Frontiers in Business, Economics and Management
ISSN: 2766-824X | Vol. 16, No. 1, 2024

Evaluation of Water Resources Carrying Capacity in
Shandong Province Based on Entropy Weight TOPSIS

Model

Jiefan Zhang

College of Xi'an International Studies University, Xi‘an, China

Abstract: In order to scientifically evaluate the water resources carrying capacity of Shandong Province, this paper constructs
an evaluation framework of nine key indicators, including water supply coefficient and per capita GDP, from three dimensions:
hydrological resource status, economic and social development level and ecological environmental protection. Then, the entropy
weight method combined with TOPSIS model was used to carry out in-depth analysis and quantitative evaluation of Shandong's
water resources carrying capacity. The results show that: from 2015 to 2020, the water resources carrying capacity of Shandong
Province first increased steadily, then decreased slightly, and then continued to rise sharply. From 2015 to 2020, the water
resources carrying capacity of Shandong Province was always in a state of shortage; In the future work, we should pay more
attention to the balanced development of economic and social development level and carrying capacity, and continue to
strengthen the management of water-saving and planned water use, so as to achieve sustainable use of water resources.
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1. Introduction

Water resource is an important basic resource for human
survival and social development. It is an irreplaceable
renewable natural resource with multiple uses [1]. Since
entering the 21st century, with the rapid expansion of global
economy, problems such as scarcity of water resources,
degradation of water ecosystem and water pollution have
become increasingly prominent, which seriously restricts the
sustainable progress of regional social economy. China's
water resources endowment shows a significant spatio-
temporal imbalance, with sharp annual and seasonal
fluctuations in water resources, and the uneven development
and utilization of water resources in various regions, resulting
in severe water resources pressure in many regions. At present,
the existing water resources in many regions of China can no
longer support the rapid pace of local social and economic
growth. How to properly reconcile the contradiction between
supply and demand of regional water resources and
coordinate it with social and economic development has
become the core issue to determine whether the region can
achieve the sustainable development goals.

On the discussion of water resources carrying capacity, the
academic circles at home and abroad have accumulated a
wealth of research results. WIDODO and other researchers [2]
integrated the concept of water resources carrying capacity
with land use patterns, and determined the critical value of
water resources carrying capacity in Yogyakarta city through
comprehensive analysis. This study not only deepens our
understanding of WCR, but also situates it in specific land use
scenarios, providing empirical evidence for urban planning
and water resources management. Scholars [3] such as AIT-
AOUDIA proposed that water resources carrying capacity
should be understood as the upper limit of human activity
intensity that an ecosystem can tolerate under the premise of
ensuring basic living needs and water resources security.
KUSPILIC et [4] al. defined water resources carrying
capacity as the maximum number of populations that a
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region's water resources could sustain under the premise of
sustainable utilization, and analyzed the water resources
carrying capacity of Cres Island based on this concept.

In carrying out the assessment of water resources carrying
capacity, there have been many academic contributions on
how to rationally select research approaches and quantify the
relative importance of each indicator. At present, the methods
of determining index weights are mainly divided into two
categories: one is the subjective weighting method of
subjectively specifying index weights, such as the analytic [5]
hierarchy process and the relative entropy aggregation
method [6] of group decision making. Although such methods
can fully reflect the individual tendency of research subjects,
the weights set by manual are often not robust enough due to
the significant individual differences in subjective judgment.
And the other category is the objective weighting method,
which focuses on the direct use of the original data of
indicators, with the help of statistical analysis means to
automatically calculate the weight of each indicator, in order
to avoid the influence of human bias. Such as principal
component analysis [7], entropy weight method [8] and so on.
The objective weighting method is free from the interference
of subjective assumptions, and the determination of the index
weight depends more on the inherent characteristics and
randomness of the sample data. In view of the advantages and
disadvantages of subjective and objective weighting methods,
scholars have begun to carry out a series of optimization
attempts, aiming at synthesizing the advantages of the two
methods, in order to obtain a more accurate and
comprehensive weight allocation scheme. In the evaluation
index system of water resources carrying capacity, Shi Jia et
al. [9] adopted the strategy of combining analytic hierarchy
process (AHP) and entropy weight method to realize the
comprehensive evaluation of index weights. Zhu Zhihuan [10]
selected a cross-weighting technique combining coefficient of
variation method and G1 method, which was successfully
applied to the comprehensive evaluation of regional science
and technology development level. A comprehensive review



of past studies shows that the existing methods for
determining the weights of indicators used to assess water
resources carrying capacity fail to adequately and accurately
reflect the real importance differences among indicators. Both
subjective and objective weighting methods have significant
limitations. Even if we try to combine subjective and
objective methods and seek a compromise through the so-
called combined weighting method, we often only carry out
weighted average or mechanical combination at the surface
level. This method not only lacks internal logic and science,
but also the final weight result obtained is far from the best
choice. This simple superposition of subjective and objective
weights has no theoretical basis to support its rationality, nor
does it have a rigorous scientific basis. More importantly, it
does not really touch the core of the problem to find the
optimal weight distribution scheme. The method of moment
estimation can scientifically balance the ratio of subjective
and objective weights, and determine the best combination of
subjective and objective weights by constructing the
minimum deviation function, so as to obtain the optimal
synthetic weights. At present, the moment estimation method
has shown its application value in many fields, such as the
optimization of emergency logistics management system [11],
and the research and development and evaluation [12] of
micro-robot technology.

In the research field of water resources carrying capacity
assessment methods, the analysis methods widely used
include fuzzy comprehensive evaluation method, grey
correlation analysis model and TOPSIS model. Among them,
TOPSIS model has been widely adopted and applied [13] in
the evaluation field of water resources carrying capacity
because it has no excessive restrictions on the random
distribution of sample data and indicator information, and can
retain and utilize the original data details to the greatest extent
while simplifying the operation process, thus significantly
reducing the information distortion rate. Wang Jiang and other
scholars [14] built and applied TOPSIS model to carry out a
prospective prediction and analysis of water resources
carrying capacity in Guanzhong area of Shaanxi Province. Xu
Yang et al. [15] innovatively improved the traditional TOPSIS
model by introducing grey correlation analysis method,
aiming to capture the implied nonlinear correlation among
indicators. However, even so, the original TOPSIS model still
has a limitation, that is, the closeness value calculated by the
TOPSIS lacks a clear grade division, which weakens the
intuitive expression of the results to some extent. In view of
this, some scholars began to explore the combination of
TOPSIS model and RSR rule, which has excellent
hierarchical classification ability, in order to make up for the
shortcomings of TOPSIS model in the classification of results.
For example, Wang Ying [16] creatively integrated the
weighted TOPSIS model with RSR method and applied it to
the comprehensive evaluation and classification of the
influence of academic journals.

In view of the above problems, this study draws on the
work of previous scholars and builds a comprehensive index
system based on the theoretical framework of socio-
economic-ecological coupling symbiosis. By using entropy
method to scientifically measure the relative weights of each
index, supplemented by TOPSIS model, the dynamic changes
of water resources carrying capacity in Shandong Province
from 2015 to 2020 were analyzed and comprehensively
evaluated. The purpose of this study is to provide empirical
basis and decision support for Shandong Province to
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rationally plan the development and utilization of water
resources and promote its sustainable development strategy.
By integrating social, economic and ecological considerations,
this study tries to reveal the current situation and potential of
water resources carrying capacity in Shandong Province, and
provide scientific guidance for local governments to
formulate water resources management policies, optimize
resource allocation and balance the relationship between
regional development and environmental protection.

2. General Situation and Data Source
of The Research Area

2.1. Overview of the Research Area

Shandong Province is located in the warm temperate
monsoon climate area, and its water resources mainly depend
on natural precipitation. Therefore, the abundance and
shortage of water resources in Shandong province are directly
related to the amount of precipitation. The overall
composition of water resources covers two parts: surface
runoff and underground aquifer, and water resources can be
renewed year by year through water circulation [17]. The
frequent drought in Shandong Province, combined with the
uneven natural distribution of water resources, serious water
pollution and the lagging construction of water conservancy
projects, together constitute the three causes of water
resources shortage in the province. These problems not only
limit the safety and stability of agricultural, industrial and
urban water supply, but also have a negative impact on
ecological balance and people's quality of life, becoming one
of the important factors hindering the comprehensive
development of Shandong Province [18]. Therefore, to solve
the problem of water shortage and realize the efficient use and
sustainable management of water resources is of vital
significance to promote the overall economic and social
progress of Shandong Province.

2.2. Data Sources

In this paper, the original data of Shandong Province in six
evaluation years were obtained after sorting, analyzing and
calculating the data in the Water Resources Bulletin of
Shandong Province and the Environmental Status Bulletin of
Shandong Province from 2015 to 2020 and the Statistical
Yearbook of Shandong Province from 2016 to 2021.

3. Research Methods

3.1. Connotation of Water Resources Carrying
Capacity and Index System Construction

Research on the connotation of Water Resources Carrying
Capacity, after China's gradual development and
improvement, its connotation can be divided into three
categories: "maximum supporting scale of water resources",
"maximum development capacity of water resources" and
"sustainable development of water resources" theory [19].
Water resources carrying capacity essentially reflects a
specific region, under the given stage of economic and social
development and productivity level, its water resources
system can guarantee and support, and ecological
environmental protection and social and economic activities
coordination, sustainable development of the appropriate
capacity [20]. Therefore, in the process of carrying out the
research of water resources carrying capacity, it is necessary
to comprehensively consider multiple factors including



ecological environment and social economy, and carry out
comprehensive analysis and evaluation.

Based on the design ideas of the index system in the
literature [21-22], this study followed the principles [23] of
index construction including hierarchy, scientific, regional
and availability. On the basis of fully considering the unique
ecological system, social and economic development level
and hydrological conditions of Shandong Province, and

drawing reference from the index framework in relevant
literature [24-26], nine key indicators were carefully selected.
The three key dimensions of water resources, ecological
environment and economy are taken as the evaluation criteria,
and then a comprehensive evaluation system is formed to
conduct a comprehensive analysis and evaluation of the water
resources carrying capacity of Shandong Province from 2015
to 2020, as listed in Table 1.

Table 1. Comprehensive evaluation index system of Shandong water resources carrying capacity

Target Layer Guideline layer ' Indicators = Nature
Cc1 -
Water C2
Resources
Subsystem B1 C3 +
Environmental ca .
carrying
capacity of c5 n
water rzsources Economic and
Social C6 +
subsystem B2
Cc7 -
Ecological C8 +
environment
C9 +

subsystem B3

In the framework of comprehensive evaluation, the water
resources subsystem focuses on the baseline and development
and application status of water resources in Shandong
Province, and selects four key indicators: per capita water
resources utilization, water production coefficient, water
supply coefficient and water resources development intensity.
In the eco-environment subsystem, two core indexes of eco-
water use ratio and wastewater treatment efficiency are
included in view of the interdependence and interaction
between eco-environment and water resources. In view of the
economic and social subsystem, the population size and social
development stage of Shandong Province have a significant
impact on the carrying capacity of water resources, so three
indicators such as per capita GDP and urbanization level are
specially selected for consideration.

3.2. TOPSIS Model of Entropy Weight

Compared with analytic Hierarchy Process (AHP), expert
score and other weight determination methods that rely on
subjective judgment, entropy weight method calculates index
weights based on the variation of sample data. This method
can significantly reduce the uncertainty caused by human
factors, so that the obtained weights are more objective and
convincing, and have higher scientific reliability [27].
TOPSIS model, also known as "approximate ideal solution
sorting method", is a widely used multi-criteria decision
analysis method. Based on the concept of geometric distance,
the method evaluates the relative merits of each option by
quantifying the Euclidean distance between the decision unit
and the positive ideal solution (the best case) and the negative
ideal solution (the worst case). The closer the distance
between DMU and the positive ideal solution, the closer its
proximity index is to 1, indicating that the unit is more
advantageous; On the contrary, if the distance from the
negative ideal solution is smaller, the performance of the unit
is relatively poor [28]. However, the entropy-TOPsis method

Per capita water resources

Uti
res

Water production modulus

Water supply module

Per capita daily water
consumption of urban residents

Se

Water consumption rate for
ecological environment
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Indicator layer Indicator meaning
Total water resources/total population
of the region
Regional water consumption/total
water resources
Total regional water
resources/regional land area
Total regional water supply/regional
land area
Total regional GDP/total regional
population
Regional urban population/total
regional population
Total domestic water consumption /
(Number of water users x days)
Area sewage treatment/total discharge
Regional eco-environmental water
consumption/total water consumption

lization rate of water
ources development

GDP per capita

Urbanization rate

wage treatment rate

integrates the advantages of entropy weight method in
determining index weights, effectively avoiding the
subjective bias that may be introduced when the traditional
TOPSIS method uses expert scores or analytic hierarchy
process (AHP) to calculate weights, so as to ensure the
objectivity and scientificity of evaluation results [29]. At
present, the entropy-TOPSIS model is gradually widely used
by scholars in the fields of water resources carrying [30]
capacity, market competitiveness [31], decision plan selection
[32], green development evaluation [33] and other fields.

In order to ensure the consistency of the evaluation index
data and eliminate the dimensional impact, the range
standardization technology is used to implement the pre-
processing standardization of the original data. The formula
is as follows:

—JUTRIMIN__(forward pointer)
Xij(max)~Xij(min)
Xij(max)—Xij

dij = (1)

(backward pointer).
Xijmx)~Xij(min)

Where: represents the original value of the JTH evaluation
x;jindex of water resources carrying capacity in the i year;
d;jRepresents the index value after standardization.

In order to test the reliability of the evaluation index system
of water resources carrying capacity constructed, SPSS19.0
software was used to measure the credibility of the
standardized data, and the credibility coefficient was 0.889
(see Table 2). d;; It is concluded that the constructed
evaluation index system of Shandong water resources
carrying capacity is objective.

Table 2. Reliability analysis of the index system

Name Cronbach’sAlpha =~ Sample size Exclusions
LT3 0.889 54 0
system

Calculate the proportion of the JTH indicator to this



indicator in year i:p;;
d,:]'
m
Yi=1 dij

pij = (@)

Calculate the information entropy and redundancy values
of the JTH indicator: (if 0, then assume 0 as well).
e;fjpijlnp;j The lower the information entropy indicates that
the greater the degree of variation of the index value, the more
information provided, and the greater its weight, and vice
versa. Redundancy, on the other hand, reflects the amount [31,
32] of information of the index.

e; = —k X%, pijlnp;; 3
Where: k=.1/Inm
Calculate the entropy weight of the JTH index:w;
w; = fi/Xj-1fi “)

Calculate the weight normalization matrix S:
S = (Sij)mxn’ Si]' = W]dl](l = 1,2, ,3, A 10 ] = 1,2,3, ey n)
(%)
Where: is the weight calculated by formula (4) of index wyj;

d;;Is the standardized value obtained by formula (1).
Determine the positive ideal solution and negative ideal

solution of each index:s*;s~;

S+

(6)
(7

Calculate the sum of Euclidean distance between each
evaluation unit and the positive ideal solution and the
negative ideal solution:d*;d~;

ji= max{slj,szj,53j,...5ij}

S_j = mln{Slj,Szj,S3j,. "Sij}

Positive ideal distance: d*; = [¥iL,(sij —s*)*  (8)
Negative ideal distance: d™; = [XL;(s5 —s7? (9

Calculate the closeness:C;
Ci = d_i/d_i + d+i (l = 1, 2, 3,. m) (10)

Where: represents the water resources carrying capacity
level in year C;i, 0 < C; <1, the greater the value, the higher
the carrying capacity level.C;

By the same token, 4 criterion layers can be calculated.
C;Drawing on the research results of Tian Pei [37] and He
Gang [38] et al., the comprehensive evaluation index of water
resources carrying capacity is divided into 5 levels, as shown
in Table 3.

Table 3. Grading standard of evaluation index of water resources carrying capacity

C
Carrying class

[0,0.3) [0.3,0.4)

4. Results & Analysis

4.1. Result Analysis of Time Change

The index weight results obtained by entropy weight
method are shown in Table 4.

It can be observed from Table 4 that the weight value of the
water resources subsystem occupies the first place, followed
by the economic and social subsystem, and the ecological
environment subsystem is at the bottom. The weight value
actually reflects the influence of each subsystem on the state
of water resources carrying capacity. It can be seen that the
water resources subsystem plays the most critical role, which
shows a significant positive promoting effect, and plays a
vital positive role in improving the water resources carrying
capacity.

[0.4,0.5)
Water scarcity =~ Water scarcity =~ Reasonable water resources
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[0.5, 0.6)
Coordination of water resources

[0.6, 1]
Water abundance

Table 4. The index entropy weight of water resources carrying

capacity
'II:arget Guideline layer = Weights Indicator Weights
ayer layer
C1 0.0213
Water resources C2 0.0583
subsystem Ut C3 0.1382
Water c4 0.1540
carrying Economic and C5 0.1980
capacity Social 0.3176 Cé 0.0805
subsystem C7 0.0391
Eco- c8 0.0628
environmental 0.3105
subsystem C9 0.2477

Based on the weights obtained by entropy weight method
and further calculated by TOPSIS model, the proximity Ci
index of the comprehensive water resources system and the
three sub-systems of water resources, economic society and
ecological environment in Shandong Province from 2015 to
2020 was obtained, as shown in Table 5.



Table 5. Calculation results of proximity Ci in Shandong Province

Yea Jina Qing Zibo ﬁsgi 532?1 Ya_nt Weif = Jinin
r n dao 9 9 ai ang g
2001 04 032 038 027 044 027 019 033
5 058 06 53 67 58 94 38 62
201 04 034 033 029 043 026 020 035
6 533 97 30 74 30 26 05 67
200 04 035 037 036 049 028 021 034
7 590 73 05 28 29 73 99 03
201 04 037 041 032 056 030 029 036
8 977 13 67 59 38 48 47 02
201 04 034 040 031 066 027 025 033
9 816 16 27 86 32 39 00 57
202 05 039 043 039 065 029 028 036

0 074 90 86 82 05 47 65 98
Ave 04 035 039 032 054 028 024 034
rage = 675 66 95 99 15 38 09 98

As can be seen from Table 5, the overall water resources
carrying capacity of Shandong Province shows a slow
increase trend from 2015 to 2020, with the mean value of the
evaluation index increasing from 0.3026 in 2015 to 0.3924 in
2020, and the water resources carrying capacity level has been
in a state of shortage. From the perspective of time, the water
resources carrying capacity of Shandong Province showed an
increasing trend year by year in the past six years, and Yantai
and Weifang cities were always in a state of shortage. The
water resources carrying capacity of Zaozhuang City, Tai 'an
City, Linyi City, Binzhou City and Heze city changed from
scarcity to shortage state in the past six years; Qingdao City,
Jining City, Weihai City, Dezhou City and Liaocheng City
have been in the state of shortage during the six years; Jinan
City and Zibo city transition from the state of water shortage
in 2015 to the state of reasonable water resources in 2020; The
carrying capacity of water resources in Rizhao City changed
the most in 6 years, from the state of shortage to the state of
reasonable; The state of water resources carrying capacity of
Dongying City has always been in a good state, and the state
of water resources carrying capacity has changed from
reasonable to coordinated state during 2015-2020. From the
perspective of spatial evolution, the evaluation index in 2015
ranked from high to low as Dongying City, Jinan City, Zibo
City, Jining City, Weihai City, Qingdao City, Liaocheng City,
Dezhou City, Tai 'an City, Binzhou City, Heze City, Yantai
City, Zaozhuang City, Rizhao City, Weifang City, Linyi City,
In 2020, the evaluation index is ranked from high to low as
Dongying, Jinan, Rizhao, Zibo, Qingdao, Zaozhuang, Tai 'an,
Weihai, Jining, Binzhou, Linyi, Liaocheng, Dezhou, Heze,
Yantai and Weifang. It can be seen that the spatial difference
of water resources carrying capacity in Shandong Province is
obvious, and the level of water resources carrying capacity in
Dongying and Jinan is higher. It can be seen from Table 5 that
natural endowments of water resources play a promoting role
in carrying capacity. From 2105 to 2020, the increase of water
resources carrying capacity is small, and the change trend is
gradually stable. The overall water resources are in a state of
shortage, which indicates that Shandong Province still needs
to take a series of measures to rationally develop and utilize
water resources in order to achieve sustainable utilization of
water resources.

4.2. Countermeasures and Discussion

In order to enhance the carrying capacity of water resources
in Shandong Province, according to the existing constraints,
the following key strategies can be adopted:

Tai Weih = Rizh .. Dezh Liao Binz Aver
. . Linyi chen Heze
an ai ao ou 9 hou age
028 032 020 018 030 031 028 0.28 0.30
73 97 51 95 45 11 54 49 26
030 031 023 023 030 032 029 030 031
64 40 70 45 91 66 40 04 59
031 033 024 025 032 031 031 028 032
02 20 50 75 80 26 44 85 99
034 031 036 026 033 035 033 030 035
30 81 90 69 71 09 15 45 98
030 027 030 024 032 033 045 029 035
60 82 12 76 99 38 27 57 52
038 037 045 035 032 035 036 | 031 0.39
93 81 07 35 21 51 94 66 24
032 032 030 025 032 033 034 029 0.39

37 50 13 83 18 17 13 84 24

Considering that the total amount of water resources in
Shandong province is limited and the water transfer quota of
Yellow River is fixed, the scale of the introduction of Yangtze
River water resources in the East route of South-to-North
Water diversion project should be appropriately increased. At
the same time, taking advantage of the concept of sponge city
promoted by the State, the development and utilization of
unconventional water sources such as stormwater, reclaimed
water and reuse after sewage treatment should be actively
promoted, and the allocation efficiency and sustainable use
level of water resources in the social water circulation system
should be comprehensively improved.

As a strong coastal economic province, Shandong Province
should continue to promote the application and
industrialization of seawater desalination technology, provide
additional water security for cities in coastal arid areas, and
alleviate the shortage of water resources.

Facing the position of a large province of industry and
agriculture, it should comprehensively promote efficient
water-saving technology, promote the transformation of
traditional high-water-consuming agriculture to modern
water-saving agriculture, and encourage industrial enterprises
to improve the recycling rate of water and reduce the
consumption of fresh water.

In addition, in view of the spatial differences in water
resources carrying capacity of different cities in Shandong
Province, it is suggested to optimize and adjust the Yellow
River water diversion quota and allocate more index shares to
Jining, Heze, Liaocheng and other water-stressed areas to
ease local water resources pressure.

Through the comprehensive implementation of the above
measures, Shandong Province is expected to realize the
rational allocation and efficient use of water resources, and
provide solid water resources support for the sustainable
economic and social development of the region. At the same
time, it also provides useful reference and inspiration for other
regions facing similar water resources dilemma.

5. Summary

TOPSIS model was used to evaluate the water resources
carrying capacity of Shandong Province from 2015 to 2020,
and the results showed that the water resources carrying
capacity of Shandong Province showed a fluctuating trend.
Specifically, the water carrying capacity increased steadily
from 2015 to 2017, then declined in 2018, but resumed its
upward trend in 2019 and 2020. From the sub-system level
analysis, the water resources sub-system has the most
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significant impact on the overall carrying capacity, followed
by the economic and social sub-system. It is worth noting that
the water resources subsystem plays a positive driving force,
while some aspects of social development have a negative
impact on the water resources carrying capacity. In view of
this, Shandong Province should pay special attention to the
coordinated balance between social progress and water
resources carrying capacity in the subsequent development
path, resolutely implement strict regulations on water
resources management, and strengthen the supervision and
protection measures of groundwater resources. At the same
time, it is necessary to further deepen the awareness of water-
saving, strengthen the management of water use plan, and

ensure the long-term sustainable utilization of water resources.

Through comprehensive policies, Shandong Province is
expected to build a water resources management system that
is compatible with social and economic development, and
realize the harmonious coexistence of resources, environment
and society.
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