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Abstract: Based on the analysis of the influencing factors of the current planning and utilization
of river and lake shorelines, an index system of the current planning and utilization of river and
lake shorelines is constructed. Based on the triangular fuzzy number method and the improved
CRITIC method, the evaluation indicators are weighted and analyzed and then integrated to obtain
the combined weight. An improved matter-element extension model was constructed to evaluate
the current situation of shoreline planning and utilization in typical regions. At the same time, the
TOPSIS evaluation model and the cloud theory evaluation model were compared and analyzed
to verify the accuracy of the model. The improved matter-element model accounts for indicator
incompatibility and the uncertainty of evaluation boundaries, offering a clearer reflection of the
planning and utilization status.

Keywords: shoreline planning and utilization; matter-element extension model; current situation
evaluation

1. Introduction

River and lake shorelines are non-renewable resources vital to regional economic
development. Knowing the current situation of shorelines in advance can lay a solid
foundation for shoreline management, find out the problems existing in shoreline manage-
ment, and take timely measures to ensure the sustainable development of shorelines. The
protection and management of river and lake shorelines is one of the key tasks of the river
director system. In order to strengthen the quality of supervision over the planning and
utilization of river and lake shorelines, it is necessary to make a comprehensive evaluation
of the current situation of shoreline planning and utilization. Chu Van Cuonget et al. [1] de-
veloped prioritized strategic actions for erosion management and sustainable development
in various sections of the coastline based on an integrated cross-sectoral approach and
practical experience of conservation and development in the Kien Giang Biosphere Reserve
project. David Griffiths et al. [2] developed a model of the management process based on
the application of transects and area-based assessments, which enabled the development of
management strategies. Zhang Xibing et al. [3] analyzed the impact of the Three Gorges
Project operating environment on the utilization of the shoreline in the middle and lower
reaches of the Yangtze River and pointed out the current principles that should be followed
in the protection and utilization of the shoreline: protection is the main focus, ecological
construction is the first priority, rational layout, moderate development and utilization,
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resource conservation, and standardized management; in the aspects of planning, manage-
ment, scientific research, and environmental remediation, they also put forward the strategy
to further improve the system of the protection and utilization of the shoreline Initiatives.

At present, many scholars have carried out relevant research on shoreline evaluation.
Wang Chuansheng et al. [4] evaluated and analyzed the shoreline in the middle and
lower reaches of the Yangtze River, and the results showed that the important factors
affecting the quality of the shoreline were the water depth in front of the bank and the
stability of the shoreline. Yang Yinkai and others [5] selected factors such as water volume
requirements, protection requirements, land area requirements, siltation requirements,
regional requirements, collection and distribution requirements, and the scale of urban
construction used to evaluate the resources of offshore port sites in Liaoning Province. Cao
Weidong et al. [6] used the GIS platform to find out the current situation of the utilization
of shoreline resources, made clear the spatial division and functional definition of shoreline
resources at all levels, and gave the overall functional positioning and spatial layout of the
planning of the riverside port of Guohu, as well as the specific measures and opinions on
the development of shoreline and port. Duan Xuejun et al. [7] summarized the development
process of the spatial heterogeneity of the development function of the coastline of the
Yangtze River Basin from the perspective of historical development according to the basic
concept of developing the spatial function of the coastline of the Yangtze River Basin,
summarized the theoretical basis for the positioning of the functional responsibilities of the
spatial development and utilization of the coastline, and analyzed the locational function
of the spatial development of the coastline of the Yangtze River Basin. Tian Hailan et al. [8]
analyzed and studied the changing characteristics of shoreline and island dynamics in the
Caofeidian region from the natural geographic perspective based on the interpretation of
remote sensing image maps of the Caofeidian region in 10 periods.

The traditional comprehensive evaluation methods mainly include the analytic hier-
archy process [9,10], Bayesian network method [11-15], fuzzy comprehensive evaluation
method [16-18], Vague set method [19], grey relational degree method [20], cloud model
method [21], etc. The matter-element extension model is a method to determine the classical
domain matter-element, nodal domain matter-element, and matter-element to be evaluated
and the correlation function through the matter-element theory, make qualitative analysis
by using the extension of matter-element, and make quantitative calculation by using the
correlation function, and finally obtain the evaluation result. At present, the matter-element
theory has achieved considerable results [22,23]. Yu Weijiang et al. [24] carried out a water
quality evaluation based on the improved matter-element extension evaluation model
and compared the results with the comprehensive scoring method and the attribute iden-
tification method, which proves the rationality of improving the matter-element model.
Wang Runying et al. [25] used the matter-element model to evaluate the comprehensive
benefits of watershed governance and pointed out that when the evaluation index value
fluctuated slightly, the model was still stable and reliable and had good practicability. Yi
Xiangbin et al. [26] established a matter-element model based on the life cycle assessment
method and sorted the process flow through the calculation of the correlation degree.

In this paper, the triangular fuzzy number method [27] and the improved CRITIC
method are used to calculate the index weights, and an improved matter-element extension
evaluation model is constructed by combining the matter-element theory and extension
sets, and the comparison and analysis are made with the TOPSIS model and the cloud
theory model. Zhang Lei et al. [28] analyzed the sensitivity factors from the hydrological
conditions of the basin, regional water supply and demand, and economic and social
development, selected the influencing factors to construct the index system and used the
material element topology model to allocate the water rights of the industry and the region
of the reservoir in accordance with the water supply of the reservoir.

The improved material element extension model was chosen because it can effectively
solve the incompatibility between evaluation indicators, improve the accuracy of the
evaluation results, consider the uncertainty and ambiguity of the data, and provide good
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flexibility and adaptability to different evaluation scenarios. In addition, the model is
based on a combination of subjective and objective weighting methods, which improves
the scientific and rational nature of the evaluation. It can also provide decision support
and has been validated in empirical studies in several fields, proving its effectiveness and
feasibility in solving complex system evaluation problems.

However, the planning and utilization of river and lake shorelines face many chal-
lenges, including low resource utilization, high pressure on ecological protection, frequent
problems of illegal construction, and difficulties in curbing illegal sand mining activi-
ties. In addition, existing planning and management measures are deficient and lack
effective regulation and enforcement. Lack of data limits the development of scientific
decision-making, while existing evaluation methods may not fully capture the complexity
of shoreline planning and utilization.

2. Evaluation Index System of Current Situation of River and Lake Shoreline Planning
and Utilization

With the low utilization efficiency of river and lake shoreline resources and great
pressure on ecology and environmental protection, illegal construction still exists, and it
is difficult to crack down on illegal sand mining in border rivers. On the basis of data
collection, expert investigation, and on-site investigation, according to the principles of
scientific systematicity, comprehensiveness, operability, independence, and combination of
qualitative and quantitative in the construction of the system, the grey whitening weight
clustering model is used to analyze the river and lake shoreline evaluation indicators and
optimized to determine the influencing factors.

2.1. Planning and Utilization Preparation

The “Guidelines for the Preparation of River and Lake Shoreline Protection and
Utilization Planning (Trial)” issued by the Ministry of Water Resources emphasizes the
importance of shoreline planning. It calls for local authorities to prioritize the development
of these plans, diligently fulfill their planning responsibilities, adhere to stringent planning
approval processes, and utilize planning constraints effectively. The execution of these
planning tasks and the robust implementation of the associated management systems are
integral to the assessment of the current state of river and lake shoreline planning and
utilization. Compliance with the guidelines’ requirements is crucial. This includes ensuring
that the planning content encompasses a comprehensive understanding of the current
protection and utilization status, an analysis of river stability, and other relevant factors.
The planning process should be grounded in applicable laws, regulations, and rules, which
serve as the foundation for guiding the preparation work and ensuring efficient progress
while maintaining high-quality standards.

2.2. Planning and Utilization Management

Planning and utilization management includes establishing organization, improving
the legal system, strict law enforcement, strengthening law enforcement team building, etc.
On the basis of existing river and lake management agencies, water conservancy public
security police stations are set up to handle relevant cases in a timely manner, and water-
related building projects are set up to accept and review, as well as oversight committees to
clarify responsibilities and improve efficiency. Efficiently address and investigate issues
arising from law enforcement practices and proactively facilitate the implementation of rel-
evant policies. Strengthen punishment measures for violations of water-related structures
and implement industry management and supervision according to the law. In the process
of planning and utilization management, it is indispensable to establish relevant manage-
ment agencies, adopt corresponding policies, propose management plans, supervise the
implementation of management, and provide reliable economic guarantees. Ensure to
leave clear and documented traces that serve as a foundation for identifying issues and
that aid in the processes of supervision and inspection.
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2.3. Current Status of Planning and Utilization

The current situation of planning and utilization mainly refers to the accumulation
of objects in rivers and lakes that hinder the flow of floods, the reclamation of rivers and
lakes without approval, the illegal occupation of land or water shoreline resources, the
construction of hydraulic structures without approval, and the disorderly development of
shorelines. Some shorelines have an unreasonable use layout, lack intensive, economical,
and efficient use, and lack sustainable use planning, which are accompanied by prob-
lems such as water quality decline and vegetation coverage reduction, which weaken the
potential use value of shorelines.

The evaluation index system of the status quo of river and lake shoreline planning
and utilization is shown in Figure 1.

’ Current situation of river and lake shoreline planning and utilization |
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Figure 1. Evaluation index system of current situation of river lake shoreline planning and utilization.

3. Evaluation Model of Current Situation of River and Lake Shoreline Planning
and Utilization

3.1. Combined Weighting Method to Calculate Weights
3.1.1. Determining Weight Based on Triangular Fuzzy Number Method

Trigonometric fuzzy number multi-attribute decision-making represents a category
of multi-criteria decision-making problems that utilize trigonometric fuzzy numbers to
characterize attribute information within a discrete decision-making context [29,30]. The
triangular fuzzy number method is an approach to describing the uncertainty of objective
things by quantifying them. This method is more in line with people’s thinking habits,
and experts are more willing to give the most ideal value, the most likely value, and the
least ideal value of the evaluation scale than the traditional fuzzy evaluation of setting
fixed values, which makes the evaluation results more reasonable and reliable. The general
triangular fuzzy number can be written as G = (X, Y,Z), and in the triangular fuzzy
number, X and Z are used to indicate the fuzzy degree, and the smaller the Z-X value, the
lower the fuzzy degree and the steps are as follows:

(1) Expert scoring. Let the evaluation score given by the ith expert on the jth evaluation
index be g;; = [x;, yij, z;j] (=1, 2,.., 9). x;; is the minimum value given by the ith expert
on the influence degree of evaluation index j; y;j is the most likely value given by the ith



Appl. Sci. 2024, 14, 9857

50f 16

expert on the influence degree of index j; z;; is the maximum value given by the ith expert
on the degree of influence of indicator j;

(2) Determine the weight set of expert evaluation E = [e;, ey, e3,..., 4], e, is the
proportion of the score value given by the nth expert standing in the composite score;

(3) Let the fuzzy synthesis matrix T = [x1, y1, z1], [X2, y2, 221, - ., [Xm,Ym,Zm]; tj is the jth
term of the synthesis matrix T

ti=eogi=[x,y;,z] (j=123,...,m) (1)

where x; is the minimum value of evaluation index j; y; is the most probable value of
evaluation index j; z; is the maximum value of evaluation index j. “¢” is the fuzzy syn-
thesis operator, and the study uses the weighted average type operator M (®, @) for
fuzzy synthesis.

(4) Establish the weights for the triangular fuzzy numbers. The fuzzy score of the jth
evaluation index is as follows:

q q q
Y oeixij+2). eiyij + ) eizij
) i=l i=1 i=1 ’
v = 4 2)

The subjective weight w,; of the jth evaluation index is as follows:
m
wzj = v}/ Zl v 3)
j:

3.1.2. Calculation of Weights Based on the Improved CRITIC Method

The CRITIC method is a method proposed by Diakoulaki to calculate objective weights,
which not only considers the degree of variability of the data but also focuses on the corre-
lation between them compared to the entropy weight method and the standard deviation
method. It calculates the indicator weights by the relative strength of the indicators and the
magnitude of the information measured by the standard deviation. It does not mean that
the greater the variation of the value, the more important it is, but it is a scientific judgment
made entirely by using the objective properties of the data. The standard deviation reflects
the degree of difference in the values taken by each assessment scheme under the same
indicator, and the larger the standard deviation, the greater the fluctuation. If there is a
large positive correlation between the indicators, it means that the less conflicting they are,
the lower the weights will be. The method is a more comprehensive objective weighting
method and has been applied in many fields. The traditional CRITIC method is suitable for
data with stability and indicators with certain correlation, but when the mean difference
of indicator data is large, the standard deviation will be affected by the mean, so it needs
to be improved by introducing the coefficient of variation for calculation, and the larger
the value of the coefficient of variation, the more obvious the fluctuation and the more
informative the improved of CRITIC method calculates more accurate indicator weights,
and the steps are as follows:

Let the assessment matrix V = [vy;], and standardize the values vj; taken for the
evaluation indicators to obtain the matrix V":

V' = o] (4)

0;{]- = (vxj — 0j)/sj, Uj and s; denote the mean and standard deviation of the jth
indicator, respectively.
The coefficient of variation u; for the jth indicator is as follows:
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The correlation coefficient matrix R is obtained from the normalized matrix V':

R = [ry] ©)

kél (U;cl - 77?) (U;(]‘ - ZT;) COV(VI/ . V«’)
C ; = = == %
JE G -ay P

In Equation (7), r;; denotes the correlation coefficient between the /th indicator and the
jth indicator and cov(V] — Vj’ ) denotes the covariance of V] and V]-’ .
The composite factor Tj for indicator j is as follows:

M:

Tj = U; (1—1’1]) )

I=1

The objective weight wy; of the jth evaluation indicator is as follows:

! 9)

3.1.3. Minimum Discriminative Information Principle to Determine Portfolio Weights

In order to satisfy the requirement that the combination weights are as close as possible
to the subjective and objective weights, the following function is established by combining
the concept of minimum discriminative information:

minF = Z w;j [ln

=

+Zw][ ]] (10)

Z wj=1 w; >0
Introducing Lagrange multipliers to solve the above problem yields, we can obtain

the following:
A /wzjwkj
S — (11)

n

L /W20

j=1

w]':

3.2. Improved Matter-Element Extension Evaluation Model
3.2.1. The Principle of the Matter-Element Extension Model

Matter-element extension method is the result of the coupling of matter-element anal-
ysis and extension. The successful application of the matter-element extension method in
some management fields can solve the problems of multi-objective and multi-complexity
at the management level. The matter-element extension method has certain unique ad-
vantages compared with other methods. The main idea of matter-element analysis and
extensibility is the transformation of contradictory problems because their main research
direction is to analyze contradictory problems, make use of matter-element extensibil-
ity, construct matter-element models, study the expansion performance of things, and
study things. The laws and methods of innovation turn contradictory problems into non-
contradiction problems. Nowadays, the complexity and specialization of disciplines are
becoming stronger and stronger, but this does not affect the applicability of matter-element
analysis and extension to these complex disciplines. The combination of the two can
not only highlight the independence of the discipline itself but also give full play to the
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synergistic effect of the two; the evaluation of the current situation of shoreline planning
and utilization is fundamentally an evaluation of the affiliation degree of “superior” and
“inferior” to the object to be evaluated, but the difference between the two does not exist
as an absolute boundary but has certain differences gradually, with a certain degree of
ambiguity. In the evaluation process, the results of superiority and inferiority are produced
by comparison according to the established standards, and the correlation function in the
matter-element analysis is a method that uses mathematical theory to accurately explain
after the evaluation target and evaluation standard is established. Not only does this
method allow for an assessment of the matter element under evaluation against specific
criteria, but it also enables representation through precise numerical values. This approach
fully captures the extent of the correlation between the two elements in question.

The model also has certain shortcomings; one is that the traditional matter-element
extension model usually selects subjective assignment methods such as hierarchical analysis
and an expert scoring method in the evaluation process, and its calculation results are too
subjective; secondly, in the actual operation of the model, we observe that certain indicators
are classified as “the higher, the better” or “the lower, the better”. There is no fixed value
range for these indicators, and the actual values of the evaluation indicators frequently
exceed the predefined range of the nodal domain. When calculating the correlation function,
there will be a situation that cannot be calculated, which directly affects the calculation of the
comprehensive correlation degree and leads to inaccurate comprehensive evaluation results.
Third, the model uses the correlation degree to achieve the rating, while the principle chosen
for the traditional matter-element extension model is the maximum affiliation principle,
and this criterion uses the approximation processing to judge the evaluation grade, which
leads to the loss of information and further leads to large uncertainty in the evaluation
results. Therefore, the model needs to be improved.

To address the above limitations, the classical domain matrix and the matter-element
matrix to be evaluated are normalized by dividing the original data by the upper bound of
the nodal domain to form the new classical domain matrix and matter-element matrix to be
evaluated, and then the maximum subordination principle is replaced by the asymmetric
closeness principle, which can measure the closeness between two fuzzy sets to obtain more
accurate evaluation results. The enhanced matter-element model effectively addresses the
issue of incompatibility among evaluation indicators. It also eliminates the ambiguity and
uncertainty associated with the evaluation levels, leading to a more robust and reliable
assessment framework.

3.2.2. Improved Matter-Element Extension Model

Assuming that the name of the thing to be evaluated is N, the characteristic of the
thing is C, and the characteristic value is V, then it is recorded as R = (N,C,V). The ordered
triple composed of the three is called the basic matter-element. The current status of river
and lake shoreline planning and utilization is defined as the basic matter-element R, then
the level of the status quo is N, each evaluation index of the current situation is C, and the
range of each evaluation index is V.

(1) Evaluation level determination.

The evaluation grade of the current situation of river and lake shoreline planning and
utilization is divided into five levels, i.e., excellent, good, medium, little poor, and poor,
which are expressed by S, S =1S1,5%,53,54,S5). The evaluation level and scoring
criteria for the current situation of river and lake shoreline planning and utilization are
shown in Table 1.

Table 1. Evaluation grade and scoring standard of the current situation of river lake shoreline
planning and utilization.

Evaluation Level Excellent Good Medium Little Poor Poor

Score (90, 100) (80, 90) (60, 80) (40, 60) (0, 40)
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(2) Determining the classical domain.

Nos+ c1 < aps1, boss1 >

o <dagsa, boso >
Ry = (Nos+, Cj, Vosrj) = : : (12)

Cj < tlos*]', bos*]' >

In Formula (12), Ry is the matter-element of the classical domain, Ny, is the s~ eval-
uation level of the classical domain(s’ =1, 2,.. ., 5), Cj is the status quo evaluation index,
i=12,..,n, VOs*j is the scoring standard of the s th evaluation level of the jth index in the
classical domain, ags+, bos+; are the upper limit of the s th evaluation level scoring standard
of the jth index and lower limit.

(3) Determine the section field.

NP ¢ <apy, bp;>

¢ <apy, bp, >
RP = (NP, Cj, VP) = , par O (13)

cn  <apj, bp;>

In Formula (13), RP is the matter-element of the node domain; NP is the individual to
be measured for the status quo evaluation; ap and bp; are the lower and upper values of the
jthindex, respectively.

(4) Determine the matter element to be evaluated

Ny a1 v
¢ v

Ry = (Ny, Cj, W) = S (14)
G 9

In Formula (14), R is the matter element to be evaluated, Ny is the kth evaluation
individual, k = 1, 2,..., m, and Vi is the score of the jth evaluation index of the kth
evaluation individual.

(5) Standardized processing

Nosw ¢4 < o1 o1 >

bpy 7 bbpl
Ang* *
CZ < l(;]s 2, l(J]S 2
! ! P2 P2
Ry = (Nosts Cjy Viej) = | | (15)
gsxj  bogx;
G < Hlow >
v
Ne v gy
o
R/ _ _ Cz bPz
= (N, Cj, Vij) = . (16)
o
. I
C] bp,

In Formulas (15) and (16), R}, R} are divided into normalized classical matter-element
and evaluation matter-element.

(6) Calculation of closeness function values.

The closeness function formula is as follows:

1 n

HS* (Uk]') =1- m];

Dj(oyj)wj (17)
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Formula (17) represents the asymmetric closeness function under the s th evaluation

—aggri . .
5 %7/ js the distance

. . .« . S*‘+bs*' bs*'
level of the kth evaluation individual: D;(vy;) = )vkj — Zos% | — 2

between the matter-element to be evaluated and the classical domain.
(7) Determine the evaluation level.
The evaluation grade score named s’ of the Kth evaluation individual is as follows:

s = max{HS* (Uk])} (18)

From Equation (18) and Table 1, the evaluation level of the current status of planning
and utilization of the object to be evaluated can be determined.

5
B Hie (vy;) — min{Hs: (v5)) }
Hg: (vyj) = — (1%

5 5
max{H (vy) } — min{Hs () }

5

D
* —

S** _ s =1

(20)

S*HS* (Uk]')
1 Hg+ (vg;)

5
)»
st=

In Formula (20), s** is the variable characteristic value of the matter element R; to
be evaluated, which can judge the degree of its bias towards adjacent levels and sort the
objects to be evaluated under the same level.

4. Evaluation of the Current Situation of River and Lake Shoreline Planning and
Utilization in a Typical Region

According to the geographic location and regional economic and social development
level of different regions of the country, and then combined with the shoreline characteristics
of rivers in different regions, five typical regions in East China, South China, Northwest
China, North China, and Central China are selected as the research objects. Since the
number of rivers and lakes within the typical regions is large, if all rivers and lakes are
analyzed and evaluated, the resources and time required will be greatly increased, so a
certain number of representative rivers and lakes can be selected from the typical regions
by random sampling method for analysis and evaluation, and the results can be used as
the overall regional status evaluation results. As shown in Figure 2.

| [l

1-100
01-1000

Figure 2. Statistics of rivers above the Designated Size in all provinces of China.
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4.1. Calculation of Indicator Weights

Using the basic principles of the triangular fuzzy number method and the improved
CRITIC method, the results of 30 questionnaires were used as the original data, and the
mean values of the scores of the questionnaires were rounded to calculate the combi-
nation weights of the shoreline planning and utilization status indicators according to
Equations (1)—(11). The calculation process is as follows.

Three experts with more seniority were selected from the nine experts in the index
preference to participate in the scoring, and the weight set of experts was E = [0.31, 0.32,
0.37], and the evaluation index weights were calculated as shown in Table 2.

Table 2. Evaluation index weight calculation.

Expert/Mandarin

Expert 1 Expert 2 Expert 3 Wzj Wkj wj
Index
C1 [69,75,91] [75, 80, 93] [67, 85,92] 0.0648 0.1029 0.0839
c2 [61,72,85] [73, 80, 89] [69, 81, 90] 0.0624 0.0838 0.0743
C3 [63,71, 84] [65,75, 85] [71, 80, 91] 0.0616 0.0451 0.0542
C4 [69,75,91] [75, 80, 93] [67, 85,92] 0.0648 0.0973 0.0816
C5 [70, 82, 92] [68,79, 89] [70, 85, 95] 0.0648 0.1131 0.088
Cé [62,71, 80] [65,75, 85] [70,79, 89] 0.0600 0.0328 0.0456
c7 [63,75, 80] [65,75, 87] [70, 85, 95] 0.0624 0.0621 0.064
c8 [63,70, 85] [70, 82, 92] [68,79, 95] 0.0624 0.0883 0.0763
c9 [61,72,88] [73, 80, 89] [69, 81, 93] 0.0632 0.0282 0.0434
C10 [70, 82, 92] [68,79, 89] [70, 85, 95] 0.0648 0.0421 0.0537
cn [63,70, 85] [65, 76, 90] [68,79,93] 0.0608 0.0823 0.0727
C12 [70, 82,92] [68,79, 89] [70, 85, 95] 0.0648 0.0390 0.0517
C13 [61,75,83] [65,72, 88] [64, 78, 86] 0.0600 0.0152 0.031
Cl4 [65, 75, 85] [62,77,89] [66,79, 93] 0.0616 0.0654 0.0653
C15 [65,75, 85] [62,77,91] [66,79,93] 0.0616 0.0600 0.0625
Cle [61,75,83] [65,72, 88] [64, 78, 86] 0.0600 0.0424 0.0518
4.2. Evaluation of the Current Situation of Shoreline Planning and Utilization Based on
Different Models
4.2.1. Current Situation Evaluation of Shoreline Planning and Utilization Based on
Improved Matter-Element Extension Model
According to the basic situation of the shoreline and related data, the scoring standards
of the current situation of the classical domain matter-element and the segmental matter-
element index of river and lake shoreline planning are shown in Table 3.
Table 3. Current situation of river lake shoreline planning and utilization: scoring standard of
matter-element index in classical domain and matter-element index in node domain.
Index Excellent (S7) Good (Sy) Medium (S3) Little Poor (Sy) Poor (S5) Section Field
G (90, 100) (80, 90) (60, 80) (40, 60) (0, 40) (0, 100)
C, (90, 100) (80, 90) (60, 80) (40, 60) (0, 40) (0, 100)
: (90, 100) (80, 90) (60, 80) (40, 60) (0, 40) (0, 100)
Cis (90, 100) (80, 90) (60, 80) (40, 60) (0, 40) (0, 100)
Cis (90, 100) (80, 90) (60, 80) (40, 60) (0, 40) (0, 100)

From Formula (12), the matter-element matrices of typical regions to be evaluated are
as follows:
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Ny C 95 Nz C, 88 Ne C 75
C, 94 C, 90 C, 72
Ra= . .| Re= . .| Re= T
Cie 90 Cie 92 Cie 86
Np C 72 Ng C 75
c, 72 C, 80
RD = . . RE = . .
C16 85 C16 83

The normalized matter-element matrix R;c to be evaluated is as follows:

Ny C; 095 Ng (C; 0.88 N C; 075
, C 094 , C, 090 , C 072
Ra= : : Rp = : : Re = : :
Cis 0.90 Cis 092 Cis 0.86

Np C; 072 Nr C; 075

/ G 072| C, 0.80

Rp = : .| Re= : :

Cis 0.85 Cis 0.83

The evaluation results and ranking of the matter-element model are as follows:

(1) Value of closeness function.

According to the obtained evaluation index combination weights with Equation (17),
the results of the closeness function are shown in Table 4.

Table 4. Closeness function result.

Typical Area H; H, Hj3 Hy Hs
A 1.000 0.996 0.962 0.888 0.815
B 0.999 0.997 0.964 0.890 0.817
C 0.970 1.002 0.992 0.919 0.845
D 0.965 0.999 0.998 0.925 0.852
E 0.971 1.001 0.993 0.934 0.876

(2) Evaluation grade and ranking.

The evaluation level is judged according to Formula (18), and then the evaluation
objects at the same level are sorted by Formulas (19) and (20). Taking area E and area D as
examples, the 5** of area E is 2.34, indicating that its shoreline The status quo of planning
and utilization is more favorable; the 5** of area D is 2.37, indicating that the current status
of planning and utilization of the shoreline is also favored to be good, but not as good as
that of area E, so area E is worse than area D. The same level area is the same as above, and
the matter-element model evaluation results and ranking are shown in Table 5.

Table 5. Evaluation results and ranking of matter-element model.

Typical Area s Judgment Results S
A 0.991 Excellent 1
B 0.997 Excellent 2
C 0.998 Good 3
D 0.999 Good 5
E 0.997 Good 4
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4.2.2. Evaluation of the Current Situation of Shoreline Planning and Utilization Based on
the TOPSIS Method

The TOPSIS method is a common and effective method in multi-objective decision
analysis, which is also called the distance method of optimal and inferior solutions. Its
basic principle is to rank the evaluation object by detecting the distance between it and the
optimal solution and the inferior solution; if the evaluation object is closest to the optimal
solution and at the same time farthest from the inferior solution, it is the best; otherwise
it is not optimal. At present, it is widely used in the fields of economy, management, and
energy [31-35]. The distance, relative closeness, and ranking of the “optimal ideal solution”
and “inferior ideal solution” of each object to be evaluated are shown in Table 6.

Table 6. Distance, relative closeness, and result ranking of “optimal ideal solution” and “worst ideal
solution” of each object to be evaluated.

Typical Area So(l)tﬂgt)l:l\all)igtz ilce Worst]IDc};:::nSC(élutlon Relative Closeness Sort Results
A 0.0777 0.2272 0.7451 1
B 0.0823 0.2151 0.7232 2
C 0.1999 0.0950 0.3223 4
D 0.2355 0.0451 0.1609 5
E 0.1949 0.1206 0.3823 3

4.2.3. Evaluation of the Current Situation of River and Lake Shoreline Planning and
Utilization Based on Cloud Model

The cloud model-based system evaluation method selects the key indicators in the
system [36] and then expresses the qualitative indicators in a normal cloud, according
to the hierarchical structure of the system indicators, in a more objective comprehensive
evaluation of the system under uncertainty, the cloud model used in this paper is a normal
cloud model. The calculated comprehensive evaluation cloud for each typical region is
shown in Figure 3.

From the figure, it can be seen that most of the comprehensive evaluation clouds in
the typical region A are distributed in “excellent”, and the remaining few are distributed in
“good”, so the comprehensive evaluation clouds are closer to “excellent”. Therefore, the
overall evaluation cloud is closer to “excellent”; that is, the evaluation grade of the current
situation of shoreline planning and utilization in Region A is “excellent”. The rest of the

V/a7i

typical areas are “excellent”, “good”, “good”, and “good”, in order.

4.2.4. Comparative Analysis of Evaluation Methods

In this instance, the enhanced matter-element extension method was chosen for a
comparative analysis with both the TOPSIS method and the cloud model. This involved
conducting a pairwise comparison to assess the ranking of evaluation objects and to de-
termine the level of evaluation results accordingly. There are differences, all of which
are that area A is optimal, only the order of area C and area D changes; this is because
the TOPSIS method cannot well reflect the difference between the change trend of each
index within the evaluation scheme and the ideal scheme, and matter-element extension
The improved model effectively addresses the incompatibility between evaluation indi-
cators, convert multi-objective evaluation into single-objective evaluation, and connect
the evaluation object with the evaluation index through the correlation function, and the
evaluation result is more accurate; The rating results of the cloud model are consistent
with the matter-element extension method, which verifies the accuracy of the evaluation
results. At the same time, both of them take into account the fuzziness of the data and the
principle of combining qualitative and quantitative. However, the data of the cloud model
is uncertain. The calculation results of the same set of data are not necessarily the same. For
the evaluation of the current situation of river and lake shoreline planning and utilization,
the evaluation results should be dynamic and effective, not belonging or not, and the
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current situation is subject to constant change over time. The matter-element extension
method adeptly resolves the issue of incompatibility between evaluation levels, revealing
a transitional dynamic where one level exhibits a propensity to evolve into another. The
evaluation system of matter-element extension method is flexible, and it can adapt to
different evaluation requirements by adjusting the node domain and classical domain of
the matter-element to be evaluated. To sum up, the improved matter-element extension
model is more feasible and accurate in the evaluation of the status quo of river and lake
shoreline planning and utilization.
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Figure 3. Comprehensive evaluation cloud map of typical provinces and regions. (A) denotes a
typical region A The comprehensive evaluation cloud is obtained by overlaying the comprehensive
evaluation cloud with the standard map. (B-E) ditto as above.
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4.3. Analysis of Evaluation Results

The best evaluation of area A is mainly due to the rapid progress of the preparation of
the shoreline planning, the advanced layout, the rational planning, the strong promotion,
and the smooth implementation of various institutional guarantees. The late start and the
lag in the preparation schedule make the supervision of river and lake shorelines need
to be greatly improved. Area E has a small number of compilations and relatively light
tasks, so the compilation speed is relatively fast. Because the results are not included in
the information construction of a map of water conservancy, the scoring value is delayed.
Region A and Region B have achieved good results in shoreline supervision. The shoreline
management systems and capabilities, the construction of water conservancy informati-
zation, the development of shoreline supervision and law enforcement actions, and the
effectiveness of supervision are all relatively balanced, with little gap between them.

On the basis of determining the current status of shorelines, the concept of ranking
the advantages and disadvantages is proposed, which can provide certain decision-making
assistance for the planning and utilization of shorelines in various regions. The ranking
of the advantages and disadvantages of the evaluation level determines the advantages
and disadvantages of the shoreline planning and utilization under the same evaluation
level, referring to the shoreline planning and utilization level and management mode of
the better area and learning from each other’s strengths. To sum up, the evaluation method
of shoreline planning and utilization status proposed in this paper has good practicability.

5. Conclusions

This paper conducts a study on the current situation of river and lake shoreline plan-
ning and utilization and uses the principle of minimum discriminative information to
calculate the combination weights. This method resolves the limitations of using either
subjective or objective weighting alone, enhancing the objectivity and accuracy of the eval-
uation results. An improved matter-element extension model is established to evaluate the
current situation of shoreline planning and utilization. Under the premise of analyzing the
shortcomings of the current weighting methods, this paper proposes a weight calculation
method based on the fusion of the triangular fuzzy number method and the improved
CRITIC method, which utilizes the principle of minimum discriminative information to
calculate the combined weights. This weighting method overcomes the drawbacks of using
separate subjective or objective weighting methods and further improves the objectivity and
accuracy of the evaluation results. Taking a typical area as an example, the TOPSIS method
and the cloud model evaluation method are compared with the evaluation results of the
matter-element model. The former compares the ranking of the evaluation objects, and the
latter compares the evaluation levels, and the results show good agreement between all.
The limitations of the traditional thing element model are analyzed; one is that there is no
fixed value space for the indicator values, and the actual values of the evaluation indicators
are often beyond the range of the section domain values, which cannot be calculated when
calculating the correlation function and directly affects the calculation of the comprehensive
correlation degree. Secondly, the model uses the correlation degree to realize the rating,
but the correlation degree is based on the principle of maximum affiliation degree, which
cannot reflect the ambiguity of the object to be evaluated and leads to the loss of informa-
tion. The improved matter-element model can fully consider the incompatibility between
indicators and the fuzziness and uncertainty of the evaluation level boundaries, which can
more clearly reflect the evaluation results of the current situation of shoreline planning and
utilization in each typical area of flexibility and is more feasible in the evaluation of the
current situation of river and lake shoreline planning and utilization.
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