
Academic Editor: Harry Coccossis

Received: 6 October 2025

Revised: 24 October 2025

Accepted: 30 October 2025

Published: 3 November 2025

Citation: Yang, Q.; Huang, J.; Pan, W.

Assessing the Sustainable

Development of the Tourism Industry

Based on Fuzzy AHP and Grey

Relational TOPSIS. Sustainability 2025,

17, 9799. https://doi.org/10.3390/

su17219799

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Assessing the Sustainable Development of the Tourism Industry
Based on Fuzzy AHP and Grey Relational TOPSIS
Qiyong Yang , Jidan Huang * and Wenyan Pan

Glorious Sun School of Business and Management, Donghua University, Shanghai 200051, China;
qiyongyang@mail.dhu.edu.cn (Q.Y.); panwenyan@dhu.edu.cn (W.P.)
* Correspondence: huangjd@dhu.edu.cn

Abstract

As tourism develops, more study focuses on tourism sustainable development assessment.
To solve ambiguous indicators and subjective weight distributions in such evaluations,
this paper proposes a hybrid model combining Fuzzy AHP (FAHP) and Grey Relational
TOPSIS (GR-TOPSIS). A 13-secondary-indicator evaluation system is established across
four dimensions (economy, society, environment, culture), distinguishing positive/negative
indicators based on tourism’s local impacts. FAHP builds a triangular fuzzy judgment
matrix, with confidence ranking to determine index weights and consistency tests to
ensure weight rationality. Grey relational theory improves TOPSIS, which integrates
Euclidean distance and grey relational degree to form a hybrid closeness index, overcoming
traditional TOPSIS’s poor fuzzy data handling. Verified with seven tourist regions in
our cases, the method yields indicator weights and final superiority–inferiority rankings.
Among the seven evaluated regions, Lijiang Qinghsui (P4) achieves the highest sustainable
development level (hybrid closeness: 0.693), while P6 performs the poorest. Among the
13 indicators, Tourism Revenue Contribution is the most important (weight: 0.189) and
Tourists’ Cultural Respect Degree (F13) is the least important (weight: 0.015). Compared
with traditional TOPSIS, this innovative model quantifies sustainable tourism development
levels, offering a scientific basis for regional tourism decision-making.

Keywords: sustainable tourism industry; grey relation; TOPSIS; Fuzzy AHP; multi-
dimensional evaluation; Multi-Criteria Decision-Making (MCDM)

1. Introduction
In recent years, the tourism industry has shown a significant growth trend in various

regions around the world [1]. Particularly in the post-pandemic era, the global tourism
industry has entered a phase of rapid recovery. An increasing number of regions with a
long humanistic history or beautiful natural landscapes have attracted tourists from all over
the world. The recovery of tourism has driven the economic development of a region [2],
promoted the gradual improvement of local infrastructure, and enabled the culture or
natural scenery of a region to be appreciated by tourists worldwide.

However, the overly rapid development of the tourism industry has also brought
about a series of problems. First, when an excessive number of tourists pour into a region,
exceeding the maximum tourist capacity that the local environment can bear, it will lead to
environmental degradation and excessive pollution (which is particularly significant for
regions renowned for their natural landscapes). Second, the overly rapid development of
the tourism industry may also cause regional traffic congestion, noise, and other issues,
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which in turn trigger a series of social problems. These problems are also described in
detail in paper [1].

Therefore, when making decisions on the development of the tourism industry in a
region, one cannot simply consider the economic benefits brought by tourism; it is also
necessary to consider the negative impacts caused by excessive tourists. Thus, this con-
stitutes a multi-criteria decision-making (MCMD) problem. In the future, “sustainability”
will become a major goal for the development of the tourism industry. It supports themes
such as digital economic development and green environmental protection and has become
a focus of public attention [3].

For the sustainable development of the global tourism industry, certain issues require
attention and the proposal of solutions:

(1) The development of the tourism industry is inevitably two-sided—on the one hand, it
brings economic benefits and development; on the other hand, it causes environmental
pressure and social problems. How to maintain a balance between them?

(2) When evaluating the tourism development of a region or city, what aspects need to be
considered? What indicators are involved, and what are the implications behind them?

(3) When dealing with indicators that are relatively ambiguous in evaluation, how to
apply mathematical methods to process such ambiguous evaluations and obtain
accurate quantifiable evaluation results?

(4) The development status of the tourism industry varies across different regions; how
should this variation be addressed? Should specific weight settings be applied to the
evaluation indicators?

Centering on the above issues, this paper aims to establish a quantifiable evaluation
model for the sustainable development level of the tourism industry. The paper will present
the specific mathematical methods of this evaluation model, explain how to rank and pro-
cess ambiguous evaluations, and finally, apply the model to real cases to draw conclusions.

This study intends to provide valuable and referable suggestions for the develop-
ment of regional tourism and its sustainability and offer a new perspective for subsequent
research in this field. Our study aims to (1) construct a multidimensional evaluation sys-
tem covering economic, social, environmental, and cultural dimensions, distinguishing
positive/negative indicators to reflect both benefits and risks of tourism development;
(2) propose a hybrid FAHP-GR-TOPSIS model to address the ambiguity of qualitative
indicators (e.g., residents’ satisfaction) and subjectivity of weight assignment in traditional
evaluation methods; (3) verify the model’s applicability through seven typical tourist
regions with different development characteristics (cultural, natural, rural area); and
(4) provide targeted sustainable development strategies for different types of tourism
regions based on case evaluation results.

To elaborate on the above research framework, subsequent sections are organized
as follows. Section 2 conducts a literature review, summarizing existing studies on
sustainable tourism evaluation, analyzing limitations of traditional methods (e.g., TOP-
SIS, SPOTIS, COMET), and highlighting the advantages of the proposed hybrid model.
Section 3 establishes a 13-indicator evaluation system across four dimensions (economy,
society, environment, culture), clarifying positive/negative indicators and their fuzzy
evaluation criteria. Section 4 details the mathematical principles of FAHP (for weight
determination with consistency tests), TOPSIS, and Grey Relational Analysis, as well as
the integration process of the FAHP-GR-TOPSIS model. Section 5 applies the model to
7 typical tourist regions, presenting indicator weights, initial evaluation data, and final
sustainability rankings. Section 6 discusses the weight interpretation, case performance
analysis, and model validation via entropy-weight TOPSIS (proving ranking consistency).
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Section 7 presents conclusions regarding the model’s contributions, research limitations,
and future research directions.

2. Literature Review
2.1. Current Research in Sustainable Tourism Development

For the sustainable development of the tourism industry, scholars have conducted
research in this field and put forward policy and development recommendations. Shuyi
Wang et al. proposed a public–private partnership model, which applies game theory
to functions in an economic system focused on the sustainable management of tourism
and guided by environmental, economic, and social objectives [4]. Pirolo et al. addressed
tourism transportation issues by optimizing the spatial planning of e-bike parking, enabling
tourists to explore less popular areas [5]. Taking the Shengsi Archipelago (China) as a case
study, Yuan Chi et al. constructed a model covering four dimensions—tourist attractions,
ecological resilience, transportation accessibility, and accommodation capacity—to measure
and evaluate the sustainability of local tourism development, as well as identify which
dimension contributes more [6]. To mitigate the negative impacts of overdevelopment in
tourism, Rossana Strippoli et al. proposed integrating the circular economy (CE) into the
tourism industry to enhance its efficiency and resilience [7]. Chia-Li Lin suggested using
the IOA-NRM method to promote Taiwan’s industrial transformation through industrial
tourism, which not only uncovers new development value but also advances sustainable
development [8]. A significant portion of scholars’ research focuses on specific regions: for
instance, refs. [9–11] target Southeast Asian countries, while refs. [4,9] provide reference
recommendations for government policy implementation.

Among the various research directions in this field, establishing sustainable develop-
ment evaluation models is one of the focuses. Fu et al. studied the impact of Green Finance
(GF) on the sustainable development of the tourism industry, offering suggestions for
government policy implementation and identifying limitations of future development [12].
Ronizi et al. focused on rural areas, using ArcGIS v.10.8 to provide development recommen-
dations for the Isfahan region; the case in their study is a Multi-Criteria Decision-Making
(MCDM) case [13], which is similar to the evaluation research on the sustainable tourism
development of Kutoharjo Village in [14]. At the national and regional level, Giambona et al.
took the European Union (EU) as a case study and established a comprehensive framework
that provides reference value for indicator setting [15]. Meanwhile, there are numerous
studies on sustainable tourism evaluation models for urban areas: paper [16] considered
traffic issues faced by cities with large tourist flows and evaluated urban transportation
resilience from the perspective of sustainable tourism development, while paper [17] pro-
posed e-scooters as a solution to alleviate urban traffic pressure. Beyond the establishment
of evaluation systems, Multi-Objective Optimization (MOO) is another approach: Scholar
Qihong Tan optimized the urban tourism environment model using NSGA-II, constructing
a mathematical model to balance tourism benefits and prevent damage to the urban econ-
omy and the environment—this aligns roughly with the research approach of paper [18].

In summary, regarding the establishment of evaluation models, previous scholars
have conducted extensive work and applied these evaluation systems to real-world cases,
focusing on different regions: urban areas [15,16], rural areas [13,14], and national/regional
studies [9–11,17,19]. In terms of research methods, most studies adopt TOPSIS to assess
development performance, combined with the entropy weight method for weight deter-
mination or AHP for importance ranking; subjective weighting methods (where experts
evaluate and rank indicator importance or assign weights directly) are also used [11].
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2.2. Method Research of Evaluation Model

In related research, there are numerous factors influencing tourism sustainability
that can be categorized by nature into (1) qualitative indicators, such as achievement rate,
standardization level, and effectiveness; and (2) quantitative indicators, such as costs and
economic income. Since most evaluation indicators for sustainability rely on expert scoring
and are qualitative [20,21], the evaluation process is relatively challenging.

Currently, the TOPSIS evaluation method is widely applied in various fields due to
its simple principle and ability to evaluate multiple objects simultaneously, but it also has
shortcomings: (1) It calculates the closeness of each alternative based on the Euclidean
distance from the positive and negative ideal solutions to rank alternatives; however, it
cannot compare alternatives when their closeness values are equal. (2) It handles qualitative
indicators in a simplistic manner, failing to consider the impact of such oversimplification
on evaluation results, which may lead to erroneous analysis. (3) The weight assignment of
evaluation indicators depends on subjective scoring, which is overly one-sided (as each
expert may have biases) and incapable of handling special indicators.

Apart from TOPSIS, two emerging MCDM approaches have been widely used in re-
cent sustainable evaluations: SPOTIS and COMET: (1) SPOTIS, Single Point Optimistic and
Pessimistic Ideal Solution, simplifies traditional TOPSIS by calculating each alternative’s
distance from a single reference point [22,23], with advantages of lower complexity and
better robustness to data outliers. However, it suffers from subjective reference point selec-
tion and failure to capture alternatives’ relative differences from both “best” and “worst”
states, potentially underestimating comprehensive performance. COMET, Characteristic
Objects Method, by contrast, evaluates alternatives via comparison with expert-defined
characteristic objects [24,25], avoiding TOPSIS’s linear compensation problem. However,
its reliance on expert-defined characteristic objects increases subjectivity, and its iterative
calculations are more complex compared with TOPSIS, reducing efficiency.

Compared with traditional TOPSIS, SPOTIS, and COMET, the proposed FAHP-GR-
TOPSIS model has three advantages: (1) It retains TOPSIS’s dual reference points and
reflects alternative performance compared with SPOTIS; (2) It integrates grey relational
analysis to capture indicator correlations, addressing COMET’s high computational com-
plexity while avoiding TOPSIS’s linear compensation; (3) FAHP’s triangular fuzzy judg-
ment matrix reduces subjectivity in weight assignment, making it more adaptable than
COMET’s characteristic object selection for tourism sustainability evaluations involving
ambiguous qualitative indicators.

2.3. In-Depth Study

Based on previous scholars’ research and work, this paper will conduct in-depth
studies on the establishment of evaluation indicator systems and the use of mathematical
models to process ambiguous evaluations, focusing on the following aspects:

(1) In terms of indicator setting, this study will comprehensively consider the economic
and social benefits of tourism development, as well as the pressures it imposes on
society and the environment. As this is an MCDM problem, we will establish a
comprehensive set of evaluation indicators covering nearly all influencing factors.
By assessing the sustainable tourism development status of local areas, we aim to
provide reasonable development recommendations for local managers.

(2) We propose a method combining grey theory with Fuzzy AHP: specifically, this paper
introduces Grey System Theory to improve the TOPSIS evaluation method, integrating
Euclidean distance with Grey Relational Degree to construct a more rational closeness
index for ranking alternatives, which is innovative in the evaluation method.
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(3) To address the uncertainty in expert scoring, Fuzzy AHP is introduced to establish
an evaluation system for regional tourism sustainability from perspectives such as
technicality, economy, and environmental impact—this enhances the objectivity and
rationality of evaluation results. Finally, case studies are conducted to verify the
accuracy and reliability of the conclusions.

3. Establishment of the Evaluation System
To establish the evaluation model, first, combined with the sustainable development

of the tourism industry, the following core dimensions are selected: (1) economy, (2) society,
(3) environment, (4) culture. Specific indicators are further subdivided from these dimen-
sions to serve as the final evaluation factors for reference. Detailed indicator selection and
the corresponding reasons are presented below.

3.1. Evaluation Objectives for Sustainable Development

Factors such as the environment, society, and economy are key development consid-
erations for local administrators when developing the tourism industry. The promotion
of tourism drives social employment and boosts economic growth, but it also inevitably
brings environmental pressures and issues related to cultural dissemination and protection.
These aspects have been mentioned in numerous studies and have become key research
directions for establishing the evaluation model [26,27]. Specific introductions to these four
dimensions are as follows (see Figure 1 for the conceptual diagram):

• Economic Aspect: Economic sustainability in tourism emphasizes the positive impacts
of tourism activities on the local economy, such as creating employment opportunities,
increasing income, and promoting the development of small enterprises. It requires
ensuring the equitable distribution of tourism benefits and preventing economic fluc-
tuations. A sustainable economic model encourages long-term investment, circular
economy practices, infrastructure improvement, and economic diversification to en-
hance the economic resilience of local communities. Meanwhile, by promoting local
products and services, tourism can strengthen economic autonomy, ensuring that the
development of the tourism industry benefits a broad range of people [28,29].

• Social Aspect: Social sustainability focuses on the impacts of tourism on social struc-
tures, including community participation, cultural respect, and residents’ well-being.
It aims to mitigate negative issues caused by tourism, such as overcrowding and
cultural conflicts. By promoting local employment, educational opportunities, and
community participation in decision-making, tourism can enhance social cohesion,
protect traditional lifestyles, and ensure that tourism development benefits all stake-
holders. Furthermore, it emphasizes the fair treatment of employees and tourists,
upholds human rights, and advances social inclusion—positioning tourism as a tool
for promoting harmony and equality rather than as a divisive factor [30–32].

• Environmental Aspect: Environmental sustainability emphasizes the protection of
the natural environment from tourism activities and the reduction of ecological foot-
prints, such as controlling pollution, protecting biodiversity, energy efficiency, and
conserving resources. It advocates for green practices, including the use of renewable
energy, waste management, and ecotourism. Through sustainable planning, tourism
can minimize damage to ecosystems, raise awareness of environmental protection,
and support climate change adaptation. Additionally, it encourages tourists and op-
erators to adopt low-carbon travel methods, protect fragile ecosystems, and ensure
that tourism activities do not harm natural heritage—preserving a beautiful natural
environment for future generations [10,33–35].
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• Cultural Aspect: Cultural sustainability involves respecting and promoting cultural
heritage through tourism, including the protection of historical sites, traditional arts,
and indigenous knowledge. It encourages positive interaction between tourists and
local cultures, avoiding cultural commodification or erosion. Through educational
programs and community participation, tourism can help inherit cultural heritage,
strengthen cultural identity, and promote cross-cultural understanding. Moreover, it
supports the development of local arts and crafts, ensuring the preservation of cultural
diversity and positioning tourism as a bridge for cultural exchange rather than as a
driver of homogenization [32,36,37].

Tourism Industry
Sustainable Development

Social Sustainability
    Community Participation, Resident Welling-being, 
Cultural Respect, Social Cohesion, Equality...

Economic Sustainability
    Job Creation, Income Generation, 
Business Support, Fair Distribution, 
Diversification...

Cultural Sustainability
    Heritage Preservation, Traditional Arts, Cultural 
Exchange, Identity Enhancement, Education...

Environmental Sustainability
    Pollution Control, Biodiversity 
Protection, Resource Conversation,Eco-
tourism, Green Practices...

 

Figure 1. A mind map for goal setting.

The above four dimensions of sustainable tourism are mutually supportive and re-
strictive, forming a synergistic system:

(1) Economic affects Environmental/Cultural: Sufficient tourism revenue enables invest-
ment in environmental protection and cultural heritage restoration;

(2) Social affects Economic: High residents’ satisfaction and low social conflicts create a
stable environment for tourism development, promoting long-term economic growth;

(3) Environmental affects Economic: Well-protected natural environments maintain the
core attraction of natural tourism areas, avoiding the loss of tourists due to ecologi-
cal degradation;

(4) Cultural affects Social/Economic: Inherited cultural heritage enriches tourism
connotation, enhancing tourists’ cultural respect and forming unique competitive
advantages—this not only improves social harmony but also drives high-value cul-
tural tourism consumption.

3.2. Assessment Indicators

Indicators are classified as “positive/negative” (denoted as “+/−”), corresponding to
the benefits and impacts brought by tourism development. Furthermore, an evaluation
system with 13 specific indicators is constructed (Table 1), which is suitable for fuzzy
evaluation scenarios.
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Table 1. Evaluation Index System for Sustainable Development of the Tourism Industry.

Goal Indicator Ci Indicator Fi
Indicator
Attribute

Fuzzy Evaluation
Criteria Indicator Description

Economic
Sustainability C1

Tourism Revenue
Contribution F1

Positive (+)
High (0.8–1.0),
Medium (0.5–0.7),
Low (0–0.4)

Reflects the degree of tourism’s
contribution to the regional
economy; the higher the value,
the better.

Tourism Employment
Contribution F2

Positive (+)
High (0.8–1.0),
Medium (0.5–0.7),
Low (0–0.4)

Reflects tourism’s ability to drive
employment; the higher the
value, the better.

Tourism Economic
Dependence F3

Negative (−)
Low (0.8–1.0),
Medium (0.5–0.7),
High (0–0.4)

Reflects the risk of regional
economic dependence on
tourism; the lower the value, the
better.

Social Sustainability
C2

Local Residents’
Tourism Satisfaction
F4

Positive (+)
High (0.8–1.0),
Medium (0.5–0.7),
Low (0–0.4)

Fuzzy evaluation based on
questionnaire surveys, reflecting
the positive impact of tourism on
residents’ lives; the higher the
value, the better.

Tourism Public
Service Completeness
F5

Positive (+)

Complete (0.8–1.0),
Basically Complete
(0.5–0.7), Incomplete
(0–0.4)

Covers services such as
transportation, accommodation,
and medical care; the higher the
fuzzy score, the better.

Level of Social
Conflicts Caused by
Tourism F6

Negative (−)
Low (0.8–1.0),
Medium (0.5–0.7),
High (0–0.4)

Includes conflicts between
tourists and residents, public
security issues, etc.; the lower the
value, the better.

Environmental
Sustainability C3

Tourism Area
Ecological Restoration
Rate F7

Positive (+)
High (0.8–1.0),
Medium (0.5–0.7),
Low (0–0.4)

Reflects the ability of tourism
development to compensate for
ecological damage; the higher the
value, the better.

Tourism Waste
Generation Rate F8

Negative (−)
Low (0.8–1.0),
Medium (0.5–0.7),
High (0–0.4)

Reflects the environmental
pollution pressure caused by
tourism; the lower the value, the
better.

Tourism Noise
Pollution Degree F9

Negative (−)
Mild (0.8–1.0),
Moderate (0.5–0.7),
Severe (0–0.4)

Fuzzy evaluation based on
acoustic environment monitoring;
the milder the pollution, the
better.

Cultural
Sustainability C4

Intangible Cultural
Heritage (ICH)
Tourism Conversion
Rate F10

Positive (+)
High (0.8–1.0),
Medium (0.5–0.7),
Low (0–0.4)

Reflects the ability of ICH to
achieve inheritance through
tourism; the higher the value, the
better.

Local Cultural
Protection Effort F11

Positive (+)
Strong (0.8–1.0),
Medium (0.5–0.7),
Weak (0–0.4)

Includes the renovation of
cultural heritage and the
organization of cultural activities;
the higher the fuzzy score, the
better.

Degree of
Tourism-Induced
Cultural Alienation
F12

Negative (−)
Mild (0.8–1.0),
Moderate (0.5–0.7),
Severe (0–0.4)

Includes excessive cultural
commercialization and distortion
of traditional customs; the milder
the alienation, the better.

Tourists’ Cultural
Respect Degree F13

Positive (+)
High (0.8–1.0),
Medium (0.5–0.7),
Low (0–0.4)

Fuzzy evaluation based on tourist
behavior surveys; the higher the
degree of respect, the better.

Positive indicators: The higher the indicator value, the stronger the sustainability; Negative indicators: The lower
the indicator value, the stronger the sustainability.
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For relatively excellent results, the score is assigned 0.8–1.0; for poor results, it is 0–0.4;
and for intermediate results, it is 0.5–0.7. See Table 1 for details.

4. Explanation of Evaluation Methods
This study employs Fuzzy AHP (FAHP), Grey Theory, and the TOPSIS method and

integrates the three for the evaluation of tourism sustainable development. This approach
effectively avoids overly subjective expert weighting and, by introducing grey theory,
further emphasizes the correlation between indicators.

4.1. Fuzzy AHP (FAHP)

As a multi-attribute decision-making method, AHP has been extensively studied in
terms of theoretical methods and applications. Particularly in the establishment of evalu-
ation models, its combined use with the TOPSIS method can form a scientific evaluation
system. AHP has a wide range of application scenarios for addressing various decision-
making issues, such as site selection decision-making [38,39], supply chains [40], and even
organizational human resource selection [41]. Its specific steps are as follows:

4.1.1. Constructing a Fuzzy Judgment Matrix

Taking a certain element of the upper level as the evaluation criterion, the element
matrix is determined by comparing each pair of elements at the current level. The fuzzy
judgment matrix is constructed as follows:

A =
( ∼

aij

)
n×n

=


∼

a11
∼

a21
...
∼

an1

∼
a12
∼

a22
...
∼

an2

· · ·
· · ·
. . .
· · ·

∼
a1n
∼

a2n
...
∼

ann

 (1)

As above, n is the number of elements at the current level associated with a certain
criterion of the upper level.

∼
aij = (l, m, u) represents a triangular fuzzy number that is widely used in describing

unquantifiable indicators [42], where l is the lower bound of the triangular fuzzy number,
u is the upper bound of the triangular fuzzy number, and m is the median value of the
triangular fuzzy number. l and u denote the range of the importance relationship between
two indicators being compared, while m denotes the importance relationship between the
two indicators. The corresponding meanings of the fuzzy scales (Table 2) and visualization
(Figure 2) are as follows.

Table 2. Triangular Fuzzy Numbers and Their Corresponding Meanings.

∼
aij Triangular Fuzzy

Number
Meaning The Number Which Indicates the

Difference in Importance

(1, 1, 1) Indicator i is as important as j 1
(1/2, 1, 2) Indicator i is almost as important as indicator j 2

(1, 2, 3) Indicator i is almost as important as j, but i is
slightly more important than j 3

(2, 3, 4) Indicator i is slightly more important than j 4
(3, 4, 5) Indicator i is relatively more important than j 5
(4, 5, 6) Indicator i is significantly more important than j 6
(6, 7, 8) Indicator i is much more important than j 7
(8, 9, 9) Indicator i is extremely more important than j 8(
1
l , 1

m , 1
u

) Reciprocal: Under the same degree, the latter is
compared with the former -
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Figure 2. Visualization of triangle fuzzy numbers (TFN).

4.1.2. Calculation of Weight Coefficients

By adopting the confidence ranking method, the weight coefficients of the triangular
fuzzy number complementary judgment matrix V are calculated, which serve as the weight
coefficients for each indicator. According to the following formula, the probability matrix B
and the fuzzy evaluation matrix S can also be obtained through calculation [43]:

bij =
lij + 4mij + uij

6
(2)

cij = uij − lij (3)

S =
(
sij
)

n×n =


1

c21
...

cn1

c12

c22
...

cn2

· · ·
· · ·
. . .
· · ·

c1n

c2n
...

cnn

 (4)

Through the following formulas, the characteristic judgment matrix T can be calcu-
lated, and further, the fuzzy complementary judgment matrix V can be derived:

T =
(
tij
)

n×n =
(
bijsij

)
n×n (5)

vij =
1 + tij − tji

2
(6)

A consistency test is conducted on matrix V. If it passes the test, proceed to the next
step; otherwise, adjust the matrix. Subsequently, the synthetic matrix V′ is calculated in
accordance with the following method:

V′ =
(

v′ij
)

n×n
=

(
k

∑
s=1

φsvij
(s)

)
n×n

φs > 0 (7)
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Among them, φs represents the weight coefficient of each expert, which satisfies the

requirement
k
∑

s=1
φs = 1. φ = 1

k , and k denotes the number of experts, and s represents their

respective serial numbers.
According to Equation (8), the weight coefficients of the indicators can be calculated,

with the corresponding weight sequence W = (w1, w2, . . . , wn)
T .

wi =
1
n
− 1

2ε
+

1
nε

n

∑
j=1

v′ij (8)

4.1.3. Consistency Test

In the previous section, we have obtained the weight coefficients and the judgment
matrix. Multiplying them yields the weighted judgment matrix VW , which satisfies
VW = VW. On this basis, the maximum eigenvalue λmax is calculated using the following
method (Table 3):

Table 3. Average Random Consistency Indexes RI .

Order 1 2 3 4 5 6 7 8 9 10 11 12 13

RI 0 0 0.52 0.89 1.12 1.26 1.32 1.41 1.46 1.49 1.52 1.54 1.56

The consistency test is of great importance. Before the data are subjected to subsequent
operations, their usability must be ensured [44].

4.2. TOPSIS

The TOPSIS method is widely used in the establishment of evaluation models. As an
effective method for multi-alternative evaluation, its core idea is to use the relative closeness
to the ideal solutions as the comprehensive evaluation criterion. A detailed discussion on
the TOPSIS method and relevant literature has been provided in Section 2; its specific steps
are as follows:

Assume a scenario involving n samples and m indicators, and construct the initial
matrix X [45]:

X =
(
xij
)

n×m =


x11

x21
...

xn1

x12

x22
...

xn2

· · ·
· · ·
. . .
· · ·

x1m

x2m
...

xnm

 (9)

In this section, i = 1, 2, . . . , n denotes the i-th alternative (sample), and j = 1, 2, . . . , m
denotes the j-th indicator.

According to the following normalization method, normalize the initial matrix. Then,
based on the previously derived weight matrix, obtain the weighted decision matrix VW :

1. For maximizing indicators (the larger the value, the better the result):

x′ij =
xij

max
i

xij
(10)

2. For minimizing indicators (the smaller the value, the better the result):

x′ij =
min

i
xij

xij
(11)



Sustainability 2025, 17, 9799 11 of 28

Convert all data into maximizing indicators to facilitate subsequent calculations. After
obtaining the weighted matrix Z = VW = WTX′ =

(
wjx′ij

)
n×m

, the positive and negative

ideal solutions can be further derived, as specified below (J+ denotes positive indicators,
and J− denotes negative indicators):

Z+
j =

{
max

1≤i≤n

({
zij
}n

i=1

)∣∣∣∣j ∈ J+, min
1≤i≤n

({
zij
}n

i=1

)∣∣∣∣j ∈ J−
}

(12)

Z−
j =

{
min

1≤i≤n

({
zij
}n

i=1

)∣∣∣∣j ∈ J+, max
1≤i≤n

({
zij
}n

i=1

)∣∣∣∣j ∈ J−
}

(13)

Based on this, calculate the distance from each alternative to the positive and negative
ideal solutions:

d+i =

√√√√ m

∑
j=1

[
zij − Z+

j

]2
i = 1, 2, . . . , n (14)

d−i =

√√√√ m

∑
j=1

[
zij − Z−

j

]2
i = 1, 2, . . . , n (15)

Calculate the relative closeness δi =
d−i

d+i +d−i
, and sort the alternatives in the order of δi

to further determine the ranking of alternatives by merit.

4.3. Grey Relational Analysis (GRA)

Grey Relational Analysis (GRA) can quantitatively analyze the correlation between
two factors. This method has been adopted for evaluation in fields such as engineering
and materials science [46,47]. Its essence lies in analyzing and comparing the degree of
proximity between the curves of data sequences: if the geometric shape similarity is higher,
the degree of correlation is greater, and vice versa. The specific steps are as follows:

Based on the weighted matrix VW(Z) obtained in the previous section, this method is
applied to the part of TOPSIS related to positive and negative ideal distances, enabling the
calculation of the grey relational matrix between the i-th sample and the positive/negative
ideal alternatives with respect to the j-th indicator [48]:

r*
ij =

min
i

min
j

∣∣∣z*
j − zij

∣∣∣+ ρ max
i

max
j

∣∣∣z*
j − zij

∣∣∣∣∣∣z*
j − zij

∣∣∣+ ρ max
i

max
j

∣∣∣z*
j − zij

∣∣∣ (16)

Among them, “*” denotes “+” or “−”, and ρ is the distinguishing coefficient, which is
usually set to 0.5. Subsequently, the grey relational matrices corresponding to the positive
and negative ideal alternatives are obtained, respectively.

R∗ =


r11

∗

r21
∗

...
rn1

∗

r12
∗

r22
∗

...
rn2

∗

· · ·
· · ·
. . .
· · ·

r1m
∗

r2m
∗

...
rnm

∗

 (17)

Next, calculate the grey relational degree between the i-th sample and the posi-
tive/negative ideal alternatives.

r∗i =
1
m

m

∑
j=1

r∗ij i = 1, 2, . . . , n (18)
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According to the above steps, the grey relational relative closeness of each alternative
is finally calculated, and the alternatives are sorted in descending order of this value.

ri =
r−i

r+i + r−i
(19)

4.4. Integrated Evaluation Model Process

In the previous sections, we have provided a general description of the main methods
employed in the evaluation model. Next, the evaluation model proposed in this paper will
be based on Fuzzy AHP (FAHP) and Grey Relational TOPSIS (GR-TOPSIS). Specifically, a
fuzzy judgment matrix will be established via FAHP, and a reasonable indicator weight
vector will be obtained through confidence ranking; grey theory will be introduced to
improve the TOPSIS evaluation method, constructing a more rational closeness index.
Finally, the sustainability performance of the tourism industry in a specific region will be
ranked. For details, see Figure 3.

 

Figure 3. Flowchart of the FAHP-GR-TOPSIS hybrid method.

The specific procedure is as follows:

(1) Construct an evaluation system for sustainable tourism alternatives from the four
dimensions of environment, economy, society, and culture;

(2) Determine the weight vector of each indicator using FAHP;
(3) Obtain the grey relational degrees r+i , r−i between each alternative and the posi-

tive/negative ideal solutions using the Grey Relational Analysis (GRA) method;
(4) Obtain the distances d+i , d−i from each alternative to the positive/negative ideal

solutions using the TOPSIS evaluation method;
(5) Normalization processing of r+i , r−i , d+i , and d−i is required to unify the dimensions:

1. For maximizing indicators:
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k′i =
ki

max
1≤i≤n

ki
(20)

2. For minimizing indicators:

k′i =
min

1≤i≤n
ki

ki
(21)

where ki represents the four variables of r+i , r−i , d+i , and d−i .
Based on this, the weighted summation of the results from the GRA method and the

TOPSIS evaluation method is performed, yielding the following:

s+i = αr+i + (1 − α)d+i i = 1, 2, . . . , n (22)

s−i = αr−i + (1 − α)d−i i = 1, 2, . . . , n (23)

Among them, α reflects the decision-maker’s preferences for decision-making methods.
A larger α indicates that the decision-maker leans towards the results of GRA; conversely,
a smaller α indicates a preference for the results of the TOPSIS evaluation method, with
α ∈ [0, 1].

Finally, calculate the relative closeness of each alternative according to the following
formula, and sort the alternatives based on the magnitude of the relative closeness. δi′
denotes the final relative closeness integrating the two methods, which is distinguished
from the relative closeness δi of TOPSIS mentioned earlier:

δ′i =
s−i

s+i + s−i
(24)

5. Results: Model Application and Case Analysis
In the previous sections, the evaluation model based on Fuzzy AHP (FAHP) and

Grey Theory-integrated TOPSIS has been presented. In this section, this hybrid method
will be applied to case evaluation. Seven cases are selected herein, corresponding to five
tourism-dominated regions from around the world, with the case set denoted as P, where
P = {P1, P2, P3, P4, P5, P6, P7}.

For the judgment of indicator importance, five experts scored separately (k = 5), includ-
ing two professors specializing in tourism sustainable development (Donghua University,
focusing on tourism environmental management), one senior engineer from the Shanghai
Municipal Bureau of Culture and Tourism (with years of experience in tourism planning
and policy formulation), and two general managers from national 5A scenic spots. This
composition ensures that the evaluation covers academic, administrative, and industrial
perspectives, reducing bias from a single field. This approach avoids the subjective bias
caused by scoring from a single judge.

5.1. Weight Determination via Fuzzy AHP

In Section 4, we have provided a detailed explanation of how to obtain weights using
FAHP. In brief, a judgment matrix is constructed with a specific indicator as the criterion,
and weights are then calculated from the judgment matrix. Thus, the number of judgment
matrices to be constructed equals the number of indicators. However, this method is overly
complex for the 13 indicators in this study. Given that the 13 evaluation indicators Fi (where
i = 1, 2, . . . , 13) presented in Section 3 can be categorized into four objectives Ct (where
t = 1, 2, 3, 4)—namely economy, culture, society, and environment—we first calculate
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the weights of the first-level objectives to obtain the weight wCt for each objective, then
calculate the weights wFi of the second-level indicators under each objective. The final
weights are given by

wi = wCt ∗ wFi (25)

5.1.1. Weights of Objective Level Indicators (C1–C4)

In accordance with the above content, the following Table 4 presents the expert scores
for the importance of the four objectives:

Table 4. Importance Evaluation of Objective-Level Indicators Pt.

Objective Indicators C1 C2 C3 C4

C1 (1,1,1) (2,3,4) (4,5,6) (3,4,5)
C2 (1/4,1/3,1/2) (1,1,1) (2,3,4) (1,2,3)
C3 (1/6,1/5,1/4) (1/4,1/3,1/2) (1,1,1) (1/2,1,2)
C4 (1/5,1/4,1/3) (1/3,1/2,1) (1/2,1,2) (1,1,1)

In the table above, Ct, t = 1, 2, 3, 4 correspond to the four dimensions of economic
sustainability, social sustainability, environmental sustainability, and cultural sustainability,
respectively. For specific details, refer to Table 1.

Based on the above table and the method described in Section 4, the weights of
the four objective-level indicators are calculated after normalizing the results, yielding
wCt = (0.42, 0.25, 0.18, 0.15). A consistency test is conducted on the results: for
n = 4, λmax = 4.12, CI = 0.04, and R = 0.044 < 0.1, which satisfies the consistency
test requirement (Figure 4).

Figure 4. Weights of objective-level indicators.

Meanwhile, a heatmap (Figure 5) is used for the visual presentation of the differences in
importance between objectives. A darker color indicates a greater difference in importance.
The numbers 1 to 8 respectively correspond to the difference levels between the indicators.
The larger the number, the greater the difference in importance (Table 2).
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Figure 5. Heatmap of differences in importance among the four indicators.

5.1.2. Weights of Indicator Level Indicators (F1–F13)

For the secondary indicators under each objective-level indicator, an importance
evaluation matrix is constructed with each secondary indicator as the criterion, respectively,
and a consistency test is conducted accordingly. Compared with directly conducting
a pairwise importance evaluation of the 13 secondary indicators, the workload of this
approach is significantly reduced.

1. For the weight calculation of the three sub-indicators under C1 (economic sustain-
ability), corresponding to Fi, i = 1, 2, 3: Economic sustainability (C1) includes three
secondary indicators: Tourism Revenue as a Share of GDP (F1), Tourism Employ-
ment Contribution Rate (F2), and Tourism Economic Dependence (F3). A pairwise
importance comparison was conducted among these three indicators, and the finally
integrated fuzzy judgment matrix (Table 5) is as follows:

Table 5. Importance Evaluation of Indicators Fi, i = 1, 2, 3 Under the Objective C1.

C1 F1 F2 F3

F1 (1,1,1) (2,3,4) (4,5,6)
F2 (1/4,1/3,1/2) (1,1,1) (2,3,4)
F3 (1/6,1/5,1/4) (1/4,1/3,1/2) (1,1,1)

Correspondingly, the weights are obtained: wFi = (0.45, 0.35, 0.20). Meanwhile, when
calculating the Random Consistency Ratio (CR) for n = 3, the result is CR = 0.045 < 0.1,
which passes the consistency test.

2. For the weight calculation of the three sub-indicators under C2 (social sustainability),
corresponding to Fi, i = 4, 5, 6. Social sustainability (C2) includes three secondary
indicators: Local Residents’ Tourism Satisfaction (F4), Tourism Public Service Com-
pleteness (F5), and Incidence of Social Conflicts Caused by Tourism (F6). The fuzzy
judgment matrix (Table 6) obtained is as follows:

Table 6. Importance Evaluation of Indicators Fi, i = 4, 5, 6 Under the Objective C2.

C2 F4 F5 F6

F4 (1,1,1) (3,4,5) (5,6,7)
F5 (1/5,1/4,1/3) (1,1,1) (2,3,4)
F6 (1/7,1/6,1/5) (1/4,1/3,1/2) (1,1,1)

Correspondingly, the weights are obtained: wFi = (0.40, 0.35, 0.25). Meanwhile, when
calculating the Random Consistency Ratio (CR) for n = 3, the result is CR = 0.053 < 0.1,
which also passes the consistency test.

3. For the weight calculation of the three sub-indicators under C3 (environmental sustain-
ability), corresponding to Fi, i = 7, 8, 9. Environmental sustainability (C3) includes
three secondary indicators: Tourism Area Ecological Restoration Rate (F7), Tourism
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Waste Generation (F8), and Tourism Noise Pollution Degree (F9). The integrated fuzzy
judgment matrix (Table 7) is as follows:

Table 7. Importance Evaluation of Indicators Fi, i = 7, 8, 9 Under the Objective C3.

C3 F7 F8 F9

F7 (1,1,1) (4,5,6) (6,7,8)
F8 (1/6,1/5,1/4) (1,1,1) (2,3,4)
F9 (1/8,1/7,1/6) (1/4,1/3,1/2) (1,1,1)

Correspondingly, the weights are obtained: wFi = (0.45, 0.35, 0.20). Meanwhile, when
calculating the Random Consistency Ratio (CR) for n = 3, the result is CR = 0.059 < 0.1,
which passes the consistency test.

4. For the weight calculation of the four sub-indicators under C4 (cultural sustainability),
corresponding to Fi, i = 10, 11, 12, 13. Cultural sustainability (C4) includes four
secondary indicators: Intangible Cultural Heritage (ICH) Tourism Conversion Rate
(F10), Local Cultural Protection Effort (F11), Degree of Tourism-Induced Cultural
Alienation (F12), and Tourists’ Cultural Respect Degree (F13). The integrated fuzzy
judgment matrix (Table 8) is as follows:

Table 8. Importance Evaluation of Indicators Fi, i = 10, 11, 12, 13 Under the Objective C4.

C4 F10 F11 F12 F13

F10 (1,1,1) (1/2,1,2) (3,4,5) (4,5,6)
F11 (1/2,1,2) (1,1,1) (3,4,5) (4,5,6)
F12 (1/5,1/4,1/3) (1/5,1/4,1/3) (1,1,1) (2,3,4)
F13 (1/6,1/5,1/4) (1/6,1/5,1/4) (1/4,1/3,1/2) (1,1,1)

Correspondingly, the weights are obtained: wFi = (0.35, 0.40, 0.15, 0.10). Mean-
while, when calculating the Random Consistency Ratio (CR) for n = 4, the result is
CR = 0.027 < 0.1, which passes the consistency test.

Then, based on Equation (25), the weights of all indicators (Table 9) are calculated
as follows:

Table 9. Weights and Rankings of Secondary Indicators.

Indicator wCt wFi wi Range Indicator
Attribute

Tourism Revenue Contribution F1 0.42 0.45 0.189 1 Positive (+)
Tourism Employment Contribution F2 0.42 0.35 0.147 2 Positive (+)
Tourism Economic Dependence F3 0.42 0.20 0.084 5 Negative (−)
Local Residents’ Tourism Satisfaction F4 0.25 0.40 0.100 3 Positive (+)
Tourism Public Service Completeness F5 0.25 0.35 0.0875 4 Positive (+)
Level of Social Conflicts Caused by Tourism F6 0.25 0.25 0.0625 7 Negative (−)
Tourism Area Ecological Restoration Rate F7 0.18 0.45 0.081 6 Positive (+)
Tourism Waste Generation Rate F8 0.18 0.35 0.063 8 Negative (−)
Tourism Noise Pollution Degree F9 0.18 0.20 0.036 11 Negative (−)
Intangible Cultural Heritage (ICH) Tourism
Conversion Rate F10

0.15 0.35 0.0525 9 Positive (+)

Local Cultural Protection Effort F11 0.15 0.40 0.060 10 Positive (+)
Degree of Tourism-Induced Cultural
Alienation F12

0.15 0.15 0.0225 12 Negative (−)

Tourists’ Cultural Respect Degree F13 0.15 0.10 0.015 13 Positive (+)
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All the weights of the indicators (Figure 6) were obtained and summarized into a pie
chart for visual presentation, making it easy to observe the importance of the indicators
directly.

 

Figure 6. The weight chart of 13 indicators.

5.2. Case Study and Analysis

After obtaining the weights, the relevant data of five cases are presented next. To
ensure data reliability and avoid subjective fabrication, the study collects data from the
following authoritative sources (mainly in forms of online and offline surveys), covering
both quantitative and qualitative indicators:

(1) Official statistical databases: Quantitative indicators such as “tourism revenue con-
tribution (F1)” and “tourism employment contribution (F2)” are derived from the
regional tourism statistical office and regional bureau.

(2) Scenic spot monitoring data: Indicators related to environmental impact, such as
“tourism waste generation rate (F8)” and “tourism noise pollution degree (F9)”,and
quantitative data, are obtained from the local environmental monitoring office
and databases.

All data are verified by researchers to ensure accuracy—discrepancies are resolved
by consulting the original data source. All are from expert scores or official databases of
related information. The summarized information is shown in the Table 10 below.

Calculate separately the Euclidean distances d+i , d−i from each alternative (each repre-
senting a region) in the case set P to the positive and negative ideal alternatives, as well as
the grey relational degrees r+i , r−i between each alternative and the positive and negative
ideal alternatives (Figure 7). The results are as follows (Table 11):

(a) (b) 

Figure 7. (a) left: d+i , d−i Comparison chart; (b) right: r+i , r−i Comparison chart.
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Table 10. The Initial Evaluation Matrix of Case (P1, P2, P3, P4, P5, P6, P7).

Indicator\Case P1 P2 P3 P4 P5 P6 P7

F1 32 25 40 28 35 38 30
F2 28 22 35 25 30 32 26
F3 65 50 75 55 60 62 58
F4 0.8 0.7 0.9 0.6 0.8 0.85 0.75
F5 0.7 0.6 0.8 0.7 0.9 0.8 0.7
F6 5 3 7 4 6 4 3
F7 75 82 68 78 85 72 88
F8 120 95 150 110 100 105 90
F9 0.3 0.2 0.5 0.4 0.2 0.35 0.25
F10 45 52 38 48 55 60 42
F11 0.7 0.8 0.6 0.7 0.9 0.95 0.7
F12 0.4 0.3 0.5 0.3 0.2 0.3 0.25
F13 0.8 0.7 0.9 0.6 0.8 0.9 0.8

P1: Pingyao Ancient City (China, cultural heritage tourism); P2: Yangshuo (China, natural landscape tourism);
P3: Sanya (China, coastal tourism); P4 : Lijiang Qinghsui (China, ecocultural tourism); P5: Mae Yaeng, Chi-
ang Mai (Thailand, rural tourism); P6: Kamakura (Japan, cultural tourism); P7: Queenstown (New Zealand,
adventure tourism).

Table 11. r+i , r−i , d+i , d−i for Each Alternative.

Case Tourism Type d+
i d−

i r+
i r−i

P1 Cultural 0.178 0.151 0.715 0.753
P2 Natural 0.267 0.150 0.771 0.779
P3 Coastal 0.175 0.266 0.755 0.822
P4 Eco-Cultural 0.235 0.122 0.709 0.789
P5 Rural 0.110 0.229 0.839 0.658
P6 Cultural 0.098 0.252 0.840 0.666
P7 Adventure 0.191 0.170 0.784 0.716

Finally, the hybrid closeness is calculated with the preference coefficient α = 0.5
(Table 12), and the alternatives are sorted based on this value. The evaluation results and
visualization results obtained are as follows. Based on these results, we will briefly analyze
the weights of the 13 indicators and the sustainable tourism development levels of the
five cases.

Table 12. Hybrid Closeness and Ranking.

Case s+
i s−i δi’ Range

P1 0.460 0.613 0.571 3
P2 0.483 0.889 0.648 2
P3 0.878 0.638 0.421 5
P4 0.354 0.800 0.693 1
P5 0.792 0.365 0.315 6
P6 0.871 0.333 0.277 7
P7 0.558 0.634 0.532 4

To summarize the above content, the visualization of the evaluation results (Figure 8)
and the heatmap of the differences in importance among the 13 indicators (Figure 9) are
shown below.
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Figure 8. Alternative ranking and evaluation results.

 

Figure 9. Comparison of differences in importance among the 13 indicators. The color change from
yellow to green indicates the importance comparison of the indicator (horizontal indicator compared
to vertical indicator).

6. Discussion
6.1. Interpretation of Results
6.1.1. Interpretation of Weights

From the weight data, at the objective level, economic sustainability has the highest
weight of 0.42, indicating that it occupies a key position in the sustainable development of
the tourism industry. This means that economic indicators such as tourism revenue share
and tourism employment contribution rate have a significant impact on overall sustain-
ability. It is necessary to focus on the growth and stability of the tourism economy and
strengthen the management of tourism market development and employment promotion.

Social sustainability ranks second with a weight of 0.25, reflecting that social factors
such as residents’ tourism satisfaction and public service completeness cannot be ignored.
Efforts should be made to improve the level of tourism public services and reduce social
conflicts caused by tourism. Environmental sustainability (weight: 0.18) and cultural
sustainability (weight: 0.15) have relatively lower weights, but they are by no means
unimportant. Management in areas such as ecological restoration and cultural protection
still needs to be strengthened to ensure the harmonious coexistence of tourism development
with the environment and culture.

Based on the specific indicator weights, we have also conducted an importance ranking
and stratification:
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(a) Highly important indicators (weight ≥ 0.1): Tourism revenue as a share of GDP
(weight: 0.189) and tourism employment contribution rate (weight: 0.147) fall into this
category. They belong to the objective of economic sustainability and reflect the direct
contribution of tourism to the regional economy and its ability to drive employment.
These two indicators are prominently important, serving as the key to measuring
the economic value of the tourism industry and playing a crucial role in building
the economic foundation for the sustainable development of the tourism industry.
Therefore, full efforts should be made to ensure the vitality of the tourism market,
promote tourism consumption, create more job opportunities, and ensure the sound
performance of these two indicators.

(b) Important indicators (0.06 ≤ weight < 0.1): Residents’ satisfaction (weight: 0.100),
public service completeness (weight: 0.0875), tourism economic dependence (weight:
0.084), and ecological restoration rate (total weight: 0.081) are included in this level.
Residents’ satisfaction and public service completeness are related to social sustain-
ability, reflecting the impact of tourism on the local social environment and influencing
residents’ support for tourism development and the quality of the tourism experi-
ence. Although tourism economic dependence is a negative indicator, it reflects the
rationality and stability of the tourism economic structure. The ecological restoration
rate is related to environmental sustainability and is of great significance for the
long-term maintenance of the tourism ecological environment. For these indicators, it
is necessary to balance the interests of all parties, strengthen the construction of public
services, rationally plan the tourism economy, and focus on ecological protection.

(c) Moderately important indicators (0.03 ≤ weight < 0.06): Tourism waste generation
(weight: 0.063), incidence of social conflicts (weight: 0.0625), cultural protection effort
(weight: 0.060), and intangible cultural heritage (ICH) tourism conversion rate (weight:
0.0525) fall within this range. Tourism waste generation and the incidence of social
conflicts affect the harmonious stability of the environment and society, respectively.
Cultural protection effort and ICH tourism conversion rate are related to cultural
sustainability and are key to inheriting and promoting local culture. It is necessary to
strengthen environmental supervision, social governance, and cultural exploration
and conversion work to improve the performance of these indicators.

(d) Relatively less important indicators (weight < 0.03): Noise pollution degree (weight:
0.036), cultural alienation degree (weight: 0.0225), and tourists’ cultural respect degree
(weight: 0.015) seem to be relatively less important, but not unimportant. They reflect
the impact of tourism on the environment and culture in detail. With the development
of the tourism industry and the improvement in people’s requirements for tourism
quality, these indicators also need to be gradually considered and improved to achieve
comprehensive sustainable development of the tourism industry.

6.1.2. Analysis of Case Results

Among the seven regions (P1–P7), P4 achieves the highest hybrid closeness of 0.693
and ranks first, indicating the best performance in sustainable tourism development. P2

follows closely, while P6 performs relatively poorly with the lowest hybrid closeness
of 0.277.

Rank 1: P4 (Lijiang Qingshui, China, Eco-Cultural)

It achieves balanced development in the ecological and cultural dimensions, with
outstanding performance in ecological restoration rate (F7) and cultural protection effort
(F11). The tourism economic dependence (F3) is relatively low, avoiding the risk of a
single economic structure, yet the tourism revenue contribution (F1) and employment
contribution (F2) are relatively moderate, and there is room for improvement in the degree
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of cultural alienation (F12). Local stakeholders can develop in-depth cultural experience
products relying on ecological resources (e.g., intangible cultural heritage workshops and
ecological research programs) to enhance tourism added value, or strengthen community
participation to reduce the risk of cultural alienation.

Rank 2: P2 (Yangshuo, China, Natural Landscape)

Focusing on natural landscape tourism, it has a high ecological restoration rate (F7),
good completeness of public services (F5), and a low level of social conflicts (F6), ensuring a
favorable tourist experience. However, there is certain pressure on tourism economic depen-
dence (F3), and cultural indicators such as intangible cultural heritage conversion rate (F10)
perform moderately. We believe developing “ecology plus culture” integrated products
(cultural interpretation projects in natural landscapes) can diversify economic dependence,
and it should strengthen the linkage of development with surrounding cultural resources.

Rank 3: P1 (Pingyao town, China, Cultural Heritage)

As a cultural heritage tourism destination, it exhibits high cultural protection effort
(F11) and cultural respect degree (F13), relatively good residents’ satisfaction (F4), and
well-controlled cultural alienation (F12). Yet, the ecological restoration rate (F7) and waste
management (F8) need enhancement, and the tourism economic dependence (F3) is rel-
atively high. Local stakeholders should introduce green tourism technologies (such as
low-carbon transportation and intelligent waste treatment) to improve environmental
performance, and develop cultural and creative industries to reduce dependence on the
tourism economy.

Rank 4: P7 (Queenstown, New Zealand, Adventure Tourism)

Its adventure tourism demonstrates excellent performance in ecological restoration
rate (F7) and waste generation rate (F8), with prominent environmental sustainability, and
the cultural respect degree (F13) is relatively high. However, the intangible cultural heritage
conversion rate (F10) and cultural protection effort (F11) are relatively weak, and there is
room for improvement in tourism revenue contribution (F1). We suggest integrating local
indigenous culture into adventure projects (e.g., culture-themed adventure routes) and
optimizing product pricing to improve economic benefits.

Rank 5: P3 (Sanya, China, Coastal Tourism)

Its coastal tourism has outstanding performance in tourism revenue (F1) and employ-
ment contribution (F2), with strong economic driving force. However, it faces significant
environmental pressure (excessive waste generation F8 and noise pollution F9), exces-
sively high tourism economic dependence (F3), and serious cultural alienation (F12). Local
stakeholders must implement strict environmental controls, including tidal tourist flow
restriction and marine garbage cleaning programs, to develop diversified industries such
as marine cultural creativity and fishery leisure to reduce economic dependence, and
strengthen the inheritance and display of local culture to mitigate cultural alienation.

Rank 6: P5 (Mae Yaeng, Chiang Mai, Thailand, Rural Tourism)

Its rural tourism features high residents’ satisfaction (F4) and completeness of public
services (F5), with outstanding performance in cultural protection effort (F11) and intangible
cultural heritage conversion rate (F10). Yet, the ecological restoration rate (F7) and waste
management (F8) need enhancement, and the tourism economic scale (F1, F2) is relatively
small. We recommend developing an integrated model of rural ecological agriculture and
tourism (like organic farm experience programs) to improve environmental performance,
and promoting rural cultural and creative products through e-commerce platforms to
expand economic benefits.
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Rank 7: P6 (Kamakura, Japan, Cultural Tourism)

Its cultural tourism exhibits extremely high performance in intangible cultural heritage
conversion rate (F10) and cultural protection effort (F11), serving as a benchmark for cultural
sustainability. However, it has a low ecological restoration rate (F7), high waste generation
rate (F8), significant environmental pressure, and risks in tourism economic dependence
(F3). Local stakeholders should implement green management in cultural heritage sites
and develop cultural derivative economies such as cultural IP authorization and digital
cultural products to reduce dependence on tourist flow.

These results verify the effectiveness of the FAHP-GR-TOPSIS method. By comprehen-
sively considering multiple indicators and their weights, this method can comprehensively
and objectively evaluate the sustainable development level of tourism regions. Each re-
gion should make targeted improvements based on its performance in different indicators.
The objective levels with higher weights should be focused on, and those with lower
weights should not be ignored, to achieve comprehensive sustainable development of the
tourism industry.

6.2. Model Validation

In the previous sections, we have fully demonstrated the FAHP-GR-TOPSIS method
and verified the applicability of our model using the cases of seven mainstream tourist
regions. However, since this is an expert-scoring-dependent method, we still need to
validate the accuracy of its ranking results.

In this section, we introduce the entropy weight method—a fully objective weight
assessment approach—to determine weights. This method calculates the information
entropy inherent in the data to determine weight magnitudes [49,50], and the resulting
weights are entirely derived from the dataset itself, which is a widely used method in
establishing the evaluation models in sustainability. We combined it with the traditional
TOPSIS method to evaluate the seven tourist regions and compared the assessment results
with those of FAHP-GR-TOPSIS (Table 13).

Table 13. Comparison between Entropy-Weight and FAHP-Weight.

No. Indicator Characteristics Entropy-Weight FAHP-Weight

F1 Tourism Revenue Contribution F1 Positive (+) 0.178 0.189
F2 Tourism Employment Contribution F2 Positive (+) 0.142 0.147
F3 Tourism Economic Dependence F3 Negative (−) 0.081 0.084
F4 Residents’ Tourism Satisfaction F4 Positive (+) 0.097 0.100
F5 Tourism Public Service Completeness F5 Positive (+) 0.086 0.0875
F6 Level of Social Conflicts Caused by Tourism F6 Negative (−) 0.061 0.0625
F7 Tourism Area Ecological Restoration Rate F7 Positive (+) 0.080 0.081
F8 Tourism Waste Generation Rate F8 Negative (−) 0.064 0.063
F9 Tourism Noise Pollution Degree F9 Negative (−) 0.035 0.036

F10 Intangible Cultural Heritage (ICH) Tourism Conversion
Rate F10

Positive (+) 0.053 0.0525

F11 Local Cultural Protection Effort F11 Positive (+) 0.059 0.060
F12 Degree of Tourism-Induced Cultural Alienation F12 Negative (−) 0.023 0.0225
F13 Tourists’ Cultural Respect Degree F13 Positive (+) 0.015 0.015

Subsequently, we used the weights obtained via the entropy weight method as the
weight matrix and applied the original TOPSIS to derive the superiority–inferiority rankings
of the seven regions, as well as their respective distances to the ideal solutions (Figure 10).
The calculated results of the schemes (Table 14) and their visualizations (Figure 11) are
presented below.
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Figure 10. d+i , d−i comparison from Entropy-Weight TOPSIS.

Table 14. Comparison of Results.

Case
Entropy-Weight TOPSIS FAHP-GR-TOPSIS

d+
i d−i C (Relative Closeness) s+

i s−i δi’

P1 0.168 0.185 0.524 0.459 0.615 0.572
P2 0.135 0.248 0.647 0.481 0.891 0.649
P3 0.231 0.138 0.373 0.877 0.639 0.422
P4 0.102 0.287 0.737 0.352 0.802 0.694
P5 0.256 0.109 0.297 0.793 0.364 0.314
P6 0.278 0.089 0.243 0.872 0.332 0.276
P7 0.182 0.163 0.473 0.559 0.632 0.531

Figure 11. Results from Entropy-Weight TOPSIS.

We also ranked the results obtained by entropy−weight TOPSIS, and the ranking
results are shown as follows:
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Compared with Figure 8, the ranking results from Entropy-Weight TOPSIS are con-
sistent with those obtained by the proposed FAHP-GR-TOPSIS in this study. More-
over, the preference for indicators can also be observed in the weight comparison (see
Table 13). Experimental verification shows that the weights derived from expert judgments
in FAHP-GR-TOPSIS and the results are almost consistent with those of the fully objective
Entropy-Weight TOPSIS—proving that this innovative method has almost no difference
from traditional objective methods in terms of ranking accuracy.

However, the introduction of fuzzy sets makes it more reasonable when handling
fuzzy evaluation indicators. Meanwhile, the integration of grey relational analysis also
represents an improvement over the original TOPSIS. The improved TOPSIS considers both
the distances to the positive and negative ideal solutions and the grey relational degree,
making it more comprehensive compared with other methods (e.g., SPOTIS, which refers
to the distance to a single ideal solution, and COMET, which refers to the distances to
multiple ideal solutions) and represents a more balanced approach.

7. Conclusions
Sustainability has become a core issue in contemporary energy and economic develop-

ment. With the recovery of the tourism industry in recent years, to address core problems
in sustainable development evaluation research—such as ambiguous indicators and sub-
jective weight assignment—this study proposes a hybrid evaluation model integrating
the Fuzzy Analytic Hierarchy Process (FAHP) and Grey Relational TOPSIS (GR-TOPSIS).
It systematically conducts work including indicator system construction, mathematical
derivation of the model, multi-case verification, and result analysis.

The paper first identifies the practical contradiction of “imbalance between economic
benefits and environmental-social costs” during the tourism recovery period, and clarifies
the necessity of the Multi-Criteria Decision-Making (MCDM) framework in constructing
the evaluation model. Subsequently, an evaluation system with 13 secondary indicators (in-
cluding seven positive indicators and six negative indicators) is built from four dimensions:
economy, society, environment, and culture. Triangular fuzzy numbers and correspond-
ing indicator importance scales are developed to describe ambiguous evaluation criteria,
meeting the requirement for quantifying qualitative indicators.

Seven fuzzy judgment matrices (one objective-level indicator matrix and four sec-
ondary indicator matrices) are constructed via FAHP. Indicator weights are determined
by combining five experts’ opinions and the confidence ranking method, and all matrices
pass the consistency test to ensure reliability. Finally, GR theory is introduced to improve
the traditional TOPSIS method. A hybrid closeness index is constructed by integrating
Euclidean distance and grey relational degree, addressing the flaw of traditional methods
that only focus on numerical differences while ignoring indicator correlations. Verification
with seven tourism regions as cases shows that the “tourism economic dependence” and
“ecological restoration rate” indicators require key improvements, and the model results
are highly consistent with actual development conditions.

(a) Method Improvement

This study overcomes the limitation of traditional TOPSIS (sole reliance on Euclidean
distance). By unifying dimensions (normalizing maximizing and minimizing indicators),
it organically integrates grey relational degree with Euclidean distance, enhancing the
accuracy of evaluation results for fuzzy and grey data. Additionally, a two-level weight
calculation method (final weights = primary objective weights × secondary indicator
weights) is adopted to reduce the subjectivity of single-level weighting. All judgment
matrices pass the consistency test to ensure weight applicability.
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(b) Indicator System Construction

This study addresses the bias of traditional evaluations (overemphasizing the economy
while neglecting culture). For the first time, indicators like “degree of tourism-induced
cultural alienation” and “Intangible Cultural Heritage (ICH) tourism conversion rate” are
included in the cultural sustainability dimension. It also clearly distinguishes positive
indicators (e.g., “ecological restoration rate”) from negative ones (e.g., “tourism waste
generation rate”), fully covering both the “benefits” and “risks” of tourism development.
The developed fuzzy evaluation criteria (e.g., “noise pollution degree” matches “mild
(0.8–1.0), severe (0–0.4)”) effectively resolve the difficulty of quantifying qualitative indicators.

(c) Model Verification

A complete verification process is implemented: “Initial data collection → Data/matrix
normalization → Weighted matrix construction → Calculation of Euclidean distances/
relational degrees (alternatives to ideal solutions) → Ranking by hybrid closeness”. Quan-
titative and qualitative data (13 indicators across five regions) are processed, verifying the
model’s advantages in discrimination and stability.

Research limitations include a small case sample size and partial reliance on experts’
judgments for weight determination. Future work could expand samples to diverse tourism
destinations (cities, villages, islands) to verify universality; integrate objective methods
(e.g., entropy weight method) with FAHP for combined weighting to reduce subjectivity;
and link with cutting-edge topics (circular economy, green tourism) to expand application
scenarios in ecological protection-economic coordination.

To sum up, the FAHP-GR-TOPSIS model provides a quantifiable tool for tourism
sustainability evaluation. The study’s results are applicable to three types of stakeholders:
(1) government departments, especially municipal culture and tourism bureaus: The evalu-
ation system can be used to formulate regional tourism policies—for example, regions with
high economic dependence (Sanya) can be guided to develop supplementary industries
(e.g., marine aquaculture); (2) tourism enterprises, including scenic spot management com-
panies: The indicator weights remind enterprises to increase investment in environmental
protection (e.g., ecological restoration projects); (3) tourism sustainability associations: The
case analysis can be used to promote best practices (e.g., popularizing Chiang Mai’s rural
tourism model in other developing regions). We hope that future research can further
expand the model’s application scope to cover more tourism types and global regions.
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