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Abstract 
China’s atmospheric environment is facing a large number of new risks and challenges. 
The AQI values as a whole show spatial differences and a decreasing trend year by year. 
Economic growth and air quality are running in the opposite direction. The non-linear 
relationship between air pollution and economic development has long passed the 
"inflection point" of the environmental Kuznets curve (EKC). The AQI value shows a 
trend of large deceleration in the middle, south and east of the nation, while is not 
obvious in the northwest, which as a whole turns out higher in the north and lower in the 
south. Household raw coal consumption, raw coal consumption of enterprises above 
designated size, energy consumption of enterprises above designated size and 
automobile possessions are classified as drivers of deterioration. Urbanization rate, per 
capita GDP, power consumption and tertiary industry as the driving force category of 
optimization is of great practical significance for the control of air pollution. 
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1. Introduction 

The Industrial Revolution prompted all countries in the world to open Pandora's magic box for 
rapid economic growth, and the problem of environmental pollution has gradually become an 
important factor restricting the economic development of all countries, which not only brings 
huge economic losses to society, but also seriously threatens people's health and lives[1-2]. 
Research shows that haze, one of the important air pollutants, has a significant impact on 
human health, climatic environment and sustainable urban development [3-4]. According to 
statistics, China's urbanization and industrialization have accelerated in recent years, which 
have led to frequent haze weather, causing about 1.2 million to 1.6 million premature deaths 
due to air pollution every year [5-6], and the economic cost caused by the deterioration of air 
quality has reached 1% to 8% of China's GDP every year [7-8]. Therefore, it is imperative to 
accurately identify the spatial and temporal changes, development characteristics and 
influencing factors of air pollution in China, so as to provide a scientific basis for air pollution 
control in China. 

2. Data Source and Indicator Settings 

2.1. Study Area 
In recent years, a large-scale air pollution has occurred in China. The article selects 74 key 
monitoring cities proposed in the Implementation Plan for the First Phase of the New Air 
Quality Standards issued in May 2012 in China as the research objects. 
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2.2. Data Sources and Processing 
The article chooses AQI as an indicator to comprehensively reflect air quality. The index data 
are extracted from the official website of the Ministry of Ecological and Environmental 
Protection of the People's Republic of China. The data of urban socio-economic indicators are 
summarized from the China Statistical Yearbook 2000-2020, the China Urban Statistics 
Yearbook, the China Energy Statistics Yearbook, etc. In view of the lack of a small amount of 
data, mathematical statistical methods have been used to supplement it. 
Using ArcGIS and Simplot software to draw spatial distribution maps of air quality and average 
annual AQI change trend charts in 74 key cities; SPSS25.0 statistical analysis software was used 
to analyze the Pearson correlation between AQI and urban socio-economic development 
indicators. Expert score-PCA-relevance analysis compound method conducts multi-
dimensional comparative analysis of urban economic development index and air quality index, 
and deeply analyses the correlation factors between urban air pollution and social and 
economic development. 

3. Results and Data Analysis 

3.1. Analysis of Spatiotemporal Characteristics of Air Pollution 
This article uses the average annual concentration value of AQI to carry out cross-year and 
cross-regional analysis and research on air quality in key cities, as shown in Table 1 below, 
which can not only clearly see the overall trend of air quality over the years, but also be used to 
test the government's effectiveness in controlling air pollution. From a longitudinal comparison 
of the annual average of AQI, the chart shows a gradual decline from north region to central 
region, from west region to east region, and from east region to south region, showing a low 
distribution from north region to south region as a whole. From a horizontal comparison, the 
annual average of AQI shows a trend of decreasing year by year, which shows that the air quality 
in various regions has improved year by year with government policy intervention. 
 

Table 1. Spatial distribution of the average annual concentration of AQI 
Area/ 

Year 
2014 2016 2018 2019 2020 2021 

Average 

(2014-2021) 

NorthChina 126.7 107.8 91.44 96.07 88.26 86.14 102.1 

CentralChina 112.2 98.86 83.78 94.42 80.59 82.72 93.54 

Northwest 97.42 101.6 75.40 84.78 81.73 84.87 89.86 

Northeast 97.50 82.27 65.98 74.63 73.23 66.17 80.52 

East China 91.24 81.98 73.33 77.55 70.03 69.17 79.35 

Southwest 76.27 74.45 59.77 61.12 57.53 56.60 65.62 

South China 66.47 59.34 58.06 62.67 53.02 56.30 59.70 

Average 

(2014-2021) 
95.40 86.60 72.54 78.75 72.06 71.71  

 
As shown in the figure, the overall air quality of 74 key monitored cities showed an 
improvement trend between 2014 and 2021. After 2018, the overall air quality gradually 
changed from moderate pollution to mild pollution and good. The AQI values of 74 key 
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monitoring cities show significant spatial differences. The average annual AQI concentrations 
in seven regions of China are led by North China and South China. They are ranked as North 
China > Central China > Northwest China > Northeast China > East China > Southwest China > 
South China. Among them, the annual average of AQI in North and Central China has exceeded 
or will reach 100, reaching a moderate pollution level, and South China has reached a good level. 
However, in the transition from 2018 to 2019, the average annual AQI in the central region is 
high or flat. This fluctuation reminds us that urban air control cannot be relaxed. Although 
central governance decisions have been responded to and stoned, the governance long-term 
mechanism has not been effectively implemented, because the influencing factors of air quality 
are not isolated individuals, but intertwined with changes in air quality [9]. 
 

 
Figure 1. Spatial distribution characteristics of AQI values 

 
From the above figure, the average annual concentration of AQI shows obvious changes in the 
middle, south and east, whiles the deceleration in the northwest is not obvious, showing an 
inverted U-shaped shape. Central China, North China, East China and other regions were almost 
at the top of the air quality index from 2014 to 2021, and the AQI air quality grade reached 
moderate pollution. Horizontal comparison of the urban AQI index from 2014 to 2021 shows 
that the AQI in the southwest, central and eastern regions and South China shows a downward 
trend year by year, the inter-annual AQI index in the northeast and northwest regions fluctuates 
greatly, and the change trend in the rest is not obvious. It is not difficult to see that the average 
annual AQI index distribution of 74 key monitored cities shows significant regional 
agglomeration. Compared with the central and southern regions with China's good natural 
ecological environment and low industrial development level, the relatively developed 
population and economic growth, the rapid growth of industrial and construction output value 
and high pollution in the northwest region. The rapid growth of the tertiary industry, the energy 
structure dominated by coal, and winter heating and other social and economic factors are 
undoubtedly not important causes of serious air pollution. 
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4. Analysis of the Impact of Key Socio-economic Factors on China's Air 
Quality 

4.1. Key Influencing Factor Screening 
The article will use the expert score-PCA-relevance analysis compound method to select the 
key influencing factors that constitute the risk of urban air pollution on the basis of 
comprehensive consideration of three types of alternative factors. First, KF1i and other 
indicators are obtained based on expert scores. Secondly, the PCA method is used to select the 
first principal component as the alternative factor KF2j. Finally, the correlation analysis method 
is used to select factors with a high degree of correlation as the alternative factor KF3m. 
 

 
Figure 2. Composition chart of key influencing factors 

 
Table 2. The system of SEI indicator 

Module Influencing Factors Data sources 

UDPG 

Resident population(UD1) 
Urbanization rate(UD2) 

Automobile holdings(UD3) 
GDP(UD4) 

Per capita GDP(UD5) 

the China Urban Statistics Yearbook 
(2000~2019) 

BGCIS 

Value-added of primary industry(EG1) 
Value-added of secondary industry(EG2) 

Value-added of third industry(EG3) 
Industrial added value(EG4) 

Construction added value(EG5) 
Tourism revenue(EG6) 

Output value of the three industries(EG7) 

same 
with above 

IECGSC 

Domestic energy consumption(IS1) 
Domestic raw coal energy consumption(IS2) 

Domestic electricity consumption rate(IS3/IS1) 
The consumption of enterprises(IS4) 

The raw coal consumption of enterprises(IS5) 
The electricity consumption of enterprises(IS6) 

The heat energy consumption of enterprises(IS7) 

same 
with above 
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Starting from social activities, population size, economic development, residential life, urban 
construction, energy consumption and other categories, the economic modules of each specific 
indicators will be refined by establishing a comprehensive index of economic development (SEI) 
system and using the PCA main component analysis method. By classifying it into three 
modules: Urban Development and Population Growth Module (UDPG), Economic Growth and 
Industrial Structure Module (BGCIS), Industrial Energy Growth and Consumer Structure 
Module (IECGSC), we can construct a socio-economic development indicator system associated 
with air quality to explore Correlation between different socio-economic indicators and air 
quality. 
As can be seen from the figure below, the UDPG index in 74 key cities has shown an overall 
upward trend in 18 years, contrary to the AQI index trend. 
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Figure 3. Chart of the urban development of UDPG 
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From the correlation analysis in the following table, it can be seen that on the one hand, there 
is a significant negative correlation between AQI not only the resident population, but also with 
automobile holdings. The large increase in population and transportation emissions greatly 
reduces the optimisation rate of air quality. This coincides with Zhang Yinjun's conclusion of 
exploring the factors affecting ambient air quality [9]. In addition, Wang et al. (2018) have used 
multi-resolution emission inventories to calculate air pollution factors [10] and found that 
transportation is indeed at the forefront of the list of major contributions to air pollution. On 
the other hand, there is a significant negative correlation between AQI not only per capita GDP, 
but also with urbanization rate, indicating that with economic growth, the degree of 
environmental pollution has a specific turning point at a certain time, and the degree of air 
pollution is opposite to the direction of economic growth, and the environmental Kuznets curve 
(EKC) shows The inverted U-shaped evolution trend of increasing first and then reducing. This 
shows that the AQI value may have exceeded the EKC maximum, and the nonlinear relationship 
with economic development has long passed the "inflection point" of the environmental 
Kuznets curve and began to show an intensive economic growth mode. Environmental 
pollution is gradually aggravated first and then slowly reduced, which also confirms the 
government's policy of "pollution first, treatment later". 
 

Table 3. Table of correlation coefficients UDPG and AQI 

Index AQI UD1 UD2 UD3 UD4 UD5 

AQI 1      

UD1 .118* 1     

UD2 -.257** .021 1    

UD3 .188** .387** .094* 1   

UD4 -.004 .062* .051 .117** 1  

UD5 -.238** .122** .025 .414** .123** 1 

Remarks: **means P<0.01, * means P<0.05.  
 
According to statistics, since 2006, the output value of the three major industries in 74 key 
monitoring cities has shown an upward trend year by year. From correlation analysis, it can be 
seen that there is a significant correlation between the primary industry, the secondary 
industry, the tertiary industry and the AQI index. AQI and the output value of the primary 
industry show growth in the same direction. In contrast, there is a significant negative 
correlation between the tertiary industry and AQI. Among them, tourism has the most obvious 
impact on the AQI index. The inspection of key tourist cities represented by Wuhan, Changsha, 
Chengdu, Chongqing, Xi'an, Beijing, Tianjin, Nanjing and Shanghai found that the annual growth 
rate of tourism industry among them could reach 21.36%, and the annual output value of their 
tourism income has also shown a growth trend for many years. The study found that the more 
developed the tertiary industry in the city is, the more it can promote the development of urban 
air quality in a better direction. 
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Table 4. Table of correlation coefficients BGCIS and AQI 
Index AQI EG1/EG7 EG2/EG7 EG3/EG7 EG4/EG7 EG5/EG7 EG6 

AQI 1       

EG1/EG7 .122* 1      

EG2/EG7 .124** -.475** 1     

EG3/EG7 -.182** -.669** -.336** 1    

EG4/EG7 -.026 -.094** .141** -.019 1   

EG5/EG7 -.154** -.034 .009 .029 .093** 1  

EG6 -.085 -.189** -.299** .486** -.075* .002 1 

Remarks: **means P<0.01, * means P<0.05.  
 

Table 5. Table of correlation coefficients IECGSC and AQI 
Index AQI IS1 IS2 IS3/ IS1 IS4 IS5 IS6 IS7 

AQI 1        

IS1 .182* 1       

IS2 .556** .501** 1      

IS3/ IS1 -.220** -.059 -.285** 1     

IS4 .301** .358** .492** -.147** 1    

IS5 .377** .040 .610** -.140** .766** 1   

IS6 .038 .201** .139** -.095* .463** .163** 1  

IS7 .089 .207** .127 -.115* .482** .236** .156** 1 

 
In the IECGSC module, enterprise production energy consumption and domestic energy 
consumption, as the majority of comprehensive energy consumption, mainly exist in three main 
forms: raw coal, electricity and thermal consumption. From correlation analysis, it can be seen 
that there is a negative correlation between the AQI index and domestic power energy 
consumption, and a positive correlation between domestic energy consumption and domestic 
raw coal consumption, and the positive correlation between the latter is more significant. This 
shows that the measures such as "coal to electricity" introduced by the state for environmental 
protection can indeed promote the improvement of urban air quality. In the following years, 
the annual growth rate of household electricity consumption of residents can reach up to 
12.24%, and the air quality situation has also shown different trends, which further confirms 
the information of Pan Tao and other scholars about the average daily emissions of nitrogen 
oxides, Sulphur dioxide, respirable particulate matter (PM10) and Research findings that fine 
particulate matter (PM2.5) are about 1.2, 7, 8 and 5 times stronger than that of the power 
industry respectively [11]. In addition, due to the promulgation of the Action Plan for the 
Prevention and Control of Air Pollution and other relevant policies of the State Council, the raw 
coal consumption of enterprises, as a major source of pollutants, shows a trend of fluctuating 
from generation with the consumption of enterprises. According to statistics, except for the 
northwest region, the raw coal consumption of enterprises in major key cities has shown a state 
of negative growth, with an average annual decline rate as low as 3.45 percent, and the overall 
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trend is downward, while the annual growth rate of electricity consumption of enterprises in 
central China is as high as 11.28%. From the correlation analysis, it can be seen that the AQI 
index has passed the 0.01 significant level test with the energy consumption and raw coal 
consumption of enterprises above designated size, showing a significant positive correlation, 
but the correlation with the power consumption of enterprises is not significant, which just 
proves that the air pollution caused by electricity consumption is lower than that of raw coal. 

4.2. Analysis of Influencing Factors of Air Pollution 
Many scholars are focusing on the driving factors of air quality. Among them, Shao Shuai has 
verified the positive relationship between economic growth and environmental pollution in the 
study of energy conservation and emission reduction effects of economic agglomeration [12]; 
Wu Xueping and others (2018) selected panel data from 30 provinces and cities from 2001 to 
2014. Economic growth has a certain impact on air quality [13]. Xu Zhengsong and others have 
also explored the relationship between the level of economic development, industrial structure 
and environmental pollution, and found that the higher the proportion of industries, especially 
heavy industry, the more serious environmental pollution will be [14]. Considering that the 
influencing factors of air quality are not isolated individuals, but intertwined and interact with 
each other on the change of air quality [15], this paper chooses to start with several 
comprehensive economic factors that affect urban air quality and study the driving of air quality 
by socio-economic factors through the main component analysis method. 
 

Table 6. The ranking of socio-economic drivers of the urban haze (Top 5) 

Positive Correlation Negative Correlation 

Rank index Module Rank index Module 

1 IS2 IECGSC 1 UD2 UDPG 
2 IS5 IECGSC 2 UD5 UDPG 
3 IS4 IECGSC 3 IS3/ IS1 IECGSC 
4 UD3 UDPG 4 EG3/EG7 BGCIS 
5 EG2/EG7 BGCIS 5 EG5/EG7 BGCIS 

 
The socio-economic drivers most closely related to the urban average annual AQI index have 
been screened after passing at least 5% of the salience test. The socio-economic indicators 
positively related to AQI are classified as the driving force of deterioration, and vice versa, as 
the driving force of optimization. After calculating the correlation of the AQI-SEI model through 
the principal component analysis method, the consumption of domestic raw coal, the 
consumption of raw coal of enterprises above designated size, energy consumption of 
enterprises above designated size and automobile ownership are classified as the driving force 
of deterioration, and the urbanization rate, per capita GDP, the proportion of power energy 
consumption and the proportion of the tertiary industry are optimized drivers. Scope of force. 
Although there are factors with less significant correlation with AQI in the three modules, there 
is a significant correlation between the factors in the module. In summary, social and economic 
factors such as urban development, industrial structure and energy consumption are closely 
related to air quality, and economic development has a significant impact on air pollution. 

5. Conclusion 

Air pollution is not caused by a single cause, and the causes of air pollution vary from country 
to country and region. Summarizing and systematically screening the air pollution laws of 74 
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key monitoring cities in China, it is of great practical significance for the control of air pollution. 
The main conclusions are as follows: 
(1) The annual average annual index of air AQI in 74 key monitored cities is declining as a whole. 
Economic growth and environmental pollution are in the opposite stage. The nonlinear 
relationship between air pollution and economic development has long passed the "inflection 
point" of the environmental Kuznets curve (EKC) and began to show an intensive economic 
growth mode.  
(2) The average annual index of air AQI in 74 key monitored cities is characterized by significant 
spatial differences. The AQI value is characterized by large deceleration in the middle, south 
and east and the insignificant deceleration in the northwest. 
(3) Under the condition of passing the 5% significance test, the socio-economic drivers with the 
strongest correlation with the urban AQI annual average index were selected among the three 
modules. Among them, the consumption of raw coal, raw coal consumption of enterprises 
above designated size, energy consumption and automobile possession of enterprises above 
designated as the driving force of deterioration. Urbanization rate, per capita GDP, power 
energy consumption and the proportion of tertiary industry are regarded as the driving force 
category of optimization, which is of great practical significance for the control of air pollution. 
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