -0.37* -0.12* -0.04 0.02 -0.01
Os -0.32* 0.10* -0.02 -0.23* 0.32* 0.71*
Ramsar Cco -0.23* 0.17* 0.02 -0.09* 0.17* 0.38*
NO2 -0.24* -0.01 -0.07* -0.15* 0.19* 0.50*
SOz -0.13* -0.11* -0.03 -0.08* 0.10* 0.27*
Os -0.45* 0.16* 0.05 -0.15* 0.23* 0.80*
Galugah Cco -0.23* 0.06 0.02 -0.08* 0.13* 0.49*
NO2 -0.24* -0.09* -0.04 -0.11* 0.16* 0.48*
SOz -0.12* -0.36 -0.07 -0.04 0.03 0.07
Os -0.50* 0.02 -0.12* -0.24* 0.36* 0.73*
Dashtenaz Cco -0.30* 0.07* -0.06* -0.11* 0.25* 0.47*
NO2 -0.33* -0.07* -0.18* -0.16* 0.19* 0.49*
SOz -0.18* -0.23* -0.09* -0.06* 0.11* 0.21*
Os -0.59* 0.04 -0.15* -0.27* 0.41* 0.72*
Gharakhil Cco -0.33* 0.08* -0.05 -0.10* 0.21* 0.42*
NO2 -0.27* -0.26* -0.22* -0.19* 0.27* 0.46*
SOz -0.18* -0.22* -0.10* -0.08* 0.13* 0.19*
Os -0.66* 0.05* 0.14* -0.22* 0.47* -
Polsefid co -0.23* 0.10* 0.13* -0.05* 0.23* -
NO2 -0.42* -0.10* 0.03 -0.16* 0.26* -
SOz -0.24* -0.15* -0.06* -0.05 0.07* -
Os -0.63* 0.15* 0.22* -0.25* 0.55* -
Alasht co -0.21* 0.11* 0.11* -0.09* 0.20* -
NO2 -0.40* 0.13* 0.17* -0.16* 0.37*
SOz -0.21* -0.06* 0.00 -0.07* 0.18*
Os -0.52* 0.08* -0.07* -0.21* 0.41* -
Kojur co -0.13* 0.08* 0.07* -0.09* 0.13* -
NO2 -0.40* 0.22* 0.11* -0.15* 0.28* -
SOz -0.21* -0.04 -0.08* -0.07* 0.15*
Os -0.43* 0.20* 0.15* -0.26* 0.39* 0.53*
Siahbisheh Cco 0.00 0.16* -0.10* -0.16* 0.02 0.25*
NO2 -0.23* 0.34* 0.00 -0.20* 0.23* 0.44*
SO 0.00 0.11* -0.13* -0.06* 0.03 0.13*
O3 -0.52* 0.09* 0.08* -0.23* 0.35* -
Baladeh Cco -0.12* 0.11* 0.20* -0.13* 0.21* -
NO2 -0.46* 0.27* 0.20* -0.14* 0.24* -
SO -0.27* 0.02 -0.02 -0.06* 0.08*
Os -0.58* 0.11* 0.00 -0.26* 0.49* 0.65*
Kiyasar co -0.13* 0.12* -0.07* -0.08* 0.18* 0.39*
NO2 -0.40* 0.04 0.09* -0.20* 0.34* 0.41*
SO -0.21* -0.10* 0.02 -0.08* 0.19* 0.16*

* P-Value: 0.05 significant level ns: non-significant
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