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Abstract

In this paper the environmental protection levels of 30 Chinese provinces are evaluated using grey rela-

tion degree analysis. The research period is from 2004 to 2011. An indicator system was built and it includes

10 indicators from 3 points of view: waste discharge, environmental remediation, and resource utilization.

Evaluation has been done on both integrated and separate analysis according to 3 kinds of indicators. Result

shows that there is a big difference in environmental protection levels among different provinces. The provin-

cial Grey relation degree varies between 0.5 and 0.9. Environmental protection levels have a close relation-

ship with economic growth. Provinces with higher GDP per capita usually have higher environmental protect

level and vice versa. The environmental protection level of each province changes litter among different years.

Beijing, Shanghai and Tianjin do better in waste discharge while Qinghai, Ningxia, Shanxi, and Inner

Mongolia have more waste discharge. Provinces that do better in environmental rehabilitation change a lot

during the research period. Beijing and Tianjin do best in resource utilization, which indicates that the energy

and water consumption in these two regions are much smaller than other provinces.
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Introduction

China’s economic development goes along with a
growing number of environmental problems. In recent
years the atmospheric environment and water environment
are alarmed to different degrees. The Chinese government
has done many efforts for environmental protection. In
2011 the State Council put forward “on the strengthening of
key environmental protection work” and “Twelfth five-year
plan on national environmental protection”” In 2012 the 18"
National Congress of the Communist Party of China incor-
porated the construction of ecological civilization into the
overall layout of “Five in One” for the cause of socialism
with Chinese characteristics, and proposed the promotion
of ecological civilization and the construction of a beautiful
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China. Under the correct leadership of the Party Central
Committee and the State Council, positive progress has
been made in environmental protection work. Take the data
of 2011 as an example. Compared to 2010, chemical oxy-
gen demand emissions, ammonia emissions and sulfur
dioxide emissions in 2011 fell by 2.04%, 1.55%, and
2.20%, respectively. Gratifying progresses has also been
made in other fields.

However, China is large. Chinese provinces are differ-
ent from each other in economic development and culture.
Therefore, the environmental protection levels in Chinese
provinces are unavoidably unbalanced. This fact makes an
overall evaluation of provincial environmental protection
necessary.

This paper tries to evaluate environmental protection
levels of Chinese provinces using Grey relation evaluation,
which is widely used in multi-index comprehensive evalu-
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Table 1. Indicators of environmental protection levels.

Group Indicator Units
X () Volume of industrial solid wastes produced per unit of GDP Ton/10,000 yuan
X5 () Volume of waste water discharge per unit of GDP Ton/10,000 yuan
Waste discharge X5() Volume of Industrial Waste Gas per unit of GDP m’/yuan
X4 Utilization rate of industrial solid wastes %
X5 Rate of industrial waste water meeting discharge standard %
Xs Waste gas treatment facilities owned per 10,000 people Sets/10,000 persons
Environmental .
X
rehabilitation 7 Wastewater treatment facilities owned per 10,000 people Sets/10,000persons
Xy Rate of Environmental pollution control investment in GDP %
X9 () Energy consumption per unit of GDP Tce/10,000 yuan
Resource utilization
Xio () Water use per capita m’/person

[T3R1}

ation. Paul used Grey relation analysis to find the relative
weights of financial ratios of four companies each year and
to rank the companies in the period [1]. Jiang and He intro-
duced local Grey SVR (LG-SVR) integrated grey relation-
al grade with local SVR for financial time series forecast-
ing [2]. Wei finds the optimal alternative by calculating the
linguistic degree of Grey relation of every alternative and 2-
tuple linguistic positive ideal solution and 2-tuple linguistic
negative ideal solution [3]. Zhai and Zhong prepossessed a
novel method based on grey relation analysis and rough set
theory to improve the effectiveness and objectivity of the
design concept evaluation process [4]. Wang (2009) com-
bined Grey relation analysis with fuzzy multi-criteria group
decision-making (FMCGDM) to evaluate financial perfor-
mance of Taiwan container lines [5]. Chen and his colleges
developed a fuzzy AHP (fuzzy analytic hierarchy process)
to determine the weighting of subjective judgments [6].
There are some other utilizations of Grey relation analysis,
like the selection of the best all-around athlete [7], residen-
tial energy-saving buildings [8], the transfer efficiency of
transport terminals [9], customer satisfaction of automobile
4S8 enterprises [10], the importance of customer attributes’
for edible oil [11], selecting an outsourcing provider [12],
and understanding the degree of concentration of medical
resources in a specific area [13].

The authors have focused on the environmental protec-
tion level of Chinese provinces in 2010 without considering
the changes among different years [14]. In this paper we
built an index system to evaluate the environmental protec-
tion level and then calculated the Grey relation degree of 30
Chinese provinces between 2004 and 2011. After that, the
evaluation results are discussed both on overall environ-
mental protection as well as three second-level indicators:
waste discharge, environmental rehabilitation, and resource
utilization. This paper can be used to understand the envi-
ronmental protection of 30 Chinese provinces and the
strengths and weakness of each province, which is useful
for future environmental tasks.

after indicator means this indictor is the smaller the better while the others opposite

Data and Method

Indicator System

Broadly speaking, Environment protection refers to all
of the human activities that aimed to resolve actual or
potential environmental problems, coordinate the relation-
ship between people and the environment, and ensure sus-
tainable development of society and the economy [15]. In
a narrow sense, environmental protection refers to the
conscious activities of those protecting and utilizing nat-
ural resources soundly, preventing the natural environ-
ment from being polluted and destroyed, integrated
improvement of polluted and destroyed environment, in
order to create a suitable environment for living and work-
ing [16]. Methods of environmental protection include
education, engineering technology, law, and economics
[17]. The main content of environmental protection
includes three aspects: pollution of production and living
prevention, damage prevention, and valuable environ-
mental protection.

Taking into consideration one of the indicator system
principles of scientific, simple, feasible, objective principle,
as well as the availability of data, representativeness, and
independence of each indicator, 10 indicators are chosen to
evaluate the environmental protection level of each
province as showed in Table 1. The 10 indicators are com-
posed of 3 groups. The first group is waste discharge, which
can be evaluated by 5 indicators: volume of industrial solid
wastes produced per unit of GDP (X,), volume of waste
water discharge per unit of GDP (X,), volume of industrial
waste gas per unit of GDP (X,), utilization rate of industri-
al solid wastes (X,), and rate of industrial waste meeting
discharge standard (Xj).

All of the data used in this paper can be found on the
official website of the National Bureau of Statistics of
China (http://www.stats.gov.cn/tjsj/)
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Grey Relation Model A(max)=max max (A, ) @
I<isn 1<j<p
The Grey system refers to systems with part of infor- A(min)=minmin (A,) )
Isi<n Isj<p ~ *

mation known are part unknown. Grey system theory deals
with systems with incomplete information and aims to pre-
dict unknown information of the system based on known
information in order to understand the whole system. Grey
relational analysis provides an objective criterion to mea-
sure the relation between different objects and factors. The
basic idea is to determine the relation between each
sequence based on the similarity of their geometry curve.
The closer the curve, the bigger the relation between the
two objects or factors, and vice versa.

There are 2 main applications of grey relational analy-
sis: factor analyzing and comprehensive evaluation. This
paper uses it for comprehensive evaluation. The main idea
of Grey relational evaluation is to: select an ideal optimal
sequence from the samples to be the reference sequence,
and evaluate each objective by calculating its relation
degree with the reference sequence. It is an effective and
efficient method to evaluate each object by taking lots of
indicators into consideration.

X = Ax X, Ko X}, 1= 1,2, Ko m

Assuming that n objects need to be evaluated (in this
paper, n=30), and p indicators need to be considered (in this
paper, p=10), the ith object can be described as:
Considering that the unit and magnitude of each indicator
might be different, origin data must be normalized before
grey relational evaluation. There are many methods to nor-
malize data while this paper uses Z-score. The calculation
method of Z-score is described in equation (1), where x; is
the mean of x;;, and S(x;) is the standard deviation of x;,. For
convenience, data after normalization are still described as
x; later.

v XXy

xij_ S(x,,) (1)

After that, reference sequence x, should be created by
selecting the optimal value of each indicator in the sample:

Xo = 1Xo1> Xoo» K, xOp}

Actually, the reference sequence x, is a relatively ideal
optimal sample and a comprehensive evaluation standard.
If the bigger jth indicator is preferred, the x, is thus the
biggest value of x; in the sample: if a smaller jth indicator
is preferred, then the x,, is the smallest value in the sample:
if a moderate indicator is preferred, x,; is the appropriate
value of this indicator.

The Grey relational coefficient is:

_ A(min)+pA(max)
6~ A +pA(max) 2)
ij
...where:
Aij.:‘x,.j 'x0.i‘ ©)

pel0,1] (p=0.5 is generally used.)
Then, the Grey relational grade can be calculated by:

1< .
Yo=— 2. ¢ (K i=1,2,..,n (6)
Pk»l

Provincial Environmental Protection
Descriptions

In this section we describe the current status of envi-
ronmental protection in each province. The values of each
indicator for 30 provinces are listed in Table 2 using 2011
as an example year. By this table we can know that in 2011
the industrial solid wastes produced per unit of GDP (X1)
in Qinghai province is the largest, which is 7.19 tons per
10,000 Yuan. Beijing has the least value, which is only 0.07
tons per 10,000 Yuan. The largest value is the 103 folds of
the least value, which shows that there is a big difference
between provinces in industrial solid waste produced per
unit GDP. The waste water discharge per unit of GDP (X,)
in Fujian province is the largest with a value of 10.09 tons
per 10,000 Yuan. On the contrary, wastewater discharge in
Beijing is the least, which is only 0.53 tons per Yuan.
Industrial waste gas per unit of GDP (X;) in Ningxia
province is the largest, with a value of 4.78 m* per Yuan.
Beijing has the least industrial waste gas per unit of GDP,
which is only 0.30 m’ per Yuan. As to utilization rates of
industrial solid wastes (X,) and rate of industrial waste
water meeting that discharge standard (X;), Tianjin is the
best province since it has the highest value of these two
indicators. The worst provinces for X, and X are Liaoning
and Qinghai, respectively. These 5 indicators (X;-Xs) are
measurements of waste discharge.

The indicators of X, X,, and X; are measurements of
environmental rehabilitation. The waste gas treatment facil-
ities owned per 10,000 people (X;) in Shanxi province is
the highest with a value of 3.22 while Hainan has the low-
est value at 0.57 sets per 10,000 persons. The wastewater
treatment facilities owned per 10,000 people (X;) in
Shanghai is the highest and its value in Gansu is the lowest.
The highest value and the lowest value are 2.50 and 0.22
sets per 10,000 persons, respectively. As to rate of environ-
mental pollution control investment in GDP (X), Inner
Mongolia is the best province since the rate of environ-
mental pollution control investment in GDP in Inner
Mongolia is as high as 2.76%, while other provinces are
much lower. This rate in Henan is only 0.61%.

The last two indicators focus on the resource utilization
of the provinces. Energy consumption per unit of GDP (X,)
in Beijing is the lowest, which is only 0.43 tce/10,000 Yuan.
The energy consumption per unit of GDP in Ningxia is the
highest, which is 2.05 tce/10,000 Yuan. As to water use per
capita (X,), Tianjin is the best province because it has the
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Table 2. Provincial values of each indicator in 2011.

X X, X5 X4 Xs Xs X5 Xs Xy Xio

Beijing 0.07 0.53 0.30 66.52 98.60 1.47 0.25 1.31 0.43 180.70
Tianjin 0.15 1.75 0.79 99.83 99.76 2.83 0.71 1.55 0.67 174.00
Hebei 1.84 4.83 3.15 41.70 95.82 2.29 0.66 2.54 1.20 271.50
Shanxi 245 3.53 3.75 57.40 85.46 3.22 0.95 2.21 1.63 207.00
Inner Mongolia 1.64 2.74 2.09 58.09 76.63 2.74 0.41 2.76 1.30 745.70
Liaoning 1.27 4.07 1.43 38.02 91.63 2.65 0.52 1.69 1.02 330.10
Jilin 0.51 3.96 1.01 58.95 83.91 1.13 0.25 0.96 0.86 477.60
Heilongjiang 0.48 3.50 0.82 68.79 90.09 1.23 031 1.21 0.96 919.10
Shanghai 0.13 232 0.71 96.56 97.74 2.01 2.50 0.75 0.59 535.50
Jiangsu 0.21 5.02 0.98 95.44 97.66 2.03 0.92 1.17 0.56 705.40
Zhejiang 0.14 5.64 0.77 92.04 92.48 3.06 1.55 0.74 0.55 364.00
Anhui 0.75 4.62 1.99 81.64 96.64 0.80 0.39 1.75 0.69 494.10
Fujian 0.25 10.09 0.85 68.49 98.14 2.04 0.92 1.13 0.61 563.40
Jiangxi 0.97 6.08 1.38 55.44 92.70 1.13 0.66 2.06 0.59 587.40
Shandong 0.43 4.13 1.11 93.68 98.17 1.59 0.56 1.35 0.82 233.10
Henan 0.54 5.15 1.51 7523 94.42 1.06 0.35 0.61 0.86 243.80
Hubei 0.39 5.32 1.16 79.08 92.04 1.28 0.92 1.32 0.84 516.70
Hunan 0.43 4.94 0.85 66.91 90.28 0.80 0.47 0.65 0.82 495.90
Guangdong 0.11 336 0.59 87.52 87.70 1.64 0.97 0.62 0.54 443.30
Guangxi 0.63 8.64 2.55 57.70 90.51 1.30 0.50 1.38 0.73 652.20
Hainan 0.17 2.70 0.66 47.74 95.10 0.57 0.34 1.11 0.63 509.50
Chongqing 0.33 3.39 0.91 78.36 93.63 1.42 0.52 2.59 0.88 299.20
Sichuan 0.60 3.82 1.10 47.32 91.06 1.17 0.51 0.67 0.94 290.10
Guizhou 1.33 3.62 1.90 52.84 69.94 0.89 0.48 1.14 1.59 276.10
Yunnan 1.95 531 1.97 50.35 87.50 1.36 1.05 1.34 1.07 318.00
Shaanxi 0.57 3.26 1.26 59.93 94.45 1.30 0.61 1.23 0.78 234.70
Gansu 1.30 3.93 2.57 51.23 75.69 1.28 0.22 1.19 1.29 479.60
Qinghai 7.19 5.19 3.13 56.46 53.57 1.93 0.31 1.57 1.91 550.50
Ningxia 1.59 9.17 4.78 61.24 76.65 2.69 0.62 2.73 2.05 1157.00
Xinjiang 0.79 4.35 1.80 54.38 62.40 2.06 0.45 2.01 1.50 2382.90

Maximum 7.19 10.09 4.78 99.83 99.76 3.22 2.50 2.76 2.05 2382.90

Minimum 0.07 0.53 0.30 38.02 53.57 0.57 0.22 0.61 0.43 174.00

Max/Min 103.83 19.00 15.88 2.63 1.86 5.62 11.60 4.52 4.77 13.69

Data in bold means it is the best value in this indicator among 30 provinces

lowest value, which is 174.00 m’ per person. Water use per Results

capital in Xinjiang province is as many as 2382.90 m’ per

person. From Table 2 we can draw this conclusion that the Comprehensive Evaluation
environmental protection indicators vary in a big degree

among provinces. Therefore it is of much significance to do Fig. 1 shows the grey relation degree of each province
an overall evaluation based on these indicators for Chinese in 2004-11. By this figure we can see that Tianjin, Beijing,

provinces. Shanghai, Zhejiang, and Guangdong are better at environ-
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mental protection while Qinghai, Xinjiang, Guizhou, and
Gansu have relatively low levels. Also, we can draw the fol-
lowing conclusions from Fig. 1.

Firstly, there is a large regional difference in the level of
environmental protection in China. The results of Grey
relation degree show that the degrees change from 0.5 to
0.9 in every year of our research period. Based on 2011
data, the best three regions in environmental protection
include Tianjin, Shanghai, and Beijing. Their relation val-
ues are 0.83, 0.82, and 0.80, respectively. Qinghai,
Xinjiang, and Gansu have the lowest Grey relation, which
are 0.50, 0.57, and 0.56, respectively. There is a large dif-
ference between different provinces.

Secondly, the level of environmental protection showed
obvious geographical characteristics. More specifically,
regions with higher levels of economic development also
have higher levels of environmental protection, and vice
versa. In 2011, the top 5 provinces in GDP per capita are
Tianjin, Shanghai, Beijing, Jiangsu, and Zhejiang, and their
rank in environmental protection are 1, 2, 3, 6, and 4, respec-
tively. On the other hand, the 5 provinces with the lowest
value of GDP per capita include Guizhou, Yunnan, Gansu,
Guangxi, and Anhui. Their environmental protection ranked
26, 24, 28, 25, and 12, respectively. To conclude, environ-
mental protection level in underdeveloped regions are lower
than developed regions and thus need to be strengthened.

Thirdly, the level of environmental protection in each
province changes little among different years. In Fig. 1,
each line fluctuates in a small range, indicating the grey
relation degree of each province changing little between
2004 and 2011. Among them, the biggest change happens
in Inner Mongolia. The difference between the maximum
and the minimum grey relation degree is 0.12. The highest
value is 0.65 in 2011 and the lowest value is 0.53 in 2004,
indicating that the environmental protection level of Inner
Mongolia increases significantly. Its rank changes from 30
to 19 (Table 3).

—— Tianjin —— Shanghai

Waste Discharge

In order to know more about regional differences, we
focus on 3 sub-indicators of environmental protection level:
waste discharge, environmental rehabilitation, and resource
utilization. Table 4 shows the rank of 30 provinces in waste
discharge during the research period. A smaller number in
rank indicates a higher level in waste discharge, which can
be understood as little waste discharge.

Some conclusions can be found in Table 4. Firstly, the
rank of each province changes little among different years.
Beijing, Shanghai, and Tianjin have significant strength in
waste discharge. These 3 provinces keep in the top 3 in
every year, indicating that their waste discharge is less than
other provinces. On the contrary, Qinghai, Ningxia, Shanxi,
and Inner Mongolia have more waste discharge since they
ranked in 27-30 in almost every year. Secondly, the ranks in
waste discharge have a close relationship between the
development patterns of provinces. Provinces that have lit-
tle waste discharge are mainly big cities, while provinces
having more waste discharge are regions with more natural
resources, like Inner Mongolia and Shanxi.

Environmental Remediation

The second category of indicators is environmental
rehabilitation. There are three indicators, namely waste gas
treatment facilities owned per 10,000 people, wastewater
treatment facilities owned per 10,000 people, and rate of
environmental pollution control investment in GDP. As
seen in Table 4, Ningxia does much better than other
provinces, from 2004 to 2007 in environmental rehabilita-
tion. After 2007, Zhejiang becomes the best province
instead of Ningxia in environmental rehabilitation. It is
notable that Shanxi becomes the best province in 2011
while its rank was 6 in the beginning. Also, the rank of
Jiangxi also decreased a lot during the research period,

—&— Beijing —>— Zhejiang

= =% - Chongqing —0— Jiangsu = =+= = Shandong = == = Guangdong
= == = Fujian = =& - Hainan — —B - Shaanxi = =/= = Anhui
= => — Hubei = =J= = Liaoning = =@ - Henan = =+ = Shanxi
= == = Jiangxi = == = Hebei = =&- - Inner Mongolia = == = Hunan
— =& - Sichuan — =X - Heilongjiang = =)= = Jilin = = - = Yunnan
= =+= = Guangxi = =% = Guizhou = === = Ningxia = =& - Gansu
0,90 7 = —®- - Xinjiang = —a= = Qinghai
0,85 -
0,80 -
£0,75 -
=
20,70 - --oc¢
£ §==27=58
2005 1 mazzzg2%
& 1 =z2zzzzo
800,60 =2z23I .
i S
0,55 P
0,50 -
0,45 -
0,40
2004 2005 2006 2007 2008 2009 2010 2011

Fig. 1. Grey relation degree of each province, 2004-11.

year
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Table 3. Rank of each province in environmental protection.

2004 2005 2006 2007 2008 2009 2010 2011

Beijing 2 3 2 2 3 3 4 3

Tianjin 1 1 1 1 2 1 3 1

Hebei 20 17 20 21 19 19 22 18
Shanxi 21 20 24 22 17 14 21 16
Inner Mongolia 30 23 26 26 24 25 25 19
Liaoning 16 12 18 17 21 20 19 14
Jilin 19 21 17 16 18 21 16 23
Heilongjiang 11 14 14 18 20 18 18 22
Shanghai 4 2 4 3 4 4 5 2

Jiangsu 8 5 7 6 6 6 6 6

Zhejiang 3 4 3 4 1 2 1 4

Anhui 10 10 10 14 14 16 13 12
Fujian 5 6 5 9 9 9 11 9

Jiangxi 22 22 21 20 22 24 20 17
Shandong 7 7 6 7 7 7 8 7

Henan 13 13 11 10 12 15 12 15
Hubei 18 15 15 13 15 12 14 13
Hunan 17 18 12 15 11 13 15 20
Guangdong 6 8 8 5 5 5 2 8

Guangxi 25 25 23 24 26 22 23 25
Hainan 9 9 9 8 8 8 7 10
Chongqing 12 11 13 12 10 10 10 5

Sichuan 15 16 19 19 16 17 17 21
Guizhou 29 29 29 29 27 29 27 26
Yunnan 24 24 22 23 23 23 24 24
Shaanxi 14 19 16 11 13 11 9 11
Gansu 26 27 25 25 29 27 26 28
Qinghai 28 30 30 30 30 30 29 30
Ningxia 23 26 27 27 25 26 30 27
Xinjiang 27 28 28 28 28 28 28 29

which changes from 29 to 11. In other words, the environ-
mental rehabilitation levels of Shanxi and Jiangxi have
improved a lot from 2004 to 2011. Compared with other
two sub-indicators, the ranks of provinces in environmen-
tal rehabilitation change a lot among years. Taking
Guangdong as an example, the rank of Guangdong is 2 in
2010 while it becomes 19 in 2011.

Resource Utilization

The third indicator is the use of resources, using energy
consumption per unit of GDP and water consumption per

capita as indicators. Table 6 shows the rank of provinces in
resource utilization from 2004 to 2011. The smaller rank
indicates lower resource utilization. By Table 6, we know
that Beijing is the top province in resource utilization every
year, followed by Tianjin, which ranked second. That indi-
cates these two provinces are significantly better in energy
and water consumption than other provinces. Zhejiang and
Guangdong ranked after Tianjin and Beijing. The ranks of
each province are very stable. Xinjiang, Ningxia, Qinghai,
and Inner Mongolia have big rankings in resource utiliza-
tion, indicating their resource consumption is much larger
than other provinces.
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Table 4. Rank of each province in waste discharge.
2004 2005 2006 2007 2008 2009 2010 2011
Beijing 1 1 1 1 3 3 3 2
Tianjin 2 3 3 3 2 1 1 1
Hebei 21 21 23 24 20 19 24 23
Shanxi 25 26 28 27 28 29 26 28
Inner Mongolia 29 28 26 26 23 24 25 22
Liaoning 20 22 24 22 24 23 19 20
Jilin 16 17 15 14 16 18 16 18
Heilongjiang 9 9 12 12 13 13 13 10
Shanghai 3 2 2 2 1 2 2 3
Jiangsu 8 6 7 5 5 5 5 4
Zhejiang 4 4 8 8 8 8 7 7
Anhui 10 10 11 15 15 14 15 14
Fujian 11 11 9 9 10 9 11 12
Jiangxi 22 20 20 18 21 20 21 19
Shandong 7 5 4 6 7 7 8 5
Henan 12 13 13 13 12 12 12 16
Hubei 15 14 14 10 11 10 9 11
Hunan 14 12 10 11 9 11 10 15
Guangdong 6 7 6 7 6 4 6 6
Guangxi 27 24 22 23 25 22 20 21
Hainan 5 8 5 4 4 6 4 9
Chongqing 13 15 16 16 14 16 14 8
Sichuan 17 16 18 19 17 15 18 17
Guizhou 30 27 27 28 26 27 28 25
Yunnan 23 23 21 21 19 21 22 26
Shaanxi 18 18 17 17 18 17 17 13
Gansu 24 25 25 25 27 25 23 27
Qinghai 26 29 29 30 30 30 29 30
Ningxia 28 30 30 29 29 28 30 29
Xinjiang 19 19 19 20 22 26 27 24

Discussion and Conclusions

This paper aims to evaluate the environmental protec-
tion level of 30 Chinese provinces from 2004 to 2011 using
the Grey relation degree comprehensive evaluation method.
We built an indicator system that includes 10 indicators
from 3 categories: waste discharge, environmental rehabil-
itation, and resource utilization. Our main findings are as
follows:

(1) There is a big difference in environmental protection
level among different provinces. The provincial Grey

relation degree varies between 0.5 and 0.9.

(2) Environmental protection levels have a close relation-
ship with economic growth. Provinces with higher GDP
per capita usually have higher environmental protection
levels and vice versa.

(3) The environmental protection level of each province
changes little between years. Compared with other
provinces, Inner Mongolia, Heilongjiang, Jiangxi, and
Shanxi change a lot. Inner Mongolia improves while
Heilongjiang decreases.

(4) Beijing, Shanghai, and Tianjin do better in waste dis-
charge while Qinghai, Ningxia, Shanxi, and Inner
Mongolia have more waste discharge.
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Table 5. Rank of each province in environmental remediation.

2004 2005 2006 2007 2008 2009 2010 2011

Beijing 11 13 8 9 14 9 19 22
Tianjin 2 2 5 1 4 4 8 7

Hebei 8 10 10 8 7 12 9 5

Shanxi 5 6 3 4 2 2 3 1

Inner Mongolia 12 3 7 13 9 7 6 2

Liaoning 7 4 6 7 6 6 11 9

Jilin 22 22 18 22 24 26 23 26
Heilongjiang 20 25 23 24 20 19 24 23
Shanghai 6 7 9 5 8 13 14 4

Jiangsu 9 9 11 10 10 14 10 12
Zhejiang 4 8 2 3 1 1 1 6

Anhui 30 27 29 27 19 22 22 18
Fujian 3 5 4 6 5 8 12 13
Jiangxi 29 28 28 28 28 25 16 11
Shandong 15 12 13 16 16 15 18 16
Henan 25 23 26 25 29 30 30 29
Hubei 26 21 25 29 27 24 26 17
Hunan 27 29 27 26 25 23 29 30
Guangdong 10 18 15 12 11 17 2 19
Guangxi 18 15 17 17 17 10 13 20
Hainan 28 30 30 30 30 27 28 28
Chonggqing 13 11 12 14 18 11 7 8

Sichuan 19 17 21 20 22 28 25 27
Guizhou 17 26 20 23 26 29 27 25
Yunnan 23 24 24 21 21 18 17 15
Shaanxi 16 20 14 15 15 16 4 21
Gansu 24 19 16 19 23 21 21 24
Qinghai 21 16 22 18 13 20 20 14
Ningxia 1 1 1 2 3 3 5 3

Xinjiang 14 14 19 11 12 5 15 10

(5) Provinces that do better in environmental rehabilitation
change a lot during the research period.

(6) Beijing and Tianjin do best in resource utilization,
which indicates the energy and water consumption in
these two regions are much smaller than other
provinces. The rank of each province in resource uti-
lization is very stable.

The significance of environmental significance is self-
evident. A comprehensive assessment of environmental
protection levels in various regions of China is particular-
ly important. This paper attempts to evaluate environmen-
tal protection lever by waste discharge, environmental

rehabilitation, and resource utilization. Grey relation
degree is used as our major method, which is suitable to do
comprehensive evaluation as well as showing the changes
of comprehensive level among years. However, this article
has inevitable shortcomings. As an example, the indicators
are independent, without considering regional differences.
Hainan has the lowest number of waste gas treatment facil-
ity and we think it is the worst among 30 provinces with-
out considering the fact that Hainan has little waste dis-
charge. Also, the environmental protection value we calcu-
lated is relative. In other words, the results only show the
relative standard among 30 provinces we considered
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Table 6. Rank of each province in resource utilization.
2004 2005 2006 2007 2008 2009 2010 2011
Beijing 1 1 1 1 1 1 1 1
Tianjin 2 2 2 2 2 2 2 2
Hebei 21 20 19 21 20 20 20 19
Shanxi 23 23 23 23 23 23 23 23
Inner Mongolia 28 27 27 27 27 27 27 27
Liaoning 20 17 17 17 17 17 17 16
Jilin 22 16 16 15 16 16 16 20
Heilongjiang 24 24 25 25 26 26 26 26
Shanghai 14 14 13 14 13 13 9 8
Jiangsu 15 15 15 16 15 15 15 15
Zhejiang 5 4 3 3 4 3 3 3
Anhui 9 9 11 9 14 14 14 14
Fujian 10 10 8 8 10 9 11 11
Jiangxi 12 11 10 12 9 11 10 12
Shandong 3 5 5 5 5 5 6 6
Henan 8 6 6 7 7 7 7 7
Hubei 19 19 21 19 22 21 21 21
Hunan 17 22 22 22 19 19 19 18
Guangdong 6 3 4 4 3 4 4 4
Guangxi 18 21 20 20 21 22 22 22
Hainan 11 8 9 11 8 8 8 9
Chongging 4 12 14 10 11 10 12 10
Sichuan 13 13 12 13 12 12 13 13
Guizhou 26 25 24 24 24 24 24 24
Yunnan 16 18 18 18 18 18 18 17
Shaanxi 7 7 7 6 6 6 5 5
Gansu 25 26 26 26 25 25 25 25
Qinghai 27 28 28 28 28 28 28 28
Ningxia 30 30 30 29 29 29 29 29
Xinjiang 29 29 29 30 30 30 30 30
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