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Construction of Evaluation System of Provincial
Ecological Civilization—a case of Shandong Province, China

LIU Yan-jun® , ZHANG Bao-hua, CAO Jian-rong, CHEN Wei

College of Environment and Planning, Liaocheng University, Liaocheng 251059, China

Abstract According to the connotation of ecological civilization, construction principle of ecological civilization index system is expatiated, including
integrity principle, applicability and feasibility principle, quantification principle and purposefulness principle. Based on this, a total of 23 single fac-
tors are selected from four aspects of ecological environmental protection, economic development, social progress and environmental protection
consciousness. Ecological civilization index system is constructed. Weight of single factor is determined by using Analytic Hierarchy Process ( AHP)
and comprehensive evaluation model is established. Taking Shandong Province as an example, optimized index system and comprehensive evalua-
tion model are used to analyze the ecological civilization construction level of Shandong Province. Result shows that scores of ecological environ-
mental protection, economic development, social progress and environmental protection consciousness are 47.24, 71.05, 37.57 and 77.57, re-
spectively, with the integrated score of ecological civilization being 61. 35, indicating that ecological civilization degree of Shandong Province is at the
preliminary state of civilization. Major factors restricting the development degree of ecological civilization are ecological environmental protection, so-
cial progress and so on. At present, we should reduce the fertilizer and pesticide application, control the growth rate of population and increase in-

vestment in education.
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Since the 16th Party Congress, the party has attached
great importance to ecological and environmental construction
during the realization of the country’s rapid economic growth. It
has also put forward the concept of scientific development, har-
monious society, ecological civilization and other ruling con-
cepts in order to achieve the harmonious development between
man and nature. The government report on the 16th Party Con-
gress has put forward new requirements for the construction of
a comprehensive well-off society in future, so as to establish
the industrial structure, growth pattern and consumption mode
which can save energy resources and protect the ecological en-
vironment. Ecological civilization is an important basis for
achieving sustainable development; and establishing a worka-
ble ecological civilization index system is of certain reference
value for the comprehensive construction of well-off society in
China""’. Jiang Xiaoping has selected a total of 20 indices in 3
categories of eco-environmental protection, economic develop-
ment and social progress to construct the evaluation system,
taking Henan Province as an example'®’. Evaluation index sys-
tem of ecological civilization does not involve subjective factors,
such as eco-environmental awareness, and can not fully reflect
the meaning of ecological civilization. Therefore, we try to con-
struct a relatively perfect evaluation index system from the con-
notation of ecological civilization.

1 Connotation of ecological civilization
Ecological civilization refers to the sum of physical, spiritual
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and system results achieved through constructing an orderly eco-
logical operation mechanism and good ecological environment,
through continuously overcoming the negative effects of the trans-
formation process and through actively improving the interperson-
al relationships and relationship between human beings and na-
ture when rebuilding the objective material world. According to its
connotation, ecological civilization includes strong ecological
awareness, good ecological environment, sustainable economic
development mode and perfect ecological system™’.

2 Construction principle of ecological civi-

lization index system

2.1 Principle of integrity Index system should reflect the
main connotation of ecological civilization, covering the content
of ecological awareness, ecological environment, economic de-
velopment and social development and reflecting the integrity of
ecological civilization.

2.2 Principle of applicability and feasibility Establish-
ment of index system should consider the possibility of reality,
the difficulty of data collection, and the consistency and authen-
ticity of data statistics. Index selection should use the available
data within evaluation period as far as possible.

2.3 Principle of quantification Indices in the index system
should use quantitative index as far as possible in order to en-
sure the accuracy of evaluation results. The indices difficult to
be qualified can be briefly introduced, but should not be includ-
ed in the evaluation system.

2.4 Principle of purposefulness Principle of purposefulness
is the fundamental starting point to establish index system. Index
system should be the objective description of essential character-
istics, structure and constituent elements of assessment object,
as well as the purpose service of evaluation activities.
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3 Construction of ecological civilization

index system
3.1 Basic framework Under the guidance of the construc-
tion principles of ecological civilization, index system of ecologi-

Table 1 Evaluation index system of ecological civilization

cal civilization is established from three aspects of economic
development, social progress, ecological and environmental
protection (Table 1).

Target layer Criteria layer

Factor layer

Evaluation of ecolog-
ical civilization
level A

Ecological and environ-
mental protection Bi

Forest coverage C1//%
Per capita urban public green area C2//hm?/people
Proportion of nature reserve area in provincial areaC3// %

Control rate of land with soil and water loss C4// %
Standard-reaching rate of industrial wastewater C5 // %
Carbon dioxide emission per ten thousand yuan GDP 08 //kg/ x10* yuan
Standard-reaching rate of water environmental functional district in main rivers C7 // %
Comprehensive utilization ratio of industrial solid waste C8// %
Harmless treatment rate of urban garbage C9//%
Fertilizer application in unit cultivated area C10//kg/hm®
Pesticide application in unit cultivated area C11 //kg/hm?
Energy consumption per ten thousand yuan GDP C12//t/ x10* yuan
Proportion of pollution control investment in GDP C13// %

Economic development B2 Per capita GDP C14 //yuan/people
Annual per capita net income of farmer C15 //yuan/people
Annual per capita disposable income of urban household C16 //yuan/people
Proportion of tertiary industry C17 // %

Social progress B3

Natural population growth rate C18 //%o

Urbanization level C19 /%
Number of college students in every ten thousand people C20,// people

Environmental protection
consciousness B4

Cognition degree of environmental protection and ecological civilization C21 //score
Citizen’s attitude toward environmental protection C22 //score

Citizen’s eco-civilized behavior C23 //score

In the index system, index of ecological civilization is com-
posed of four criteria layers, including ecological and environ-
mental protection, economic development, social progress and
environmental protection consciousness. Layer of ecological
and environmental protection has in all 13 indices. Among
them, forest coverage, per capita urban public green area,
proportion of nature reserve area in provincial area, and control
rate of land with soil and water loss can reflect the status of ter-
restrial ecosystem. Standard-reaching rate of industrial
wastewater, and standard-reaching rate of water environmental
functional district in main rivers can reflect the status of water
environment. Carbon dioxide emission per ten thousand yuan
GDP reflects the situation of regional air quality. Comprehen-
sive utilization ratio of industrial solid waste and harmless treat-
ment rate of urban garbage can indicate the status of solid
waste. Fertilizer application in unit cultivated area and pesticide
application in unit cultivated area show the status of soil. Ener-
gy consumption per ten thousand yuan GDP and proportion of
pollution control investment in GDP can reflect the strength of
environmental protection investment. Layer of economic devel-
opment has in all 4 indices. Among them, per capita GDP, an-
nual per capita disposable income of urban household and an-
nual per capita net income of farmer can indicate the economic
productivity. Proportion of tertiary industry reflects the status of
economic structure. Layer of social progress has in all 3 indi-
ces. Among them, natural population growth rate reflects the
concept of residents. Urbanization level indicates the status of
construction development. And number of college students in

every ten thousand people shows the local cultural conditions.
Layer of environmental protection consciousness also have 3
indices. Among them, cognition degree of environmental pro-
tection and ecological civilization reflects the basic knowledge of
environmental protection. Citizen’s attitude toward environmen-
tal protection shows the environmental consciousness of citi-
zens. And citizen’s eco-civilized behavior reflects the imple-
mentation status of environmental protection consciousness.
3.2 Evaluation index weight and comprehensive evalua-
tion model

3.2.1 Determination of evaluation index weight by AHP meth-
od. Weight can reflect the action intensity of evaluation factors
on land use status and can highlight the effect of main factors
on evaluation result. AHP method is used so that experts can
evaluate the importance of evaluation factors starting from the
connotation of ecological civilization. After consistency test,
weight of indices can finally be obtained (Table 2 -6).

Table 2 Judgment matrix of target layer and criteria layer

A Bi B B B Weight
Bi 1 0.3514
B 12 1 0.188 8
B3 1/3 12 1 0.108 5
B 1 2 3 1 0.351 4

Note: Maximum eigenvalue A =4.005; consistency index C/=0.002;
average random consistency index R/ =0.90; consistency ratio CR =
0.002 <0.10.
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Table 3 Judgment matrix of criteria layer Bl and its associated

factor
Bl Cl C2 C3 ¢4 05 O C7 C8 (9 CI10CI1C12C13 Weight
a1 0.083
c2 12 1 0.045
c3 1312 1 0.027
a1 2 3 1 0.083
G 121 2 12 1 0.045
6 3 4 5 3 4 A1 0.209
cr 2 3 4 2 3 12 1 0.123
s 1 2 3 1 2 1312 1 0.083
@ 1 2 3 1 21812 1 1 0.083
cio12 1 2 12 1 141312 1 1 0.045
ciit12 1 2 12 1 141312 1 1 1 0.045
ci21 2 3 1 2183121 2 2 2 1 0.083
c131/2 1 2 12 1 1/41/31/2 1 1 1 1/2 1 0.045

Note: A =13.091; C/=0.008; R/=1.56; CR=0.005 <0.10.

Table 4 Judgment matrix of criteria layer B2 and its associated

factor
B Cl4 C15 C16 c17 Weight
Ccl14 1 0.456
Ci5 12 1 0.263
Cc16 1/3 12 1 0.141
c17 1/3 1/2 1 1 0.141

Table 5 Judgment matrix of criteria layer B3 and its associated

factor
B3 ci8 Cc19 Cc20 Weight
ci8 1 0.5
c19 12 1 0.25
Cc20 1/2 1 1 0.25

Note: A =3.000; C/=0; R/=0.58; CR=0<0.10.

Table 6 Judgment matrix of criteria layer B4 and its associated

factor
B4 c21 c22 c23 Weight
c21 1 0.540
c22 1,2 1 0.297
Cc23 1/3 1/2 1 0.163

Note: A =3.006; C/=0.003; R/=0.58; CR=0.005 <0.10.

3.2.2 Establishment of comprehensive evaluation model.
Based on the index weight, comprehensive evaluation model of
ecological civilization can be established.

P=3 WV, x100,
where P is the comprehensive evaluation of ecological civiliza-
tion, W, is the weight of factor i, and V, is the evaluation score
of index i. During the determination of score, non-dimensional
treatment on single index should be carried out in order to de-
termine the score of each single index and to compare the sin-
gle index. Evaluation score = present value of index / target
value of index. The smaller variable value of index indicates the
higher level of ecological civilization. Evaluation score = target
value/ present value of index.

Degree of ecological civilization can be divided into less
civilization, preliminary civilization, primary civilization and ex-

treme civilization, with the corresponding P values being <60,
60 -75, 75 -90 and >90.

Table 7 Index system value and weight of ecological cultivation
in Shandong Province
Target Criteria Index  Present Target Weight of

layer A layer B layer C  value value CtoB
Evaluation of Ecological Cl 25.50 =35 0.083
ecological and. c2 13.33 =20 0.045
civiization "M 3 6.49 =10  0.027
degree protection (o] 68.90 =90 0.083
o5 98.07 100 0.045
(03] 7.01 <6.0 0.209
cr 32.62 100 0.123
(0] 97.32 100 0.083
(02] 80.71 100 0.083
C10  707.00 <255 0.045
ci 23.40 <1 0.045
ci2 1.18 <0.3 0.083
C13 0.26 =1.0 0.045
Economic C14 27 807 =33 000 0.456
development Ci15 4985 =8000 0.263
C16 14 265 =24 000 0.141
a7 33.43 =60 0.141
Social C18 3.58 <0.5 0.500
progress Cc19 46.80 =50 0.250
. C20  143.70 =500 0.250
E’I‘V"o”me”' 21 576 =8  0.540
protection c22 62.4 =80 0.297
awareness c23 76.2 =80 0.163

Note. Present value refers to the data of 2007. Data are from 2008
Shandong Statistical Yearbook. Environmental protection awareness
values are from the investigation on resident awareness of ecological
civilization in 85 villages in Shandong Province™'. Target value has
consulted the construction goal of ecological province in China, as well
as the domestic advanced level.

4 Analysis on the construction level of ec-

ological civilization in Shandong Province

The index system of ecological civilization constructed by
Jiang Xiaoping is not comprehensive enough. And its calcula-
tion model is unable to give the final conclusions of the ecologi-
cal civilization'"!. Therefore, we revise the index system and
add some subjective factors, such as environmental protection
consciousness. Comprehensive evaluation model is also used
based on the indices of Shandong Province in the year 2007, in
order to evaluate the status of ecological civilization in Shan-
dong Province. It is obtained that the weights of criteria layers
B1, B2, B3 and B4 on target layer A are 0.351 4, 0. 188 8,
0.108 5 and 0. 351 4, respectively. And Table 7 reports the
rest correlation values.

According to comprehensive evaluation model, the scores
of ecological and environmental protection, economic develop-
ment, social progress, and environmental protection aware-
ness, are 47.24, 71.05, 37.57 and 77.57, respectively, with
the integrated score of ecological civilization being 61. 35, indi-
cating that ecological civilization degree of Shandong Province
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is at the preliminary state of civilization. Among the four crite-
ria, there are urgent needs to improve ecological and environ-
mental protection and social progress.

5 Conclusion

Index system of ecological civilization put forward by Jiang
Xiaoping is optimized. And subjective factors, such as environ-
mental protection awareness are, fully considered. Through a
series of method improvement, weight of ecological civilization
factor can be determined scientifically. Ecological civilization
degree and its four components are quantified and classified.
Thus, the research result is intuitive and scientific.

In the year 2007, ecological civilization degree of Shan-
dong Province is at the state of preliminary civilization. Main
factors restricting the development of ecological civilization are
the social progress and the ecological and environmental pro-
tection measures. Shandong Province should further reduce
the fertilizer and pesticide use, control the growth rate of popu-
lation and intensify education strength in future.
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