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The evaluation index system of ecological security of marine ranching (MRES) is based on the assumption that there is in-
dependence among evaluation indexes in the existing studies, which ignores the complex interactive paths of marine ranching as
an artificial ecosystem. In this study, the MRES evaluation network model that includes interdependent relationships is established
based on the Driver-Pressure-State-Impact-Response model and the analytic network process method. Then, the probabilistic
linguistic term sets and analytic network process methods are used to calculate the weights of the evaluation indexes of MRES. The
overall evaluation value and the contribution rate of clusters are consequently defined and analyzed to reflect the performance of
MRES. Finally, a case study is carried out for evaluating the MRES of marine ranches in Rongcheng by means of the proposed
method. The conclusions are summarized as follows: (1) The weights of clusters are ranked as
Responses > Impact > Driver > State > Pressure, and “scientific management of fishery resources” is the most important index; (2)
the MRES performance of marine ranches in the city of Rongcheng is at the medium security grade on the whole, and all 11

samples are driven by the response.

1. Introduction

Marine ranching is an ecological system based on the
principle of ecology. It has the goals of environmental
protection, resource conservation, and sustainable fishery
output [1]. It follows natural productivity and uses modern
engineering technology and management models to con-
struct habitat restoration and artificial multiplication of
marine resources. Research on marine ranching started later
in China than elsewhere. The concept of marine ranching
was first proposed by Zeng in 1979 [2]. After years of de-
velopment, China’s marine ranching has made great
achievements in the number of ranches, construction scale,
technical level, output, development mechanism, and other
parameters [3]. Marine ranching is a major agricultural
development strategy in China at present. It is a new fishery
mode and marine economy that pursues the growth and
protection of fishery resources along with the improvement
of the marine ecological environment. It has ecological,

economic, and social benefits [4]. In China, current research
on marine ranching mainly focuses on technology, output,
mechanism, and other aspects of the establishment and
management of the ranching [1]. However, in terms of the
ecosystem, although some studies have been conducted,
such as the research on the structure and function of the
food web for ecological safety, the research is still in the
developing stage [5].

With the increasing ecological problems in the con-
struction of marine ranching in China, it is of practical
significance to study the ecological security of marine
ranching (MRES) [6]. MRES refers to the overall balance of
the resource structure and marine environment of the ar-
tificial ecosystem of marine ranching to achieve the objec-
tives of environmental protection, resource conservation,
and sustainable fishery output [7]. MRES is an important
means to ensure the enhancement of fishery resources and
the improvement of the ecological environment. Yang et al.
[1] pointed out that it is one of the technological means for
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future marine ranching to develop a monitoring platform for
the ecological security and environmental protection of
marine ranching; the authors also suggested using multiple
models to predict and evaluate the safety of marine ranching.
Du and Sun [6] researched the influence paths of MRES in
China and reported useful findings for managing MRES. Du
and Gao [8] evaluated the ecological effects of marine
ranching by comprehensively considering social and eco-
nomic factors and made a systematic evaluation of MRES to
provide theoretical guidance for the management practices
of marine ranching. Qin et al. [9] analyzed the influencing
factors of spatial variation of national marine ranching in
China. Wan et al. [10] evaluated the sustainability of the
supply chain of natural marine ranching and applied their
novel model to determine marine ranching’s sustainable
performance.

In the existing literature, the research on MRES has
achieved phased results, such as clarifying the concept of
MRES, trying to build the evaluation index of MRES,
proposing the evaluation method of MRES, and discussing
the influence paths of MRES. These studies’ results have
important reference values for follow-up studies [11, 12].
However, the evaluation of MRES is based on the basic
assumption that the indexes are independent of each other.
For example, the analytic hierarchy process (AHP), which
has been applied in many research about decision-making
[13, 14], is a method that requires the independent rela-
tionship between elements/indexes, and it requires that the
structure model is hierarchical and linear [8]. In other
words, the research results of AHP will be invalid if there are
interaction relationships between the indexes. The study in
“influence paths of MRES” [6] indicated that marine
ranching is an artificial ecosystem, and there are influence
paths among its internal indexes. This means that it is
questionable to simply use AHP to evaluate MRES. Based on
this, how to make a more scientific evaluation of MRES on
the basis of fully considering the influence relationships of
indexes is an important issue to be studied. Considering the
above information, this study chooses the analytic network
process (ANP) to evaluate MRES.

ANP is an extended and complementary form of AHP,
which was proposed and developed by Saaty [15-17]. ANP
makes up for the limitations of the AHP method, which
include being applicable to only linear structure [17, 18], and
releases the restriction of hierarchical structure requirement
because this method provides a framework that considers
the interrelationships within a cluster and among different
clusters between all evaluation metrics (criteria) [15]. The
ANP method constructs a network system instead of the
tree-shaped hierarchical structure of the AHP, thus over-
coming the problem of dependence and feedback among
criteria or alternatives [19]. ANP has been widely applied in
various fields and has proven to be effective in solving
decision-making problems, such as supply chain manage-
ment [20], risk assessment [21], environmental management
[22], and location selection [23]. ANP is a powerful method
that has been applied to solve different decision-making
problems by many researchers, and it is also applicable for
constructing models with evaluation criteria and dimensions
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that contain complex interactions. Thus, ANP is selected as
the appropriate tool to evaluate MRES performance in this
study.

It should be considered that the input information of
ANP is the subjective judgment information given by ex-
perts, which is often incomplete and hesitant due to the
limitations of objective conditions and experts’ knowledge
structure. Therefore, it is particularly important to study
how to express the expert judgment information and carry
out decision-making scientifically. Fortunately, the proba-
bilistic linguistic term sets (PLTS) provide a choice to ex-
press preferences by means of linguistic information. In
practical applications, due to the qualitative natural of the
judgment criteria, many linguistic and fuzzy methods have
been developed. Rodriguez et al. [24] came up with hesitant
fuzzy linguistic term sets (HFLTS) motivated by hesitant
fuzzy sets [25] and linguistic term sets [26]. Based on this,
Wei et al. [27] defined the operations on HFLTS. Chen et al.
[28] investigated the consistency and consensus problems
with the hesitant linguistic preference relations. Wang et al.
[29] developed an optimization algorithm with the in-
complete probabilistic linguistic term sets which could
describe the qualitative pairwise judgment information in
preference decision-making. These studies regarding prob-
abilistic fuzzy or probabilistic linguistic provide funda-
mental theories for PLTS. As a method to model linguistic
information, PLTS represents different membership degrees
of all possible evaluation terms (linguistic terms) for a
specific alternative, which is more likely to provide com-
prehensive and accurate preference information about the
decision-makers.

Since the concept of PLTS was proposed while extending
HFLTS, it has experienced substantial development, and it is
now a hot topic in the field of multicriteria decision-making
[30, 31]. In recent years, many researchers have used the
probabilistic linguistic information to solve complex deci-
sion-making problems. For example, Zhang et al. [32] in-
troduced PLTS to describe group preferences while
considering fuzzy and uncertain group preferences. Song
et al. [33] proposed a novel text named Word2PLTS by
introducing the idea of fuzziness and uncertainty of human
language. Bai et al. [34] developed a new comparison
method for PLTS to overcome the shortcoming of complex
computing during PLTS application. Zhou et al. [35] used
the ANP method under the probabilistic linguistic envi-
ronment and integrated the PLTS and FTA-ANP. The
combination of ANP and PLTS (PLTS/ANP for short) as the
incomplete probabilistic linguistic ANP can make up for the
shortcomings of the ANP method while using the PLTS
method to represent the uncertain information. Based on
this previous research, this study used PLTS/ANP to obtain
the weights of MRES evaluation indexes and make an overall
evaluation. In the process of obtaining the weights of MRES
evaluation indexes by using the ANP method, the judgment
about the important value of the evaluation index from
experts might be fuzzy and hesitant due to the limitation of
experts’ knowledge or prejudice. At the time, the PLTS as a
linguistic representation model with uncertainties can
represent experts’ hesitant information and give the values of
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a linguistic variable [30, 36]. Moreover, PLTS can also reflect
the associated probabilistic information about the linguistic
terms, which achieves the objective of computing with
expressions.

The motivation of this study is to develop an evaluation
method for MRES by the integrated PLTS/ANP method and
make a case study of 11 marine ranches cases in Rongcheng.
MRES is a new concept, and it is very likely difficult for
experts to have complete experience at this stage because of
the lack of objective data and typical cases in this regard.
Therefore, this study utilizes the integrated method of PLTS
and ANP to evaluate MRES. This study focuses on the
following three aspects:

(1) To construct an MRES evaluation network model
based on the Driver-Pressure-State-Impact-Re-
sponse (DPSIR) model, which includes not only
evaluation indexes but also the influence relation-
ships of indexes. The indexes for MRES involve
economic, social, and ecological aspects, among
which there are many complex interdependent re-
lationships. The MRES evaluation network model
shows the interdependencies that exist as inner
dependence or outer dependence among clusters.

(2) To determine the prioritization of evaluation in-
dexes by applying the PLTS/ANP method and
calculate the evaluation value of MRES. This in-
tegrated PLTS/ANP method can reflect the in-
fluence mechanism between indexes and extract
and integrate experts’ judgment information
reasonably, which is conducive for setting scien-
tific priority weights. Combined with the weights
calculated by the comprehensive method and the
performance values of the marine ranching in
each index, the comprehensive performances of
MRES are obtained by weighted summation.

(3) To apply this proposed evaluation method to case
study and conduct an effective assessment of marine
ranching in Rongcheng. The evaluation value of
MRES and the contribution rate of each cluster are
calculated and analyzed, respectively, by using the
index weight that is determined by PLTS/ANP and
using the performance value of the case on each
index. Finally, we give specific suggestions for im-
proving ecosystem security for enterprises and
government based on the results.

The remaining of this study is organized as follows. Section
2 constructs the evaluation index network model of the DPSIR-
based MRES model and introduces the methodology of MRES
evaluation using the integrated PLTS/ANP method. In Section
3, the MRES evaluation method, which integrates the PLTS and
ANP, is applied to 11 marine ranches in the city of Rongcheng,
and the evaluation results are analyzed as well. Based on the case
study, some corresponding suggestions about MRES man-
agement improvement are given for these enterprises and
government. Section 4 concludes the study with a discussion of

the results in this study, the limitations of MRES evaluation by
the integration method, and the future research direction.

2. The PLTS/ANP-Based Evaluation
Method for MRES

This study utilizes the PLTS/ANP method to determine the
evaluation framework for MRES and calculate the relative
importance and prioritization of indexes. In other words,
this study uses ANP to evaluate MRES while the PLTS
provides a comprehensive way to represent complex lin-
guistic information, so as to determine an accurate ranking
of each evaluation index.

2.1. MRES Evaluation Framework with PLTS/ANP. The in-
tegrated PLTS/ANP used in this study to evaluate MRES
includes the following steps. First, an evaluation index
system is determined for MRES based on DPSIR. Second, the
network model of MRES evaluation is constructed to show
the influence relationships among evaluation indexes. Third,
the overall weights of indexes are determined by PLTS/ANP.
Fourth, the evaluation values of MRES are calculated and
analyzed. The process is shown in Figure 1.

2.2. Evaluation Index System for MRES. The Organization for
Economic Co-operation and Development (OECD) pro-
posed the PSR model of environmental assessment in the
late 1980s [37]. The United Nations (UN) adapted it for the
DSR model [38], and then based on the advantages of the
PSR and DSR models, the European Environment Agency
(EEA) established the DPSIR framework and applied it to
evaluate the relationship between environmental perfor-
mance and social economy [39].

In this study, we construct the evaluation index system,
which is an organic whole composed of multiple interrelated
evaluation indexes from the five aspects of DPSIR for MRES.
Specifically, in the evaluation system of MRES, the indexes of
the driver cluster mainly come from the social system and
the economic system, such as the profit margin and the
enterprise’s ecological awareness. The indexes of the pres-
sure cluster mainly come from the ecological environment
system and are directly affected by the driver, such as the
green degree of farming methods and natural disasters. The
indexes of the state cluster mainly represent the performance
of the marine ranching ecological environment under
pressure, such as water quality and target biomass. The
indexes of the impact cluster mainly represent the effect of
marine ranching on human social and economic life and the
environment state, such as the improvement of fishery re-
sources and the degree of pulling the industrial chain. The
indexes of the response cluster mainly represent the positive
measures taken by enterprises to improve the current sit-
uation in the process of operation and management, such as
marine technology, and management and annual
monitoring.
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Establish an evaluation index system based
DPSIR model

I

Construct the network model with showing
inter-dependent relationships among
indexes

I

Calculate the overall weights of indexes
based on PLTS/ANP

I

Conduct pairwise
comparisons with
PLTS

Obtain the local
priority weights

Determine the
final weights

Construct the
supermatrix

I

Make evaluation of MRES performance

FiGUre 1: Framework of MRES evaluation.

The evaluation index system is established for MRES
based on the DPSIR model, as shown in Table 1. From
Table 1, it is obvious that the MRES index system comprises
5 clusters and 22 evaluation indexes. The evaluation indexes
included in each cluster are carefully selected by referring to
the relevant literature [40-42] and following the principles
of being scientific, operative, forward-looking, and so on. In
the attributes column of Table 1, the benefit-type index is
defined as “+,” and the cost-type index is defined as “-.”

2.3. Network Model Construction of MRES Evaluation.
The ANP network structure is divided into control hierarchy
and network hierarchy. Inside the network hierarchy, the
network structure is composed of elements that are con-
trolled by the control hierarchy, and they may interact with
each other. In this study, the control hierarchy is omitted
because it only contains one target element, namely MRES.
During the process of ANP application, the network
structure is constructed based on the identified indexes and
clusters as well as their potential interrelationships. The
interdependencies can exist in the form of inner dependence
or outer dependence. Thus, an accurate modeling tool of
comprehensive and interdependent indexes is provided.
As mentioned in Section 1, marine ranching is an ar-
tificial ecosystem, and the indexes listed in Table 1 may be
interdependent and mutually influenced. There exist both
outer dependency relationships and inner dependency re-
lationships in the MRES evaluation system. (1) The outer
dependency relationships may occur between the indexes
from different clusters, and these relationships are also
consistent with the correlations as shown by the DPSIR
model [43]. For example, the evaluation index “enterprise’s
ecological awareness (e;)” from the “driver (C;)” cluster

affects the evaluation index “green degree of farming
methods (eg)” from the “pressure (C,)” cluster. Meanwhile,
the evaluation index “research support (ey;)” from the
“response (Cs)” cluster affects the evaluation index “profit
margin (e,)” from the “driver (C,)” cluster. The same is true
for the relationships between other different clusters. (2) The
inner dependency relationships may occur between the
indexes included in each cluster. For example, in the “impact
(Cy)” cluster, the index “the losses caused by natural or man-
made disasters (e;s)” affects another index “the improve-
ment of fishery resources (e;3),” and the index “the im-
provement of fishery resources (e;3)” has a positive effect on
the index “the number of absorbed or resettled fishermen
(e14).” The same is true for the other four clusters.

Based on the above analysis, according to the DPSIR
model, this study constructs the network model of MRES
evaluation, as shown in Figure 2. In this network model,
arrows are used to represent the influence relationships
inside or outside the cluster, and arrows point one object to
other objects that are affected.

2.4. Determination of Overall Weights of Indexes. In the
existing literature, the evaluation indexes of marine ranching
are based on assuming that the indexes are independent of
each other. In fact, marine ranching is an ecosystem, and its
MRES evaluation system exhibits the influence relationships,
as shown in Figure 2. A key problem is how to reflect such
influence relationships and make a reasonable evaluation.
Due to the complexity of MRES, the research and under-
standing of some evaluation indexes are limited at present. It
is difficult for experts to express preferences by means of one
certain linguistic term. Therefore, this study first uses the
PLTS method to effectively achieve the uncertain
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TaBLE 1: MRES evaluation index system.

Cluster Evaluation index Unit Attributes
Financial fund input (e;) 104yuan +
Driver (C,) Profit margin (e,) % +
Enterprise’s ecological awareness (e3) % +
The number of bottom sowing and proliferation and release (es) 10* tails +
Seaweed field and seagrass bed transplant cultivation (es) Number +
Pressure (C,) Green degree of farming methods (es) Number +
Artificial reef construction and maintenance (e;) Number +
Natural disaster (eg) Times/year -
Water quality (eo) Number -
Marine sediment (e;() Number -
State (Cs) Target biomass (e;;) Number +
Biodiversity index (e;5) Number +
The improvement of fishery resources (e;3) Number +
The number of absorbed or resettled fishermen (e4) Number +
Impact (Cy) The degree of pulling the industrial chain (e;s) 104yuan +
The losses caused by natural or man-made disasters (e;4) 104yuan -
Benefits of aquatic products (e;7) % +
Visualization, intelligence, information system construction (e;s) Number +
Marine technology and management (e;o) Number +
Response (Cs) Research support (e;) Number +
Scientific management of fishery resources (e5;) Number +
Annual monitoring (e,5) Times/year +

preferences given by experts and then uses ANP to make an
overall evaluation for the MRES. The associated calculation
for MRES consists of the following steps.

Step 1: conduct the pairwise comparisons with PLTS.

The definition of ANP is that as a multicriteria theory, it
provides the mathematics and a comprehensive
structure to obtain the relative influence of one of two
elements over the other in a pairwise comparison
process on a third element in the system, with respect to
an underlying control criterion [16]. As the ANP
method has been described sufficiently in the literature,
it is described very briefly in this section. For the
complete process or model of constructing pairwise
comparisons, see this cited article of Saaty [15].

Based on Figure 2, ANP conducts pairwise compari-
sons that reflect dependencies in this network model of
MRES evaluation between all clusters and indexes.

For each relationship between clusters C; — C; in the
network structure as shown in Figure 1, the pairwise
comparison matrices should be constructed. Obviously,
if i# j, C; — C; represents the outer dependent re-
lationships between two different clusters; if i = j, it

represents the inner dependent relationships in one
cluster. Without loss generality, here, we suppose
C;= {eﬂ,eiz, e ,eiMi} and C;= {eﬂ,ejz, . .,e]-Nj}.
Following the thought of ANP, the element/index e;,,
included in cluster C; is regarded as a criterion, and
then, a pairwise comparison matrix B;’” of cluster C ;s
constructed with respect to e,,,,.

Here, we give some concepts and definitions of PLTS
and show the process for constructing B7" with PLTS
[44].

The most widely used concept about PLTS is the lin-
guistic term set (LTS), which can be defined as in

S={s0:S1>-->Sp v sSprhs (1)

where 27+ 1 is the number of all terms in S;
s5(8 € [0,27]) as the linguistic term is generated by a
predefined syntactic rule and restricted by a fuzzy set; s,
means “indifference”, and the remaining linguistic
terms are distributed symmetrically around it.

Then, the PLTS is defined as in

#
L(P) :{L(f)(P(f))|L(€) €S, p(f)zo, k= L2,..., #L(p); Zgle(p)p(e)Sl}’ (2)

where L® (p©) is the € th linguistic term of L®) with
the associated probability p'©; #L(p) is the number of
all different elements in L (p). Similarly, we utilize S to

evaluate these indexes and to present the preference
degree for an index e; over e in a pairwise comparison
matrix Bj".
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FiGure 2: Network model of MRES evaluation.

B;m = (L (P))ijNj’

(3)

LYIRG

Liw (p) ={L(p0)e = 1,2, #Lye (p)},

where pii), >0 and #L;p (p) are the number of lin-

guistic terms in Ly (p). Moreover, there are some rules

that need to be(f)ollow(eegl wl(li)le cog)structing a matrix
: ¢ ¢

B, such as pyo=pu Lo+ Ly =S L (p) =

s; (1), and #L (p) = #Li1 (p).

Step 2: obtain the local priority weights.

For a PLTS, the weighted value of the ¢ th element in
the PLTS is defined as

where £ik, =In w; —In wp - ln(WVik,/WVi,k), te
1,2, ..., #L;;}; wy is the weight of the kth index cor-

responding to matrix BY", k=1,2,...,N;.

#

-

N; N; #L; N
in ZimM — e \2 _
minZ" =3 3 N (gy) =
k=1k'=1 =1 k

a2
Y

N;
st Y =1, w>0,k=12,...,N;
k=1

= wve !
In we, —In wy —In —> |,

=1

J

made disasters products (e,;)
(e16)
wv’=1(L9)x p®, (4)

where Ind (-) is a function that returns the subscript of a
linguistic term from S to [0, 27], for example, Ind (sz) =
0 for any sz € S.

For the pairwise matrix B;’” expressed by probabilistic
linguistic terms, if BY" is consistent, motivated by
reference [45], we can get the most accurate weights of
elements by the optimization model as in

€
WV,

(5)
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As proved in reference [4], the optimal solution of the
model as in equation (5) can be calculated by

In equation (6), exp(-) is the exponential function
based on the natural constant e =~ 2.71828, with

Q= @p4p---»qn,1) = DY, in which

N__pr(qk) ,k=1,2,...,N;-1,
Xyl exp(qe) +1
Wy = (6)
1
N, o k=N;
Xl exp(gi) +1
N;
4 -t ¢
kgé 1k 12 I(Nj—l)
N;
& kZEZk £, (n 1)
=1
D= k#2 , (7)
N;
¢ ¢ ¢
O T O S M
k#N ;-1

(8)

Step 3: construct the supermatrix. matrix W;;, as in equation (9). The block matrix W

Using Steps 1 and 2, the vector of local priority weights represents the relative importance of the elements in

(7" = (0, @,, ..., wy ) corresponding to the matrix cluster C; = {ejl,ejz, o ,e]-Nj} with regard to each el-

B is determined. To reflect the relationship between .
] T ) i ) o ement in cluster C; = {e,-l,e,»z, . .,eiM_} [46].
local priority weights and its corresponding criterion, :

here, the vector of local priority weights is redescribed i Q2 iM;

im im_im im : . wp W oWy
as /" = ()", 0", wNj) by adding the superscript G M
into the symbols. Similarly, also for each relationship w.=| > 2| (9)
between clusters C; — C;, taking another element ! R
(index) e, included in cluster C; as a criterion, the Wy Wl w;{‘l’fi
] J ]

.1
pairwise comparison matrix B7" of cluster C; is

constructed with respect to e;,,, and its corresponding
vector of local priority weights

j
m' #m € {1,2,..., M,}. Consequently, all of the local
priority weights for C; — C; can be written as a block

= L o
" = (0", 0" ,...,w’g,’;) can also be determined,

For each pair of clusters in Figure 1, if there exists a
relationship between clusters C; — C;, then the block
matrix W;; is determined by equations (4)-(9); else if
there does not exist a relationship between clusters
C; — Cj, then the block matrix W/, is defined by zero
matrix (Wij =0). When all of the block matrices are



determined, a supermatrix in the ANP is constructed as
in equation (10) to reflect all the local priority weights
in the network model of MRES evaluation [47]. Note
that, the number of clusters in the MRES evaluation is 5
resulting in there are 5 x 5 = 25 block matrices in the
supermatrix W.

Wz[wij]SXS
Wll W12 W15

| Wa Wy oo Wy (10)

WSI W52 T WSS
Step 4: determine the final weights.

The supermatrix W, as in equation (10), is unweighted
since the sum of elements in each column is not equal
to 1. In order to normalize the supermatrix, the weight
of each block matrix is determined by experts
according to the ANP [8]. Assuming the determined
weight of block matrix W;; is a;;, 21'5:1‘1 =1, a;>0,
j=12,...,5, then the we1ghted supermatnx W is
calculated by integrating the weight of block matrix
into the supermatrix as in

W:[Wij]5x5
anWy apWy, - asWys
B AWy apWyy -+ aysWhs (11)
as;Ws; a5;Ws, -+ assWss

The limit weighted supermatrix that reflects both direct
influence relationships and indirect influence relationships
between indexes is calculated by W™ = lim, W~ asin
equation (12).

According to the ANP theory, the weighted supermatrix
W is a column random matrix, that is, the sum of each
column is equal to 1. Thus, the limit weighted supermatrix
W must be stabilized, that is, the elements in each row are
equal to each other such as w, =w,;, = " =w,),
n=12,...,N. For convenience, here we suppose
W, =W, =W,, =-++=w,y, and it is the global priority
weight of index e, n = 1,2,..., N. Obviously, the number of
indexes in the MRES evaluation is 22 as shown in Table 1
resulting in N'=22 in the limit weighted supermatrix W

w :[wnn']NxN
Wy Wy - WiN
| W Wy v Woy (12)
WNy WNp **+ WNN

Complexity

2.5. Calculation of the Evaluation Value of MRES. We sup-
pose that there are T'marine ranches to be evaluated on the
MRES, and the performance value of the tth marine
ranching MR, on the nth index e, be x,,; t =1,2,...,T,
n=1,2,...,22. As mentioned in Table 1, the evaluation
indexes are divided as the benefit-type index marked with
“+,” and the cost-type index marked with “~.” In order to
eliminate dimensional and index-type effects, the collected
index data of marine ranching X = [x,,]r,,, need to be
standardized before calculation by equations (13) and (14).
Equation (13) is used to standardize the data on benefit index
“+,” and equation (14) is used to standardize that on the cost
index “-”

Xy — Min{xy,, ..., xp,}
in max{x,,, ..., xXp,} —min{xp,,...,xp,} (13)
. max{x,,, ..., Xp,} — X, (14)
" max{xy,, ..., X} — min{xy,, ..., xp,}

After the collected data are all standardized, the com-
prehensive MRES evaluation value (MRES value for short)
can be obtained by combining the index weights with the
standardized performance data of the marine ranching, as in
equation (15). The higher the value of Q, in the calculation
result, the better the MRES of the marine ranching MR,.

22
Q=) YWy t=12,...,T. (15)
n=1

For better analysis, the MRES is usually divided into
several grade levels according to comprehensive MRES
evaluation values. Similar to references [8, 48], the grades of
the MRES in this study are divided into three levels of in-
security, medium security, and security. The MRES is ob-

tained according to the following steps:

Step 1: finding the maximum value Q.. and the
minimum value Q,;, of MRES from Q,, t = 1,2,...,T.
Step 2: calculating the distance between the maximum
and the minimum values A = Q... — Qpin-

Step 3: determining the grade level of the marine
ranching MR, by equation (16), t = 1,2,...,T.

A
len’ Quin + ) in security,

A
Q =1 | Qun t ngax - 5)’ medium — security,
_ A '
Quax — 3 Qunax |» security.

(16)

The comprehensive MRES evaluation value is composed
of the performance in five clusters, that is, Q, = Z?:lle
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where Q! = Zﬁi”lwn “yurt =1,2,...,T, M, is the number of
indexes included in the cluster C;. Consequently, the con-
tribution rate is defined, as in equation (17), to reflect the
contribution of a cluster to the MRES.

CR =Q/Q,,i=12,...,5t=1,2,...,T. (17)

The higher the value of CR:, the greater the contribution
rate of cluster C; to the MRES for MR,. It means that the
marine ranching MR, has the advantage on the cluster with a
greater contribution rate. If marine ranching MR, wants to
improve its MRES level, it can start from the cluster (in-
dexes) with a lower contribution rate. Furthermore, the
average contribution rate is easily calculated by
CR; = ZLCR;/T to reflect the average level of several
marine ranches, i =1,2,...,5.

3. Case Study for Marine
Ranching in Rongcheng

3.1. Research Area and Date Source. Located in Weihai,
Shandong Province, Rongcheng has 500 km of coastline.
Its marine ranches occupy an area of 313km’. As of
January 2021, Shandong had 54 national marine ranches,
accounting for 39.7% of the national marine ranching
programs in China. Among them, Rongcheng has suc-
cessfully established 10 national marine ranches and 14
provincial marine ranches, making fruitful achievements
in the construction of marine ranching. In the sixth batch
of the national marine ranching demonstration list pub-
lished by the Ministry of Agriculture and Rural Affairs of
the People’s Republic of China, Rongcheng ranked first
among county-level cities in China regarding the number
of newly added ranches. To assess the MRES, this study
collects data from 11 typical marine ranches in Rongcheng,
which consist of eight national marine ranches
(MR;-MRg) and three provincial marine ranches
(MRg-MR;;). We use the index system and evaluation
method constructed above for analysis. The location of the
study area is shown in Figure 3.

3.2. Results and Analysis

3.2.1. Index Priority Weights. As mentioned in Sections
2.1-2.4, the index weights of MRES evaluation are determined
by the integrated PLTS/ANP method. First, the pairwise ma-
trices are constructed, which reflect the connection relationships
between elements and clusters according to Figure 2. Then,
experts give all the pairwise comparison matrices, in which the
probabilistic linguistic terms are used as needed to represent
uncertain information. In this study, the set of linguistic term S
is defined with 7 = 8. The key linguistic terms are s, = extremely
more unimportant, s, = very strongly unimportant, s, = strongly
more unimportant, ss=moderately more unimportant,
ss=equally important, s;o=moderately more important,
12 =strongly more important, s;4=very strongly important,
and s;4 = extremely more important. The linguistic terms s, s,
S5, S75 So» 115 S13, and ;5 are the intermediate terms between the
s;; and s;,;. Finally, we put the experts’ information into

equations (4)—(8) to obtain the vector of local priority weights of
MRES evaluation indexes.

An example of the pairwise comparison matrices is
shown in Table 2, which illustrates the vector of local priority
weights corresponding to cluster Cs with respect to the index
e in cluster C,. In Table 2, the data “s4 (0.8), s5 (0.2),” which
are in the second row and the third column, show that the
relatively important degree of e;q to e,; with respect to eg is
strongly more unimportant (s,) with 0.8 probability and (s;)
with 0.2 probability. The final global priority weights of
indexes (index weights for short) can be determined by
calculating the supermatrix, weighted supermatrix, and
limit-weighted supermatrix as shown in equations (9)-(12).
The results are shown in Figure 4.

At the index level, the weight of an index reflects its
importance degree relative to all the indexes from the
evaluation index system. For an evaluation index, the higher
the weight, the more impact it has on the MRES. According
to Figure 4, “scientific management of fishery resources
(e21)” is the first priority index among all the evaluation
indexes, with a weight of 0.1142. This means that the sci-
entific management of fishery resources is the most critical
index for evaluating MRES. Other indexes that have high
weights (above 0.06) are profit margin (0.1017), enterprise’s
ecological awareness (0.0823), the degree of pulling the
industrial chain (0.0781), the improvement of fishery re-
sources (0.0639), and benefits of aquatic products (0.0609).
This indicates that these indexes are of great importance to
MRES. The number of absorbed or resettled fishermen
(0.0050) and the number of bottom sowing and proliferation
and release (0.0079) are relatively less influential indexes in
order of importance with weights less than 0.01.

At the clusters level, according to Figure 4, the weights of
clusters are ranked in the following order: response (0.2646)
>impact  (0.2350) >driver  (0.21465) >state  (0.1772)
> pressure (0.1047). This shows that the five clusters from the
evaluation model based on DPSIR have different influences
on MRES, with the response cluster having the largest effect
and the pressure cluster having the lowest effect. Response,
impact, and state are the clusters with weights between
0.1772 and 0.2350.

For each cluster, the weights of its included indexes reflect
the different influences on MRES within the same cluster. In
the driver cluster, profit margin (0.1017) has the highest
weight, followed by financial fund input (0.0345) and enter-
prise’s ecological awareness (0.0823). In the pressure cluster,
the weight of natural disaster (0.0494) is significantly higher
than the remaining four indexes, whose weights are not
greater than 0.021, reflecting the spacing of indexes in the one
cluster. In the state cluster, the weight values of biodiversity
index (0.0548), water quality (0.0530), and target biomass
(0.0514) are very close, and marine sediment with the weight
0f 0.0180 is relatively small. In the impact cluster, the degree of
pulling the industrial chain (0.0781) has the highest weight,
which has an obvious difference to the number of absorbed or
resettled fishermen (0.0050), which is the lowest weight in this
cluster. In the response cluster, scientific management of
fishery resources (0.1142) has the highest weight, and annual
monitoring (0.0147) has the lowest. Visualization, intelligence,
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FIGURE 3: Geographical location of the research area of this study.
TABLE 2: A pairwise comparison matrix for cluster C5 with respect to index e6.
% €19 €1 € Priority vector
€19 sg (1) 54 (0.8), s3 (0.2) s10 (0.7), 511 (0.3) 0.1795
€21 S12 (08), S13 (02) Sg (1) S14 (09), S15 (01) 0.7383
€ s¢ (0.7), s5 (0.3) s (0.9), s, (0.1) sg (1) 0.0822

information system construction (0.0314), marine technology
and management (0.0483), and research support (0.0560) have
different levels of influence.

3.2.2. Overall Evaluation Value of MRES. As mentioned in
Section 2.5, based on the index weights, the comprehensive
evaluation value of MRES, which is used to reflect the final
performance results of the marine ranches on ecological
security, can be calculated by equations (13)-(15). Inputting
the index weights calculated in Section 3.2.1 and the stan-
dardized data of the investigated 11 marine ranches in
Rongcheng into equation (15), we can calculate the com-
prehensive evaluation values of MRES, as shown in Figure 5.
The average performances of the national and provincial
marine ranches with respect to MRES are obtained by
calculating the mean of the MRES values of national and
provincial marine ranches, respectively.

In addition, the grades of the MRES should be divided into
three levels by following the three steps in Section 2.5, and each
level can be determined by equation (16). If the MRES
evaluation value falls within the range of [0.48, 0.58], it is
defined as grade 1, namely insecurity. If the MRES evaluation
value falls within the range of [0.58, 0.67], it is defined as grade
2, namely medium security. If the MRES evaluation value falls
within the range of [0.67, 0.76], it is defined as grade 3, namely

security. The grade levels of the MRES shown in Figure 5
reflect the security or sustainability degree of each of the 11
marine ranches operating in Rongcheng.

It is obvious that all MRES evaluation values of the 11
marine ranches range between 0.48 and 0.76. Among the
evaluation values of the 11 marine ranches, four are in the
insecurity grade, namely MR, MR,, MEs, and MRg; three of
them are in the medium security grade, namely MR;;, MRy,
and MRg; four of them are in the security grade, namely MR,
MRy, MR, and MRs. These evaluation results indicate that
there are differences in the MRES performance of marine
ranches in Rongcheng, and the development process of ma-
rine ranching is inconsistent in terms of ecological security. In
other words, we can see that 36% of the marine ranches have
relatively good performance in ecological security; 28% of
them have average performance and have room to improve
ecological security degree; and 36% of them have poor per-
formance, so they need to be improved promptly. In par-
ticular, to find the underlying problems of the marine ranches,
we conducted in-depth analysis from the national and pro-
vincial perspectives.

According to Figure 5, among the eight national marine
ranches (MR;-MRg), 37.5% of the marine ranches are in the
security grade; 25% are in the medium security grade; and
37.5% are in the insecurity grade. Overall, the average MRES
value of the national marine ranches is 0.61, which is in the
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FIGURE 5: MRES evaluation values for marine ranches in Rongcheng.

medium security grade. It indicates that although a lot of efforts
for pursuing the sustainable development of marine ranching
and preserving the marine ecological environment have been
made, for national marine ranching, there is still a gap between
the current ecological security status and the ideal state.

Among the three provincial marine ranches
(MRg-MRy;), 33.3% are in the security grade; 33.3% are in
the medium security grade; and 33.3% are in the insecurity
grade. Overall, the average MRES value of the provincial
marine ranches is 0.62, which is in the medium security
grade. Therefore, the evaluation grade level of MRES
indicates that the ecological security of provincial marine
ranching also has a large room for improvement as only
33.3% of the marine ranches are in the security grade. The
maximum and minimum values of MRES in provincial
marine ranches are 0.75 of MR, and 0.48 of MRy, and
they are also the maximum and minimum values of MRES
in the 11 marine ranches in this study, which indicates
that the ecological security grade of provincial marine
ranching is seriously uneven.

By comparing national and provincial marine ranching, we
note that the MRES performance of national and provincial
marine ranching does not show an obvious correlation with the
rating level of marine ranching (i.e., national level or provincial
level). First, for either national or provincial marine ranches,
the distribution of marine ranching on the MRES grade level is
similar, with no significant difference in percentage. For both
national and provincial marine ranches, more than 60% of
enterprises are not in the security grade, and they need to
improve their ecological security performance. Second, the
average MRES values of the national and provincial marine
ranches are in the medium security grade and are very close.
This means that there is no significant difference between the
investigated national and provincial marine ranches in average
MRES values; the provincial average MRES value (0.62) is
slightly higher than the national (0.61). The above analysis
shows that the performance of national marine ranches in
ecological security is not necessarily higher than that of pro-
vincial marine ranching. The ecological security evaluation
value of marine ranching is not related to its rating level.
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3.2.3. Contribution Rate Analysis. As mentioned in Section
2.5, the contribution rate is calculated by equation (17); it
reflects the extent to which each cluster contributes to the
MRES for each marine ranching. Then, the average con-
tribution rate of each cluster, which reflects the average
cluster contribution rate performance for the marine
ranches, can be calculated accordingly. The calculation re-
sults are shown in Figure 6, where the data of each marine
ranching from top to bottom represent the contribution
rates of response, impact, state, pressure, driver.

As shown in Figure 6, the contribution rates of the five
clusters to MRES in Rongcheng are different. For both
national and provincial marine ranching, the contribution
rate of response is significantly higher than other clusters,
and the contribution rates of driver and impact are generally
lower than others. The average contribution rate also reflects
this feature; we can see that response is the most important
cluster for MRES value with 59% contribution rate; the
average contribution rates of pressure and state are 19% and
12%, and the lowest average contribution rates are driver
and impact with 5%. This indicates that all the investigated
marine ranches of Rongcheng are mainly driven by the
response cluster. In addition, there is no distinction in
national and provincial marine ranching because both of
them show consistency in Figure 6. To find the underlying
problems of the marine ranches of Rongcheng, we con-
ducted an in-depth analysis of each cluster.

For the response cluster, MR,; has the highest response
contribution rate with 72%, and MR, and MR, have the
lowest response contribution rates with 49%. As the highest
contribution rate cluster of MRES, the response cluster is the
important subsystem reflecting some positive actions of
marine ranches in Rongcheng. For example, nine of 11
marine ranches have constructed “visualization, intelligence,
information system;” seven have fixed marine management
expenditures; and all follow scientific and sustainable marine

halieutics. In addition, marine ranches have positive
achievements in talent introduction, scientific cooperation,
biotechnology application, and annual monitoring. In
documents available for review, the government of Rong-
cheng established a favorable environment in terms of
marine fisheries regulation and science and technology
support. These demonstrate that marine ranches and the
government attach great importance to science and tech-
nology construction, marine ranching’s management and
maintenance, and monitoring and reporting. In sum, the
response is the main driving cluster of MRES in Rongcheng
marine ranches, and enterprises and the government have
the best performance in the response cluster.

For the driver and impact clusters with an average
contribution rate of 5%, the respective maximum values for
contribution rates are 17% and 9% of MR, and MR,, and the
corresponding minimum values for contribution rates are
1% and 1% of MR, ; (MRs) and MRy. As the two clusters with
the lowest contribution to MRES, driver and impact have a
small influence on the MRES in Rongcheng. For example,
even though a series of measures are taken by the gov-
ernment and marine ranching in ecological environment
improvement and resource protection, the performance of
marine ranching on the index “enterprise’s ecological
awareness” is not consistent with this. In the sample period,
the proportion of environmental protection expenditure is 0
for 36% marine ranches; the proportion of environmental
protection expenditure is 1% for 46% marine ranches; and
the proportion is 2% for 18% marine ranches. There is no
obvious improvement of fishery resources, which indicates
the improvement of biodiversity index, and target biomass is
not successful. Moreover, as the calculated cluster weights of
driver and impact are 0.22 and 0.23 in Section 3.2.1, this
indicates that paying attention to these two clusters is
necessary for pursuing MRES in experts’ views. In sum,
although driver and impact are not the main driving clusters
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for MRES in Rongcheng, we can improve overall MRES
value to a higher level by protecting resources and estab-
lishing awareness of ecological environment protection.
For the pressure and state clusters with average con-
tribution rates of 12% and 19%, although these two clusters
are not the main driving indexes of MRES, they are sig-
nificant in terms of the MRES. The contribution rates of
pressure and state are between the lowest and the highest,
which is determined by the specific performance of marine
ranching in these clusters. For example, each marine
ranching in the sample has put net cages by green framing
methods and carried out the construction of artificial reefs,
which have had a positive influence. However, in some
indexes, the performance of different marine ranching may
be very different, or there is room for further improvement.
For example, 45% of the marine ranches scored zero on the
index “seaweed field and seagrass bed transplant cultiva-
tion,” while other marine ranches performed better in terms
of the survival status of seaweed field and seagrass bed
transplant cultivation. A total of 73% of the marine ranches
reached the national level II standard of seawater quality,
and 27% of the marine ranches reached the highest level I
standard. In sum, the contribution of pressure and state to
MRES is limited. Marine ranching performs well in artificial
reef construction and maintenance, but there is room for
turther improvement in the marine environment and the
construction of seaweed field and seagrass bed.

3.3. Discussion and Recommendations

3.3.1. Discussion. First, the study offers the prioritization of
evaluation indexes determined by the PLTS/ANP method.
“Scientific management of fishery resources” is the most
important evaluation index among all indexes. A possible
explanation is that scientific management of fishery re-
sources is a systematic project in the MRES construction,
including not only the scientific management of marine
fishery organisms but also the scientific management of
marine ranch staff. The scientific management of fishery
resources can be realized mainly through the following three
ways. The ratio of feed to breeding objects should be within a
reasonable range. In fishing production, compliant fishing
methods and fishing tools should be used to selectively
capture fishery organisms. They should set up the harvesting
range of value-added organisms to achieve sustainable
utilization. This shows that the scientific management of
fishery resources involves a wide range of measures, which
may lead to this index being the most important index in the
weight calculation dominated by expert judgment.

The response cluster has the first priority among other
clusters, which shows that the response cluster and all its
indexes have more effects on MRES. A possible explanation
is that the response cluster is the only cluster that has re-
lationships with the other four clusters in the DPSIR model.
This in itself gives important meaning to the response
cluster. The indexes under the response cluster have an
internal influence on the four clusters of driver, pressure,
state, and impact. This relationship is ultimately reflected in
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the priority weight of MRES; that is, the weight of response is
the largest. Furthermore, as the cluster that reflects the
positive measures taken by enterprises to improve the MRES
performance, the response includes indexes that reflect the
following three points: the level of information construction
and human resources construction of marine ranching, the
scientific nature and input intensity in fishery resources
management of marine ranching, and the development of
annual monitoring activities of marine ranching. All these
indexes directly reflect the sustainability of marine ranching
in the construction of ecological security and can effectively
realize the function of marine ranching in environmental
protection, resource conservation, and sustainable fishery
output.

Second, the comprehensive evaluation value of MRES
offers evidence supporting that the current marine ranches
in Rongcheng are at the medium security grade on the
whole. For all the marine ranches in the sample, only 38% are
at the security grade and can be recognized as performing
well in ecological security. The overall situation is at an
acceptable level, but there is still great room for improve-
ment in the construction of ecological security. A possible
explanation is that Rongcheng has launched some policies
and measures with the government playing the leading role
and enterprises serving as the main body in the construction
of marine ranching in recent years, such as advocating
scientific fishing, monitoring the seawater quality, and
strengthening the supervision of marine ranching, which
have promoted threshold quality of MRES performance in
Rongcheng. At the same time, building a good MRES is not
only led by the government. Just as in the case of Rongcheng,
there are differences between marine ranches in terms of
ecological security; therefore, marine ranches need to further
improve the performance of MRES on their own.

Moreover, the evaluation results also suggest that there is
not a strong correlation between MRES performance and
whether the research objects are national or provincial
marine ranching. In fact, there is little difference in the
performance of average MRES value and safety level dis-
tribution between the eight national marine ranches and
three provincial marine ranches in this sample. A possible
explanation is that as mentioned above, the government of
Rongcheng has made great efforts in policy supervision,
marine environmental protection, and other public services,
which may make the national and provincial marine
ranching consistent in the acquisition of this part of public
resources, so there is no difference in the average MRES
value and safety level distribution between the MRES of
provincial and national enterprises. However, there are only
three provincial marine ranches selected in this study, which
may lead to poor representability of the data. The average
MRES value and safety level distribution calculated may not
really represent the ecological security situation of provincial
marine ranching in Rongcheng.

Third, the contribution rates of the five clusters to
MRES show that response is the most important cluster
for MRES in Rongcheng. Response’s 59% average con-
tribution rate indicates that all marine ranches of
Rongcheng in this sample are mainly driven by the
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response cluster. A possible explanation is that Rong-
cheng attaches great importance to information con-
struction, scientific research support, and talent
introduction. For example, the average value of coop-
eration between marine ranches and universities is 2.5,
and 82% of the marine ranches have built visualization,
intelligence, and information systems. It can be con-
sidered that for marine ranches in Rongcheng, the impact
of the response cluster of the DPSIR evaluation model is
the highest, and the evaluation indexes under the cluster
have great importance. Therefore, the response cluster is
an important source of strong MRES performance. From
another point of view, while ensuring response cluster
performance, we can further enhance MRES performance
through other clusters with low contribution rates but
high priority weight as calculated by the PLTS/ANP
method. For example, although driver and impact clus-
ters have the lowest contribution rates, we can enhance
MRES by protecting resources and establishing awareness
of ecological environment protection.

3.3.2. Recommendations. MRES, as a hot spot in the re-
search of marine ranching, is of great significance for marine
ecological security and the construction of marine ranching.
The overall MRES performance in Rongcheng is at a me-
dium level, and there is room for further enhancement.
Based on the research results and analysis of MRES eval-
uation index weights and overall MRES values of marine
ranches in this study, the following four suggestions are put
forward to help enterprises, government, and third-party
institutions work together to improve the ecological security
level of marine ranches in Rongcheng.

First, according to the MRES evaluation index system
constructed in this study and the weight results, marine
ranching should pay attention to the scientific management
of fishery resources and consciously improve enterprises’
awareness of ecological and environmental protection.
Furthermore, for enterprises, it is necessary to emphasize
profitability and to pursue profit margins. These three as-
pects represent the first three important indexes in the
evaluation index system. In addition, the significance of the
response cluster leads enterprises to pay attention to sci-
entific and technological capabilities, talent introduction,
and marine ranching monitoring, among others.

Second, the construction of MRES is inseparable from
the government’s policy and supervision. The government
should make clear the important role of the management
and guidance of MRES, establish, and improve the super-
vision, evaluation, and management mechanism for MRES
construction. Specifically, this includes strengthening the
improvement and protection of seawater quality, ensuring
the scientific fishing of marine living resources, and intro-
ducing support policies for MRES. These are the reasons why
some marine ranches perform well or perform poorly in the
previous analysis.

Third, marine ranches in Rongcheng are driven by the
response cluster. In this context, enterprises can further
enhance their performance in response to improve the
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MRES level. However, the clusters with low contribution
rates but not low priority weights like driver or impact
cluster should not be ignored to improve the MRES level. To
improve the performance of marine ranching in these
clusters, which are not the main driving forces for MRES, it
will be more challenging for enterprises. However, it is
necessary for improving the MRES level.

Fourth, the participation of third-party stakeholders
should be considered in the construction of MRES. Talent
and technology support are of great significance for MRES,
and most of them are related to the indexes in the response
cluster. Therefore, marine ranching should establish coop-
erative relationships of knowledge sharing and joint
achievements with scientific research institutes and uni-
versities and establish directional training relationships for
talent. The government can also guide the collaboration
between marine ranches and third-party institutions to
transfer technology and knowledge to enterprises and en-
courage innovative academic research related to MRES.

4. Conclusion

In recent years, the research on marine ranching has made
rich achievements in concepts, ecological evaluation,
breeding carrying capacity, resources, and environmental
monitoring. The ecological benefits of environmental pro-
tection and resource conservation of marine ranching have
been highlighted by the government and academia, but there
are still many deficiencies in the practical operation and
theoretical research. Therefore, it is necessary to study the
evaluation of MRES and to measure the performance of
system security and ecosystem services of marine ranching.
This study evaluates MRES based on the DPSIR model and
PLTS/ANP method and performs a case study of 11 marine
ranches in the city of Rongcheng. The main contributions of
this study can be summarized as follows.

First, the network model of MRES evaluation con-
structed by the ANP method reflected the interdependent
relationships of evaluation indexes. In the existing research
on MRES, the interdependent relationships between indexes
are seldom considered, while the relationship between in-
dexes is mostly treated as a linear one. However, considering
that the marine ranching ecosystem is a subsystem of the
marine ecosystem, it is necessary to reflect the internal and
external dependence of the evaluation indexes. Second, the
weights of indexes were determined by the PLTS/ANP
method. PLTS is practical for expressing experts’ preferences
and hesitant views, and this method reflects the probability
information of each language term. We used PLTS to
provide not only the linguistic values but also the corre-
sponding probabilistic information in obtaining the pairwise
matrices. Third, the proposed MRES evaluation index sys-
tem and PLTS/ANP method were applied to analyze 11
marine ranches in Rongcheng, Shandong Province. Four of
them were in the insecurity grade, three in the medium
security grade, and four in the security grade. Moreover,
according to the analysis of index weights, comprehensive
MRES evaluation values, and contribution rates of 11 marine
ranches, the recommendations for government, enterprises,
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and third-party institutions were proposed to improve
MRES performance.

However, there are limitations to this study. First, in this
study, PLTS and ANP, which were used to determine the
weights, are two subjective methods. Further research can
integrate objective methods such as the entropy weight
method to obtain the weights for simultaneous subjective
and objective analysis. Second, the method for order rela-
tions and operations is recently introduced on the set of
PLTS, and further research may be conducted with this new
method to improve the effectiveness of MRES evaluation
results.
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