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Abstract 

With the acceleration of industrialization process, the deterioration of environmental 
quality in the world has become the theme of people's attention. The public&apos;s 
increasing concern for environmental protection has promoted people to have a clearer 
understanding of the causes of environmental degradation.In the ecological mechanism 
of air quality, the impact of pollutants is increasing. In this paper, according to the 
emission of the main pollutants in the exhaust gas of 31 major cities in China, we use the 
method of principal component analysis to analyze the selected indicators. Through kmo 
test, we can judge whether the principal component analysis can be carried out, and 
extract the principal component of the standardized data,Find out a few representative 
principal components, and generate a comprehensive score chart, sort the 31 cities, 
explore the level of emission of major pollutants in the exhaust gas in 31 cities, and give 
reasonable suggestions. 
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1. Chapter one introduction 

Environmental protection is China&apos;s basic national policy. In the past decade or so, the 
cause of environmental protection has caught up with good opportunities and made certain 
achievements.However, in the face of achievements, we are also soberly aware that the current 
environmental problems are still very prominent, and the environmental forms are still very 
severe. Since the industrial revolution, human society has not only created huge material 
wealth, but also paid a heavy price for resources and environment. Resource depletion, 
environmental pollution and ecological degradation have become increasingly prominent, and 
the relationship between man and nature has been strained,The earth home has gradually lost 
its former beauty.In the Third Plenary Session of the 18th CPC Central Committee, it was clearly 
required to speed up the construction of ecological civilization system, delimit the red line of 
ecological protection, establish and improve the environmental protection management 
system that strictly supervises the emission of all pollutants, strengthen the grass-roots law 
enforcement force in key areas of environmental protection, and increase the weight of 
indicators such as resource consumption, environmental damage, ecological benefits and 
emission intensity in the evaluation system of development achievements.From this, we can 
see that we need to build a harmonious development between man and nature, firmly establish 
the concept of ecological civilization of respecting nature, conforming to nature and protecting 
nature, vigorously promote green development, low-carbon development and circular 
development, and promote the coordinated integration of economic society and resources and 
environment, so as to truly enable China to achieve its development goals and promote the 
common progress of mankind.  
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2. The second chapter is literature review 

Foreign scholars have carried out a wide range of research on the emission of air pollutants.But 
there is no separate analysis of emission intensity in foreign countries, but through the accurate 
calculation of pollutant emission, the main methods usually used are: measurement method, 
material balance algorithm and emission coefficient method.In addition, according to the needs 
of specific measurement and parameter selection, there are model method, life cycle method, 
decision tree method and other emission intensity measurement methods.The measurement 
method is a kind of calculation method to calculate the total emission through monitoring 
means or continuous measurement facilities recognized by relevant authorities.This method is 
widely used in some European countries.Material balance is to get the pollutant emission 
through high accurate calculation.Therefore, more developed countries in Europe, the United 
States and Canada use this method. 

Since the 1970s, many foreign countries began to study the emission of air pollutants, which 
mainly focused on the characteristics and laws of air pollution, the impact of air pollutants on 
human health, and the emission standards and control measures of air pollutants.After years of 
research, a relatively perfect research evaluation system and simulation system have been 
formed.The evaluation system includes the characteristics of air pollutant emission, the list of 
air pollution sources, the monitoring and real-time reporting of urban air environment quality, 
the air pollution control strategy and so on.In addition, in order to deal with air pollution, many 
departments and scholars in developed countries, such as the Ministry of environmental 
protection, urban planning and so on, have made great efforts to seek advanced simulation 
monitoring system, carried out scenario analysis and simulation experiments on air pollutant 
emissions, and achieved good air pollution control benefits.What are you doing 

Michael T. Colucci (1991) conducted in-depth research on vehicle exhaust emissions in air 
pollution, developed air pollution emission factor model, used a variety of tools and models to 
analyze the air pollution status in Milan in space and time, and put forward relevant suggestions 
and measures for air pollution control.Baldasano J (1995) takes the air pollution in Barcelona 
area as the research object, through establishing the air pollution emission and diffusion model, 
deeply analyzes the air pollution characteristics, air pollution status, air pollution sources and 
other contents in Barcelona area, and provides effective measures and schemes for the air 
pollution control in Barcelona area. 

Based on the data of China&apos;s economic activities from 1997 to 2002, Peter (1997) studied 
the relationship between the emissions of sulfur dioxide and nitric oxide in China&apos;s air 
pollutants and China&apos;s economic activities,In 1997, 30% and 25% of China&apos;s sulfur 
dioxide and nitric oxide emissions were related to China&apos;s export trade, respectively. 
However, in 2002, the proportion of sulfur dioxide and nitric oxide emissions increased by 9% 
and 7% respectively, which were related to China&apos;s export trade.Weber C.L (2007) 
deeply studied the correlation between trade and the emissions of sulfur dioxide and nitric 
oxide in the atmosphere. The study found that there was a hidden phenomenon in the emissions 
of air pollutants in international trade. The emissions of sulfur dioxide and nitrous oxide in the 
import trade of the United States were largely from China, and the proportion was increasing 
every year.At the same time, some foreign scholars have also made further explanation with 
data, and Xu (2009) has made a deep expression with data, pointing out that the hidden carbon 
dioxide emissions and nitric oxide emissions of China&apos;s exports to the United States have 
increased by 1.5 times and 2.1 times respectively from 2002 to 2007. 

Wei Taoyuan and gromslord (2020) take China&apos;s greenhouse gas emissions as the 
research content, deeply analyze the correlation between carbon tax and China&apos;s 
economic development and greenhouse gas emissions, and establish relevant models. The 
research points out that carbon tax has a significant negative relationship with China&apos;s 
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economic development,It is believed that carbon tax will lead to the reduction of carbon dioxide 
emissions and the decline of economic level at the same time, but with the late development of 
economic situation, the impact of carbon tax on the economy will be weakened.What are you 
doing 

Gao Pengfei (2020) made an in-depth study on the impact of carbon tax on greenhouse gas 
emissions and China&apos;s macro-economy. The study concluded that carbon tax can 
significantly reduce greenhouse gas emissions and emission intensity, but it will have a 
significant impact on China&apos;s macro-economy and reduce the increase of GDP. 

3. The third chapter is the selection of methods and data 

In this paper, the data selected from the 2020 Statistical Yearbook in 2017 31 major cities in 
the emission of major pollutants, the industrial sulfur dioxide emissions (x1), industrial 
nitrogen oxide emissions (x2), industrial particulate matter emissions (x3), domestic sulfur 
dioxide emissions (x4), domestic nitrogen oxide emissions (x5), industrial sulfur dioxide 
emissions (x3), domestic nitrogen oxide emissions (x5), industrial sulfur dioxide emissions (x4), 
domestic nitrogen oxide emissions (x5), industrial particulate matter emissions (x3), domestic 
sulfur dioxide emissions (x4), domestic nitrogen oxide emissions (x5Based on the principal 
component analysis of the six indicators of domestic particulate matter emissions (x6), the 
main pollutant emissions of 31 cities were ranked, and the cities with the highest emissions of 
the main pollutants were explored. The economic level of these cities was divided, and the 
impact of different levels of cities on the main pollutant emissions was studied. 

3.1. The main idea of principal component analysis 

Principal component analysis (PCA) is a simplified method to analyze the complex relationship 
among variables. 

In the research of social economy, in order to analyze and research problems comprehensively 
and systematically, many economic indicators must be considered. These indicators can reflect 
the characteristics of our research objects from different aspects, but there is information 
overlap to some extent, which has certain relevance.When there is a certain correlation 
between the variables, it can be explained that the information reflected by the two variables 
has a certain overlap. 

Component analysis tries to make the best synthesis and simplification of this kind of 
multivariable cross-section data under the principle of minimizing the loss of data information, 
that is, to reduce the dimension of high-dimensional variable space.In order to minimize the 
loss of data information, we reduce the dimension of high-dimensional variable space, that is, 
to study a few linear combinations of the index system, and the comprehensive index composed 
of these linear combinations will retain as much information of the original index variation as 
possible, and these indexes are not related to each other, and retain most of the information of 
the original variables.These comprehensive indicators are called principal components, and 
this method is principal component analysis.  

3.2. Problems in principal component analysis 

1. It can eliminate the correlation between the original variables and reduce the selection of 
indicators on the basis of retaining most of the original information. 

2. Principal component analysis does not require data from normal population.This 
characteristic of principal component analysis greatly expands its application scope. For multi-
dimensional data, as long as it involves dimension reduction processing, we can try to use 
principal component analysis instead of spending too much energy to consider its distribution. 

3. Generally speaking, for indicators with different measurement units or with very different 
value ranges, we should consider data standardization instead of principal component analysis 
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based on their covariance matrix.For the data with the same measure or value range in the same 
level, it is more appropriate to directly solve the principal component from the covariance 
matrix. 

4. Principal component analysis can&apos;t eliminate the index overlapping information, but it 
strengthens the index overlapping information, which makes the comprehensive evaluation 
results closely related to the index correlation structure 

If some variables in the evaluation index system are highly correlated and contain more 
overlapping information, and other variables are less correlated, the comprehensive index 
selected will incline to the variables with higher correlation when principal component analysis 
is used, and the greater the total weight coefficient of the indexes with overlapping information, 
the less information is reflected. 

If there are two kinds of indexes in the comprehensive evaluation, the intra class indexes are 
highly correlated, and the number and degree of correlation of the two kinds of indexes are 
equal, while the inter class indexes are low correlated, the weight coefficients of the two kinds 
of indexes are very different in the comprehensive evaluation function, while the weight 
coefficients of the intra class indexes are not very different. 

3.3. Application steps of principal component analysis 

1.Identify analysis variables and collect data 

2.According to the specific problems, the need for principal component analysis was judged, 
and kmo test and Bartlett&apos;s spherical test were used to judge whether the data met the 
analysis requirements. 

3.The sample data matrix of the original variable is standardized. 

4.Find the correlation coefficient matrix R of standardized data matrix 

5.Find the eigenvalue of R and the corresponding eigenvector and contribution rate 

6.Determining the number of principal components 

7.Explain the practical significance and function of principal components 

4. The fourth chapter is empirical analysis 

First of all, due to the large difference between the indicators, the six indicators were 
standardized, and the result variable was named ZX *. The following analysis analyzed the 
processed results. 

Correlation test 

Table 1. Matrix of correlations 
Variables (1) (2) (3) (4) (5) (6) 
(1) ZX1 1.000  
(2) ZX2 0.800 1.000  
(3) ZX3 0.779 0.533 1.000  
(4) ZX4 0.474 0.382 0.647 1.000  
(5) ZX5 0.454 0.364 0.507 0.721 1.000  

(6) ZX6 0.444 0.359 0.595 0.850 0.897 1.000 

 

Table 2. Kmo and Bartlett test results 
Determinant of the correlation matrix 
Det = 0.004  
Bartlett test of sphericity  
Chi-square = 152.805 
Degrees of freedom = 15 
p-value = 0.000  
H0: variables are not intercorrelated 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy   
KMO = 0.710  
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It is generally considered that kmo value greater than 0.9 has the best effect. Principal 
component analysis can be used when kmo value is more than 0.6, and kmo value is 0.710 > 0.6, 
which indicates that the data is suitable for principal component analysis;The significant p 
value of Bartlett spherical test was 0.000 < 0.05, which also indicated that the data was suitable 
for principal component analysis. 

 

Table 3:Characteristic root and variance contribution rate 

Principal components/correlation Number of obs = 31; Number of comp. = 6; Trace = 6; 
Rotation: (unrotated = principal), Rho = 1.0000 

Component Eigenvalue Difference Proportion Cumulative 
Comp1 3.953 2.775 0.659 0.659 
Comp2 1.178 0.736 0.196 0.855 
Comp3 0.441 0.184 0.073 0.929 
Comp4 0.257 0.150 0.043 0.972 
Comp5 0.107 0.044 0.018 0.989 
Comp6 0.064 . 0.011 1.000 

Principal components (eigenvectors)  

 

It can be seen from the table that the two principal components with eigenvalues greater than 
1 are extracted. The variance contribution rates of the two principal components are 0.659 and 
0.196 respectively, and the cumulative variance contribution rate is 85.5%;The two eigenvalues 
are 3.953 and 1.178 respectively. 

 

 
Figure 1. Gravel map 

 

Analysis of the gravel map shows that the difference between the eigenvalues of factor 1 and 
factor 2 is large, while the other eigenvalues are small. It can be concluded that retaining the 
two factors can summarize most of the information. 

 

Table 4. Factor loading matrix 
Variable Comp1 Comp2 Unexplained 

ZX1 0.402 0.496 0.072 
ZX2 0.344 0.546 0.181 
ZX3 0.420 0.201 0.253 
ZX4 0.427 -0.311 0.164 
ZX5 0.413 -0.385 0.150 
ZX6 0.436 -0.413 0.049 
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The table is the factor load diagram of the selected two principal components 

Y1=0.402ZX1+0.344ZX2+0.12ZX3+0.427ZX4+0.413ZX5+0.436ZX6 

Y2=0.496ZX1+0.546ZX2+0.201ZX3-0.311ZX4-0.385ZX5-0.413ZX6 

It can be seen that 7.2% of industrial sulfur dioxide emissions (x1), 18.1% of industrial nitrogen 
oxides emissions (x2), 25.3% of industrial particulate matter emissions (x3), 16.4% of domestic 
sulfur dioxide emissions (x4) and 15% of domestic nitrogen oxides emissions (x5) are not 
selected,4.9% of the domestic particulate emission (x6) is not selected, most of the indicators 
are taken into account, and the loss rate is low. 

 

 
Figure 2. Shot chart 

 

It can be seen from the score chart that Chongqing is on the far right of the score chart, 
indicating that Chongqing has the largest emission of major pollutants in the exhaust gas;The 
score chart shows that Harbin is in the lower left of Chongqing, and on the right of all other 
cities, which shows that Harbin has a large amount of emission of major pollutants in the 
exhaust gas, second only to Chongqing;In the same way, Guiyang ranks third only to Chongqing 
and Harbin in the emission of major pollutants.The remaining 28 cities are close to each other 
in the score chart, which is on the left side of the score chart. The emission of the main pollutants 
in the exhaust gas is relatively large compared with the first three cities, and the emission is 
lower than the first three cities. 

score chart 

According to the first and second principal components, the comprehensive scores of each 
region are calculated and arranged in descending order according to the proportion of the first 
two factors in the total variance contribution rate of the two factors. 
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Table 5. List of Variables 
city Total score comp1 comp2 

Chongqing 6.061 7.106 2.552 
Harbin 3.181 5.273 -3.841 

Guiyang 1.994 2.877 -0.97 
Changchun 0.866 1.409 -0.957 

Shijiazhuang 0.776 0.614 1.32 
Shenyang 0.773 0.872 0.442 
Urumqi 0.766 0.741 0.85 

Kunming 0.546 0.368 1.142 
Wuhan 0.529 0.848 -0.544 
Nanjing 0.176 -0.171 1.34 
Taiyuan 0.027 0.047 -0.038 
Hohhot 0.017 0.032 -0.033 

Athletics -0.089 -0.382 0.893 
Xining -0.124 -0.195 0.112 

Chengdu -0.225 -0.219 -0.246 
Yinchuan -0.29 -0.511 0.451 

Hefei -0.304 -0.391 -0.012 
Shanghai -0.368 -0.701 0.75 
Lanzhou -0.473 -0.655 0.137 
Fuzhou -0.64 -1.038 0.693 

Zhengzhou -0.643 -0.989 0.517 
Hangzhou -0.966 -1.297 0.143 

Jinan -0.973 -1.14 -0.412 
Guangzhou -1.02 -1.276 -0.161 
Changsha -1.066 -1.298 -0.287 

Beijing -1.069 -1.035 -1.185 
Nanchang -1.2 -1.482 -0.251 

Nanjing -1.2 -1.563 0.019 
Xian -1.314 -1.443 -0.881 

Lhasa -1.764 -2.04 -0.836 
Haikou -1.983 -2.363 -0.71 

 

According to the score table, we can see that Chongqing ranks first in the emission of major 
pollutants in the exhaust gas, while Harbin and Guiyang rank second and third. Among the 31 
major cities in China, Chongqing, Harbin and Guiyang have more emissions of major pollutants 
in the exhaust gas, while the comprehensive scores of other cities are relatively low. 

5. Chapter five conclusions and suggestions 

5.1. Conclusion 

1. From the comprehensive score, it can be seen that there are great differences in the emission 
of the main pollutants in the exhaust gas among different cities, among which Chongqing is the 
first, Harbin and Guiyang are the second and third. 

2. There is a big difference in the emission of the main pollutants in the waste gas between the 
remaining cities and the top three cities, but the emission of the main pollutants is still obvious. 

3. Among the 31 cities, the air pollution in Chongqing is more serious than that in other cities, 
and the air pollution in Harbin and Guiyang is also relatively serious. 

4. The industries in Chongqing, Harbin and Guiyang are relatively developed, but the treatment 
of pollutants is not perfect. 
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5.2. Suggestions 

1. Speed up the upgrading and transformation of industrial structure and optimize the 
industrial structure 

We should optimize and upgrade the industrial structure through technological progress, 
improve the efficiency of resource utilization, and reduce the waste of resources in the 
production process. We should strictly control the entry in accordance with the national 
industrial policy of "going up the big and pressing down the small". At the same time, we should 
use advanced pollution control equipment to reduce pollutant emissions and reduce the 
intensity of pollutant emissions,Under the premise of ensuring the basic role of the industry, 
there will be no serious environmental harm. 

2. Highlight key areas, continue to promote air pollution reduction, and establish a long-term 
mechanism for regional air joint prevention and control.What are you doing 
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