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Abstract

The systematic analysis of the hierarchical relationship among the factors af-
fecting the sustainable supply chain implementation of water diversion
projects has theoretical value and practical significance for the sustainable
development of large-scale water diversion projects. Through the investiga-
tion of relevant literature, books, web pages, materials, and discussions with
relevant experts and scholars, a total of 23 factors influencing the sustainable
supply chain implementation of water diversion projects were identified.
Then using ISM (Interpretative Structural Modeling Method) to analyze the
causality of each factor, a multi-level hierarchical structure model was ob-
tained. The results showed that: 1) The surface-level influencing factors of the
sustainable supply chain implementation of the water diversion project mainly
included 8 factors such as water-saving awareness and water-saving intensity
in the diversion area, water quality, water pollution and other disasters, effec-
tive incentive mechanisms, etc., and surface-level influencing factors were di-
rectly related to the sustainable supply chain implementation of water diver-
sion projects. 2) The indirect influencing factors of the sustainable supply chain
of water diversion projects included 12 factors such as the water quality and
quantity guarantee rate of the supply chain, the government’s enforcement of
laws and regulations, water distribution, ecological compensation, and com-
pensation mechanisms for residents in the water source area. Indirect influen-
cing factor scan acts directly on the direct influencing factors, and interven-
ing in the factors that can be controlled by humans is one of the important
ways to improve the sustainable operation of water diversion projects. 3)
The fundamental influencing factors for the sustainable supply chain imple-
mentation of water diversion projects included three factors: Resettlement

*Authors contribute equally.
*Corresponding author.

DOI: 10.4236/gep.2021.98009 Aug. 18, 2021 140 Journal of Geoscience and Environment Protection


https://www.scirp.org/journal/gep
https://doi.org/10.4236/gep.2021.98009
https://www.scirp.org/
https://doi.org/10.4236/gep.2021.98009
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

M. Liu et al.

policy, government financial support, and sound laws and regulations. Deep
influencing factors had multi-channel influence and controllability, and in-
tervening in them was the main means to improve the sustainable operation
of water diversion projects.
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Water Diversion Project, Sustainable Supply Chain, Interpretative Structural
Modelling Method, Hierarchical Structure Model

1. Introduction

Many large-scale water diversion projects have been built in China to solve the
shortage of water resources and the uneven distribution of time and space. Such
as: “Jiang-Han Water diversion, Luan-Tang Water diversion, Yangze-Taihu Water
diversion, South-to-North Water diversion, etc. (Gao et al., 2018; Wang, 2002).”
The cross-drainage basin water diversion project sent a large number of clean
water resources to the drainage area, injecting strong impetus to the local eco-
nomic development. More scholars integrate the idea of the supply chain into
the related research on the operation and management of water diversion
projects. For example, Wang Huimin’s team was the first to discuss the feasibili-
ty of implementing supply chain management of the water diversion project
(Wang et al.,, 2004). And traditional supply chain mainly focuses on the eco-
nomic benefits, as many of the water diversion projects are completed and are
bubbled into the water, its public welfare nature, engineering has created envi-
ronmental benefit. Social benefit is gradually caused extensive discussion among
scholars. Therefore, implementing the water diversion project considering the
economic, environmental, and social benefits fits in with the three principles of
“economic, social, and environmental” (Elkington, 1998). It is reasonable and
applicable to apply the theories and methods of the sustainable supply chain to
the study of water diversion projects.

After Wang Huimin’s team proposed the supply chain of the water diversion
project and verified its rationality, some experts and scholars did further re-
search and exploration. The research includes the definition of its concept and
connotation, the conflict and cooperation among stakeholders, the formation of
water price in the supply chain of the water transfer project, eco-compensation,
and its social benefits. For example, based on defining the supply chain system of
the water transfer project, Chen Zhisong established Stackelberg’s game model
and the mechanism of shared income with the project’s social responsibility as
the entry point (Chen, 2013). Then he took the water transfer company and the
waterworks in the water transfer project as the research object and studied the
profit distribution of the two companies in the case of cooperation and
non-cooperation in the way of the game (Lou & Liu, 2018). In terms of ecologi-

cal compensation, Guo Ying studied the migration behaviour of migrant house-
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holds in migration and the factors affecting them based on Evolutionary game
theory (Guo & Tai, 2018). With the further combing of relevant literature, he
found that scholars combined the actual operation situation of the project and
regarded the economic interests of the project subject and stakeholders as the
research focus (Chen & Wang, 2012a, 2012b). However, some water transfer
projects’ environmental and social benefits are becoming more and more evi-
dent as they are put into operation one after another. Obviously, the theory of
sustainable supply chain based on the triple bottom line of economic profit, en-
vironmental protection, and social responsibility is more suitable for the coor-
dinated management and practice of water diversion projects (Zhang et al.,
2019). Among them, Li Warring States has confirmed the rationality of con-
structing the coordinated management model of the sustainable supply chain of
water diversion projects (Li et al., 2021a).

Through the literature review, we find relatively few kinds of literature that
study the economic benefit, environmental benefit, and social responsibility of
water transfer projects from the perspective of the sustainable supply chain, let
alone the research on the implementation and influencing factors of the sus-
tainable supply chain of water transfer project. Based on relevant studies, this
paper first constructs the index system of the sustainable supply chain of water
diversion projects and the factors affecting it. Using the ISM method, this paper
creates the factors affecting the multi-level hierarchical structure model and
analyzes the relationship between the elements at different levels. It also provides
reference and decision-making support for large-scale water transfer projects’
operation and management practice and enriches the relevant theories of the

sustainable supply chain of water transfer projects.

2.ISM Finite Element Method
2.1. Method Definition

Professor Warfel proposed the method of explaining the structural model in the
United States (Yang, & Wang, 2017). This method has been widely used in sys-
tems engineering. It is a technical method that can use to divide the hierarchical
structure of the system (Zhu et al., 2020). This method will be more complex
system is decomposed into several subsystems, and combining the practice of
the computer and the system, through the establishment of directed graph and
matrix, finally construct the abstract factors in the system of hierarchical struc-
ture, identify the surface factor and essential factor in the system, this method
can transform vague ideas and views into intuitive structure model. It has a good
effect on the problems with many variables and complex relations (Yang & Li,
2018).

2.2. Method of ISM Model Construction

The analysis process of the influencing factors of a sustainable supply chain is
based on the implementation of the ISM water diversion project. The figure is
referenced from the study of (Zhu et al., 2020) (Figure 1).
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Figure 1. Analysis flow of the influencing factors of the sustainable supply chain based on
the implementation of the ISM water diversion project.

The implementation steps based on the ISM model are as follows:

1) Firstly, to determine influencing factors of the sustainable supply chain of
water transfer projects, as: S,,S,,S;,--+,5,,S, € G(i=1,2,3,---,n), and “n” is the
number of influencing factors, and G'is the set of influencing factors.

2) Describe the strength of the effect of factor on 7 factor j and denote it by
x;, and the degree of leverage of the relationship between elements can be
measured by the 4-level scale method, and use integer values from 0 to 3 to
represent “no impact”, “some impact”, “strong impact” and “strong impact” re-
spectively.

3) Construct the direct impact matrix X. Using the degree of influence among
factors as an element and combining the results of several experts, the initial

matrix of direct impact is obtained as follows:
X = (x!./. )nxn .
4) Calculate the normalized influence matrix Q. The maximum value of each
element in the directly affecting matrix X divided by the sum of its elements in
each row is as follows:

Q:$~X,d:max2xﬁ .
Jj=1

I<i<n =

5) Calculate the integrated impact matrix R Considering the indirect influ-
ence between factors and the spread effect caused by the change of one of the
factors, we can obtain the following formula from the accumulation of direct

and indirect influences:

R=0+Q +--+Q" =in‘.
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6) Calculate the overall impact matrix. The global influence matrix

H (H = [hl.j ]W ) is calculated by adding Rto the identity matrix Eas: H =R+ E.
7) Determining the reachability matrix. When Reachable matrix

K (K = [kl.j Jm) is determined, a threshold value A shall be introduced to

process the matrix of overall influence. The formula is as follows:

Ly 20(i,j=1,2,,n)
0,k <A(isj=1,2,,m).

i

The purpose of setting threshold A is to remove the relationship between the
factors with a slight influence degree and simplify the structure of the system. If
a larger threshold is used, the correlation between influencing factors will be
stronger, and the structure of the system will be simpler and broader, resulting
in the difficulty in showing the relationship between influencing factors. If
smaller thresholds are used, the relationships between influencing factors will be
too complex, and the overall performance will not easily express the system’s in-
tegrity clearly. In this study, the method of Shu Yang was adopted when select-
ing the threshold value, and we verified the analysis of the multiple values of the
threshold value to obtain the best model of the system structure.

8) Determine reachable set ¥, and Antecedent set P, the formula is as fol-

lows:

Y,

{5,]8; € Gy =1}(1.j =1.2,+-.n)
P={S|s, € Gk, =1}(i,j=1.2,+.n).

9) Determine the risk factors of each layer in Genealogical Hierarchy Struc-

ture Model Y, the formula is as follows:

Y, =Y,NE(i=12n).

If the above formula can be satisfied, indicating that the antecedents of ele-
ments in P can be found in Y, then S, is the most high-level element, and
the 7 row and 7 column are removed in the Reachable matrix K and this step is
repeated until we can identify all levels. According to the determined elements of
different levels, the model of influencing factors of the sustainable supply chain

for implementing the water transfer project is constructed.

3. Construction and Analysis of Hierarchy Structure Based
on ISM Influencing Factors

3.1. Methods for Calculating ISM

The sustainable supply chain of the water transfer project involves many nodes,
and its successful implementation is due to the influence of many factors. Com-
bined with Li Warring States’ identification of the influencing factors of the sus-
tainable supply chain of water transfer project, the influencing factors are di-
vided into four first-level indicators: Society, government, environment, econo-

my, and supply chain, and are subdivided down into 23 specific influencing fac-
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The first level

tors (Li et al., 2021b). To avoid repetition, the specific influencing factors can be
found in 3.3. We collected data through surveys and interviews. Through the
investigation of the Headworks Sub-division of the South-North Water Diver-
sion Project and the South-North Water Diversion Office of Henan Province
and the discussion with experts, scholars, and leaders, the direct influence matrix
of 23 we obtained influencing factors through the scores of the experts. Accord-
ing to Step (5), we obtained the comprehensive influence matrix, and we can
take further steps (6) to get the matrix of the overall effect, in the formula is the
identity matrix. According to the causality diagram of the influencing factors of
the sustainable supply chain implementing the water diversion project and the
operating rules of the code, and the threshold value is set to be 0.05, 0.12, and
0.14 respectively for comparison, (too large or too small threshold value will
make the matrix become “0 or 1” matrix), through the value in the 0.05 - 0.27
time and again experiment, the division results have logical errors or do not
meet the actual situation discarded, and finally came to the conclusion that when
the threshold value of 0.05, 0.12, 0.14 respectively is more reasonable and the re-
lationship between the factors are simplified. 0.12, 0.14 are more reasonable and
the relationship between the factors is simplified, continue to combine expert
opinions through interviews and other means, and finally take the threshold
value of 0.12. The reachable matrix is further obtained through Step (7). Ac-
cording to Step (8) and Step (9), Matlab software is used to divide the reachable
matrix to obtain the skeleton matrix of the sustainable supply chain for the water

diversion project (Table 1).

3.2. Construction of Multilevel Hierarchical Structure Model

According to the results of the partition of the skeleton matrix, the influencing

factors of the sustainable supply chain implementing the water diversion project

are divided into five levels (Figure 2).

The second level

The third level

The fourth level

The fifth level

Figure 2. Sketch of multi-level recursive structure model with 23 influencing factors (see 3.3 for details).
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Table 1. A skeleton matrix of sustainable supply chains for implementing water diversion
projects.

NO. Sl(] Sll SlZ Sl4 Sls S19 SZl S22 SZ S7 Sl7 SZU Sl S4 SS SQ SlS S18 SZS SlS SS SS SS

S 1.1 0 0 0O 0O O OO O OOOOUOTUOOTUOTUOTO0OOTO

S 111 0 0 0 0 0 0 0OOO1 0 O OOOOTUOOUOOSTUO

Ss 0 1.0 O 1 0 O 1 01 0 1 O OO OOOUOTI1O0T1F0O

S 0 1 1 0 1 0 O 1 0 1 1 1 0 1 O O O O O 1 0 O 1

3.3. Analysis Results of ISM Model

All influencing factors can be divided into five levels according to the sustainable
supply chain’s obtained multilevel hierarchical structure model affecting the wa-
ter diversion project (Figure 2), consists of Water-saving awareness, water-saving
intensity (S10), water quality (S11), water pollution disasters (S12), effective in-
centive mechanism, financial transfer, the closeness between members of the
nodes of the supply chain (S19), training and education (S21), and the water
animal or plant that has invaded the ecological balance (S14). These direct fac-
tors affect the sustainable supply chain for implementing water diversion
projects; water-saving intensity and effective incentive mechanism will directly
determine whether the water transfer project can implement a sustainable
supply chain. Furthermore, the water-saving awareness, water-saving intensity

(S10), water quality (S11), and water pollution disaster (S12) in the transfer area
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are highly interactive, and their influences on the sustainable supply chain im-
plementing the water transfer project are usually consistent, which can be con-
sidered as an independent system. Changing one of these factors will have less
impact on a sustainable supply chain for implementing the water diversion
project, so the relationship between the three needs to be well coordinated.

The second level contains Supply chain water quality and water quantity
guarantee rate (S20), government’s executable power for laws and regulations
(S7), water price customization (S2), industry’s Green Development (S17), in
which the guaranteed rate of water quality and quantity of supply chain (520)
and the government’s executable power of laws and regulations (S7) are highly
interactive. The government has strengthened law enforcement efforts to ensure
the water quality and quantity of the supply chain and has played a driving role
in combining the two. Supply chain water quality and water quantity guarantee
rate (S20), government’s executable power for laws and regulations (S7), water
price customization (S2), and industry’s green development(S17) will all pro-
mote the development of water quality at the next level. The government’s ex-
ecutable power for laws and regulations (S7) will contain the occurrence of water
pollution disasters (S12) and will promote the formation of an effective incentive
mechanism (S22); customization of water prices (S2) would also better facilitate
financial transfer (S16).

The third level contains: Water allocation (S1), the level of knowledge and
technology required to implement a sustainable supply chain (S18), the effective
establishment of contracts for water supply at each node of the supply chain
(S8), compensation mechanisms for residents of water sources (54), drought and
flood in natural disasters (S13), diversified property rights (S9), and technologi-
cal breakthroughs in water diversion projects (523), These factors will promote
the realization of water quality and water quantity assurance rate (520) in the
supply chain; the compensation mechanism for residents of water source area
(S4) will also promote the government’s enforcement of laws and regulations
(S7).

The fourth level includes ecological compensation (S15), which will promote
the level of knowledge and technology to implement a sustainable supply chain
(S18), the effective establishment of the contract of water supply at each node of
the supply chain (S8), and the compensation mechanism for the residents of the
water source (S4).

The fifth level includes immigration policy (S3), government financial support
(S5), and sound laws and regulations (S6). The factors in this level will promote
the development of ecological compensation (S15), and as the last profound fac-
tor in the ISM hierarchy model, affect the implementation of the sustainable
supply chain of the water diversion project.

Through the analysis of ISM results, the 23 influencing factors can be divided
into five levels. The first level is the surface influencing aspect, the second, third,
and fourth levels are the indirect influencing factors, and the fifth level is the

profound influencing factor. Sound laws and regulations (S6), immigration poli-
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cies (§3), and government financial support (S5) will affect the aspects at the
third, second, and first levels through the factors that affect the ecological com-
pensation at the fourth level (S15), and each of the two levels will affect the op-
eration of the whole system through such a progressive relationship. If we want
to implement a sustainable supply chain in water diversion projects successfully,
it will involve enterprises and involve the coordination and cooperation between
governments at all levels, upstream and downstream. The construction of water
diversion projects will solve the shortage of water resources and the uneven dis-
tribution of water resources—water resources and a meaningful way to balance
supply and demand. At present, the construction of water diversion projects has
been widely accepted and applied globally and has become an essential means
for the government to promote economic development and adjust the economic
structure. Therefore, implementation of water diversion project of the sustaina-
ble supply chain is not only influenced by the development of industry, more af-
fected by the government and the social environment, the implementation of
water diversion project of the sustainable supply chain, but we also need to make
much effort, only the government, the joint efforts of enterprises and residents,
allowing water diversion project of the supply chain to standardization, Finally,
we can successfully promote the sustainable supply chain implementation of the

water diversion project.

4. Conclusion

Based on the results of ISM, the following suggestions are proposed for the im-
plementation of the sustainable supply chain in water diversion projects:

1) From the government’s point of view, the relevant regulatory policies and
regulations will directly affect the development direction of the relevant indus-
tries. For example, because of the high environmental quality requirements of
the water transfer project, the development of local heavy industries and other
industries must be restricted, which to a certain extent inhibits the development
of the local economy. Therefore, the government should make financial com-
pensation for the reduced welfare of the residents of the water supply area. At
the same time, the government should also have a strong regulatory role in water
allocation, water price customization, and financial support, which all have a
particular influence on the implementation of the supply chain.

2) Due to the inherent characteristics of water resources, water pollution and
eutrophication of reservoirs may occur during the construction of water transfer
projects. Therefore, we should strengthen environmental protection.

3) The water diversion project of the relevant industry should learn the related
knowledge and technology of sustainable supply chain, select the outstanding
management talent in the process of water diversion project construction, to
continue to adhere to the concept of sustainable development, from the struc-
ture of the source to reduce the damage to the environment, in the process of
understanding the sustainable long-term implementation of the supply chain

can bring benefits to society.
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4) All enterprises in the supply chain should strengthen information sharing
and always coordinate and cooperate to improve the implementation effect of

the sustainable supply chain.
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