Chapter 20 )
The Comprehensive Evaluation of “Five e
Aspects’” Based

on Coefficient-of-Variation-Modified G1
Combination Weighting

Wei Ren and Hao Jian

Abstract In order to test the scientificity of evaluation criteria and evaluation
indexes, this paper firstly uses principal component analysis method to analyze the
evaluation indexes under the evaluation criteria. Then, this paper uses the ratio of
the coefficient of variation of each evaluation index to replace the experts’ subjective
ratio of the importance degree, building a combination weighting method based on
coefficient-of-variation-modified G1. Finally, with this method, this paper makes a
comprehensive evaluation of development of “Five Aspects” in Guangdong Province.

20.1 Introduction

As is known, the key to scientific and successful comprehensive evaluation is to
scientifically and rationally endow different weight for each evaluation index. At
present, important methods for determining the weight of evaluation indicators are
subjective weighting method, objective weighting method and combined weighting
method. The subjective weighting method can better reflect the subjective intentions
or experiences of decision makers or experts, but it cannot accurately reflect the
objective real data information of the evaluation indicators. The objective weighting
method is opposite. People wanted to find out a scientific evaluation method, which
could not only take in the advantages of subjective and objective weighting methods
in scientific decision-making but could also solve the problem that single method
was incapable of reflecting experts’ experience or the objective information of the
indexes. In this situation, combination weighting method came into being.

The combination weighting used for comprehensive evaluation absorbs both the
advantages of the subjective weighting and the objective weighting. Nevertheless, it
overcomes both of their shortcomings. However, the combination weighting method
is difficult to allocate the combination coefficient scientifically and reasonably. In
order to overcome the shortcomings of combination weighting, many scholars have
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taken different approaches and used the objective weighting method to revise the sub-
jective weighting method. Certainly, the effectiveness of such a revised combination
weighting method has been proved. For example, Li [1] used the method of entropy-
revised G1 combination weighting to evaluate the development of science and tech-
nology. In 2012, he put forward another combination weighting method based on the
standard variance-revised group G1 [2]. Zhu and his colleagues [3] used the entropy-
revised AHP combination weighting method to evaluate the development of “Five
Aspects” in Jilin Province. Nevertheless, Zhu and his colleagues also put forward
modified-G2 weighting method based on improved CRITIC [4] and coefficient of
variation [5]. Besides, Jia and her colleagues bring about an entropy-modified G2
weighting method [6]. As for improved-G1 method, Xing and her cooperators come
up with an improved CRITIC-G1 weighting method [7]. Zhu and his partners put
forward a modified G1 method based on information gain ratio [8]. These studies
have contributed to the development and application of comprehensive evaluation
methods.

The Opinions on Accelerating the Construction of Ecological Civilization pro-
poses to coordinate the promotion of new industrialization, informatization, urban-
ization, agricultural modernization and greening. In order to scientifically evaluate
the objective status quo of regional “Five Aspects”, based on the comprehensive eval-
uation index system established by Zhu and his colleague [3], following the principles
of scientificity, comparability, operability, comprehensiveness and the availability of
data to select the indexes, we firstly construct a comprehensive evaluation index
system which can fully reflect the development of the “Five Aspects”. Secondly,
a coefficient-of-variation-modified G1 combination weighting method is proposed.
Finally, our new combination weighting method is used to empirically analyze the
development status of the “Five Aspects” in Guangdong Province.

20.2 Construction of the Index System

20.2.1 Basis of the Construction of the Index System
and Establishment of the Criterion Layer

The Opinions on Accelerating the Construction of Ecological Civilization proposes
to coordinate the promotion of new industrialization, informatization, urbanization,
agricultural modernization and greening. Therefore, these “Five Aspects” are used as
the criterion layer of the index system. Among them, “new industrialization, informa-
tization, agricultural modernization” reflect the principle of innovation-driven, “ur-
banization” reflects the principle of people-oriented, and “greening” reflects the
principle of green and low-carbon.
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20.2.2 Construction of the Index System

Drawing on the existing researches, following the principles of scientificity, compa-
rability, operability, comprehensiveness and the availability of data, we establish a
comprehensive evaluation index system with five criteria and 25 indexes (Table 20.1).
In order to know whether the information of the indexes of each criterion can fully
symbolize the criterion, we firstly performed principal component analysis. If all
indexes of one criterion could only produce one principal component, it indicated
that the principal component could integrate all the information of each index well.
In our study, principal component analysis was performed with SPSS 24.0, and
selection of the principal component was based on the characteristic root which was
more than or equal to 1. All indexes under each criterion layer could only produce
one principal component, and each principal component could account for most of
the variance variation (close to or beyond 80%), indicating that it is scientific and
reasonable to use these indexes to reflect each criterion.

20.3 Coefficient-of-Variation-Modified G1 Combination
Weighting Method

20.3.1 Introduction of the Traditional G1 Method

G1 [8-10] is a typical subjective weighting method. The weight of indexes depends
on the subjective experience of experts or decision makers. When using the traditional
G1 method, the weight of the index layer to the criterion layer is determined first, and
then, the weight of the index layer to the goal layer is determined. While using G1
method, the orders of indexes are determined by the experts. Then, the ratio of the
importance degree () of the adjacent index X;_; and X, is determined according
to the determined order, and the weight of each index under the criterion layer is
determined according to the value of r;. The value of r; is generally referred to
Table 20.2.

It can be seen that while using the traditional G1 method, the ratio of the impor-
tance degree (ry) of the adjacent index X;_; and X is determined by the experts’
experience, and it fails to effectively reflect the information utility contained in the
objective data itself. Therefore, the coefficient-of-variation-modified G1 method is
used to determine the ratio of the importance degree (r;) of the adjacent index X;_;
and Xy, which can reflect the experts’ experience as well as the magnitude of data
information through ry.
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Table 20.2 r; Value re Value Notes
1.0 Xk—1 is as important as Xy
1.2 Xi—1 is slightly more important than Xy
1.4 Xj—1 is obviously more important than X
1.6 Xk—1 is especially more important than X
1.8 Xi—1 is extremely more important than X

20.3.2 Coefficient-of-Variation-Modified G1 Method

20.3.2.1 Scoring the Evaluation Index

Suppose P;; be the jth index score of the ith evaluation object, V;; the raw data of
the jth index of the ith evaluation object, and n means the number of objects to be
evaluated. Here comes the scoring formula for positive indexes:

Vij —min<;<,{ Vi }

P =
Y max <i<, { Vij} — mini<; <, { Vi;}

The economic meaning in the formula is the relative distance of the deviation
between the jth index value and the minimum value of the ith evaluation object with
respect to the maximum—minimum deviation, and higher the score indicates that the
index is better. As for the negative indexes, we have another scoring formula:

max, <<, {V;j} — Vi

maxlgisn{vi‘} - minlgign{vi‘}

P =

20.3.2.2 Calculating the Coefficient of Variation

Suppose CV be the coefficient of variation of the kth evaluation index, then

)
CVi = —

Xk

8y represents the standard deviation of the kth evaluation index, and X; represents
the mean value of the kth evaluation index. The larger the value of CV;, the more
information the evaluation index contains, indicating that the index is more important.
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20.3.2.3 Combination Weighting

1. According to the value of CV, we determine the ratio of the importance degree
(71) of the adjacent index X;_; and X. The formula is

CVi ?

Vit while CVy_q > CVy;
ry =
“T 11, whileCV,_, < CV,.

2. According to the value of ry, we calculate the coefficient-of-variation-modified
G1 combination weight s,,, of the mth index under the criterion layer. The formula
is

m m -1
k=2 i=k

3. According to the value of s,,, we can calculate the weight of the other index. The
formula is

Sg1 =71k, k=m—1,m—=2,...,1,2,3

4. Suppose oy be the weight of the kth index under the jth criterion layer to the
total goal, s; be the weight of the kth index to the jth criterion layer under the jth
criterion layer, s/ be the weight of the jth criterion layer to the total goal. Then,
we have the weight of the index to the total target oy :

o = s sY

20.3.2.4 Calculating the Score of the Evaluation Object

Suppose P; be the score of the ith evaluation object. According to the weight and the
score of the index, we have

n
P = Z Pij-a;
j=1
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20.4 Empirical

20.4.1 Evaluation Objects and Data Sources

We take Guangdong Province as the research object and select the relevant indexes
of Guangdong’s “Five Aspects” during 2013-2017 as sample. The data needed are
from the statistical yearbook of Guangdong Province. Among them, data of indus-
trial wastewater discharge, industrial waste gas discharge and urban domestic sewage
discharge are only from 2013 to 2016. According to their development trend, the aver-
age growth rate is used to supplement the data of 2017, same as the non-agricultural
population. The method predicts the data for three years, from 2015 to 2017. There
is data of agricultural machinery, mechanical farming area, water-saving irrigation
area and mechanical planting area for 2015-2017, and the average increase is also
based on its development trend. The data for 2013 and 2014 will be supplemented
(Table 20.1).

20.4.2 Evaluation Index

The data of each index in 2013-2017 are standardized and scored with the evaluation
index scoring formula in Sect. 20.3.2.1 (Table 20.3).

20.4.3 Calculating the Coefficient of Variation
and the Combination Weight

According to the formula in Sect. 20.3.2.2, we calculate the coefficient of variation
of each index. By summing up the coefficient of variation of each index under the
same criterion, we calculate the coefficient of variation of each criterion (Table 20.3).
According to the coefficient of variation of index and criterion, based on the formula
in Sect. 20.3.2.3, we calculate the weight of the index, criterion. Finally, we calculate
the comprehensive weight of the index to the total goal (Table 20.3).

20.4.4 Calculating the Score of Evaluation Object

We calculate the scores of each evaluation index according to the formula in
Sect. 20.3.2.4. The summation sum is then used to calculate the scores for each eval-
uation criterion (Table 20.4). For the convenience of analysis, all scores of evaluation
indexes time 100.
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Table 20.4 Evaluation scores of the development status of the “Five Aspects” in Guangdong

Year | New Urbanization | Greening | Informatization | Agricultural Comprehensive
industrialization modernization | evaluation

2013 7.37 0.00 14.10 9.02 2.37 32.86

2014 | 22.11 7.33 10.73 15.77 6.77 62.70

2015 | 25.86 13.32 13.60 17.89 11.92 82.59

2016 | 35.12 19.38 13.80 10.43 12.40 91.12

2017 | 44.41 25.33 13.88 26.02 16.37 126.01

20.4.5 Analysis of the Status Quo of the Development
of “Five Aspects” in Guangdong Province

It can be seen from Table 20.4 that the development status of the “Five Aspects” in
Guangdong Province is increasing year by year and maintaining a good momentum.
The comprehensive score of 2017 “Five Aspects” is nearly four times that of 2013. In
order to better present the development trend of the “Five Aspects” in each year, the
year is taken as the abscissa, and the “Five Aspects” score is taken as the ordinate to
draw the development trend of the “Five Aspects” in Guangdong Province (Fig. 20.1).

It can be seen from Fig. 20.1 that the comprehensive score of “Five Aspects”
in Guangdong Province in the five years from 2013 to 2017 has increased year by
year, showing the good momentum of the development of “Five Aspects” in Guang-
dong Province. In concrete terms, new industrialization, urbanization and agricul-
tural modernization have shown a good momentum of development year by year.

—¢— New Industrialization —fl— Urbanization
Greening Informatization

== Agricultural Modernization —@=— Comprehensive Evaluation
140.00
120.00
100.00
80.00
60.00
40.00

20.00

0.00

2013 2014 2015 2016 2017

Fig. 20.1 Development trend of “Five Aspects” in Guangdong



266 W. Ren and H. Jian

The development of new industrialization in 2014-2017 has surpassed other “four
aspects”, indicating that new industrialization provides a continuous stream of devel-
opment for the “Five Aspects”. This is in line with Guangdong’s status of the country’s
first major economic province.

The development of informatization has experienced ups and downs, but overall,
it still shows growth momentum, which can be said that it develops in twists and
turns. It should be noted that although the state of the development of greening dur-
ing the period of 2014-2017 has improved, it still does not reach the level of 2013.
During the period of 2013-2017, although the discharge of industrial wastewater
in Guangdong Province has been declining year by year, the discharge of indus-
trial waste gas and urban domestic sewage has increased year by year, resulting in
a decline in the development of “greening” in Guangdong. Greening dragged the
hind legs of the “Five Aspects”, indicating that the development of new industrial-
ization, urbanization, informatization and agricultural modernization was at cost of
the environment.

20.4.6 Comparison

In previous research, we analyzed the development of the “Five Aspects” based on
coefficient of variation weighting method. The results show that during 2013-2017,
new industrialization, urbanization and agricultural modernization have shown a
good momentum of development year by year. Besides, even though the development
of greening during the period of 2014-2017 has improved, it still does not reach the
level of 2013 (seen from Fig. 20.2). These findings are consistent with what we found

—&— New Industrialization —fll— Urbanization
Greening Informatization
== Agricultural Modernization —@=— Comprehensive Evaluation
100.00
80.00
60.00
40.00

20.00

0.00 *Wr_ﬁ

2013 2014 2015 2016 2017

Fig. 20.2 Development trend of “Five Aspects” in Guangdong based on coefficient of variation
weighting
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based on the coefficient-of-variation-modified G1 weighting method. The difference
exists in the informatization.

On the one hand, informatization is the first impetus for the development of the
“Five Aspects” based on coefficient of variation weighting, while new industrializa-
tion takes the place based on the coefficient-of-variation-modified G1 combination
weighting. On the other hand, informatization develops year by year based on the
former method, but it develops in twists and turns based on the latter method.

Seen from the historical experience, industrialization promotes the development of
urbanization and agricultural modernization, while it influences the development of
greening. Nevertheless, new industrialization brings a great need of development of
informatization. As a consequence, new industrialization should be the first impetus
for the development of the “Five Aspects”. Therefore, experts’ experience should
be taken into consideration while evaluating. Comparatively, the results based on
the coefficient-of-variation-modified G1 combination weighting method are more
scientific and reasonable.

20.5 Conclusion

In this paper, the coefficient-of-variation-modified G1 combination weighting
method is constructed by using the coefficient of variation of the evaluation index.
The actual importance degree of the index is determined by the coefficient of vari-
ation. Coefficient-of-variation-modified G1 combination weighting method can not
only reflect the subjective intention of the experts or the decision makers, but it can
also reflect the objective information of the index and solve the problem of reason-
able distribution of weights. By using this method, this paper uses the development
data of “Five Aspects” of Guangdong Province to conduct an empirical analysis.

Based on our analysis, Guangdong should continue to promote the development
of new industrialization and maintain a strong growth momentum in the future devel-
opment process of the “Five Aspects” while strengthening construction of greening
and intensifying efforts to rectify industrial waste emissions on the basis of fur-
ther reduction of industrial wastewater. Besides, try to raise people’s environmen-
tal awareness, encourage the recycling of domestic sewage, reduce urban domestic
sewage discharge. What is more, increase the intensity of afforestation, promote the
use of new energy. In a word, we want gold and silver mountains as well as green
water and mountains.
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