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Water ecosystem is an important factor determining regional social and economic development. It is an 
irreplaceable natural resource for human survival, productivity and development. This study takes the TOPSIS 
method to identify high weight indicators and measure the closeness of the evaluation objects, and tries to 
use it as a reference to further classify the water resources carrying capacity of the research objects into 
superior and inferior levels by the Adversarial Interpretative Structural Model (AISM), with 11 provinces in 
the Yangtze River Economic Belt as the study area. The findings reveal that the regional water resources 
carrying capacity is influenced by GDP per capita, the proportion of tertiary industry, ecological water 
consumption rate, and urbanization rate. Zhejiang and Shanghai have a high water carrying capacity, while 
Guizhou, Jiangxi and Hubei provinces rank low. The TOPSIS-AISM model outperforms the traditional TOPSIS 
model and can be applied to similar comprehensive evaluations. 
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1. INTRODUCTION 

Accompanied by rapid economic growth, the aquatic ecosystem is 
destructed. A series of problems such as the shortage of water resources 
and the deterioration of water environment have attracted extensive 
attention (Walter et al., 2012; Sun et al., 2017). Water resources are 
necessary for our survival, production, and development, and it is a critical 
factor determining regional social and economic development (Simonovic, 
2002). In particular, maintaining water resources carrying capacity, a hot 
issue in water science, has been an essential concern to the Chinese 
government. In March of 2016, the Ministry of Water Resources launched 
a document on arranging the precautionary system in water resources 
carrying capacity (Wang et al., 2020).  

The Yangtze River economic belt connects China’s three regions. Shanghai, 
Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing, Sichuan, 
Yunnan, Guizhou and other 11 provincial administrative regions. First of 
all, it is one of the most developed regions in China, with significant 
strategic significance for national development. It is also home to the 
world’s largest inland industrial district and manufacturing industry base 
(Wang et al., 2020; Li, 2016). Furthermore, the Yangtze River basin has 
abundant natural resources, crisscrossed rivers, and excellent 
transportation infrastructure, giving the region the second-largest 
economic base in China after the coastal economic belt (He et al., 2019). 
The traditional expansive economic growth model, on the other hand, 
places significant strain on the local aquatic ecosystem, resulting in a 
variety of ecological and environmental issues (Yang et al., 2015). The 
Yangtze River basin’s water environment has deteriorated to the point of 
being dangerous. There are currently no fundamental solutions to 
problems in the water environment, such as the health risk of drinking 

water and the degradation of the aquatic ecosystem. It’s critical to figure 
out how to implement integrated water resource management and achieve 
sustainable development in the Yangtze River Economic Belt. As a result, 
analyzing the Yangtze River Economic Belt’s water resource carrying 
capacity would be useful for improving water resource utilization 
efficiency and environmental protection (Lu, 2014).  

The existing research on the aquatic ecosystem focuses on water resources 
ecological footprint (Wu, 2014), development (Tian et al., 2019; Van Ginkel 
et al., 2018; Wang et al., 2014), and utilization of water resources (Bao and 
He, 2017; Milano et al., 2013; Tramblay et al., 2018; Wei et al., 2017), 
optimal allocation of water resources and calculation of water resources 
carrying capacity (Xi et al., 2021), etc. A series of studies on water 
resources carrying capacity have been carried out. Among many 
evaluation models, TOPSIS model has been widely used in the evaluation 
of water resources carrying capacity in different regions because of its 
simplicity, strong interpretability and strong variability. Yue et al (2021) 
analyzed the water resources carrying capacity before and after the 
construction of water ecological environment in Wuhan, and put forward 
suggestions to promote the construction of ecological water conservancy 
based on TOPSIS Model and entropy method. Yang et al (2021) combined 
the grey correlation degree method with the critical method for the first 
time to evaluate the water resources carrying capacity of Yantai City, which 
provides a scientific basis for the sustainable development of water 
resources in Yantai city. Liu et al (2015) integrated TOPSIS model with the 
information entropy based on the variable weight method to measure 
water resources carrying capacity in Shaanxi province comprehensively. 

Most previous studies have focused on a certain province or city, less 
attention has been paid to the spatial variation in regional water carrying 
capacity and a single way has been used. Therefore, based on the previous 
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studies, combined the Adversarial Interpretative Structural Model (AISM) 
with TOPSIS, this paper comprehensively classifies the water resources 
carrying capacity of 11 provinces in the Yangtze River economic belt, and 

puts forward the countermeasures for the sustainable development of 
regional water resources ecosystem. The Yangtze River economic belt as 
Figure 1 shows. 

Figure 1: Study area--Location map (Source—Primary Data).

2. METHODOLOGY

2.1    Method 

The Adversarial Interpretative Structural Model (AISM) is a new modeling 
approach based on the classical Interpretative Structural Model (ISM), 
which incorporates the concept of game adversarial in Generative 
Adversarial Networks (GAN). AISM generates game adversarial matrix 
pairs in different dimensions by measuring the distance between positive 
and negative ideal points, and extracts the adversarial ISM directed 
topological hierarchical graph. By continuous approximation, the final 
ranking of the study object is derived. 

AISM is founded on the concept of partial order, which divides a complex 
system’s fundamental elements into sub-elements. The process of 
decreasing dimensionality from the original decision matrix O to the 
closeness decision matrix T, where the T matrix has only one column, is 
the process of decreasing dimensionality. Compared to the old evaluation 
paradigm, the entire process transforms from numerous dimensions to 
one dimension, which has a higher performance. As a result, this paper 
combines TOPSIS and AISM models, and the combined use of the two does 
not simply show the sorting results with a directed topological hierarchy 
diagram, but also has various extensions and extensions to both TOPSIS 
and AISM, which could provide a new theory for the subsequent 
assessment of the ecological carrying capacity of water resources. 

Figure 2: TOPSIS-AISM operational flow chart 

2.2    AISM Process  

2.2.1   Calculation of The Decision Matrix to The Relationship Matrix 

The evaluation matrix D is obtained from the relationship matrix A by 
partial order. For any two evaluation objects (x,y) in D. There are: negative 

indicators )1,()1,( nynx dd 
 and )2,()2,( nynx dd 

 ... and ),(),( nmynmx dd 
; meanwhile 

all positive indicators )1,()1,( pypx dd 
 and )2,()2,( pypx dd 

, ...... and

),(),( pmypmx dd 
. The relationship matrix nnijaA = )(

, aij=1 when 
and only when y is better than x; aij=0 when x has no complete superiority 
or inferiority relationship with y or when x is better than y. 

2.2.2   Calculation of Relationship Matrix to General Skeleton Matrix 

For the relation matrix A, its reachable matrix R is calculated as follows:  

IAB +=  (1) 

Where B is the multiplication matrix and I is the unit matrix. A 
concatenated multiplication of matrix B yields the reachable matrix R 
when the matrix no longer changes. 

RBBB kkk = +− 11   (2) 

The general skeleton matrix S is obtained by performing Boolean 
operations on the reachable matrix R: 

IIRRS −−−= 2)( (3) 
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2.2.3   Element Hierarchy Extraction Rules 

For a reachable matrix, there is a reachable set R, a priori set Q and a 
common set T, where T = R ∩ Q. Take a relational matrix A as an example, 
for its elements ei, there exist the following two cases: all elements of an 
element corresponding to row values of 1 are called reachable sets R(ei). 
All elements of an element corresponding to a column value of 1 are called 
the prior set Q(ei). The common set of R(ei) and Q(ei) is then called T(ei) . 
The two methods of extraction are as follows. 

(1) UP type 
The UP type hierarchy diagram is the hierarchy division with priority of 
results, and its extraction rule is T(ei)=Q(ei). Extract the same elements 
from two sets at a time and place them at the top, then place the remaining 
elements from top to bottom. 

(2) DOWN type 
DOWN type hierarchy diagram is the hierarchy division of priority of 
cause, and its extraction rule is T(ei)=Q(ei). The extracted elements are 
placed below each time, and the remaining extracted elements are placed 
from bottom to top. 

The opposing sets of extraction results, UP and DOWN, are finally 
substituted into the general skeleton matrix S to complete the topological 
hierarchy diagram. The generated topological hierarchy diagram can 
visually express the hierarchical relationship between the elements, and 
the directed line segments indicate the superiority and inferiority of the 
samples. The best samples are at the top of the hierarchy, and the worst 
samples are at the bottom of the hierarchy. 

2.3   TOPSIS-AISM Process 

According to the object of the study, m samples are selected, and n research 
indicators are selected for each sample to construct the original decision 
matrix O=(oij)m×n, normalize the matrix O using the polar difference 
method to obtain the normalized decision matrix N=(nij)m×n, and plot the 
adversarial topological hierarchy diagram after doing AISM operations on 
the matrix O and N. The formula of the polar difference method is (Shih et 
al., 2007): 

Positive indicator normalization formula: 

(4) 

Negative indicator normalization formula: 

(5) 

Using the entropy weight method to find the weights of each index of the  

normalization matrix N, and using the distance formula to calculate the  

distance of each sample to the ideal solution, the distance decision matrix 
D=(dij)m×n is obtained+ is the distance between the evaluation object and 
the positive ideal solution. The farther the distance from the positive ideal 
point, the worse the evaluation object is, so it is a negative indicator. d- is 
the distance between the evaluation object and the negative ideal solution. 
The farther the distance from the negative ideal point, the better the 
evaluation object is, so it is a positive indicator. Finally, the matrix D is 
plotted against the topological hierarchy after the AISM operation. The 
distance is calculated by the formula: 

(6) 

  (7) 

The closeness decision matrix T=(ti)m×1 consists of 1 column of data, ti is 
calculated from d+, d- by the following equation: 

+−

−

+
=

ii

i
i

dd

d
t (8) 

3. RESULTS AND DISCUSSION

3.1 Establishment of Water Resources Carrying Capacity Index 
System 

Evaluating the water resources carrying capacity of the Yangtze River 
economic belt needs an index to quantify the water resources carrying 
capacity. Water resources carrying capacity is affected by many factors. 
Water resources transportation system is composed of water resources 
factors, social factors, economic factors and ecological environment factors 
(Wu et al., 2020). The Water resources carrying system can be divided into 
two groups. One is the water resources system, which includes factors like 
annual precipitation and modulus of water production. The other covers 
the social, economic, and eco-environment factors like the GDP per capita, 
the natural population growth rate, the water consumption of ecosystem, 
and so on. The indicators should be selected based on the interactive 
relationship of those factors (Zhu et al, 2014). On the basis of referring to 
a large number of water resources carrying capacity studies and 
considering the availability of relevant data, this paper adopts indicators 
with high frequency of use, which are representative and complete as 
much as possible (Zhao et al., 2014). All the indicators are shown in Table 
1. Those indicators could be classified into income-type and cost-type. The 
values of the income-type indicators increase as the competitiveness of the 
water resources carrying system grows, denoted by “+”. On the other hand, 
the cost-type indicators, which have a negative association with the 
competitiveness of the water resources carrying system, are denoted by “-” 
(Zhang et al., 2019). All the data in Table 1 are from the Water Resources 
Bulletin and the Statistical Yearbook in 2020. 

Table 1: Water Resources Carrying Capacity Evaluation Index System 

Sub-system Variable Indicator Type Measurement Weight 

Water Resources 

X1 Annual Precipitation + Raw Data 0.0548 

X2 Water Consumption Per Capita - Total Water Consumption/General Population 0.0419 

X3 Water Resources Per Capita + Total Water Resources/General Population 0.0514 

X4 Modulus of Water Production + Total Water Resources /National Land Area 0.0505 

Society 

X5 Population Density - General Population / National Land Area 0.0256 

X6 Urbanization Rate + Raw Data 0.0795 

X7 Domestic Water Consumption Per Capita - 
Total Domestic Water Consumption / 

General Population 
0.0466 

X8 Natural Population Growth Rate - Raw Data 0.0538 

Economy 

X9 GDP Per Capita + Total GDP/ General Population 0.1168 

X10 Water Consumption Per 10 Thousand Yuan Of GDP - 
Total Water Consumption /Total GDP Per 

10 Thousand Yuan 
0.0462 

X11 
Water Consumption Per 10 Thousand Yuan of 

The Added Value of Industrial Firms 
- Raw Data 0.0459 

X12 Proportion of The Tertiary + Raw Data 0.1164 

Eco-environment 

X13 Water Consumption Rate of The Ecosystem + 
Water Consumption of The Ecosystem 

/Total Water Consumption 
0.1137 

X14 Area of Man-Made Forests + Raw Data 0.0729 

X15 Urban Green Coverage Rate + Raw Data 0.0484 

X16 Treatment Rate of Domestic Sewage + Raw Data 0.0356 
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3.2   TOPSIS Analysis 

The panel data of 11 provinces and cities in the Yangtze River Economic 
Zone are substituted into equations (4) and (5) for normalization, and the 
normalization matrix N (omitted) is obtained after calculation. This 
process divides the indicators of different levels of the original matrix 
treatment under the same dimension so that each of its columns is strictly 
comparable with each other. 

The entropy weight method is applied to find out the weights of each 
indicator of the normalization matrix N. The weight values of each 
indicator are shown in Table 1. Substitute into the distance formula with 
weights (6) and (7) to determine the positive and negative ideal solutions 
d+、d-, and thus determine the distance decision matrix D=(dij)11×2, and 
then combine with formula (8) to find the closeness value ti. The specific 
values of positive and negative ideal solutions and closeness are shown in 
Figure 3. 

a. Sample positive and negative ideal solution distances and closeness

b. Sample positive ideal solution distance

c. Sample negative ideal solution distance
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d. Sample closeness values 

Figure 3: Positive and Negative Ideal Solution Distance Values and Closeness Values 

According to the previous research results, this paper divides the 
proximity into five levels, and different levels represent different water 
resources carrying capacity conditions (Li et al. 2018). The specific level of 
water resources carrying capacity in 11 provinces of the Yangtze River 
economic belt is shown in Table 2. 

Table 2: Classification of Closeness Level 

Province Level Level Description 

Zhejiang、Shanghai Good 
Coordination of 

water use 

Anhui、Hunan、Chongqing、

Sichuan、Yunnan 
Intermediate 

Reasonable water 
use 

Jiangsu、Jiangxi、Hubei、
Guizhou 

Alert 
Shortage of water 

use 

TOPSIS analysis results have the following two characteristics. First, there 
exist differences in the weights of water resources carrying capacity 
evaluating indicators, which shows their different contribution. Table 1 
shows that the top four indicators with the highest weight are the GDP per 
capita, the proportion of the tertiary industry, the water consumption rate 
of the ecosystem, and the urbanization rate, which are 0.1168, 0.1164, 
0.1137, and 0.0795 respectively. The values of these four indicators are 
much higher than other indicators, indicating that these four indicators 
have a significant impact on the regional water resources carrying 
capacity, and the per capita GDP is the primary factor affecting the regional 
water resources carrying capacity. 

Second, there exists a disparity in water resources carrying capacity of the 
Yangtze River Economic Belt. The water resources carrying capacity of the 
provincial-level regions in the east coast of China is better than that of the 
regions in the middle part of China and regions in the west part of China. 
One explanation might be that since the water resources are becoming 
more and more critical for the local economic and social development, the 
regions on the east coast of China could make more efforts on the 
utilization of the water resources based on their well-developed economic 
base. This advantage could give them plenty of funds for green technology 
research and development and eco-environment management, which is 
helpful to balance regional water resources carrying capacity and the 
demand for development. Although water resources carrying capacity of 
the regions in the middle part of China and regions in the west part of 
China is growing steadily accompanied with their economic development, 
their industrial structure, resource utilization efficiency, and public 
awareness of environmental protection are limited compared with those 
of the provincial-level regions in the east coast of China and the disparity 
tends to enlarge. Therefore, their water resources carrying capacity is 
weaker. 

3.3   AISM Analysis 

The original decision matrix O and the normalized matrix N are equivalent 
geometric morphologies, and the change of the values of the matrices does 
not change their ordering. Since the adversarial topological hierarchy 
diagram drawn by these two matrices grouped the provinces of the 
Yangtze River economic belt into one level, it does not distinguish the 
regional water resources carrying capacity hierarchy. Therefore, this paper 
omits the AISM operation process of the original decision matrix and 
normalized matrix and the confrontation topology hierarchy diagram. 

In order to better grasp the hierarchy of advantages and disadvantages 
among evaluation objects, the decision matrix composed of positive and 
negative ideal solutions d+ and d- is selected for partial order calculation. 
Then the relationship matrix A=(aij)11×11 is obtained in Table 3. The 
relationship matrix A is substituted into equations (1) and (2), the 
reachable matrix R=A=(aij)11×11 is obtained by Boolean operation. 

Table 3: Relationship Matrix and Reachable Matrix 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 

S1 1 0 0 0 0 0 0 0 0 0 0 

S2 1 1 1 1 0 0 1 1 1 0 0 

S3 0 0 1 0 0 0 0 0 0 0 0 

S4 1 0 1 1 0 0 0 1 1 0 0 

S5 1 1 1 1 1 0 1 1 1 0 1 

S6 1 1 1 1 0 1 1 1 1 0 1 

S7 1 0 1 1 0 0 1 1 1 0 0 

S8 1 0 1 0 0 0 0 1 0 0 0 

S9 1 0 1 0 0 0 0 0 1 0 0 

S10 1 1 1 1 1 1 1 1 1 1 1 

S11 1 0 1 0 0 0 0 0 1 0 1 

According to the reachable matrix R, the extraction is carried out in the 
cause first and result first way respectively. The cause-first extraction 
method, the reachable matrix row where the object is located is 1. The 
result-first extraction method, the reachable matrix column where the 
object is located is 1. The extraction process of the distance decision matrix 
D is shown in Table 4. 
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Table 4: Distance Decision Matrix Extraction Process 

Up Topology Level Extraction Process Down Topology Level Extraction Process 

R(ei) T(ei) Q(ei) T(ei) 

S1 S1 S1 S1 S1,S2,S4,S5,S6,S7,S8,S9,S10,S11 S1 

S2 S1,S2,S3,S4,S7,S8,S9 S2 S2 S2,S5,S6,S10 S2 

S3 S3 S3 S3 S2,S3,S4,S5,S6,S7,S8,S9,S10,S11 S3 

S4 S1,S3,S4,S8,S9 S4 S4 S2,S4,S5,S6,S7,S10 S4 

S5 S1,S2,S3,S4,S5,S7,S8,S9,S11 S5 S5 S5,S10 S5 

S6 S1,S2,S3,S4,S6,S7,S8,S9,S11 S6 S6 S6,S10 S6 

S7 S1,S3,S4,S7,S8,S9 S7 S7 S2,S5,S6,S7,S10 S7 

S8 S1,S3,S8 S8 S8 S2,S4,S5,S6,S7,S8,S10 S8 

S9 S1,S3,S9 S9 S9 S2,S4,S5,S6,S7,S9,S10,S11 S9 

S10 S1,S2,S3,S4,S5,S6,S7,S8,S9,S10,S11 S10 S10 S10 S10 

S11 S1,S3,S9,S11 S11 S11 S5,S6,S10,S11 S11 

Extract S1,S3 and place it on the upper layer, delete S1,S3 and continue to 
extract 

Extract S10 and place it on the lower layer, delete S10 and continue to 
extract 

… 

In turn and the level-by-level extraction 

… 

… 

In turn and the level-by-level extraction 

… 

R(ei) T(ei) Q(ei) T(ei) 

S5 S5 S5 S1 S1,S8,S9 S1 

S6 S6 S6 S3 S3,S8,S9 S3 

S10 S5,S6,S10 S10 S8 S8 S8 

Extract S5,S6 and place it on the upper layer, delete S5,S6 and continue to 
extract 

S9 S9 S9 

Extract S8,S9 and place it on the lower layer, delete S8,S9 and continue to 
extract 

R(ei) T(ei) Q(ei) T(ei) 

S10 S10 S10 S1 S1 S1 

S10 is placed in the last layer and the extraction process is finished 

S3 S3 S3 

S1 and S3 are placed in the top layer and the extraction process is 
finished 

The general skeleton matrix S is calculated from the reachable matrix R=A=(aij)11×11 by Equation (3), as shown in Table 5. According to the extraction 
process in Table 4 and the general skeleton matrix S, the adversarial hierarchy topology figure is Figure 4. 

Table 5: General Skeleton Matrix 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 

S1 0 0 0 0 0 0 0 0 0 0 0 

S2 0 0 0 0 0 0 1 0 0 0 0 

S3 0 0 0 0 0 0 0 0 0 0 0 

S4 0 0 0 0 0 0 0 1 1 0 0 

S5 0 1 0 0 0 0 0 0 0 0 1 

S6 0 1 0 0 0 0 0 0 0 0 1 

S7 0 0 0 1 0 0 0 0 0 0 0 

S8 1 0 1 0 0 0 0 0 0 0 0 

S9 1 0 1 0 0 0 0 0 0 0 0 

S10 0 0 0 0 1 1 0 0 0 0 0 

S11 0 0 0 0 0 0 0 0 1 0 0 

From the AISM analysis, the following characteristics exist: 

First, the AISM model operation downscales the static evaluation results, 
making the strengths and flaws of the provincial sample more apparent. 
The primary line objects and arrows point generally the same in both UP 
and DOWN type directed topological hierarchy diagrams, and the 
hierarchy division is also basically the same, demonstrating the 
progressive structure of 7 levels in visual form. According to the principle 
that the upper layer performs better and the lower layer performs worse, 
it is clear that each province’s water resource carrying capacity decreases 
from top to bottom, with Shanghai, Zhejiang being the uppermost set of 
both extraction methods; Yunnan spans two layers and is the active 
element in the evaluation structure. Shanghai and Zhejiang have the 

strongest water resources carrying capacity at the L0 level, while the eight 
provinces of Chongqing, Sichuan, Anhui, Yunnan, Hunan, Jiangsu, Jiangxi, 
and Hubei have decreasing water resources carrying capacity in order, and 
Guizhou has the weakest water resources carrying capacity at the L6 level. 

Second, the degree of economic development significantly influences the 
evaluation of regional water resources carrying capacity. Combining the 
confrontation hierarchy topology diagram and indicator weights, the 
better the economic development, the higher the evaluation value of 
regional water resources carrying capacity. Looking at the topological 
hierarchy, the top ranking provinces are Zhejiang and Shanghai, which take 
advantage of their economic development and translate into scientific and 
rational development of water resources and ecological environmental 
protection. The provinces with reasonable water resources utilization 
have good policies and financial support for developing regional water 
resources ecosystems, although their socio-economic development is not 
as good as that of the eastern coastal provinces. Jiangxi, Hubei and Guizhou 
are the last three provinces in the ranking, which are relatively remote and 
have a weaker economic base than the southeastern provinces, indicating 
that the government does not pay enough attention to the water resources 
ecosystem and does not balance the development of the regional economy 
and the sustainability of water resources. 

Third, the analysis reveals that the Yangtze River Economic Belt’s eastern 
and central regions have significantly higher water resource carrying 
capacity than the western regions. The middle and eastern regions are 
located in the Yangtze River basin’s middle and lower reaches, where 
abundant transit water resources support regional economic and social 
development. The rapid economic and social development in the central 
and eastern regions facilitates the development and utilization of water 
resources, as well as the improvement of water pollution management, 
thereby increasing the carrying capacity of water resources (Wang et al., 
2019; Wu et al. 2019; Wang et al., 2019). Except for Sichuan and 
Chongqing, which have higher overall scores, the rest of the western region 
has relatively low scores and ranks low. The reason for this is that the 
western region is located in the Yangtze River basin’s upper reaches. 
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Mountains and plateaus dominate the landscape, with severe soil erosion 
affecting the development and use of local water resources, as well as 
water resources in the middle and lower reaches. The provinces of Yunnan 
and Guizhou are affected by karst topography, which has abundant water 
resources but is difficult to develop and utilize (Meng et al., 2020). In 
addition, due to the neglect of the impact of economic growth mode and 
industrial structure layout, the economic and social development level of 
the western region is low, which restricts the development and utilization 
rate of water resources and water use efficiency (Yu and Liu, 2017), and 
the carrying capacity of water resources is lower than that of the Eastern 
coastal region. 

Figure 4: Adversarial Hierarchy Topology Figure 

4. CONCLUSIONS 

According to different index systems, the impact of various factors on 
regional water resources carrying capacity is also different. The high 
weight characteristics such as per capita GDP, the proportion of tertiary 
industry, ecological water use rate and urbanization rate have a significant 
positive impact on the regional water resources carrying capacity. The 
provinces of the Yangtze River economic belt must pay close attention to 
the changes of these variables in order to promote the sustainable 
development of regional water resources ecosystem. 

In terms of geographical structure, the Yangtze River Economic Belt’s 
overall water resources carrying capacity score is greater in the eastern 
and central regions than in the west. Due to their high economic 
development, Zhejiang and Shanghai are at the top of the water resources 
carrying capacity scale, and Guizhou, Jiangxi, and Hubei are at the bottom 
of the Yangtze River Economic Belt’s 11 provinces. 

AISM can depict the entire dynamic process rather than just the final 
outcome. Because the ranking results are presented in the form of 
hierarchical diagrams, the TOPSIS-AISM model offers a major advantage in 
terms of expressiveness and intuitiveness when compared to the regular 
TOPSIS model. With a clear process structure, convenient and 
straightforward computation, easy to grasp, and high credibility, the AISM 
model technique can fully capture the human thinking process. It can be 
applied to other types of comprehensive evaluations. 

This study uses an evaluation method based on partial-order sets, which 
attenuates the differences in results due to different assignment methods. 
But given the impact of numerous uncertainties such as data availability, 
the indicators covered by the evaluation method developed in this study 
may not be comprehensive, and the scientific elements of indicator 
selection should be investigated further in the future. At the same time, 
there are a variety of options for data standardization and weight-finding 
methods that might be pursued as the next line of inquiry. 

REFERENCES 

Bao, C., and He, D.M., 2017. Spatiotemporal Characteristics of Water 
Resources Exploitation and Policy Implications in the Beijing-Tianjin-
Hebei Urban Agglomeration. Progress in Geography, 36, Pp. 58-67. 

He, G., Xia, Y.L., Qin, Y., Zhu, Y.N., and Wang, W.W., 2019. Evaluation and 
spatial-temporal dynamic change of water resources carrying capacity 
in the Yangtze River economic belt. Research of Soil and Water 
Conservation. 26, Pp.  287-292, 300. 

Li, G.J., 2016. Adhere to the road of ecological priority and green 
development, and solidly promote the ecological environment 
protection work in the Yangtze River economic belt. Environmental 
Protection, 44, Pp. 7-13. 

Li, Z.Y., Yang, T., Huang, C.S., Xu, C.Y., Shao, Q.X., Shi, P.F., Wang, X.Y., and 
Cui, T., 2018. An improved approach for water quality evaluation: 
TOPSIS-based informative weighting and ranking (TIWR) approach. 
Ecological Indicators: Integrating, Monitoring, Assessment and 
Management, 89, Pp. 356-364. 

Liu, X.J., and Fu, H.L., 2015. Evaluation on water resources carrying 
capacity based on variable-weight and entropy-weight methods with 
improved TOPSIS — a case study of prefecture cities in Shaanxi 
Province. Bulletin of Soil and Water Conservation, 35, Pp. 187-191.  

Lu, D.D., 2014. Economic Belt Construction Is the Best Choice of Economic 
Development Layout: The Enormous Potential for the Yangtze River 
Economic Belt. Scientia Geographica Sinica, 34, Pp. 769-772. 

Meng, W.S., and Shao, F.Q., 2020. Influence of environmental regulation 
and industrial structure on the growth efficiency of green economy in 
the Yellow River Basin．Water Resources Protection, 36(6), Pp. 24-30. 

Milano, M., Ruelland, D., Fernandez, S., Dezetter, A., Fabre, J., Servat, E., 
Fritsch, J.M., Ardoin-Bardin, S., and Thivet, G., 2013. Current state of 
Mediterranean water resources and future trends under climatic and 
anthropogenic changes. International Association of Scientific 
Hydrology Bulletin, 58(3), Pp. 498-518. 

Shih, H.S., Shyur, H.J., and Lee, E.S., 2007. An extension of TOPSIS for group 
decision making. Mathematical & Computer Modelling, 45(7-8), Pp. 
801-813. 

Simonovic, S.P., 2002. World water dynamics: global modeling of water 
resources. Journal of Environmental Management, 66(3), Pp. 249-267. 

Sun, S., Fang, C.L., and Lv, J.Y., 2017. Spatial inequality of water footprint in 
China: A detailed decomposition of inequality from water use types and 
drivers. Journal of Hydrology, 553, Pp. 398-407. 

Tian, P., Zhang, Z.H., Xu, X.Y., Yan, F., Wu, Y.J., Zhang, H.L., and Liu, M.X., 
2019. Comprehensive evaluation of water resources carrying capacity 
in the Yangtze River economic belt based on variable weight TOPSIS 
model. Water Environment Management, 53, Pp. 755-764. 

Tramblay, Y., Jarlan, L., Hanich, L., and Somot, S., 2018. Future scenarios of 
surface water resources availability in North African dams. Water 
Resources Management, 32(4), Pp. 1291-1306. 

Van Ginkel, K.C.H., Hoekstra, A.Y., Buurman, J., and Hogeboom, R.J., 2018. 
Urban water security dashboard: systems approach to characterizing 
the water security of cities. Journal of Water Resources Planning and 
Management, 144(12). 

Walter, A., Cadenhead, N., Sze Weii Lee, V., Dove, C., Milley, E., and Elgar, 
M.A., 2012. Water as an essential resource: orb web spiders cannot 
balance their water budget by prey alone. Ethology, 118, Pp. 534-542. 

Wang, B.Q., Yang, H., and Zhu, Y., 2020. Comprehensive evaluation of water 
resource carrying capacity of Yangtze River economic zone, Beijing. 
Resources & Industries 2020, 22, 1-11. 

Wang, X.K., Dong, Z.C., Wei, X., and Luo, Y., 2019. Study on spatial and 
temporal distribution characteristics of coordinated development 
degree among regional water resources, social economy, and ecological 
environment systems. International Journal of Environmental Research 
and Public Health, 16. 

Wang, Y.X., Wang, Y., Su, X.L., Lin, Q., and Min, L., 2019. Evaluation of the 
comprehensive carrying capacity of interprovincial water resources in 
China and the spatial effect. Journal of Hydrology, 575, Pp. 794-809. 

Wang, Z.G., Luo, Y.Z., Zhang, M.H., and Xia, J., 2014. Quantitative evaluation 
of sustainable development and eco-environmental carrying capacity in 
water-deficient regions: A case study in the Haihe River Basin. Journal 
of Integrative Agriculture. 

Wei, J., Wei, Y., and Western, A., 2017. Evolution of the societal value of 
water resources for economic development versus environmental 
sustainability in Australia from 1843 to 2011. Global Environmental 
Change, 42: Pp. 82-92. 



Environment & Ecosystem Science (EES) 6(2) (2022) 57-64 

Cite The Article: Kehao Sheng, Zhongkun Tang, Chao Sun, Shiyu Wang (2022). Comprehensive Evaluation of Water Resources Carrying Capacity of 
Yangtze River Economic Belt Based on Topsis-Aism Model. Environment & E cosystem Science, 6(2): 57-64.

Wu, C., Zhou, L., Jin, J., Ning, S., Zhang, Z., and Bai, L., 2020. Regional water 
resource carrying capacity evaluation based on multi-dimensional 
precondition cloud and risk matrix coupling model. Science of the Total 
Environment, 710, 136324. 

Wu, C.G., Zhou, L.Y., Jin, J.L., Ning, S.W., Zhang, Z.X., and Bai, L., 2019. 
Regional water resource carrying capacity evaluation based on multi-
dimensional precondition cloud and risk matrix coupling model. 
Science of the Total Environment, 710. 

Wu, L., 2014. Analysis of water sustainable utilization in Changsha City 
based on water footprint theory．Applied Mechanics and Materials, 
694, Pp. 532-535. 

Xi, K.Y., Yu, J.L., Zhang, M., and Yu, R.D., 2021. The Optimal Allocation of 
Oasis Agricultural Water based on the Interval Two Stage Stochastic 
Programming with CVaR. Agricultural Research in the Arid Areas, 39, 
Pp. 224-229, 265.  

Yang, J., Lei, K., Khu, S., and Meng, W., 2015. Assessment of water resources 
carrying capacity for sustainable development based on a system 
dynamics model: a case study of Tieling City, China. Water Resources 
Management, 29(3), Pp. 885-899. 

Yang, L., Xu, Y., and Zhu, J.Q. Comprehensive Evaluation of Science and 

Technology Innovation Ability in Eastern Provinces of China — Based 
on TOPSIS-AISM Model. Modern Management Science, 8, Pp. 3-12. 

Yu, Y.G., and Liu, L.Y., 2017. Regional differences and influence factors of 
water resource efficiency in China: based on super efficiency DEA-Tobi. 
Economic Geography, 37(7), Pp. 12-19. 

Yue, C., Liu, F., Yang, L., Gao, J., and Guo, X.J., 2021. Ecological footprint and 
ecological carrying capacity of water resources in Beijing City during 
2010-2019. Bulletin of Soil and Water Conservation, 41, Pp. 291-295, 
304. 

Zhang, L.J., Kang, Y., and Li, X.L., 2019. Water Resources Carrying Capacity 
Evaluation of Yellow River Basin Based on Normal Cloud Model. Water 
Saving Irrigation. 

Zhao, J.H., Xiu, H.R., Wang, M., and Zhang, X.K., 2020. Construction of 
evaluation index system of green development in the Yellow River 
Basin based on DPSIR model. IOP Conference Series: Earth and 
Environmental Science, 510(3). 

Zhu, L.Y., and Su, W.C., 2014. Research on carrying capacity of water 
resources based on entropy-weight and grey-correlation model. Journal 
of Water Resources and Water Engineering. 




