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Since its opening-up and reform, China 
has been in the process of rapid 
economic development with its people 

enjoying an increasingly improved standard 
of life. Meanwhile accompanying this 
dramatic economic growth is the degradation 
of environment which has, to some extent, 
damaged the gains of the opening-up and 
reform and prevented the economy from a 
healthy and sustainable development. The 
Chinese government is increasingly aware 
of that without addressing the environmental 
issues it is facing now, will jeopardize its 
long term goal of the great rejuvenation of 
the Chinese nation. Given the magnitude 
and complexity of the environmental issues 
in China, there is no easy way in addressing 
them and the solution to them entails an 
equal priority being given to environmental 
protection, ecological conservation and 
economic development or even higher than 
the latter by mainstreaming the former into 
the overall socio-economic decision-making 
process. As a matter of fact, China has 
been in the struggle against environmental 
pollution since the very beginning of its 

economic take-off and trying to explore a 
pathway that could help address China’s 
environmental issues in the way most suitable 
to China’s specific circumstances. 

In recent years, especially since the 12th 
Five-Year  Plan per iod,  the  enhanced 
measures including legislation, policy, 
regulatory and economic means have been 
taken by the Chinese government in dealing 
with environmental problems, of which 
environmental policies have played an 
important role in this regard. Corresponding 
to this situation and in meeting the demand 
of governments at different levels for 
environmental policy tools, the environmental 
policy research projects on topics of a wide 
range have been conducted by some Chinese 
environmental research institutions including 
the Chinese Academy of Environmental 
Planning (CAEP).  

CAEP founded in 2001, is a research advisory 
body suppor t ing  governments  in  the 
development of key environmental planning, 
national environmental policies, and major 
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environmental engineering projects. In 
the past more than 10 years, CAEP has 
accomplished the development of the 
overall planning of national environmental 
protection for the 10th, 11th and 12th Five-
Year Plan periods; water pollution prevention 
and control planning for key river basins; air 
pollution prevention and control planning 
for key regions; soil pollution prevention 
and control planning; and some regional 
environmental protection plans. In the 
same period of time, CAEP also actively 
engaged in research on such topics as green 
GDP, environmental taxation, emission 
trading, ecological compensation, green 
financing, etc. By so doing, CAEP has 
become an indispensable advisory body 
in the environmental decision-making in 
mainland China. According to 2013 Global 
Go To Think Tanks Report and Policy Advice 
published by University of Pennsylvania, 
CAEP was  ranked 31 in  the  f ie ld  of 
environment in the world. Many of CAEP’s 
research results and project outcomes 
regarding environmental policies have 
drawn great attention of decision makers 
and international institutions, and have been 
utilized to contribute to the formulation of 
national environmental policies concerned.

The Chinese Environmental Policy Research 
Work ing  Paper  (CEPRWP)  i s  a  new 
internal publication produced by CAEP for 
the purpose of facilitating the academic 
exchange with foreign colleagues in this 
field, in which the selected research papers 
on environmental policies from CAEP are 
set out on the irregular basis. It is expected 
that this publication will not only make 
CAEP’s research results on environmental 
policies be known by foreign colleagues 
but also serve as a catalyst for creating 
opportunity of international cooperation 

in the field of environmental policies, and 
environmental economics in particular, with 
a view of both the academic research and 
practical policy needs. 

E n v i r o n m e n t a l  p e r f o r m a n c e  i s  a 
comprehensive reflection of the overall 
level  of  environmental  protect ion in 
a country or a region. Establishing an 
environmental performance assessment 
i n d e x  s y s t e m  r e f l e c t i n g  C h i n a ' s 
development stage and national conditions 
is the core content of China's environmental 
management transformation and ecological 
civilization system construction, and is 
also an urgent and important task for 
China to  act ively  implement  the  UN 
Sustainable Development Goals (SDGs). 
CAEP has been working on environmental 
performance evaluation since 2006 and 
successively participated in many projects. 
This study is one of these projects. Based 
on the  off ic ia l  s ta t is t ics  re leased by 
China, this study systematically carries 
out dynamic assessment of environmental 
performance assessment changes in China 
during the past 10 years, demonstrating 
the efforts and achievements of China's 
environmental protection and ecological 
civilization construction, and the law 
of heterogeneous development in sub-
national regions. This is an important 
way for  the internat ional  community 
to deeply understand the complexity of 
China's environmental problems and the 
achievements of environmental protection 
efforts. It is also a good way for China's 
ecological civilization stories to spread to 
the world.
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1.1 Research Background

China is the most populous country and the 
largest developing country in the world. 
Over the past decade, it has experienced 
rapid economic development, with its 
economic aggregate leaping to the second 
p lace  in  the  wor ld .  China  has  made 
extensive efforts to push forward with 
urbanization, poverty alleviation, ecological 
environment protection and other areas 
and also made outstanding contribution to 
world’s sustainable development. By the 
end of 2014, China’s energy consumption 
and carbon dioxide emissions per unit of 
GDP had decreased by 29.9% and 33.8% 
respectively over those of 2005, emissions 
of the four main pollutants (COD), ammonia 
nitrogen, sulfur dioxide and nitrogen oxide 
had continued to decrease substantially, 
the proportion of V cross sections of large 
rivers had greatly decreased, and acid rain 
had reverted to levels seen in the 1990s. It is 
particularly difficult for a large developing 
country undergoing industrialization to 
achieve all of these goals. However, given 
the specific developmental stage China 
is in, there are still great gaps between 
environmental problems and expectations 
in all sectors of society. During the 13th 
Five Year Plan, China has made it clear that 
green development will be its new theme. It 
will pursue green low-carbon development, 
dedicate itself to improving the quality of 
the ecological environment, build a beautiful 
China featuring blue skies, green grasslands, 
and clean rivers, and make consistent efforts 
to fully promote an ecological civilization. 
These will surely make new and ever-greater 
contributions to the world’s sustainable 

development. Environmental performance 
is a comprehensive reflection of the level 
of the overall environmental protection of a 
country and region. A pressing and critical 
task for China in pursuing the sustainable 
development goals of the United Nations 
is to conduct environmental performance 
evaluations, explore the development laws 
in environmental protection and identify key 
factors affecting environmental protection. 
Carrying out environmental performance 
assessment helps to improve the level of 
environmental governance systems and 
modernize governance capabilities.

Chinese Academy for  Environmental 
Planning (CAEP) has been working on 
environmental performance evaluation 
s i n c e  2 0 0 6 .  We  h a v e  s u c c e s s i v e l y 
participated in a great many of projects, 
such as OECD environmental performance 
evaluation, ADB’s Mekong River Basin 
performance evaluation, the study about 
environmental  performance index by 
Yale University and Columbia University, 
ADB’s Livable City Index System, and 
environmental performance assessment of 
listed companies. We have accumulated 
some experience in the exploration of 
the theoretical methods of performance 
evaluation and pilot practices. We track 
the  progress  of  nat ional  government 
environmental performance assessment 
and management practices, establish a 
performance evaluation method system, 
which is applied to performance evaluations 
at national, provincial and city levels, 
and develop a national environmental 
performance assessment  informat ion 
system.

1. IntRoductIon
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1.2 Evaluation objectives

Evaluation of China’s sub-national and 
sub-regional environmental performances, 
analysis of their characteristics of variation 
and identification of the major factors 
affecting environmental performance will 
provide reference for making scientific 
d e c i s i o n s  t o  b e t t e r  i m p l e m e n t  t h e 
requirements for sustainable development 
goals set by the United Nations.

1.3 Research Scope

This report focuses on the environmental 
performance evaluations of 30 province-
level regions in China. The evaluation scope 
includes the past decade (from 2004 to 2013).

1.4 Main contents

An operable province-level environmental 
performance evaluation index system for 
China should be universally applicable, 
suited to the country’s actual conditions, and 
reflect its major areas of concern at a given 

developmental stage by: 

( 1 )  Q u a n t i t a t i v e l y  e v a l u a t i n g  t h e 
env i ronmenta l  per formance  leve l  o f 
province- level  reg ions  in  China  and 
analyzing the variation in the laws relating to 
environmental performance of province-level 
regions in China, the relationship between 
environmental performance and economic 
development level, and variations in the laws 
of different provinces;

(2) Analyzing environmental performance 
index scores for China’s eastern, central and 
western regions in spatial heterogeneity, 
and identifying China’s characteristics of 
environmental performance in regional 
spatial patterns; 

( 3 )  A n a l y z i n g  t h e  d i s t r i b u t i o n  o f 
environmental performance laws of sub-
national administrative regions, analyzing the 
variation in environmental performance of all 
province-level regions and identifying key 
indexes affecting environmental performance 
of province-level regions.
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2. MEthodology
2.1 Main Framework Methods

This  repor t  a t tempts  to  es tab l i sh  an 
environmental performance evaluation index 
system that can reflect China’s characteristics 
at  different  developmental  s tages  by 
identifying the key environmental problems 
of China in the past decade.

2.2 correlation Analysis

This report analyzes the relevance of 
environmental performance and economic 
development, and identifies the essential links 
between environmental performance and 
level of economic development for China’s 
province-level regions using the correlation 
analysis method. The judgment criteria for 
the results are as follows:

The rvalue is  the Pearson correlation 
coefficient. Its attributes are: 

(1) When r>0, the two variables are positively 
correlated, and when r<0, the two variables 
are negatively correlated.

(2) When |r| ≥0.8, the two variables can be 
considered highly correlated;

(3) When 0.5≤|r|≤0.8, the two variables can 
be considered moderately correlated; 

(4) When 0.3≤|r|≤0.5, the two variables can 
be considered loosely correlated; and 

(5) When 0≤|r|≤0.3, the degree of relevancy 
is low, and the two variables are basically 
uncorrelated.

2.3 linear Weighting Method

Represent the environmental management 
l e v e l  t h a t  a l l e v i a t e s  e n v i r o n m e n t a l 

deterioration and improves the environmental 
condition by using the environmental 
performance index (EPI),  process the 
evaluation indexes to standardize them, and 
calculate an overall evaluation of EPI in 
accordance with weight allocations, i.e.: 

where i is the ordinal number of an index; 
n is the total number of indexes; Wi is the 
ith index weight; and Xi is the standardized 
value of the ith index.

2.4 gIS Spatial Analysis Method

This method involves representing the 
level of variation in the EPI growth rates 
of different provinces using GIS spatial 
analysis, rendered level by level on the basis 
of growth rates, and visually displaying the 
environmental performance improvements 
for different provinces.

2.5 Radar chart Method

With this method, variations in the third-
level environmental performance indexes 
over the past decade are represented using 
the radar chart method and the performance 
characteristics of these indexes are analyzed 
in different province-level regions.

2.6 clustering Analysis

Using this method, the environmental 
performance scores of 30 provinces over the 
past decade are classified according to general 
trends using a clustering methodology, 
grouping the data of provinces with similar 
levels of development and analyzing the 
environmental performance laws of different 
province-level regions.

EPI ∑
n

1I

(wixi)
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2.7 contribution Sequencing Value 
Method

Measure the importance of each fourth-
level index in environmental performance 
scores using the contribution sequencing 
value method and identify the indexes that 
affect EPI variation. This report proposes 
a method in which the sequencing of each 
index at a given period in a given area is used 
to measure its importance. Assuming that 
all index values at a given period in a given 
area are Xi (i=1, ..., n), where n is the number 
of indexes, and these n indexes will be 
sequenced in descending order as R(Xi), then 
the value range of R(Xi) will also be from 1 
to n. If Xi is a random variable, then R(Xi) is 
also a random variable, so the probability that 

the sequencing of the ith index Xi is j will be

According to the computation result of Pij  , 
we can arrive at the probability that the 
sequencing of the ith index Xi is less than j

We can also obtain the relevant statistics of 
R(Xi): 

ρij P(R(Xi） j） （i，j=1，... ，n)，

Pij P(R(Xi）＜ j） j
k∑ ikρ1

ij

ijij

ρ

ρ ρ

1

1 1

E(R(Xi）

E(R(Xi） E(R(Xi）Var(R(Xi）

R(Xi）)

) ))

n
j

n
j

∑

(∑n
j∑

2

R(Xi） R(Xi）
2

2

)2
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3. EStABlIShIng A PRoVIncE-lEVEl EnVIRonMEntAl 
PERFoRMAncE EVAluAtIon IndEx SyStEM
3.1 Framework design for the 
Index System

T h e  o b j e c t i v e  i s  t o  i d e n t i f y  m a j o r 
problems related to China’s province-
level environmental performance and sub-

theme problems under all themes using 
a theme framework model and establish 
a four-tier multidimensional evaluation 
index system, including 4 second-level 
indexes, 14 third-level indexes and 47 
fourth-level indexes.

3.2 Setting of Policy target Values

Various methods have been used to determine 
target values for different indexes. In 
determining a specific target value, the order 

of priority should be as follows:

(1) International standard target value 
method;

(2) Planned target value method;
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(3) Ideal-state target value method; 

(4) China-optimized level target value 
method; 

(5) Empirical target value method.

Specific target values for all indexes are 
shown in Attachment 1. 

3.3 Standardization of Index data

This report uses the target incremental method 
to process all indexes to obtain standardized 
data. The indexes can be classified into 
positive and negative classes. The higher a 
positive index value, the better it is; the case 
is the opposite for a negative index. A positive 
index for which it is more desirable to have 
a higher value is standardized according to 
formula 3-1, and a negative index for which 
it is more desirable to have a lower value is 
standardized according to formula 3-2.

where Xs is the standardized value, x is the 
index value, Vmin is the minimum value and 
Vmax is the maximum value.

After being processed as above, the original 
statistical values of the 47 indexes are 
converted into comparable index scores that 
fall between 0 and 100. The standardized 
score will be 100 if the result is over 100.

3.4 determining Index Weight with 
the Averaging Weight Method

To avoid duplication of index information, 
a correlation analysis of the 47 fourth-level 
indexes is performed and indexes with small 
variation coefficients are eliminated using 
differentiation analysis methods. This report 
uses the averaging weighting method to 
allocate weighting coefficients to China’s 
province-level environmental performance 
evaluation indexes.

3.5 data Sources

A l l  i n d e x  d a t a  w e r e  o b t a i n e d  f r o m 
authoritative, publicly available sources.

XS

X V min
mint v

(3-1)

XS

X V max
maxt v

(3-2)
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4.1 dynamic Evaluation of the 
E n v i ro n m e n ta l  Pe r fo r m a n ce 
comprehensive Index

There appears to be a certain degree of 
fluctuation in the environmental performance 
indexes across province-level regions in 
China. The average score of comprehensive 
environmental performance for China’s 30 
province-level regions is 63.08 points. Among 

them, the four regions of Beijing, Tianjin, 
Fujian and Shandong all scored more than 68 
points for environmental performance over 
the 10-year period, thus indicating outstanding 
performance. The two regions of Guizhou 
and Xinjiang scored an average of less than 
57 points as their environmental performance 
indexes, and with the exception of Qinghai, the 
20 other province-level regions experienced 
varying degrees of improvements.

4. RESEARch FIndIngS

Table 4-1 EPI Score for Different Province-Level Regions Over the10-Year Period

Region 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

National average 57.64 63.69 56.27 58.33 60.49 62.72 63.55 67.94 68.41 71.77 

Beijing 74.13 81.75 72.76 70.40 71.68 76.66 74.34 79.46 79.74 83.97 

Tianjin 64.79 70.44 65.34 68.42 69.97 72.76 70.40 74.73 74.60 78.42 

Hebei 58.01 68.84 57.72 63.32 64.92 66.15 70.29 77.66 71.52 75.76 

Shanxi 54.40 56.89 46.93 55.92 59.14 59.61 61.30 66.32 67.16 68.58 

Neimenggu 57.04 59.00 54.96 52.95 59.07 60.60 61.58 66.58 69.96 76.62 

Liaoning 59.50 66.16 57.71 58.42 61.44 63.63 62.70 68.10 70.04 71.68 

Jilin 54.74 63.70 50.74 54.27 55.97 60.15 61.09 71.94 66.80 73.23 

Heilongjiang 57.04 60.06 53.93 54.11 55.38 56.78 53.99 60.45 57.11 66.25 

Shanghai 59.29 62.24 63.66 57.47 56.07 53.72 54.53 52.35 58.99 60.30 

Jiangsu 62.77 70.95 63.61 65.09 67.39 67.05 68.00 71.06 71.96 75.11 

Zhejiang 58.01 71.12 58.02 55.51 62.85 67.40 67.65 72.44 74.30 70.83 

Anhui 60.08 68.82 61.12 62.01 63.30 63.44 64.26 70.55 73.37 77.70 

Fujian 61.91 74.57 59.19 66.88 69.53 68.95 70.72 76.45 75.56 77.06 

Jiangxi 59.02 65.96 60.39 62.05 64.05 68.10 70.26 79.60 77.18 78.29 

Shandong 61.93 68.88 69.76 67.40 69.29 65.22 70.11 72.47 72.31 72.89 

Henan 61.47 65.03 56.03 59.35 59.52 60.97 59.92 65.34 64.21 66.34 

Hubei 57.20 62.19 54.31 57.48 60.07 64.71 63.33 69.09 70.21 74.51 

Hunan 50.85 56.21 45.30 49.67 53.84 59.73 59.05 62.28 65.23 67.67 

Guangdong 52.03 67.20 58.16 58.62 65.97 65.07 70.45 68.81 69.24 71.57 

Guangxi 46.51 59.60 49.84 48.22 55.56 64.63 66.76 64.65 69.46 71.42 
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Region 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Hainan 61.19 69.96 58.48 60.58 59.57 61.19 58.06 60.97 68.27 68.64

Chongqing 48.87 57.26 56.73 62.88 60.74 59.71 66.34 74.71 73.72 78.46

Sichuan 56.88 61.61 58.20 60.87 62.00 63.00 67.84 73.67 71.10 72.44

Guizhou 43.42 46.69 40.90 38.38 42.51 45.59 46.62 52.16 57.81 64.43

Yunnan 62.54 60.25 50.76 59.34 60.02 67.48 69.43 72.85 68.59 75.45

Shanxi 56.09 60.94 52.51 54.61 62.95 66.26 67.96 70.11 72.81 70.04

Gansu 54.95 59.16 53.34 55.28 53.46 56.13 54.60 57.53 59.93 70.50

Qinghai 67.91 64.76 59.05 61.74 62.69 64.23 59.10 62.98 58.91 61.26

Ningxia 50.56 58.11 54.01 59.60 57.03 61.46 65.03 64.05 64.23 66.91

Xinjiang 55.21 52.40 45.65 49.12 48.72 51.18 50.65 55.88 57.87 66.66

Overall, China’s environmental performance 
progressively improved over the 10 years. 
The average score maintained a rising 
tendency, achieving the highest score of 
71.77 for average environmental performance 
in 2013.  In part icular,  environmental 
performance scores continued to rise during 
2004-2005. However, in 2006, environmental 
performance dropped significantly as 
compared with 2005 because scores for the 
two indexes of environmental health and 
ecological protection both declined by 3-4 
points. In addition, seen from the average 
scores of second-level indexes, the average 
scores of  environmental  performance 
continued to rise during 2006-2013, and 
all four second-level indexes increased by 
varying degrees during these years. This 
shows that China’s overall environmental 
performance level is improved. From 2006 
to 2013, the index of sustainable utilization 
of resources occupied a large proportion of 
the four second-level indexes, indicating 
that China had a relatively high level of 
performance in that area. As can be seen from 
the rising trend in the scores, the indexes of 
ecological conservation and environmental 

control rose at a faster pace.

From 2004 to 2013, the average scores 
fo r  China’s  reg iona l  comprehens ive 
environmental performance indexes rose 
despite fluctuations but did not show a 
tendency to increase continuously year by 
year (Figure 4-1). Over the 10-year period, 
among all province-level regions in China, 
29 showed positive growth in terms of the 
growth rate of comprehensive environmental 
performance index scores, and only Qinghai 
showed negative growth.  The overall 
performance was thus good.

Environmental 
health control

Ecological conservation 
control

Sustainable utilization 
of resources control Environmental control

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

0                   10                 20                  30                  40                  50                  60                  70                 80

Figure 4-1 Variation of the Comprehensive 
Environmental Performance Index Over 
the10-Year Period
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In 2013, 29 provincial regions in China 
had an EPI higher than that  in 2004. 
Chongqing, Guangxi and Guizhou had a 
faster EPI growth rate, which increased by 
over 48%, and Henan and Shanghai had a 
slower growth rate, with both lower than 
10%. Only Qinghai had a negative EPI 
growth rate, the main reason being that 
in the 2013 indexes including rural water 
transformation yield, regional ambient 
noise and rural sanitary toilet penetration, 
the aggregates per unit of GDP energy 
consumption were lower than those in 
2004.

Environmental performance is continually 
improved. The scatter diagram of EPI 
s co re s  v s .  pe r  cap i t a  GDP fo r  each 
province-level region shows that the growth 
rate slowed down when the per capita 
GDP was between RMB30,000-60,000, 
whereas the performance scores increase 

more quickly when the value exceeded 
RMB60,000. With China’s current average 
GDP (the per capita constant-price GDP 
was RMB26,431 in 2013), environmental 
performance scores will rise at a speed 
lower than that of economic growth if the 
historical scenario is maintained.

Figure 4-2 Grade Distribution for China’s 
Regional Comprehensive Environmental 
Performance Index Growth Rate Over the10-
Year Period

EPI growth rate in China (2004-2013)

Table 4-2 EPI Growth Rate from 2004 to 2013

Region Growth rate(Unit: %) Region Growth rate(Unit: %) Region Growth rate (Unit: %)

Beijing 13.27 Zhejiang 22.09 Hainan 12.17

Tianjin 21.04 Anhui 29.31 Chongqing 60.56

Hebei 30.59 Fujian 24.47 Sichuan 27.36

Shanxi 26.05 Jiangxi 32.65 Guizhou 48.40

Neimenggu 34.33 Shandong 17.70 Yunnan 20.65

Liaoning 20.47 Henan 7.92 Shanxi 24.88

Jilin 33.78 Hubei 30.26 Gansu 28.29

Heilongjiang 14.55 Hunan 33.07 Qinghai -9.80

Shanghai 1.70 Guangdong 37.55 Ningxia 32.33

Jiangsu 19.65 Guangxi 53.55 Xianjiang 20.73
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The variation in the performance index 
ranking of China’s provinces, municipalities 
and regions from 2004 to 2013 is represented 
with the diagonal method in the graph below. 
The points above the diagonal show that 
the performance index ranking for 2013 is 
lower than that for 2004, thus indicating a 
downward trend in the performance ranking. 
The points below the diagonal show that the 
performance index ranking for 2013 is higher 
than that for 2004, thus indicating an upward 
trend in the performance ranking. It can be 
seen that the provinces and municipalities 
near the diagonal such as Beijing, Yunnan, 
Jiangxi and Hubei show no significant 

variation in performance ranking from 2004 
to 2013.

Regions with developed economies had 
good overall environmental performance. 
T h e  e n v i r o n m e n t a l  p e r f o r m a n c e  o f 
different province-level regions in China 
is significantly positive correlated with 
GDP and per capita GDP, thus indicating 
considerable consistency between regional 
socioeconomic development levels and 
environmental performance. To some extent, 
regions with good levels of socioeconomic 
development tended to have a higher level of 
environmental performance.

35

30

25

20

15

10

5

0
0                 5                10                15               20               25               30                35

Environmental performance index ranking for 2004

En
vi

ro
nm

en
ta

l p
er

fo
rm

an
ce

 in
de

x 
ra

nk
in

g 
fo

r 2
01

3 安
徽福

建 甘
肃 广

东 广
西 贵

州海
南河

南

江
苏

青
海 山

东

天
津

北
京

云
南

辽
宁

江
西

黑
龙
江

河
北

湖
北

内
蒙
古

吉
林

湖
南

宁
夏

山
西陕

西
四
川

上
海

浙
江

新
疆

重
庆

EPI

90.00

80.00

70.00

60.00

50.00

40.00

30.00
0.00                   20000.00            40000.00               60000.00             80000.00

Per Capita GDP

Observed value
Cubic curve model

Figure 4-3 Variation in Environmental 
Per fo rmance  Rank ing  fo r  D i f fe ren t 
Province-Level Regions in China

F i g u r e  4 - 4  R e l a t i o n s h i p  b e t w e e n 
Environmental Performance and Per Capita 
GDP (Cubic Curve Simulation)

Table 4-3 Correlation Analysis

Pearson
correlation

Environmental
health

Ecological
conservation

Sustainable 
utilization of 
resources

Environmental 
control EPI GDP Per capita 

GDP

Environmental health 1 .209** .211** .281** .598** .274** .365**

Ecological conservation .209** 1 0.055 .291** .651** .233** .323**

Sustainable utilization of 
resources .211** 0.055 1 .391** .592** .337** -0.03

Environmental control .281** .291** .391** 1 .769** .459** .573**

EPI .598** .651** .592** .769** 1 .496** .489**

GDP .274** .233** .337** 459** .496** 1 .541**

Per capita GDP .365** .323** -0.03 .573** .489** .541** 1

**Correlation is obvious at the 0.01 level (two tailed).
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In particular, GDP has a significant positive 
correlation with environmental health, 
ecologica l  conservat ion ,  sus ta inable 
utilization of resources, environmental 
control and environmental performance. 
That is, with a higher socioeconomic level, 
the higher such indexes as environmental 
health, ecological conservation, sustainable 
utilization of resources, environmental 
control and environmental performance, the 
better is the performance level. Per capita 
GDP has a significant positive correlation 
with environmental health, ecological 
conservation, environmental control and 
environmental performance. That is, with a 
higher per capita GDP level, the higher such 
indexes as environmental health, ecological 
conservation and environmental control, the 
better is the performance level accordingly. 
However, per capita GDP is not correlated 
with the index of sustainable utilization of 
resources; in other words, per capita GDP 
has no effect on the sustainable utilization of 
resources.

China’s environmental performance was 
characterized by a gradient spatial pattern: 
the eastern region was better than the central 
region, and the central region was better than 
the western region. Seen from the overall 
environmental performance of China’s 
eastern, central and western regions1 , from 
2004 to 2013 the eastern region performed 
better than the central region, and the central 
region performed better than the western 
region. Moreover, there was similar trend in 
the variation in environmental performance: 

the gap between the central and western 
regions and the eastern region in EPI became 
smaller and smaller. The main reason for 
the regional differences is that the eastern 
region took the lead in China to open up and 
adopt policies of reform, and thus its level of 
economic development far outpaced that of 
the central and western regions. In addition, 

it invested more in environmental control. 
In 2004, the environmental performance 
score for the eastern region was 4.3 points 
higher than that for the central region and 6.7 
points higher than that for the western region, 
whereas in 2013 the score for the eastern 
region was 1.7 points higher than that for the 
central region and 2.9 points higher than that 
for the western region. Thus, it is evident that 
the regional gap was narrowed.

4 . 2  d y n a m i c  E v a l u a t i o n  o f 
t h e  S e c o n d a r y  I n d e x e s  o f 
Environmental Performance

(1) Performance Index of Environmental 
Health

China had experienced great fluctuation in 
the growth rates of environmental health 
performance over the 10 years, but overall, 
environmental health performance was 
improved and the majority of province-
level regions experienced positive growth.  
Among  them,  Chongqing  pe r fo rmed 
remarkably,  ranking the f irst  with an 
increase of 135.81%, and Xinjiang and 
Gansu also performed well, with both 
registering growth rates of over 50%. Six 

1 The eastern region includes Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan; the central region 
includes Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei and Hunan; and the western region includes Inner Mongolia, Guangxi, Sichuan, Yunnan, 
Shaanxi, Gansu, Qinghai, Chongqing, Guizhou, Ningxia and Xinjiang.
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province-level regions registered negative 
growth, including Liaoning, Heilongjiang, 
Fujian, Shandong, Henan and Qinghai. 
Environmental health remains a weakness 
of these provinces, and environmental 
protection needs to be further intensified.

(2) Performance Index of Ecological 
Conservation

G r a d u a l l y,  e c o l o g i c a l  c o n s e r v a t i o n 
p e r f o r m a n c e  w a s  r a t e d  a s  g o o d  o r 
excellent in more provinces (Figures 4-7). 
In 2004, no provinces were rated as good 
or excellent for ecological conservation 
performance, whereas in 2013, 9 provinces 
achieved the good or excellent ratings . 
Among all province-level regions, there 
were slightly fewer cases in which the 
ecological  conservat ion performance 
was rated as ordinary or poor. Besides, 
Beij ing and Xinjiang had no obvious 
var ia t ion  in  ecologica l  conservat ion 
performance, increasing by less than 20%. 
Anhui, Guizhou, Shaanxi and Chongqing 
achieved marked progress in ecological 

conservation over the past 10 years, with 
all increasing by over 100%. Furthermore, 
Shanghai registered negative growth in 
ecological protection performance.

(3) Performance Index of Sustainable 
Utilization of Resources

The  major i ty  o f  p rov inces  in  Ch ina 
were rated as excellent or good for the 
performance index of the sustainable 
utilization of resources. The scores for 
all provinces for sustainable utilization 
of resources were higher than those for 
the other three secondary indexes. These 
growth rates  showed that  only a  few 
regions were below the average level, 
and the distribution of growth rates for 
the sustainable utilization of resources 
i ndex  s co re s  va r i ed  t o  some  ex t en t 
between the different  regions.  Seven 
provinces and municipalities, including 
Tianjin, Heilongjiang, Jiangsu, Zhejiang, 
S h a n d o n g ,  Q i n g h a i  a n d  X i n j i a n g , 
registered negative growth.  Of them, 
Qinghai  registered the most  negative 

Growth rates for the index of environmental health 
for different provinces in China (2004-2013)

Growth rates for the index of ecological conservation 
for different provinces in China (2004-2013)

Figure 4-6 Distribution of Scores for Growth 
Rates of Environmental Health Performance 
for China’s Different Regions Over the 10-
Year Period

Figure 4-7 Distribution of Scores for 
Growth Rates of Ecological Conservation 
Performance for China’s Different Regions 
Over the 10-Year Period
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growth, indicating that it urgently needs 
to enhance its efficiency in the sustainable 
utilization of resources. All provinces and 
municipalities that had positive growth 
registered a growth rate of less than 30%, 
and Guizhou performed best  by only 
increasing 25.94%.

(4) Performance Index of Environmental 
Control

Over  the  10  years ,  there  were  g rea t 
d i f f e r e n c e s  b e t w e e n  p r o v i n c e s  a n d 
munic ipa l i t i es  in  the  growth  ra te  of 
env i ronmenta l  con t ro l  pe r formance . 
Beijing, Tianjin and Jiangsu always had 
excellent performance, whereas with the 
exception of only one year in Shanghai 
(2009) and Hainan (2010), in which they 
showed good performance, both recorded 
excellent performance. China’s regional 
env i ro nm en ta l  con t r o l  pe r f o r mance 
was the best in 2013, with 20 regions 
displaying at  least  excel lent  or  good 

performance. There were relatively larger 
differences between China’s provinces and 
municipalities in scores for environmental 
control performance. Among them, the 
top three were Guangxi, Guizhou and 
Chongqing, with growth rates of over 
100%.  Shangha i  reg is te red  nega t ive 
growth, but other regions all registered 
positive growth of varying degrees.

4 . 3  d y n a m i c  E v a l u a t i o n 
o f  t h e  te r t i a r y  I n d e x e s  o f 
Environmental Performance

Air Qual i ty :  Scores  for th i s  index 
in creas ed  for  mos t  p rov in ce - l eve l 
regions. The regions that experienced 
marked  improvements  in  a i r  qua l i ty 
performance were Bei j ing,  Xinj iang, 
Guizhou, Sichuan, Chongqing, Guangdong 
and Hunan. However, several province-
level regions also experienced obvious 
deteriorations in air quality, including 
S h a n d o n g ,  I n n e r  M o n g o l i a ,  H e b e i , 
Ningxia, Qinghai and Jilin.

Growth rates of the index of resources for 
sustainable utilization performance for 
different regions in China (2004-2013)

Growth rates of the index of resources for 
sustainable utilization performance for different 
regions in China (2004-2013)

Figure 4-8 Distribution of Scores for 
Growth Rates of Sustainable Utilization 
of Resources Performance for China’s 
Different Regions Over the 10-Year Period

Figure 4-9 Distribution of Scores for 
Growth Rates of Environmental Control 
Performance for China’s Different Regions 
Over the 10-Year Period
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Water Environmental Quality: Overall, 
Ch ina ’s  30  prov ince - l eve l  reg ions 
changed for the better over the 10 years. 
A majority of regions experienced varying 
degrees of improvement in water quality; 
however, in some regions, water quality 
performance declined.  The provinces 
that  experienced marked increases in 
per formance  scores  inc luded  Hebe i , 
Tianjin, Beijing, Xinjiang, Chongqing, 
Guangdong and Shanghai .  Provinces 
that performed poorly included Qinghai, 
Ningxia, Shaanxi, Sichuan, Hainan, Anhui, 
Heilongjiang, Jilin and Inner Mongolia. 
Water environment quality in these regions 
needs to be further improved.

Noise Environmental Quality:  There 
were great differences between China’s 
30 province-level regions, but overall 
performance greatly improved. The regions 
with the largest improvements included 
Hebei ,  Tianj in ,  Shaanxi ,  Chongqing, 
Guangxi and Heilongjiang. However, noise 
environmental quality in some regions, 
including Qinghai, Hunan, Shandong and 
Anhui, decreased.

Environmental  Sanitat ion:  Most  of 
China’s province-level regions experienced 
va ry ing  deg ree s  o f  improvemen t  i n 
environmental  sani tat ion and overal l 
changed for the better. Except for Qinghai 
and Gansu, all other provinces experienced 
increases  in  per formance  scores  fo r 
environmental sanitation. The regions 
with better performance included Beijing, 
Tianjin, Shanghai, Jiangsu and Zhejiang. 
The region with the worst performance was 
Qinghai, for which the performance score 
for environmental sanitation was on the 
decline. 
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Figure 4-11 Water Environmental Quality 
Score Comparison

Figure 4-12 Noise Environmental Quality 
Score Comparison
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Waste Management: China’s 30 province-
level regions generally performed poorly 
in waste management.  From 2004 to 
2013, most regions improved their waste 
management to only a limited degree, with 
performance scores increasing by only slight 
margins. Meanwhile, performance scores for 
2013 in quite a few regions were lower than 
those for 2004. Such regions include Ningxia, 
Inner Mongolia, Fujian and Jiangxi, in which 
more improvement is needed.

Urban Forestation: A great majority of 
China’s 30 province-level regions have 
experienced substantial increases in the 
index of urban forestation, indicating that 

China has greatly improved in this area. 
Only Shanghai and Jiangsu have experienced 
a declining trend in performance scores. 
These two regions need to make greater 
efforts in urban forestation.

Agriculture and Land Management: Most 
of China’s province-level regions had 
low performance scores for biodiversity, 
indicating below-average performance. 
Qinghai and Sichuan scored the highest 
for biodiversity and showed a tendency for 
the better. As seen from the variation trend, 
Liaoning, Heilongjiang, Jilin and Shandong 
all tended toward improvement, whereas 
Beijing, Tianjin, Yunnan and Shanghai all 
tended toward worse performance.
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Comparison
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Biodivers i ty :  Most  parts  o f  China 
performed poorly in terms of biodiversity, 
w i t h  m u c h  r o o m  r e m a i n i n g  f o r 
improvement. Most regions changed for 
the better, but the variation is not obvious. 
Of note, Qinghai and Sichuan achieved high 
scores for both 2004 and 2013, and there was 
some tendency for variation.

Climate Change: China’s 30 province-
level regions showed only slight variation 
for this index over the ten years. Yunnan, 
Guizhou and Sichuan basically remained 
unchanged, and Tianjin, Hebei, Jiangsu, 
Shandong and Ningxia experienced slight 
deterioration. Shanghai continued to perform 
poorly in this area, which will require more 
attention in the future.

Energy Utilization: China’s 30 province-
level regions varied significantly in energy 
utilization, with most regions experiencing 
only slight but limited improvement. The 
regions with more substantial improvements 
included Hebei, Inner Mongolia, Jilin, 
Heinan, Guizhou and Gansu. However, 
Xinjiang and Ningxia experienced declines in 
energy utilization performance.

Resource Uti l izat ion:  Most  regions 
e x p e r i e n c e d  v a r y i n g  d e g r e e s  o f 
improvement in performance levels of 
resource utilization. The regions with better 
performance included Jilin, Fujian, Jiangxi, 
Guangdong and Guangxi. Heilongjiang 
performed poorly in resource utilization and 
lagged behind to a great extent.
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F i g u r e  4 - 1 8  C l i m a t e  C h a n g e  S c o r e 
Comparison

Figure 4-20 Resource Utilization Score 
Comparison

Figure 4-19 Energy Uti l ization Score 
Comparison

Figure 4-17 Biodiversity Score Comparison
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Pollution Control: All 30 province-level 
regions recorded lower performance 
scores for pollution control. Although the 
overall trend improved, the change was not 
very obvious. More efforts are needed in this 
area. Particular attention needs to be paid 
in Xinjiang, which experienced the most 
significant decrease in the performance score 
for this index.

Pollution Governance: The majority of the 
regions improved their performance scores 
for pollution governance. This indicates 
that most of the regions realized effective 
payoffs from their investments and efforts in 
pollution governance. However, regions such 
as Qinghai and Hainan performed poorly, 
with their performance scores decreasing to 
some extent.

Environmental Management: Most of 
the regions improved their performance 
scores, and environmental management 
continued to improve, but the extent of 
improvement varied. The regions with the 
most improvement included Inner Mongolia, 
Shanxi, Hebei, Tianjin, Beijing and Gansu. 
However, some regions made unremarkable 
improvements in environmental management, 
such as Yunnan and Shanghai.

4.4 cluster Analysis Results

The levels of environmental performance 
of the 30 provinces and municipalities 
were not consistent with their levels of 
economic development. Based on different 
variation trends they can be classified 
into three categories by cluster analysis. 
The first category includes areas with 
higher performance scores and economic 
development levels, such as Beijing and 
Tianjin. The second category includes areas 
with lower environmental performance 
scores or economic development levels, such 
as Hebei, Shanxi, Anhui, Jiangxi, Henan, 
Hubei, Hunan, Guangxi, Hainan, Chongqing, 
Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, 
Qinghai, Ningxia and Xinjiang. The third 
category includes areas with intermediate 
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scores on environmental performance and 
economic development levels, such as Inner 
Mongolia, Liaoning, Jilin, Heilongjiang, 
Jiangsu, Zhejiang, Fujian, Shandong and 
Guangdong.

4.5 Key Indexes Affecting EPI

Indexes with higher growth rates contribute 
more to scores of EPI than those with 
lower growth rates. The top 10 variables 
are CO2 emission intensity per unit area, 
energy consumption aggregate per unit of 
GDP, industrial SO2 emission intensity, 
treatment ratio of urban sewage, per capita 
park and green land area, annual mean 
SO2 concentration, recycling rate of water 
for industrial use, pesticide utilization 
intensity, freshwater consumption per unit of 
industrial added value and incidence index of 
environmental accidents.
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Evenly connected tree diagrams are used. 
Distances are readjusted for the gathered combinations. 
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 5. PolIcy IMPlIcAtIonS And SuggEStIonS

China’s overall pattern of variation of 
environmental performance during the 
10 years under study indicates that the 
country had attached great importance 
to environmental protection, made hard-
won achievements in the rapid process 
o f  a d v a n c i n g  i n d u s t r i a l i z a t i o n  a n d 
urbanization, and also exerted much effort 
in environmental protection. However, 
major problems remain in air quality, water 
environmental quality and environmental 
hygiene, and more efforts are needed to 
improve these areas.

Over the 10 years, the comprehensive 
environmental performance and economic 
development of the province-level regions 
were well correlated. China should further 
increase its investment in environmental 
controls, intensify ecological conservation, 
better maintain environmental health and 
sustainable utilization of resources and 
promote a green economy to improve 
regional environmental performances.

T h e  e a s t e r n  r e g i o n  r e c o r d e d  w e a k 
p e r f o r m a n c e  s c o r e s  f o r  e c o l o g i c a l 
conservation indexes. The central and 
western regions should strengthen their 
management of rivers as water sources, 
planning of urban construction and efficient 
uti l izat ion of  resources.  At  the same 
time, they need to direct more manpower, 
materials and funds toward environmental 
control and management for better control of 
the environment.

Shanxi, Guizhou, Shaanxi and Gansu all 

have environmental health performance 
scores lower than the national average and 
should more closely follow air quality, water 
quality, noise and other indexes related to 
environmental health. Six regions, including 
Shanghai, Henan, Hubei, Hunan, Hainan and 
Guizhou, performed poorly in ecological 
conservation and should strengthen their 
performance in relation to indexes such 
as urban forestat ion and biodiversi ty 
conservation. Shanxi, Shanghai, Qinghai 
and Ningxia all performed far lower than the 
national average in their performance scores 
for the sustainable utilization of resources 
and should thus strengthen their efforts in 
areas related to indexes such as the efficiency 
of energy utilization.

China’s provinces differ greatly in their 
e n d o w m e n t s  o f  l o c a l  r e s o u r c e s ,  s o 
evaluations of environmental performance 
should consider such differences and 
combine provinces and municipalities with 
main functional areas to make evaluation 
more reasonable.

International communication and cooperation 
should also be strengthened. This should 
be done for key issues such as the theories, 
methodologies, evaluation framework and 
index system for environmental performance 
evaluation. A diversified assessment body 
should be used, and efforts should be made 
to speed up the collection of relevant data, 
strictly control data quality, and strengthen 
the utilization of information technology 
to provide support  for environmental 
management.
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