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After respectively analyzing and evaluating the economic development level and environmental pollution
status of chemical industry in 30 regions in China by using the principal component analysis (PCA) of
multivariate statistical analysis, we obtain the comprehensive scores of the economic development and
environmental pollution of chemical industry in all regions. Through the cluster analysis of the two groups of
comprehensive scores, the 30 regions in China are divided into four categories. The analysis of the
comprehensive status of the four categories of regions reveals the relationship between regional economic
development and environmental pollution of chemical industry.

1. Introduction

The social development of human beings depends on the ecological environment and natural resources, so
environmental changes affect the direction of social development of human beings all the time. China’s
economy has developed rapidly since the reform and opening up. As one of the pillar industries in the
industrialization process of China, the chemical industry has played a decisive role in promoting China’s
economic development. However, since the 1980s, the rapid development of the chemical industry has
brought serious environmental problems while promoting economic development. The waste water, waste gas
and waste residue discharged by the chemical industry are at the forefront of emissions of the industrial sector
and chemical COD and inhalable particles harmful do great harm to human health (Mooibroek and Schaap,
2011; Ovadnevaité et al., 2007).

The relationship between economic development and the environment has always been the research focus of
academic world. The earliest research could date back to the one conducted by Grossman and the World
Bank (World Bank, 1992) in the 1990s. According to the two researches, there is an inverted “U” curve
between environmental pollution and per capita income. Lopez (1994), Jones and Manuelli (1994), Selden
and Song (1995), Stocky (1998), Lopez and Mitra (2000) have respectively proved the possibility of an
“inverted U” curve between environmental pollution and economic growth by constructing different models.
Later, many scholars paid attention to the environmental pollution of chemical industry and analyzed the
characteristics of pollution of chemical industry by using PCA (Jain et al., 2017; Aziz et al., 2017; Seklaoui et
al., 2016). Domestic scholars have also paid increasing attesting to the relationship between economy and
environment. Zhang and Gong Longyan analyzed the causes, status quo and characteristics of heavy metal
pollution in cities by adopting PCA and 3D model.

Based on the existing researches, this paper uses PCA and cluster analysis to analyze the economic
development and environmental pollution of chemical industry in 30 provinces and cities in China in 2015. And
according to the actual situation, this paper puts forward the contradictions between economy and
environment in each region, providing a realistic basis for the sustainable development of economy, society
and environment in China.
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2. Research Methods and Indicator Selection
2.1 Research methods and models

1) PCA

fDC):A is an analysis method that is to study how to explain multivariate variance—covariance structure by a few
principal components, that is, to find a few principal components so that they retain the information of the
original variables as much as possible. The use of PCA can simplify the analysis and reflect the essence of
things.

Assume the original variables are xi, Xz, ..., Xn. and the new variables obtained after PCA are yi, y2, ... Ym,
which are linear combinations of xi1, Xz, ..., Xa(Mm<n). Most information of the original variable is retained and
unrelated. The steps of PCA are as follows:

First, in order to eliminate the impact of different dimensions and orders of magnitudes of data, the original
data needs to be standardized:

x=(x% /e, i=1,2, ., j=1,2, ..,p 1)

Where, xiis the original data of the in indicator in the ji partition, X, and e; are respectively sample average
and standard deviation of the i indicator.
Second, the correlation coefficient matrix R = (n—j)nxn is calculated by using the standardized data table

(x;j)nxpv Where,

rij=%22=1(xki'fi) (xq-X)eig; )

Third, the eigenvalue and eigenvector of R are calculated. According to the characteristic equation |R — Al| =
0, the characteristic root Ai is calculated and arranged in descending order: A, > 4, = --- > 1,, and the
corresponding eigenvectors us, Uz, ..., Un are obtained.

Fourth, the variance contribution rate and cumulating contribution rate of each principal component are
obtained.

e=)\i/2i"=1 )\i (3)

E=Y A/ Xk h @)

Fifth, the principal component is calculated and the principal component to be retained whose eigenvalue is
greater than 1 or the cumulating variance contribution rate is greater than 85% is determined.

V= ij:1 TiLg U X (5)

(2) Cluster analysis

For the evaluation scores of economic development and environmental pollution of chemical industry obtained
from PCA, we need to classify them so as to find the differences and regional characteristics of economic
development and environmental pollution in various regions. There are many cluster analysis methods, of
which K-means is the most famous and most widely used because of its good effect.

The calculation steps are as follows: Firstly, k objects are randomly selected from n data objects as the initial
cluster centers. For the remaining objects, they are respectively assigned to the most similar clusters
(represented by the cluster centers) according to their similarities (distances) with the cluster centers. Then we
calculate the center of each new cluster (the average of all objects in the cluster) and repeat this process until
the standard measure function begins to converge. Usually, the mean square error is taken as a standard
measure function and the specific definition is as follows:

E= Z{'(=1 Zpecih’ —my|? (6)

Where, E is the sum of the mean square error of all the objects in the cluster; p is a point in the cluster that
can be multidimensional; and mi is the mean value of cluster Ci which can be multidimensional. The cluster
standard in the formula aims at making the k clusters have the characteristic that the clusters themselves are
as compact as possible while the clusters are separated as much as possible.

2.2 Indicator selection and data source

(1) Selection of economic indicators
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To better reflect the degree and level of economic development in various regions, this paper selects a total of
8 indicators reflecting economic position in 30 regions from “China Statistical Yearbook 2016” and “China City
Statistical Yearbook 2016”. The meanings of indicators are as follows:

X1: gross regional domestic product (GDP) (100 million yuan)

x2: GDP per capita (yuan / person)

X3: gross industrial production (100 million yuan)

x4: fixed investment (100 million yuan)

xs: household consumption expenditure (yuan)

Xs: proportion of primary industry (%)

X7: proportion of secondary industry (%)

Xs: proportion of tertiary industry (%)

Among the above eight indicators, x1, x3 and x4 mainly reflect the overall economic scale and economic
aggregate of the region; x2 and xs mainly reflect the regional economic benefits and people’s living standards;
Xs, X7 and xs mainly reflect the regional economic structure.

(2) Selection of environmental indicators

There are six indicators reflecting the level of environmental pollution of chemical industry in the regions. The
original data come from “China Statistical Yearbook 2016” and “China Energy Statistical Yearbook 2016”. The
meanings of indicators are as follows:

ya1: total industrial wastewater discharge (10,000 tons)

y2: domestic sewage discharge (10,000 tons)

ys: total industrial waste gas discharge (100 million cubic meters)

ya: industrial sulfur dioxide discharge (ton)

ys: industrial dust discharge (ton)

ye: industrial solid waste discharge (ton)

Among the above six indicators reflecting the level of environmental pollution of chemical industry, y1 and y2
mainly reflect the pollution level of water environment; ys, ya and ys mainly reflect the pollution level of
atmospheric environment; ye mainly reflects the impact of industrial solid waste on the total environment.

3. Results and Analysis

All the indicators need to be standardized because they have different dimensions and numerical value so as
to eliminate the impact of differences on results.

3.1 PCA of economic level

The KMO test and Bartlett spherical test are conducted on each variable of economic development level and
the results show that the KMO test is 0.686, indicating that the statistical effect is still good and suitable for
factor analysis. The Sig of Bartlett spherical test is 0.000, showing that there is a significant correlation
between each variable. The characteristic root and contribution rate of principal components of regional
economic development are obtained as shown in Table 1.

Table 1: Characteristic root and contribution rate of principal components of economic development

Initial eigenvalue Extraction of quadratic sum of load
Components - - -
Total Variance percentage Accumulation % Total Variance percentage
1 3.730  46.624 46.624 3.730 46.624
2 2974 37.170 83.794 2,974 37.170
3 .952 11.904 95.698
4 .196 2.450 98.147
5 .088 1.104 99.251
6 .057 707 99.958
7 .002 .027 99.986
8 .001 .014 100.00

It can be seen from Table 1 that the cumulating contribution rate of the first two components has reached
83.794%. When these two principal components replace the original indicators, most of the information of the
original data can be well reflected. The two principal components are recorded as Y1 and Y2.The coefficients
of each principal component are shown in Table 2.
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Table 2: Coefficient matrix of principal components score of economic development level

Components

1 2
Zscore (GDP) .059 .273
Zscore (per capita GDP) 252 .044
Zscore (industrial added value) .023 201
Zscore (fixed investment) -.048 .295
Zscore (household consumption level) 279  -.003

Zscore (proportion of primary industry ) -.202 -.087

Zscore (proportion of secondary industry) -.170 .201

Zscore (proportion of tertiary industry) 272 -129
From Table 2, we can get the decomposition expressions of the two principal components.
Y1=0.059*Zscore (GDP)+0.252*Zscore (per capita GDP)+0.023*Zscore (industrial added value) -
0.048*Zscore (fixed investment)+0.279*Zscore (household consumption level)-0.202*Zscore (proportion of
primary industry)-0.170*Zscore (proportion of secondary industry)+0.272* Zscore (proportion of tertiary
industry
Y2=0.273*Zscore (GDP)+0.044*Zscore (per capita GDP)+0.291* Zscore (industrial added value)+0.295*
Zscore (fixed investment)-0.003* Zscore (household consumption level) -0.087* Zscore (proportion of primary
industry) +0.021* Zscore (proportion of secondary industry)-0.129* Zscore (proportion of tertiary industry)

3.2 PCA of environmental pollution of chemical industry

KMO test and Bartlett spherical test are carried out on all the variables of environmental pollution of chemical
industry. The results show that the KMO test result is 0.712, indicating that the statistical effect is still good
and suitable for factor analysis. The Sig of Bartlett spherical test is 0.000, showing that there is a significant
correlation between each variable. The characteristic root and contribution rate of the principal components of
environmental pollution in each region are obtained as shown in Table 3.

Table 3: Characteristic root and contribution rate of the principal components of environmental pollution of
chemical industry

Components Initial eigenvalue Extraction of quadratic sum of load
Total Variance percentage Accumulation % Total Variance percentage

1 3.796 63.267 63.267 3.796  63.267

2 1.392 23.194 86.462 1.392  23.194

3 434 7.241 93.703

4 74 2.899 96.602

5 141 2.357 98.959

6 .062 1.041 100.000

It can be seen from Table 3 that the cumulating contribution rate of the first two components has reached
86.462%. Therefore, when these two principal components replace the original indicators, most of the
information of the original data can be well reflected. The two principal components are recorded as W1 and
wW2.

The coefficients of each principal component are shown in Table 4.

Table 4: Characteristic root and contribution rate of the principal components of environmental pollution of
chemical industry

Components

1 2
Zscore (industrial wastewater discharge) -.091 449
Zscore (domestic sewage discharge) -.188 .506
Zscore (industrial waste gas discharge) .239 .099
Zscore (industrial sulfur dioxide discharge) .218 .108
Zscore (industrial dust discharge) .338 -112

Zscore (industrial solid waste discharge) 420 -.226




509

W1=-0.091*Zscore (industrial wastewater discharge) -0.188*Zscore (domestic sewage discharge)
+0.239*Zscore (industrial waste gas discharge) +0.218*Zscore (industrial sulfur dioxide discharge)
+0.338*Zscore (industrial dust discharge)+0.42*Zscore (industrial solid waste discharge
W2=0.449*Zscore (industrial wastewater discharge) +0.506*Zscore (domestic sewage discharge)
+0.099*Zscore (industrial waste gas discharge) +0.108*Zscore (industrial sulfur dioxide discharge) -
0.112*Zscore (industrial dust discharge) -0.226*Zscore (industrial solid waste discharge)

3.3 Cluster analysis and evaluation of comprehensive scores

From formula (1) to formula (10), we can calculate the comprehensive scores and rankings of economic
development and environmental pollution of chemical industry in each region, and use K-means cluster
analysis to classify the economic development and environmental pollution into four categories as follows:
Category I: Beijing, Tianjin, Shanghai

Category IlI: Jilin, Heilongjiang, Anhui, Jiangxi, Hubei, Hainan, Chongging, Sichuan, Guizhou, Yunnan,
Shaanxi, Gansu, Qinghai, Ningxia, Sinkiang

Category lll: Hebei, Shanxi, Inner Mongolia, Hunan

Category IV: Jiangsu, Zhejiang, Shandong, Guangdong

4. Conclusions and Discussion

This paper grasps the overall situation of economic development and environmental pollution of chemical
industry in 30 regions in 2015 and divides them into four categories by using PCA and cluster analysis.
Combined with geographical location, following conclusions have been drawn.

(1) Eight indicators are selected and combined into two principal components. Then PCA is conducted on the
level of economic development in various regions, finding that economic development of cities ranking the
forefront is better while that of cities at the bottom is more backward.

(2) Six indicators are selected and combined into two principal components. Then PCA is conducted on the
environmental pollution of chemical industry in various regions, finding that environmental pollution of cities
ranking the forefront is more serious while that of cities at the bottom is relatively light.

(3) Based on the comprehensive cluster analysis of the economic development and environmental pollution of
chemical industry in various provinces and municipalities, the results can be grouped into four categories.
Category | belongs to the regions with high level of economic development and good environment represented
by Beijing, Tianjin and Shanghai. For such regions, they should continue to readjust their economic structure,
build an environment-friendly society and maintain a win-win economic and environmental development.
Category |l belongs to the regions with low level of economic development but good environment represented
by Hainan, Qinghai, Ningxia, and Sinkiang. Such regions should develop characteristic economy based on
local conditions while raising awareness of environmental protection and governance to prevent embarking on
the road of “pollution first, treatment later”.

Category lll belongs to the regions with middle level of economic development and serious environmental
pollution represented by Hebei and Shanxi. Such regions should carry out reform of the economic system
under the premise of promoting environmental protection and governance, and resolutely eradicate the
phenomenon of “sacrificing the environment in exchange for economic growth” while enhancing environmental
governance to realize the social transformation and development.

Category IV belongs to regions with high level of economic development but serious environmental pollution
represented by Jiangsu, Zhejiang, and Guangdong. It is urgent for these regions to strengthen environmental
governance and reduce pollutant discharge.
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