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Abstract

Analyzing the spatial distribution of meteorological factors and air pollutants and its correlation is

of great importance for urban air pollution prevention. This study explored the spatial distribution of

meteorological factors and air pollutants, analyzed the correlation between meteorological factors and air

pollutants, and revealed the main meteorological factors that influence the air pollutants in 31 provincial

capitals of China during 2010-2020. The results show that the spatial distribution characteristics of air

pollutants and the days of air quality equal to or above grade II in 31 provincial capitals of China during

2010-2020 vary obviously. The days of air quality equal to or above grade Il are negatively correlated

with the annual average concentration of NO, and annual average concentration of PM,  during

2010-2020 and annual average concentration of SO, during 2010 to 2018. The temperature, precipitation,

and relative humidity are the main meteorological factors affecting the air quality in different seasons

in 31 provincial capitals of China during 2010-2020. The findings will provide a scientific basis for

atmospheric environment control and urban air quality forecast.

Keywords: air pollutant, meteorological factors, air quality, correlation analysis

Introduction

With the rapid growth of China’s economy, the
acceleration of urbanization, and the rapid growth of
urban population, the problem of urban air pollution
has become increasingly prominent, which restricted
the sustainable development of society and seriously

*e-mail: jinlongyu 20@163.com

threatened human health [1-3]. The air pollutants
affecting urban air quality mainly included SO,, NO,,
PM,,, CO, O,, and PM,, [4-5]. The concentration
of air pollutants was mainly affected by pollution
source emission, meteorological factors, landform,
and pollutant characteristics [1]. When the pollution
source, landform, and pollutant characteristics were
relatively stable, the concentration of air pollutants
was mainly affected by meteorological factors [1].
A number of studies also had found positive or negative
correlations between the concentrations of air pollutants
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and meteorological factors [6-8]. Therefore, it has
important significance to analyze spatial distribution of
air pollution, reveal correlation between air pollutants
and meteorological factors and identify the main
meteorological factors influencing the urban air quality.

Many scholars had paid attention on the spatial
patterns or spatial-temporal distribution of air pollution
[5, 8-14]. Hu et al. [5S] studied the spatial-temporal
changes in air pollution, including SO,, NO,, O,, CO,
PM,,, and PM, , from 2006 to 2019 in the Pearl River
Delta. Zhou et al. [8] analyzed the concentrations of
PM, ., PM,, SO,, NO,, CO and O,, and air quality
index in 368 cities of China during 2015-2018. Xiao
et al.[9] presented the satellite-based monthly PM, .
concentrations from 2000 to 2018 with a I-km
resolution and complete spatial-temporal coverage to
analyze the spatial pattern of PM, | pollution in China.

A lot of scholars also have conducted extensive
research on the correlation between the concentrations
of air pollutants and meteorological factors [5-7, 15-
18]. Zhang et al. [15] analyzed the mass concentration
characteristics of air pollutants and change
characteristics of air quality in Shenyang from 2014 to
2019 and the effect of meteorological factors on the mass
concentration of atmospheric pollutants PM,, PM, ,
and O,. Ulpiani et al. [17] studied the intercorrelation
between the meteorological factors and pollutant
concentrations in Sydney, Australia, and showed that
strong correlation exists between temperature and
NO,, and relative humidity and PM, .. Barzeghar et al.
[18] explored the relationships between air pollutants
and meteorological factors using Spearman’s rank
correlation test and demonstrated that NO,, NO, SO,,
and CO have a obvious correlation with meteorological
factors.

Moreover, some scholars had analyzed the relation
between the meteorological factors and air quality
[19-21]. Dutta et al. [19] analyzed the correlation
between the meteorological parameters and the air-
quality index developed by four major pollutants
including PM,; PM,,, NO,, and SO,. Zhu et al. [20]
used the Granger causality test to analyze the intrinsic
dynamic relationship between meteorological factors
and Air Quality Index in the areas of Zhongshan,
Shilin, and Yangmingshan of Taipei City in 2018. Some
other scholars had studied the correlation between the
air pollutants and air quality [22-24]. Zhang et al. [23]
used generalized additive models to derive LUR models
of air pollutants including PM, ,, PM,, CO, NO,, SO,,
and O, and air quality index in Beijing by considering
the potential nonlinear relationship between predictor
variables.

Although many studies explored the influence of
meteorological factors on air quality from different
contexts, a deep understanding on the correlation
between meteorological factors and air pollutants
in different months and the identification of main
meteorological factors that influenced the air quality
in large regions with many cities and different

meteorological factors is still lacking. Here, we
analyzed the spatial distribution of meteorological
factors and air pollutants and the correlation between
meteorological factors and air pollutants in 31 provincial
capitals of China from 2010-2020. We revealed the
main meteorological factors influencing the air quality
in 31 provincial capitals of China from 2010-2020.
The aims of this study are as follows: (a) to show the
spatial distribution characteristics of meteorological
factors and air pollutants in 31 provincial capitals of
China from 2010-2020; (b) to analyze the correlation
between the meteorological factors and air pollutants in
31 provincial capitals of China from 2010-2020; and (c)
to identify the main meteorological factors influencing
the air quality in 31 provincial capitals of China from
2010-2020.

Material and Methods

The data of meteorological factors, including
average air pressure, average temperature, extreme
maximum temperature, extreme minimum temperature,
precipitation, sunshine duration, and relative humidity,
in 31 provincial capitals of China during 2010-2020
were collected from China Meteorological Yearbook
2011-2021. The statistical data of the annual average
concentration of SO,, annual average concentration
of NO,, and annual average concentration of PM,
during  2010-2020 were collected from China
Statistical Yearbook 2011-2021. The vector maps of
China’s administrative regions were obtained from the
geospatial data cloud (www.gscloud.cn). The Pearson
correlation analysis was analyzed on IBM SPSS
Statistics  Version 25. The spatial distribution
characteristics of air quality in 31 provincial capitals in
China was analyzed on ArcGIS Software Version 10.6.

Pearson Correlation Coefficient

The Pearson Correlation Coefficient model is a
statistical indicator used to quantitatively describe the
correlation between variables [25]. This paper used the
Pearson Correlation Coefficient model to analyze the
correlation between the air pollutants and air quality,
and the meteorological factors and air pollutants in
31 provincial capitals of China during 2010-2020.
The Pearson Correlation Coefficient model can be
calculated as follows [19, 25-26]:
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where R is value of Pearson Correlation Coefficient;
x, and y, are different values of the factor ¥ and j
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respectively; X and y are the average value of factor x and
y respectively; n is the number of factor value.

Results

Spatial Distribution Characteristics of the Annual
Average Concentration of Air Pollutants
in 31 Provincial Capitals of China
during 2010-2020

The spatial distribution characteristics of the annual
average concentration of air pollutants in 31 provincial
capitals of China during 2010-2020 were obtained
on ArcGIS Software Version 10.6 and graded in
accordance with the ambient air quality standards [27].
The results are shown in Fig. 1. The spatial distribution
characteristics of the annual average concentration of
air pollutants in 31 provincial capitals of China varied
obviously. As shown in Fig. la), the annual average
concentration of SO, in all provincial capitals of China
during 2010-2020 belonged to the first-class and second-
class concentration limit. The highest annual average
concentration of SO, during 2010-2020 was observed
in Taiyuan (54.73 upg/m?), followed by Shenyang
(51.09 pg/m?). The lowest annual average concentration
of SO, during 2010-2020 was found in Haikou
(5.91 pg/m?). As shown in Fig. 1b), the annual average
concentration of NO, during 2010-2020 of about half
of the provincial capitals of China was under 40 pg/m?
and belonged to the first-class concentration limit.
However, the 17 provincial capitals in China occupying
54.84% exceeded 40 pg/m? and belonged to the second-
class concentration limit. The highest annual average
concentration of NO, during 2010-2020 was observed
in Lanzhou and Taiyuan (54.27 ug/m?), followed by
Chengdu (50.91 pg/m?®). The lowest annual average
concentration of NO, during 2010-2020 was found
in Haikou (14.82 pg/m®). As shown in Fig. lc), the
annual average concentration of PM, during 2010-2020
in most provincial capitals of China exceeded 70 ug/m?.
The annual average concentration of PM, during
2010-2020 in Haikou was under 40 pg/m?* and belonged
to the first-class concentration limit. The annual average
concentration of PM,  during 2010-2020 in Lhasa,
Fuzhou, Guangzhou, Kunming, Shanghai, Guiyang
and Changsha were under 70 pg/m?® and belonged to
the first-class and second-class concentration limit.
The highest annual average concentration of PM,
during 2010-2020 was observed in Shijiazhuang
(147.36 pg/m?), followed by Jinan (130.73 pg/m?).
The lowest annual average concentration of PM, during
2010-2020 was found in Haikou (37.82 pg/m?).

In view of statistical data results, on the whole, the
trend of annual concentration of SO, NO,, and PM, in
most of 31 provincial capitals of China were gradually
decreased from 2010 to 2020. However, the annual
concentration of SO,, NO,,and PM,; in many provincial
capitals of China including Shijiazhuang, Taiyuan,

Shenyang, Jinan, Zhengzhou and Yinchuan in 2013
were obviously higher than the other years. The days of
air quality equal to or above grade II in these cities in
2013 were obviously fewer than the other years. From
2010 to 2020, the annual concentration of SO,, NO,,
and PM,  decreased most were 80 pg/m’in Urumgi,
28 pg/m® in Beijing and 79 pg/m’ in Lanzhou
respectively. Meanwhile, the annual concentration
of SO,, NO,, and PM, decreased least were 0 pg/m’
in Lhasa, -25 pg/m’® in Taiyuan and -3 pg/m’® in
Shijiazhuang and Hohhot respectively. The days of air
quality equal to or above grade II increased most was 89
in Lanzhou and decreased most was 114 in Shijiazhuang.

Correlation Analysis Results between Air Pollutants
and the Days of Air Quality Equal to or above
Grade II in 31 Provincial Capitals of China
during 2010-2020

As shown in Fig. 1d), the spatial distribution
characteristics of the average days of air quality equal
to or above grade II in 31 provincial capitals of China
during 2010-2020 had obvious difference. Fig. 1d)
showed that most of the provincial capitals in China,
including Lhasa, Fuzhou, Guiyang, Kunming, Nanning,
Haikou, Guangzhou, and Nanchang, had long average
days of air quality equal to or above grade II during
2010-2020. Shijiazhuang, Zhengzhou, Jinan, Taiyuan,
and Xi'an had short average days of air quality equal
to or above grade II during 2010-2020. The longest
average days of air quality equal to or above grade II
during 2010-2020 were observed in Kunming (357.18),
followed by Haikou (355). The shortest average days of
air quality equal to or above grade II during 2010-2020
were found in Shijiazhuang (194.55).

As shown in Table 1, the days of air quality equal
to or above grade II during 2010-2020 had significant
negative correlation with concentration of NO,, and
PM,, The highest correlation was observed between
annual average concentration of PM, and the days of
air quality equal to or above grade II in 2012 (-0.904),
followed by the correlation between annual average
concentration of PM, and the days of air quality equal
to or above grade 11 (-0.902).

As shown in Table 1, the days of air quality equal
to or above grade II in 31 provincial capitals of China
during 2010-2020 were mainly affected by the annual
average concentration of NO,, and annual average
concentration of PM, However, the annual average
concentration of SO, did not influence continuously
the days of air quality equal to or above grade II in 31
provincial capitals of China during 2010-2020.

Correlation Analysis Results between
the Meteorological Factors and Air Pollutants
in 31 Provincial Capitals of China

As shown in Tables 2 to 8, the annual average
concentration of SO, was correlated with air
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Table 1. Correlation analysis results between air pollutants and the days of air quality equal to or above grade Il in 31 provincial capitals of China during 2010-2020.
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temperature, extreme maximum temperature, extreme
minimum temperature, precipitation, sunshine duration,
and relative humidity in different months and degrees
in 31 provincial capitals of China during 2010-2020.
The air temperature, extreme minimum temperature
and precipitation were obviously correlated with
the SO, concentration from January to December in
31 provincial capitals of China during 2010-2020.
The extreme maximum temperature, sunshine duration,
and relative humidity were correlated with the SO,
concentration from October to March, from February to
June, and from January to June, respectively.

Tables 2 to 8 indicated that the annual average
concentration of NO, was not particularly affected by
meteorological factors and only correlated with air
pressure from January to April and from September
to December, extreme maximum temperature in
January, February, June, July, August and December,
air temperature in February and precipitation in
October. The annual average concentration of PM,
was correlated with precipitation from January to
December in 31 provincial capitals of China during
2010-2020, temperature including air temperature,
extreme maximum temperature and extreme minimum
temperature in cold season, sunshine duration from
March to May, relative humidity from January to July.

The air pressure only influenced the annual
average concentration of NO,. The air temperature,
extreme maximum  temperature and  extreme
minimum temperature mainly affected the annual
average concentration of SO, and the annual average
concentration of PM, in cold season. The extreme
minimum temperature affected the annual average
concentration of NO, in cold and hot seasons.
The precipitation affected the annual average
concentration of SO, and the annual average
concentration of PM,  all year round. The sunshine
duration just influenced the annual average concentration
of SO, and the annual average concentration of PM,
in spring or early summer. The relative humidity
influenced the annual average concentration of
SO, and the annual average concentration of PM
lasting about half a year or above.

On the basis of the above results, the temperature
including air temperature, extreme maximum
temperature, and extreme minimum temperature,
precipitation, and relative humidity were identified
as the main meteorological factors influencing
the air quality in 31 provincial capitals of China during
2010-2020.

Discussion

In this study, we showed the spatial distribution
characteristics of air pollutants and the days of air
quality equal to or above grade II and revealed the
correlation between the meteorological factors and air
pollutants and main meteorological factors influencing
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Fig. 1 Spatial distribution characteristics of annual average concentration of air pollutants and the days of air quality equal to or above

grade II in 31 provincial capitals of China during 2010-2020.

the air pollutants in 31 provincial capitals of China
during 2010-2020.

The spatial distribution characteristics of air
pollutants in 31 provincial capitals of China exhibited
obvious differences, which were consistent with the
previous studies conducted by Wang et al. [28]. Previous
studies also pointed that the spatial distribution of
urban air pollutants was uneven [2, 5, 8-10]. The
meteorological conditions, geographical situation,
and emission of pollution source influenced the
concentration of air pollutants [1, 5, 29]. Some studies
have demonstrated that the concentrations of air
pollutants were positively or negatively correlated with

meteorological factors [6-8]. Our results revealed the
correlation between the meteorological factors and air
pollutants in 31 provincial capitals of China. Previous
studies demonstrated that the concentrations of air
pollutants and meteorological factors were correlated
in Beijing [30], western China [2], Shenyang [15], the
Pearl River Delta [5], and Sydney [16].

The air pollutants, including SO,, NO,, and PM_,
were selected in this study. The air pollutants such as
SO,, NO,, PM,;, CO, 03’ and PM,, were commonly
measured and widely adopted in many studies to
analyzed the air quality [2, 5, 14, 23]. The air pressure,
air temperature, extreme maximum temperature,
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extreme  minimum  temperature,  precipitation,
sunshine duration, and relative humidity were chosen
as meteorological factors to analyze the correlation
between the meteorological factors and air pollutants.
Temperature, sunshine duration, precipitation, and
relative humidity were also adopted as meteorological
factors to analyze their relationship with air pollution in
previous studies [5]. Some studies selected temperature,
relative humidity, wind speed, wind direction, and
its standard deviation to analyze the meteorological
factors influencing the NO,, O,, PM , and PM,
concentrations [12]. Barzeghar et al. [18] used solar
radiation, temperature, wind speed, relative humidity,
and precipitation to analyze the effect of meteorological
factors on air pollutants. The above studies indicated
that different meteorological factors had obvious effect
on different air pollutants in different degrees and
season. Our results further proved this phenomenon.

Our results showed that the temperature,
precipitation, and relative humidity were the main
meteorological factors influencing the air quality in
31 provincial capitals of China during 2010-2020.
These results were consistent with the results obtained
by Hu et al. [S]. Hu et al. [5] demonstrated that air
pollutants were correlated with relative humidity,
precipitation, and temperature. The results in this
study can provide better understanding of the spatial
distribution characteristics of air pollutants and their
relationship with meteorological factors in different
seasons in different cities. They may also serve as
reference for the atmospheric environment control and
air quality forecast in cities.

This study has some limitations. This study only
analyzed the spatial distribution of meteorological
factors and air pollutants and the correlation between
meteorological factors and air pollutants in 31 provincial
capitals of China during 2010-2020 at the month level.
Smaller level of studies should be conducted in the
future to obtain more reliable results. This study only
selected 31 provincial capitals in China. More cities
should be considered in the future to improve the
accuracy of research results. More meteorological
factors, such as wind speed, wind direction, and
water vapor, should be considered in future research.

Conclusions

This study revealed the spatial distribution
characteristics of air pollutants and the days of air
quality equal to or above grade II in 31 provincial
capitals of China during 2010-2020. The obvious
differences are observed in the spatial distribution
characteristics of air pollutants and the days of air
quality equal to or above grade II in 31 provincial
capitals of China during 2010-2020. The correlation
analysis results between the air pollutants and the days
of air quality equal to or above grade II in 31 provincial
capitals of China during 2010-2020 demonstrated

that the days of air quality equal to or above grade II
were negatively correlated with the annual average
concentration of SO,, NO,, and PM, . The results also
revealed the main meteorological factors including
air temperature, extreme maximum temperature,
extreme minimum temperature, precipitation, and
relative humidity were the main meteorological factors
influencing the air quality in 31 provincial capitals of
China during 2010-2020.
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