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Abstract

Inbound tourism has become an important indicator of destination openness, service
capacity, cultural communication, and sustainable governance. However, existing evalu-
ations often separate visitor experience, destination competitiveness, and sustainability,
making it difficult to diagnose how service quality supports long-term competitiveness.
This study develops a sustainability-oriented framework for evaluating inbound tourism
service quality in 10 representative Chinese cities. Nineteen indicators are organized into
four dimensions: basic service provision, cultural and experiential perception, safety and
emergency response, and sustainable and resilient development. A TIFN-AHP-TOPSIS
model is used to integrate official statistics, public tourism information, online-review
evidence, and expert judgments while retaining uncertainty and hesitation in qualitative
assessments. The results show that Shanghai, Beijing, and Hangzhou form the leading
tier; Shenzhen, Chengdu, Guangzhou, Sanya, and Xiamen form the balanced tier; and
Xi'an and Chonggqing form the potential tier. Robustness checks based on risk-preference
adjustment, entropy-weighted TOPSIS, grey relational TOPSIS, and perception-indicator
perturbation confirm the stability of the tier classification. The findings suggest that
inbound tourism competitiveness depends not only on transport access and reception ca-
pacity but also on cultural interpretation, digital convenience, safety governance, ecological
quality, and resilience. The framework provides a diagnostic tool for improving sustainable
destination competitiveness.

Keywords: inbound tourism; service quality evaluation; triangular intuitionistic fuzzy
numbers; Analytic Hierarchy Process; TOPSIS

1. Introduction

Inbound tourism has increasingly become a channel through which destinations
demonstrate international openness, service capacity, cultural communication, and sustain-
able governance. Existing studies have shown that air transport, railway connectivity, and
trade openness affect international tourism flows [1], while destination competitiveness is
shaped by resource endowment, infrastructure, digital readiness, spatial interaction, and
governance capacity [2,3]. Sustainable tourism research further indicates that destinations
must balance visitor satisfaction and tourism revenue with ecological pressure, resource
efficiency, low-carbon transition, and resilience [4-6]. These findings suggest that inbound
tourism service quality should not be understood only as the supply of facilities or the
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outcome of tourist satisfaction, but as a multidimensional service-conversion capability
that connects access, experience, safety, sustainability, and competitiveness.

From a broader literature perspective, inbound tourism service quality should be
understood as a multidimensional issue supported by tourism mobility, destination com-
petitiveness, sustainable tourism, visitor perception, and fuzzy multi-criteria decision-
making research. Studies on tourism mobility have shown that air transport, railway
connectivity, and trade openness influence international tourism flows [1]. Destination
competitiveness research further indicates that a destination’s long-term advantage is
shaped not only by tourism resources but also by infrastructure, digital readiness, spatial
interaction, service supply, and governance capacity [2,3]. Sustainable tourism studies
emphasize that destinations must balance visitor satisfaction and tourism revenue with eco-
logical pressure, resource efficiency, low-carbon transition, and resilience [4-6]. Subsequent
destination-competitiveness and data-driven tourism studies further show that tourism
performance is affected by spatial interaction, destination attributes, online information,
and service-related perception factors [7-9]. Online review and visitor perception studies
indicate that tourist evaluations, online reputation, sentiment signals, and service experi-
ence provide important evidence for diagnosing perceived service quality [10,11]. Green
service quality and tourism carbon-efficiency studies further deepen the sustainability
dimension of tourism service evaluation [12,13]. In addition, fuzzy AHP, TOPSIS, triangu-
lar intuitionistic fuzzy information, and related multi-criteria decision-making methods
provide methodological support for integrating heterogeneous indicators and uncertain
judgments [14-17]. These studies provide the theoretical basis for integrating service qual-
ity, destination competitiveness, sustainability, visitor perception, and uncertainty-aware
evaluation into one framework.

If this issue remains insufficiently addressed, the consequences are not only theoretical
but also practical.

1.  Destination managers tend to one-sidedly attribute the sluggish development of in-
bound tourism to insufficient supply of tangible hardware such as scenic spots, hotels,
and transportation facilities. They therefore keep increasing investment in physical in-
frastructure, while ignoring the shortcomings of soft services, including multilingual
services, digital access, payment convenience, cross-cultural interpretation, safety
warning, complaint handling, green supporting facilities, and risk resilience.

2. Such cognitive bias will reduce the satisfaction and trust of international tourists,
damage the online reputation and tourism image of destinations, delay the recovery
progress of inbound tourism under various uncertain shocks, raise the pressure of
ecological management and carbon emission reduction, and continuously erode the
long-term sustainable competitiveness of destinations in the end.

3. Accordingly, a diagnostic analysis framework is urgently required to clarify how vari-
ous urban service conditions and tourist perceptions jointly transform local tourism
resources into competitive inbound tourism experiences, as well as identify which
service links will become development bottlenecks without targeted optimization.

The motivation of this study is to address the gap between general destination com-
petitiveness evaluation and inbound-tourist-oriented service diagnosis. Existing studies
have provided important insights into transport access, tourism resources, sustainability
performance, and destination competitiveness, but these elements are often examined
separately. For international tourists, service quality also involves multilingual communica-
tion, digital access, cross-cultural interpretation, payment convenience, safety information,
complaint response, green services, and reliable recovery from unexpected risks. Therefore,
a sustainability-oriented evaluation framework is needed to explain how city-level service
conditions and visitor perceptions jointly support long-term inbound tourism competitiveness.
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Based on this theoretical and practical background, this study addresses three re-
search questions. RQ1: How can inbound tourism service quality be evaluated under a
sustainability-oriented framework? RQ2: How can official statistics, online-review evi-
dence, and uncertain expert judgments be integrated into a comparable city-level evaluation
model? RQ3: How can evaluation results explain the differentiated competitiveness and
service weaknesses of major Chinese inbound tourism destinations?

Against this background, the core innovation of this study is not the routine use of
AHP-TOPSIS as a ranking procedure, but the construction of a sustainability-oriented
inbound tourism service-quality diagnostic framework and its adaptation to a city-level
evaluation problem involving multi-source evidence and uncertain judgments. The study
contributes to the literature in four ways:

1.  Itintegrates inbound tourism service quality, destination competitiveness, and sus-
tainable destination management into one evaluation framework. Compared with
studies that focus mainly on transport access, tourism resources, or aggregate com-
petitiveness [1-3], the framework emphasizes how access, experience, safety, digital
services, ecological quality, and resilience are converted into long-term inbound
tourism competitiveness.

2. It develops a 19-indicator system that reflects both objective service supply and
subjective visitor perception. This design extends destination-attribute and online-
review studies by combining official statistics, public tourism information, platform-
based perception evidence, and expert judgments for soft-service indicators.

3. Itadapts the TIFN-AHP-TOPSIS model to an inbound tourism service-quality prob-
lem characterized by linguistic judgment, perception uncertainty, and expert hesita-
tion. Compared with conventional fuzzy AHP-TOPSIS applications in sustainability
and service evaluation, TIFNs preserve membership, non-membership, and hesita-
tion information and therefore provide a more explicit representation of uncertain
qualitative assessments.

4. It compares 10 representative Chinese cities and translates the ranking results into dif-
ferentiated improvement paths for international gateway cities, cultural destinations,
inland destinations, and coastal resort cities. This diagnostic orientation helps explain
not only which cities perform better, but also why their service weaknesses differ.

The remainder of this paper is organized as follows. Section 2 reviews the relevant
literature and identifies research gaps. Section 3 constructs the evaluation indicator system.
Section 4 explains the TIFN-AHP-TOPSIS model. Section 5 presents the case study and
empirical results. Section 6 discusses service weaknesses and improvement paths. Section 7
concludes the study.

2. Literature Review

The literature related to inbound tourism service quality and competitiveness can be
grouped into four streams: inbound tourism service quality, destination competitiveness,
sustainable tourism service quality, and fuzzy multi-criteria decision-making methods.
To improve the logical structure of the review, this section follows a progress-limitation-
implication logic. Each stream first summarizes the main research progress, then identifies
limitations relevant to inbound-tourist-oriented service diagnosis, and finally explains how
the literature supports the indicator system and methodological design of the present study.

2.1. Inbound Tourism Service Quality

Inbound tourism service quality refers to a destination’s capacity to provide inter-
national visitors with accessible, safe, convenient, culturally adaptive, and sustainable
services. It includes both observable service conditions and subjective experience, but it
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should be distinguished from a simple inventory of facilities. Compared with domestic
tourists, international visitors face greater information, language, payment, institutional,
and cultural barriers, so service quality must be evaluated through the interaction between
service supply and visitor perception.

Transport accessibility is a core foundation of inbound service quality. Hussain [1]
shows that air transport, rail transport, and trade openness significantly influence tourism
flows in Belt and Road countries. For international tourists, transport convenience is not
limited to arrival. It also includes transfer efficiency, airport and port services, multilingual
signage, and the connection between entry points and urban tourism spaces. Destination at-
tribute and hotel decision studies further show that safety, local experience, accommodation
services, and traveler preferences affect destination choice and service evaluation [7,8].

Visitor perception research has expanded service quality evaluation beyond facility
supply. Online reviews, ratings, and text-based perceptions reflect service failures and
experiential advantages that official statistics cannot fully observe. Tourist review studies
show that location, facilities, price, environmental impact, safety, online reputation, and
sentiment signals all affect tourism service evaluation [8-10]. These findings support the
use of online review data and sentiment classification as supplementary information for
subjective indicators. They also show that inbound tourism service quality is not a single
facility outcome but a combined result of service supply and visitor perception.

2.2. Destination Competitiveness

Tourism destination competitiveness refers to a destination’s ability to attract visitors,
generate tourism value, and maintain long-term advantages in the tourism market. It
depends on resource quality, market access, infrastructure, service supply, digital capability,
environmental quality, and governance capacity. Research on destination competitiveness
increasingly uses asymmetric causal analysis, composite indices, spatial econometrics,
machine learning, and multi-source big data to identify the factors that support tourism
performance [2,3,11-13]. These methods show that competitiveness is not determined by
one dominant factor. It is formed through the interaction of resources, service capacity,
market openness, and institutional support.

The relationship between service quality and competitiveness is direct. Transport
accessibility, hotel capacity, cultural experience, information services, safety, and complaint
response affect tourist satisfaction and revisit intention. They also shape the destination’s
reputation in international markets. Lépez-Molina and Pulido-Ferndndez [14] identify
management, infrastructure, tourism services, and tourism resources as key elements of
destination-level tourism development. Their framework implies that service quality is
not only an operational issue but also a structural basis of competitiveness. For inbound
tourism, this link becomes stronger because foreign visitors face language barriers, cultural
differences, unfamiliar institutions, and higher uncertainty.

2.3. Sustainable Tourism Service Quality

Sustainable tourism service quality requires destinations to improve visitor experience
while protecting ecological systems, reducing resource pressure, supporting green services,
and maintaining service resilience. Sustainable tourism research has moved from general
environmental concern to measurable dimensions such as circular economy coordination,
tourism carbon emission efficiency, ESG performance, green hotel service quality, and
marine tourism resilience [4-6,15,16]. These dimensions are highly relevant to inbound
tourism because international tourists increasingly value low-carbon travel, environmental
quality, safety, and responsible service provision.
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Green services influence tourists’ attitudes and behavioral intentions, while carbon
tax and environmental policy affect tourism consumption and destination development
conditions [17]. Resilience research further shows that tourism systems must recover from
public health incidents, extreme weather, market changes, and transport interruptions [6].
These studies indicate that sustainability should be embedded in service-quality evaluation
as a long-term capability, while the detailed indicator formation is specified in Section 3.2.

2.4. Fuzzy Multi-Criteria Decision-Making

Inbound tourism service quality evaluation is a Multi-Criteria Decision-Making
(MCDM) problem. It contains multiple indicators, multiple data sources, and both objective
and subjective information. AHP can determine the relative importance of indicators in a
hierarchy, while TOPSIS can rank alternatives according to their distance from positive and
negative ideal solutions. Earlier studies combining AHP, TOPSIS, triangular intuitionistic
fuzzy information, grey relation, and intuitionistic fuzzy AHP-DEA provide the method-
ological basis for handling weighted indicators and uncertain judgments [18-22]. Hybrid
AHP-TOPSIS models in climate adaptation and logistics center location also show that this
framework can combine heterogeneous indicators into interpretable rankings [23,24].

Tourism and transport service studies also clarify why process reliability and in-
formation quality matter for inbound tourists [25-27]. Risk and resilience studies show
that security shocks and public-health readiness affect tourism flows and service continu-
ity [28,29]. At the methodological level, group decision-making and intuitionistic fuzzy
studies show that expert weights, membership, non-membership, and hesitation should be
retained carefully in comprehensive evaluation [30-32].

Broader AHP-TOPSIS applications in hydrogen storage, project selection, failure mode
analysis, health insurance, and renewable energy planning confirm that hybrid MCDM
is suitable for complex sustainability problems [33-37]. Recent extensions in uncertainty-
aware evaluation, Light GBM-TOPSIS, nTOPSIS, motif-based PageRank-TOPSIS, transport
connectivity, PROMETHEE, g-rung orthopair sets, spherical fuzzy systems, QFD-fuzzy
TOPSIS, and AHP-entropy weighted TOPSIS-VIKOR further confirm the broad relevance of
fuzzy and hybrid ranking methods [38-65]. These studies support the use of TIFNs in the
present evaluation because inbound tourism service quality contains linguistic judgments,
uncertain perceptions, and multi-source information.

2.5. Research Gap

Based on the above review, previous studies have made substantial progress in ex-
plaining tourism flows, destination competitiveness, sustainable tourism performance,
visitor perception, and fuzzy multi-criteria decision-making. However, these studies still
leave room for further integration when the research object is inbound tourism service
quality. The key issue is not only whether a destination owns tourism resources or transport
infrastructure, but whether it can convert these conditions into accessible, multilingual,
safe, digital, green, and resilient services for international tourists.

The literature provides a strong foundation, but three research gaps remain. First,
the relationship among inbound tourism service quality, sustainable development, and
destination competitiveness has not been sufficiently operationalized. Existing studies
have separately examined transport access [1], destination competitiveness [2,3,11-13],
and sustainability or resilience [4-6,15-17]. However, few studies translate these streams
into a single service-quality framework that can explain how immediate visitor experience
becomes long-term destination competitiveness.

Second, existing indicator systems still tend to emphasize visible infrastructure and
resource endowment, while giving less systematic attention to soft-service dimensions

https://doi.org/10.3390/su18136607


https://doi.org/10.3390/su18136607

Sustainability 2026, 18, 6607

6 of 30

that are particularly important for inbound tourists. Digital information, multilingual
risk communication, online reputation, complaint response, green service provision, and
tourism resilience are often discussed in separate studies rather than being assessed together
in a city-level diagnostic framework.

Third, the uncertainty contained in expert judgments and platform-based perception
data requires a method that can retain hesitation instead of forcing all qualitative infor-
mation into a single crisp score. Conventional fuzzy AHP-TOPSIS methods are useful,
but TIENs are better suited to this study because they preserve lower, modal, and upper
assessment bounds together with membership, non-membership, and hesitation degrees.
The present framework, therefore, responds to a theoretical gap in service-quality concep-
tualization and a methodological gap in uncertainty-aware city comparison. The main
research streams, their remaining limitations, and their implications for the present study
are summarized in Table 1.

Table 1. Research themes and implications for this study.

Research Stream

Previous Studies’
Contribution

Remaining Limitation

Response of this Study

Inbound tourism
service quality

Prior studies emphasize
transport access, reception
services, visitor perception,

and online reviews.

Service components are often
examined separately, and the
link between service quality and
destination competitiveness is
insufficiently operationalized.

This study links
service-quality indicators
with city-level
competitiveness diagnosis.

Destination
competitiveness

Existing studies examine
resources, infrastructure,
spatial interaction, digital
capability, and
tourism performance.

Competitiveness is frequently
evaluated as an outcome,
while the service-chain
mechanisms behind
competitiveness differences
remain underexplained.

This study explains
competitiveness through
access, experience, safety,

sustainability, and resilience.

Sustainable
tourism evaluation

Previous studies discuss
ecological quality, carbon
efficiency, green services,
ESG performance,
and resilience.

Sustainability indicators are not
always embedded into
inbound-tourist-oriented
service-quality evaluation.

This study incorporates
ecological quality, green
services, carbon intensity,
resource efficiency, and
resilience into the
evaluation system.

Fuzzy MCDM
methods

Fuzzy AHP, TOPSIS,
and related methods
support uncertain
multi-criteria evaluation.

Traditional fuzzy methods may
not fully retain hesitation and
non-membership information in
expert judgments.

This study applies TIFNs to
preserve membership,
non-membership, and

hesitation during weighting

and ranking.

3. Evaluation Indicator System

3.1. Indicator Construction Principles

The indicator system is the basis for the comprehensive evaluation. Since inbound
tourism service quality covers service supply, visitor experience, risk governance, sus-
tainability, and competitiveness, the indicators must be both theoretically grounded and
empirically usable. Five principles guide the construction.

First, the system should be scientific and systematic. Indicators must be supported by
studies on inbound tourism, service quality, destination competitiveness, and sustainable
tourism. The system should cover the main stages of international tourists’ travel process,
including arrival, stay, experience, safety support, and sustainable services.
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Second, the system should reflect sustainability. It should include ecological quality,
green services, resource use, carbon intensity, and resilience rather than only transport
and accommodation.

Third, the system should combine qualitative and quantitative information. Transport
accessibility, accommodation capacity, port services, environmental quality, resource effi-
ciency, and carbon intensity can be measured through official data and public information.
Cultural experience, destination image, safety perception, green services, and resilience
require expert judgment and online review signals.

Fourth, the system should be compatible with fuzzy evaluation. Several indicators are
difficult to measure with precise values, especially cultural experience, risk communication,
green service quality, and resilience.

Fifth, the indicators should be operable. Each indicator needs a clear meaning, a data
source, and an evaluation direction.

3.2. Indicator Selection Logic

Indicator selection follows a process of literature mapping, keyword extraction, di-
mension induction, and variable formation. The literature review identifies four recurring
themes. These are basic service provision, cultural and experiential perception, safety and
emergency response, and sustainable and resilient development.

Basic service provision reflects whether international tourists can arrive, move, stay,
pay, obtain information, and complete basic tourism activities conveniently. Transport and
port services are supported by studies on air transport, rail transport, airline service quality,
airport informative service quality, and aviation service assessment [1,25-27,42,43]. Ac-
commodation and consumption convenience are supported by hotel recommendation and
tourism service studies [8]. Digital information services are included because international
tourists rely on online booking, smart guide systems, multilingual web pages, maps, and
mobile payment support.

Cultural and experiential perception reflects the subjective value that international
tourists place on. Tourism resources, cultural activities, destination image, online reviews,
and satisfaction are repeatedly discussed in visitor perception and destination attribute
studies [7,9,10]. This dimension is important because cultural resources do not automat-
ically become service quality. A destination with strong historical resources still needs
interpretation, participation, service design, and online reputation management. The
literature-to-indicator mapping and the indicator construction pathway are illustrated
in Figure 1.

Safety and emergency response reflect the ability to provide predictable and reliable
services under risk. Security risk can reduce inbound tourism flows, and public health
readiness affects destination recovery and service continuity [28,29]. For inbound tourists,
safety also includes multilingual risk alerts, hotlines, medical access, complaint response,
and information transparency. Sustainable and resilient development reflects the long-term
quality of tourism services. Circular economy coordination, tourism carbon efficiency, green
hotel services, ESG performance, and tourism resilience support the inclusion of ecological
quality, green services, resource efficiency, carbon intensity, and resilience [4-6,15-17].

3.3. Evaluation Indicators

Because destination image (C23), online reputation (C24), and tourist satisfaction (C25)
are related perception indicators, their conceptual boundaries and empirical redundancy
were clarified before calculation. C23 captures pre-visit and external recognition formed
by media attention, brand awareness, and social exposure. C24 captures platform-level
reputation reflected in ratings, review activity, positive sentiment, and negative-review
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share. C25 captures post-experience satisfaction signals after tourists interact with desti-
nation services. A redundancy check using normalized city-level scores showed a high
correlation between C24 and C25 (Spearman’s rho = 0.936), which is expected for perception
variables. These indicators were retained because they represent different stages in the
perception chain. To test whether this correlation distorted the ranking, an additional
diagnostic check merged C24 and C25 into one composite perception indicator. The three-
tier city classification remained unchanged, indicating that the main empirical conclusion
was not driven by double-counting of closely related perception variables. The resulting
sustainability-oriented evaluation indicator system is presented in Table 2.

Transport a.ccessibilit__v. B, Basic Service
accommodation reception, o
Provision

Tourism resources, B, Cultural &
cultural experience, I':. iential
destination image, (]

reviews & satisfaction Perception

Target Layer:

Inbound Tourism
Service Quality

High-frequency Keyword Evaluation Dimension Observation Indicator
Extraction Induction Formation

Figure 1. Indicator construction pathway. Note: The theoretical and literature sources underlying
destination competitiveness and basic services, online perception and attribute evaluation, safety
governance and emergency guarantee, and sustainable tourism and resilience are respectively docu-
mented in [1,19,25-27,42,43], [10,11,18], [28,29] and [4-6,12,21,22].

Table 2. Sustainability-oriented indicator system for inbound tourism service quality.

Dimension

Basic service provision

Cl11

C12

C13

Cl4

C15

Code Indicator Main Measurement Basis Indicator Direction
International Internatl(?nal flights, Port passenger traffic, B
o high-speed rail connection, Positive
transport accessibility .
transfer convenience
Accommodation Hotel scale, star-rated hotels, international .
. . . Positive
reception capacity hotel brands, platform ratings
Dining and Dining facilities, shopping density, mobile Positive
shopping convenience payment access, consumption reviews
Airport and port Clearance efficiency, baggage service, Positive
service quality transfers, multilingual signage
Digital information Online booking, smart guides, multilingual Positive
service level web services, digital payment convenience
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Table 2. Cont.
Dimension Code Indicator Main Measurement Basis Indicator Direction
Tourism Scenic areas, heritage sites, resource level, ..
C21 . . . . Positive
resource attractiveness international search popularlty
oy C.Zultufal . Cultural activiti.es, parti.cipation, displays, Positive
experience’quality review sentiment
Cultural and 3 Destination image Positive evaluations, media attention, brand Positive
experiential perception & awareness, social media exposure
. . Platform rating, positive sentiment ratio, ..
C24 Online reputation . & post: . . Positive
negative review ratio, review activity
. . . Review satisfaction, sur ignal .
C25 Tourist satisfaction eview satistaction, survey signais, Positive
platform ratings
Touri fet Safety incident rate, i f .
31 ourism safety afety incident ra e, scenic area sa ety Positive
guarantee capacity management, rights protection
Emergency rescue .
. Emergency plans, medical access, rescue .
f d C32 and public Tipe . Positive
Safety an health d facilities, early warning
emergency response €alth preparedness . . . .
Multilingual risk Signage, multilingual hotlines, risk alerts, ..
C33 . . . . . Positive
warning and consultation tourist advisory services
Tourism complaints and mplaints, negative incidents, negati .
C34 ourism comp S Complai: s, negative incidents, negative Negative
negative events reviews, public records
Ecological Ai li li .
c41 . cologica ) ir quality, watel.‘ quality, gr.een coverage, Positive
environment quality ecological protection
. Green hotels, low-carbon transport, ..
C42 Green service level . . P Positive
energy-saving services
Sustainable and ca3 Resource Energy use per tourism revenue, water use Positive
resilient development utilization efficiency per visitor, land-use efficiency
Tourism carbon Carbon emissions generated b .
C44 o ) . gen y Negative
emission intensity tourism activities
. - Visitor recovery, enterprise recovery, market ..
C45 Tourism resilience Y p Y Positive

resilience, governance response

4. Methodology
4.1. Model Framework

The evaluation uses an integrated TIFN-AHP-TOPSIS model. The method contains
four linked tasks. First, official statistics, public tourism information, online reviews,
and expert judgments are collected and standardized. Second, linguistic information is
transformed into TIENs. Third, indicator weights are calculated by TIFN-AHP and checked
for consistency. Fourth, TIFN-TOPSIS is used to calculate distances, relative proximity,
rankings, and sensitivity results. The computational sequence of the integrated TIFN-AHP-
TOPSIS model is illustrated in Figure 2.

This model is used because the empirical problem combines objective city-level values
and uncertain subjective judgments. AHP supports hierarchical weighting; TOPSIS sup-
ports transparent ranking across multiple cities; and TIFNSs retain the hesitation embedded
in linguistic judgments. The added value of TIFNS lies in their ability to express support,
opposition, and hesitation simultaneously, rather than compressing expert opinions into
a single membership value. The model, therefore, forms a complete chain from multi-
source data input to uncertainty-preserving weighting, ranking, sensitivity validation, and
weakness diagnosis.

Therefore, the methodological value of the model in this study lies in matching
the uncertainty structure of the research problem rather than in applying a ranking tool
mechanically. Inbound tourism service quality includes objective differences among cities
as well as subjective and hesitant judgments about cultural experience, destination image,
safety response, green services, and resilience. The TIFN-AHP-TOPSIS framework is used
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to retain these uncertain judgments and to transform them into interpretable city-level
rankings and weakness diagnoses.

Data Layer: Evaluation Inputs

Evaluation Objects il Indicator Set N Multi-Source Data
10 Representative Cities 19 Secondary Indicators Stats, Reviews & Experts

Fuzzy Information Layer: TIFN Transformation

Linguistic Variables N TIFN Expression R Expert Aggregation
Fuzzy Judgments a= ([aL, aM aU]; wv) Hesitancy & Weights
Weighting Layer: TIFN-AHP
A 4 A
TIFN Judgment Matrix Consistency Check Indicator Weights

Defuzzified Values ( w;)
|

——————— Revise — — — — — — — |

|

CR<0.10

Pairwise Comparisons

—e— e = == - ‘Weights Input = — — — — o=t
| Ranking Layer: TIFN-TOPSIS
A\ 4 A 4
TIFN Decision Matrix A Distance Measure | Relative Closeness
Normalized Data (R) |10 1deal Solutions vtV 7 CC; Calculation
— 1

Robustness Layer: Sensitivity Validation
N

Risk Preference _| Parameter Perturbation Rank Consistency
R=03050.7 Weights Variability Test Spearman Correlation

Output Layer: Results & Implications
l y

City Service Ranking Weakness Diagnosis Enhancement Paths

Figure 2. Computational framework of the integrated model.

4.2. TIFN Representation and Aggregation

Triangular Intuitionistic Fuzzy Numbers (TIFNs) are used to describe linguistic judg-
ments that contain uncertainty and hesitation. Compared with exact values, TIFNs retain
the lower, middle, and upper bounds of expert evaluation, as well as the degree of support
and opposition in the judgment process. Let a TIFN be defined as follows:

= ((aL, aM,au);y;,v;) 1)

In Equation (1), aL, aM, and aU represent the lower, middle, and upper values of the
triangular fuzzy interval. The parameter p denotes the membership degree, and v denotes
the non-membership degree. To ensure the validity of the intuitionistic fuzzy information,
the membership and non-membership degrees satisfy the following constraint:

0<p~+v-<1 )
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The remaining part of the evaluation information is expressed as hesitation. It re-
flects the part of expert judgment that cannot be clearly assigned to either membership
or non-membership:

To illustrate the structural characteristics of triangular intuitive fuzzy numbers more
intuitively, Figure 3 provides a graphical representation of triangular intuitive fuzzy numbers.

@
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Figure 3. Graphical representation of triangular intuitive fuzzy numbers.

Score function is then used to convert each TIFN into a comparable numerical value.
This step is necessary because the subsequent AHP weighting and TOPSIS ranking require
comparisons among fuzzy judgments:

S<Z>:aL+2aM+au'1+H;—V; @
4 2

Qualitative judgments were transformed into TIFN values using a predefined linguis-
tic scale. For expert scoring, linguistic terms such as very low, low, medium, high, and
very high were assigned triangular lower, modal, and upper bounds together with mem-
bership and non-membership degrees. The hesitation degree was calculated as one minus
the membership and non-membership degrees. For online-review evidence, ratings and
multilingual texts were first coded into positive, mixed, and negative sentiment categories.
City-level sentiment signals were then used as supplementary evidence to cross-check
perception-related indicators rather than to replace the expert-scored TIFN decision matrix.
This procedure improves transparency while preserving the original TIFN-AHP-TOPSIS
calculation framework.

For group evaluation, each expert provides a TIFN judgment. These judgments are
aggregated according to expert weights so that the final fuzzy value reflects collective
assessment rather than a single expert opinion:

~(K)

K K L K o K u K K
@k:1 Aa = Yo A, Y Akapt, Y ka5 Y Akt ) Ak @)
k=1 k=1 k=1 k=1 k=1

a
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where Ak is the weight of expert k. In this study, the seven experts are treated with
equal importance because they were selected according to the same competence criteria
and no independent evidence justified privileging one expert over another. The expert
weights satisfy:

Y Ak=1 A>0 (6)
Through this aggregation process, individual deviations in expert judgment are re-

duced, while the uncertainty and hesitation contained in the original linguistic evaluations
are retained.

4.3. TIFN-AHP Weighting

After the expert judgments are transformed into TIFNs, the AHP procedure is used to
calculate indicator weights. The fuzzy judgment matrix records the pairwise importance
comparison among indicators under the same criterion layer:

A= (), ™

Each element represents the fuzzy importance of indicator i relative to indicator j. Since
a pairwise comparison matrix must be reciprocal, the reverse comparison is expressed as:

~ 1 1 1 L,
aj = <U’ M’ ﬂlL},‘Llij/Vij)/ i ] 8)

@i i A

The fuzzy geometric mean method is then used to synthesize the comparison infor-
mation in each row. This step converts the pairwise comparison matrix into a preliminary

" 1/n
ri= <H Eij) )
=1

The fuzzy weight of each indicator is obtained by normalizing the fuzzy geometric means:

fuzzy priority vector:

~

N N o\ 1
wizf’i®(7’1@7’2@~~@rn> (10)

Because TOPSIS ranking requires crisp weights, the fuzzy weights are converted into
numerical weights through the score function. The normalized crisp weight is calculated as:

S (5)1)
s (5;1)

To ensure that expert pairwise comparisons are logically acceptable, a consistency test

w; = (11)

is conducted. The maximum eigenvalue is estimated as:

1& (Aw);
Amax = EZ ( w‘)l (12)
i=1 !
The consistency index and consistency ratio are then calculated as:
_ Amax — 7 _CI

A judgment matrix is considered acceptable when CR is less than 0.10. This require-
ment ensures that the calculated weights are not based on contradictory expert comparisons.
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4.4. TIFN-TOPSIS Ranking

After obtaining the global weights of the indicators, the TOPSIS method is used to
rank the evaluation objects. Since the indicators have different units and directions, the
original data must first be normalized. For positive indicators, a larger value indicates
better performance:

Xi]' - mjnxl-j
1
rij S — (14)
maxx;; — minx;;
1 1
For negative indicators, a smaller value indicates better performance. Reverse normal-
ization is therefore applied:
maxxij - xl-]-
i
1’1']' = (15)
maxxij — mmxij
1 1

In this study, tourism complaints and negative events, and tourism carbon emission
intensity are treated as negative indicators. After normalization, all indicators are converted
into the same positive direction. The weighted normalized matrix is then calculated as:

ZJZ‘]' = ZU]‘TZ‘]‘ (16)

The positive ideal solution represents the best performance among all cities for
each indicator:
I v;r = maxv;j (17)

The negative ideal solution represents the weakest performance among all cities for
each indicator:

AT =01,0y,...,0y, v]f = miinvij (18)

The risk-preference-adjusted TIFN Euclidean distance is defined as:

1/2

D (5.7) = LE((ph = ab)" + (M = g™)" + (1 = 41)°) 19)

+5 ((ﬂp — g)” + (vp = vg)" + (7 — ”q)Z)

where R is the risk preference coefficient and belongs to [0,1]. When R is small, the
distance measure emphasizes differences in indicator values. When R is large, it gives
more weight to uncertainty differences reflected by membership, non-membership, and
hesitation. In this study, R = 0.5 is used as the baseline, while R = 0.3 and R = 0.7 are used
for sensitivity analysis.

The distances from each city to the positive and negative ideal solutions are calculated as:

n ~ ot B n o
DiJr = ZDR (Uij/ Uj )’Di = Z DR (ZJ,']', Uj ) (20)
j=1 j=1

Finally, the relative proximity coefficient is used to obtain the comprehensive
ranking result:
D
CCi=—1—, 0<CG <L (21)
D;" + D;
A larger CCi indicates better inbound tourism service quality and stronger overall
competitiveness. Ranking consistency is examined using Spearman’s rank correlation to

test whether the final ranking remains stable under different risk preference settings.
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5. Case Study
5.1. Evaluation Subjects and Data Sources

Ten cities are selected as evaluation objects: Beijing, Shanghai, Guangzhou, Shenzhen,
Hangzhou, Xi’an, Chengdu, Chongging, Xiamen, and Sanya. The sample was constructed
according to four criteria. First, the cities should have strong relevance to China’s inbound
tourism market, including international accessibility, gateway function, tourism reception
capacity, or international visibility. Second, the sample should cover different types of
tourism destinations, including international gateway cities, historical and cultural desti-
nations, digital and creative tourism cities, inland urban destinations, and coastal resort
cities. Third, the cities should represent different regional and functional contexts so that
the framework can compare access, cultural experience, safety response, sustainability,
and resilience across heterogeneous destinations. Fourth, the selected cities should have
relatively complete public statistics, tourism information, online-review evidence, and
expert-evaluation feasibility. Based on these criteria, Beijing, Shanghai, Guangzhou, and
Shenzhen represent major gateway and high-capacity urban destinations; Hangzhou, Xi'an,
and Chengdu represent cultural, digital, and leisure-oriented destinations with strong
tourism appeal; Chongqing represents an inland mountainous urban destination; and
Xiamen and Sanya represent coastal and resort-oriented destinations. For consistency in
the MCDM matrices, ranking tables, robustness checks, and figures, the 10 cities are coded
as P1-P10: P1 = Beijing, P2 = Shanghai, P3 = Guangzhou, P4 = Shenzhen, P5 = Hangzhou,
P6 = Xi'an, P7 = Chengdu, P8 = Chongqing, P9 = Xiamen, and P10 = Sanya. This sam-
ple structure supports comparative diagnosis while keeping the expert-based MCDM
evaluation manageable and transparent.

These short codes are retained in the computational tables and figure bodies to keep
the matrix presentation compact and readable. During revision, full city-name labels
were repeatedly tested inside the figures. However, because several figures contain dense
comparative information, placing all complete city names directly inside the figure bodies
caused label overlap, reduced font size, blurred labels, and possible encoding or display
problems during file conversion and production. Therefore, compact city codes are re-
tained inside the figures to preserve visual clarity, while complete city names are provided
in the text, figure captions, figure notes, and narrative interpretation of rankings and
tier classifications.

The data come from official statistics, public cultural and tourism information, a
balanced online-review corpus, and expert evaluation records. The data collection and
verification window was revised to January 2025 to May 2026, and the final access and
verification date was 12 May 2026; no future-dated data were used. Official indicators
use the latest city-level public records available within or closest to this window. Because
complete 2025 city statistical yearbooks were not fully available at the time of revision,
official statistics mainly rely on 2025 city statistical bulletins, administrative announcements,
airport and port public information, ecological and environmental bulletins, and the latest
available yearbook records. When a final 2025 yearbook value was not publicly available,
the closest public record was used consistently and the effect of such source differences was
checked through robustness analysis. Public tourism data includes scenic-area information,
heritage-site records, government tourism portals, and mapping platform information.
Online review records were used as auditable supplementary perception evidence for
cultural experience, destination image, online reputation, tourist satisfaction, and selected
negative-event signals. Expert evaluation was used for indicators requiring professional
judgment, especially safety response, multilingual risk advisory services, green services,
and resilience. The data sources and processing procedures for the selected indicators are
summarized in Table 3.
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Table 3. Data sources and processing methods.

Data Category Indicators Main Sources Processing Method
Statistical yearbool_<s, Extracted at the city level,
.. .. C11, C12, C14, government portals, airport ] .
Official statistics . ) standardized, and entered into the
C41,C43,C44 and port information, .
) . TOPSIS matrix.
environmental bulletins
Cultural and tourism
Public tourism data C13, C15, C21 departmepts, scenic qut (;omblne(?l with public pla’fform
records, heritage information, information and standardized.
mapping platforms
Deduplicated, language-checked,
Trip.com public review rating-based sentiment-coded,
C22,C23,C24, records and Tripadvisor manually audited, and used to
Online reviews C25, and selected review records accessed cross-check perception-related
C34 signals through Trip.com; 500 valid indicators; each record retains city,
records covering 10 cities platform, language, place, rating,
review date, text, URL, and review ID.
Checked for completeness and logical
Seven-expert anonymous consistency, transformed into TIFN
. C31,C32, C33, . : .
Expert evaluation scoring records for nine values, aggregated with equal expert
C42,C45 O ; .
subjective indicators weights, and tested using
Kendall’s W.
Complaint records, negative
Negative-direction data C34, Ca4 reviews, public records, Reverse-standardized to align the

environmental bulletins,
energy and transport data

evaluation direction.

The structure and sentiment distribution of the online-review corpus are reported

in Table 4.

Table 4. Online-review corpus structure and sentiment distribution.

City Records Chinese English Trip.com \Ij?l"ifpvzs:;;; Positive Mixed Negative 1122 f;::g
Beijing 50 25 25 27 23 49 1 0 4.86
Shanghai 50 25 25 30 20 44 4 2 4.60
Guangzhou 50 25 25 32 18 48 2 0 4.88
Shenzhen 50 25 25 36 14 49 0 1 4.76
Hangzhou 50 25 25 33 17 47 2 1 4.74
Xi'an 50 25 25 31 19 49 1 0 4.86
Chengdu 50 25 25 30 20 49 1 0 4.78
Chongging 50 25 25 43 7 48 0 2 4.70
Xiamen 50 25 25 27 23 47 0 3 4.70
Sanya 50 25 25 35 15 41 2 7 424
Total 500 250 250 324 176 471 13 16 471

For the online review component, a balanced public-review corpus was constructed for

the 10 cities. The corpus contains 500 valid public online review records, with 50 records for

each city. For each city, 25 Chinese-language reviews and 25 English-language reviews were

retained. The records were collected from Trip.com public review records and Tripadvisor
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review records accessed through Trip.com. Review publication dates range from 2017 to
2026, and all records were accessed and verified during the revision stage in May 2026.
Each retained record includes the city, platform source, language, tourism object, rating,
review date, review text, source URL, source review ID, and source locale. Sentiment was
coded into positive, mixed, and negative categories using rating information and manual
text checking: ratings of 4-5 were coded as positive, ratings of 3 as mixed, and ratings of
1-2 as negative unless the text audit indicated an evident mismatch. The resulting corpus
includes 250 Chinese-language records and 250 English-language records; 324 records are
from Trip.com, and 176 are Tripadvisor records accessed through Trip.com. The sentiment
distribution is 471 positive, 13 mixed, and 16 negative records. The corpus is used as
auditable supplementary evidence to support and cross-check perception-related indicators,
rather than as an independent replacement for the expert-scored TIFN decision matrix.

The data package used for this revision contains the 500-record online-review cor-
pus, 630 expert response records, final TOPSIS inputs, seven-expert aggregated scores,
AHP consistency checks, Kendall coordination tests, sensitivity results, and source-archive
information. The expert-response structure equals seven experts multiplied by 10 cities
and nine expert-scored indicators. The online-review corpus improves the traceability
of C22-C25 and selected negative-event evidence, while the expert scoring records re-
main the main source for subjective TIFN aggregation. This design allows the study to
respond to the reproducibility concern without changing the original ranking figures and
tier-classification results.

5.2. Expert Evaluation and Consistency

Experts evaluated nine subjective and perceptual indicators through anonymous scor-
ing sheets. The panel consisted of seven anonymous specialists with more than 10 years of
tourism-related research or evaluation experience. To protect privacy under the anonymous
questionnaire design, names, specific institutional affiliations, contact information, and
other identifiable personal information are not disclosed. At the aggregate level, the panel
included three university professors in tourism management and four researchers from
tourism-related research institutions located in different Chinese cities. The experts were
selected according to three criteria: familiarity with tourism service quality or destination
competitiveness, experience with tourism management, cultural-tourism planning, smart
tourism, sustainability governance, or emergency-response evaluation, and the ability to
compare the 10 cities using the same linguistic scale. The scoring sheet defined the indicator
meanings, the 10 evaluation objects, the linguistic evaluation rules, and the TIFN conver-
sion method. Returned scoring records were checked for missing values, duplicated entries,
and logical conflicts. The original direction of each expert’s judgment was not changed.

Kendall’s coefficient of concordance was used to examine agreement among experts.
The results show high consistency. Cultural and experiential perception has Kendall’'s W
of 0.9740. Safety and emergency guarantee has Kendall’'s W of 0.9797. Sustainable and
resilient development has Kendall’'s W of 0.9740. The overall expert-scored indicators
have Kendall’'s W of 0.9778. All significance levels are p < 0.01. This indicates that the
seven-expert assessments are suitable for aggregation. The aggregated TIFN evaluations
for the key subjective indicators are reported in Table 5.

These coordination results, together with the AHP consistency ratios reported below,
support the reliability of the expert-derived weights and subjective indicator scores. The
corresponding expert coordination statistics are summarized in Table 6.

The AHP consistency results also meet the required threshold. The first-level matrix
has a CR value of 0.032. The secondary matrices for B1, B2, B3, and B4 have CR values
of 0.047, 0.051, 0.039, and 0.056, respectively. All values are below 0.10. The diagnostic
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difference Delta CR is also below 0.01 in all matrices. This supports the stability of expert
comparisons. The matrix-specific AHP consistency results are reported in Table 7.

Table 5. TIFN raw evaluation matrix for key subjective indicators of 10 cities.

City Coo Cos Coy Ca

P1 ([0.860, 0.900, 0.940]; ([0.870, 0.910, 0.950]; ([0.800, 0.840, 0.880]; ([0.740, 0.780, 0.820];
0.910, 0.065) 0.914, 0.062) 0.886, 0.086) 0.862, 0.107)

P ([0.810, 0.850, 0.890]; ([0.890, 0.930, 0.970]; ([0.850, 0.890, 0.930]; ([0.780, 0.820, 0.860];
0.890, 0.082) 0.922, 0.054) 0.906, 0.069) 0.878, 0.093)

P3 ([0.760, 0.800, 0.840]; ([0.780, 0.820, 0.860]; ([0.740, 0.780, 0.820]; ([0.700, 0.740, 0.780];
(0.870, 0.100) 0.878, 0.093) 0.862, 0.107) 0.846, 0.121)

P4 ([0.710, 0.750, 0.790]; ([0.800, 0.840, 0.880]; ([0.760, 0.800, 0.840]; ([0.760, 0.800, 0.840];
0.850, 0.118) 0.886, 0.086) 0.870, 0.100) 0.870, 0.100)

P5 ([0.840, 0.880, 0.920]; ([0.830, 0.870, 0.910]; ([0.830, 0.870, 0.910]; ([0.800, 0.840, 0.880];
0.902, 0.072) 0.898, 0.075) 0.898, 0.075) 0.886, 0.086)

P6 ([0.880, 0.920, 0.960]; ([0.790, 0.830, 0.870]; ([0.760, 0.800, 0.840]; ([0.660, 0.700, 0.740];
0.918, 0.058) 0.882, 0.089) 0.870, 0.100) 0.830, 0.135)

P7 ([0.820, 0.860, 0.900]; ([0.800, 0.840, 0.880]; ([0.790, 0.830, 0.870]; ([0.720, 0.760, 0.800];
0.894, 0.079) 0.886, 0.086) 0.882, 0.090) 0.854, 0.114)

P8 ([0.780, 0.820, 0.860]; ([0.770, 0.810, 0.850]; ([0.750, 0.790, 0.830]; ([0.690, 0.730, 0.770];
(0.878, 0.093) (0.874, 0.096) (0.866, 0.103) 0.842, 0.125)

P9 ([0.800, 0.840, 0.880]; ([0.780, 0.820, 0.860]; ([0.740, 0.780, 0.820]; ([0.780, 0.820, 0.860];
0.886, 0.086) 0.878, 0.093) 0.862, 0.107) 0.878, 0.093)

P10 ([0.740, 0.780, 0.820]; ([0.780, 0.820, 0.860]; ([0.780, 0.820, 0.860]; ([0.870, 0.910, 0.950];
0.862, 0.107) 0.878, 0.093) 0.878, 0.093) 0.914, 0.062)

Note: P1 = Beijing, P2 = Shanghai, P3 = Guangzhou, P4 = Shenzhen, P5 = Hangzhou, P6 = Xi’an, P7 = Chengdu,
P8 = Chongging, P9 = Xiamen, and P10 = Sanya. The entries are aggregated TIFNs from seven expert assessments.

Table 6. Expert coordination test.

Evaluation Scope Experts Items Kendall's W Chi-Square Significance Result
Cultural and experiential perception 7 40 0.9740 265.8894 p <0.01 Pass
Safety and emergency guarantee 7 30 0.9797 198.8793 p <0.01 Pass
Sustainable and resilient development 7 20 0.9740 129.5469 p<0.01 Pass
Overall expert-scored indicators 7 90 0.9778 609.1765 p<0.01 Pass
Table 7. AHP consistency test.
Judgment Matrix Matrix Size CR Delta CR Result
First-level dimensions B1-B4 4 x4 0.032 0.006 Pass
B1 subcriteria C11-C15 5x5 0.047 0.008 Pass
B2 subcriteria C21-C25 5x5 0.051 0.007 Pass
B3 subcriteria C31-C34 4 x4 0.039 0.005 Pass
B4 subcriteria C41-C45 5x5 0.056 0.009 Pass

Figure 4 visualizes the AHP consistency ratios and expert coordination results reported
in Tables 6 and 7.
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Figure 4. Consistency and expert coordination checks.

5.3. Indicator Weights

The final weights show the relative importance of the 19 secondary indicators. Basic
service provision has the largest first-level weight at 0.300. Cultural and experiential
perception follows with 0.280. Sustainable and resilient development has 0.240, and safety
and emergency response has 0.180. This distribution indicates that inbound tourism service
quality depends first on access and reception capacity, but competitiveness also requires
experience quality and long-term sustainable support.

At the secondary level, international transport accessibility has the highest global
weight, 0.0780. Cultural experience quality follows with 0.0672. Tourism resource attrac-
tiveness has 0.0616. Accommodation reception capacity and digital information service
level both have 0.0600. Ecological environment quality has 0.0576. These high-weight
indicators show that international access, cultural experience, accommodation, digital
services, and environmental quality are the main drivers of inbound tourism service quality.
The complete global-weight results for the secondary indicators are provided in Table 8.

Table 8. Global weights of secondary indicators.

Code Indicator Weight Indicator Direction
cn International transport accessibility 0.0780 Positive
C12 Accommodation reception capacity 0.0600 Positive
C13 Catering and shopping convenience 0.0480 Positive
Cl14 Airport and port service quality 0.0540 Positive
C15 Digital information service level 0.0600 Positive
C21 Tourism resource attractiveness 0.0616 Positive
C22 Cultural experience quality 0.0672 Positive
C23 Destination image 0.0504 Positive
C24 Online reputation 0.0504 Positive
C25 Tourist satisfaction 0.0504 Positive
C31 Tourism safety guarantee capacity 0.0540 Positive
C32  Emergency rescue and public health preparedness ~ 0.0504 Positive
C33 Multilingual risk warning and consultation ~ 0.0396 Positive
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Table 8. Cont.

Code Indicator Weight Indicator Direction
C34 Tourism complaints and negative events 0.0360 Negative
C41 Ecological environment quality 0.0576 Positive
C42 Green service level 0.0480 Positive
C43 Resource utilization efficiency 0.0408 Positive
C44 Tourism carbon emission intensity 0.0408 Negative
C45 Tourism resilience 0.0528 Positive

The distribution of the global weights across the secondary indicators is illustrated

in Figure 5.
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Figure 5. Global weight distribution of secondary indicators.

5.4. Comprehensive Ranking Results

After standardization, weighting, ideal solution calculation, and distance measure-
ment, the relative proximity value of each city was obtained. The ranking results classify
cities into three tiers. Shanghai, Beijing, and Hangzhou form the leading tier. Shenzhen,
Chengdu, Guangzhou, Sanya, and Xiamen form the balanced tier. Xi’an and Chongqing
form the potential tier. The final relative proximity values, ranks, and tier classifications are
presented in Table 9.

Table 9. TOPSIS ranking and tier classification.

Rank City D+ D— CCi Tier
1 P2 0.1161 0.7375 0.8639 Leading
2 P1 0.2888 0.5650 0.6617 Leading
3 P5 0.3299 0.5240 0.6137 Leading
4 P4 0.3367 0.5171 0.6057 Balanced
5 P7 0.5101 0.3436 0.4025 Balanced
6 P3 0.5221 0.3316 0.3884 Balanced
7 P10 0.5674 0.2862 0.3353 Balanced
8 P9 0.5902 0.2635 0.3086 Balanced
9 P6 0.6624 0.1912 0.2240 Potential
10 P8 0.7178 0.1358 0.1591 Potential

Note: P1 = Beijing, P2 = Shanghai, P3 = Guangzhou, P4 = Shenzhen, P5 = Hangzhou, P6 = Xi’an, P7 = Chengdu,
P8 = Chongging, P9 = Xiamen, and P10 = Sanya.
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Shanghai ranks first with CCi = 0.8639. It shows strong performance in international
transport, accommodation, port services, digital information services, destination image,
and online reputation. Beijing ranks second with CCi = 0.6617. Its advantages are tourism
resources, cultural experience, international recognition, and basic reception capacity.
Hangzhou ranks third with CCi = 0.6137. It performs well in cultural experience, online
reputation, digital services, ecological quality, and green development. The comparative
performance of the ten cities across the four primary dimensions is visualized in Figure 6.

P1 0.756 0.733
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P4 0.735 0.741 085 5
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Figure 6. Performance heatmap across primary dimensions. Note: City codes are used in the
figure body to maintain visual compactness and avoid label overlap. P1 = Beijing, P2 = Shanghai,
P3 = Guangzhou, P4 = Shenzhen, P5 = Hangzhou, P6 = Xi’an, P7 = Chengdu, P8 = Chongging,
P9 = Xiamen, and P10 = Sanya.

Shenzhen ranks fourth with CCi = 0.6057. It has strong basic service provision and
digital service capacity, but its cultural and experiential perception remains weaker than
Beijing, Shanghai, and Hangzhou. Chengdu ranks fifth with CCi = 0.4025. It has strong
cultural experience and tourism resource attractiveness, but its international transport and
port services still require improvement. Guangzhou ranks sixth with CCi = 0.3884. It has
gateway and commercial advantages, but cultural conversion, online reputation, and green
services are not strong enough to move it into the leading tier.

Sanya ranks seventh with CCi = 0.3353 and Xiamen ranks eighth with CCi = 0.3086.
Their ecological and resort resources are clear, but international transport, port services,
multilingual information, and emergency response constrain their competitiveness. Xi’an
ranks ninth with CCi = 0.2240. Its cultural resource base is strong, but access, digital services,
safety governance, and sustainable support reduce its overall ranking. Chonggqing ranks
tenth with CCi = 0.1591. It does not show a leading advantage in any first-level dimension,
and its internationalization, green service level, and emergency response capacity need
improvement. The overall ranking and tier classification are further visualized in Figure 7.
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Figure 7. Comprehensive ranking and tier classification. Note: City codes are used in the figure
body to maintain visual compactness and avoid label overlap. P1 = Beijing, P2 = Shanghai,
P3 = Guangzhou, P4 = Shenzhen, P5 = Hangzhou, P6 = Xi’an, P7 = Chengdu, P8 = Chongging,
P9 = Xiamen, and P10 = Sanya.
5.5. Sensitivity Analysis
Sensitivity analysis was conducted by changing the risk preference coefficient. The
rankings remain unchanged when the coefficient is set to 0.3, 0.5, and 0.7. The Spearman
rank correlation coefficient is 1.000 for the comparison between 0.3 and 0.5. It is also 1.000 for
the comparison between 0.7 and 0.5. This result indicates that the ranking is insensitive
to changes in the risk preference parameter within the tested range. The sensitivity-test
results under the three risk-preference settings are reported in Table 10.
Table 10. Ranking stability under different risk preference coefficients.
City Rank atR=03 RankatR=0.5 RankatR=07 CCiatR=03 CCiatR=05 CCiatR=0.7
P1 2 2 2 0.6634 0.6617 0.6610
P2 1 1 1 0.8641 0.8639 0.8639
P3 6 6 6 0.3899 0.3884 0.3878
P4 4 4 4 0.6064 0.6057 0.6053
P5 3 3 3 0.6140 0.6137 0.6135
P6 9 9 9 0.2248 0.2240 0.2236
p7 5 5 5 0.4036 0.4025 0.4020
P8 10 10 10 0.1601 0.1591 0.1586
P9 8 8 8 0.3092 0.3086 0.3084
P10 7 7 7 0.3350 0.3353 0.3354

Note: P1 = Beijing, P2 = Shanghai, P3 = Guangzhou, P4 = Shenzhen, P5 = Hangzhou, P6 = Xi’an, P7 = Chengdu,
P8 = Chongqing, P9 = Xiamen, and P10 = Sanya.

The sensitivity results also confirm the tier structure. Shanghai, Beijing, and Hangzhou
remain the leading cities. Shenzhen, Chengdu, Guangzhou, Sanya, and Xiamen remain
in the middle tier. Xi’an and Chongqing remain in the potential tier. The stability of the
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ranking increases the credibility of the model results and supports the use of the framework
for comparative diagnosis.

5.6. Robustness Extension: Method Comparison

To respond to the concern that the empirical result may depend on a single fuzzy
decision-making procedure, two additional comparison methods were calculated from
the same final TOPSIS input matrix, in addition to the risk-preference sensitivity analy-
sis. The first is entropy-weighted TOPSIS, which replaces subjective AHP weights with
dispersion-based objective weights. The second is grey relational TOPSIS, which evaluates
relative closeness to the ideal solution through grey relational coefficients while retaining
the original indicator directions. In addition, because C24 and C25 were strongly correlated,
a diagnostic perception-indicator merger check was conducted by combining online repu-
tation and tourist satisfaction into one composite perception indicator. These comparisons
do not replace the baseline TIFN-AHP-TOPSIS model, because the baseline model is better
suited to preserving expert hesitation and linguistic uncertainty; rather, they test whether
the city ranking remains stable when the weighting mechanism, closeness-measurement
mechanism, or closely related perception indicators are adjusted.

The comparison results show that the leading, balanced, and potential tiers remain
unchanged. Entropy-weighted TOPSIS and grey relational TOPSIS both produce Spearman
rank correlation coefficients of 1.000 against the baseline ranking. The perception-indicator
merger check also preserves the three-tier classification, indicating that the high corre-
lation between online reputation and tourist satisfaction does not alter the main conclu-
sion. Shanghai, Beijing, and Hangzhou remain the leading cities; Shenzhen, Chengdu,
Guangzhou, Sanya, and Xiamen remain in the balanced tier; Xi’an and Chongqing remain
in the potential tier. This result strengthens the credibility of the empirical diagnosis and
shows that the main conclusions are not driven only by the selected risk-preference coeffi-
cient or by a single specification of perception-related indicators. The method-comparison
and rank-robustness results are summarized in Table 11.

Table 11. Method comparison and rank robustness.

. . Entro Grey Relational . o

City Baseline Rank TOPSIS %ka TO};’SIS Rank Tier Rank Stability
P1 2 2 2 Leading Stable
P2 1 1 1 Leading Stable
P3 6 6 6 Balanced Stable
P4 4 4 4 Balanced Stable
P5 3 3 3 Leading Stable
P6 9 9 9 Potential Stable
pP7 5 5 5 Balanced Stable
P8 10 10 10 Potential Stable
P9 8 8 8 Balanced Stable
P10 7 7 7 Balanced Stable
Spearman vs. baseline - 1.000 1.000 - Stable
Leave-one-indicator-out test C22-C25 Stable Tier unchanged - Stable

Note: P1 = Beijing, P2 = Shanghai, P3 = Guangzhou, P4 = Shenzhen, P5 = Hangzhou, P6 = Xi’an, P7 = Chengdu,
P8 = Chongging, P9 = Xiamen, and P10 = Sanya.

6. Discussion

6.1. Interpretation of City Performance

The ranking results show that high inbound tourism service quality depends on the
balance between access, experience, safety, and sustainability. This finding is consistent
with transport-accessibility research showing that air and rail connectivity affect tourism
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flows [1], and with destination-competitiveness studies arguing that resources, infrastruc-
ture, spatial interaction, and governance jointly shape tourism performance [2,3,11-13].
Shanghai’s top position is not due to one indicator. It reflects strong access, accommodation,
digital information, port services, online reputation, and relatively balanced sustainable
support. Beijing’s ranking is supported by tourism resource attractiveness and cultural
experience, but its challenge is to improve the conversion of cultural resources into online
reputation, green services, and low-carbon visitor management. Hangzhou shows that
ecological environment, digital cultural tourism, and online reputation can support strong
competitiveness even when international gateway functions are weaker than those of
Shanghai or Beijing.

Balanced cities show more uneven structures, which extends previous findings that
competitiveness is generated through configurations rather than through a single dominant
factor [2,11]. Shenzhen has one of the strongest basic service profiles, especially transport,
digital services, and urban infrastructure. Its main limitation is cultural and experiential
perception. The city needs to translate modern urban innovation into recognizable tourism
products and international cultural narratives. Chengdu has stronger cultural experience
than many cities, but its basic service and international gateway functions are weaker.
Guangzhou has the advantage of being a traditional gateway city, but its destination
image and visitor experience need more active conversion from commercial access to
tourism appeal.

Sanya and Xiamen have ecological and resort advantages, which support sus-
tainable tourism studies emphasizing environmental quality, green services, and re-
silience [4-6,15-17]. However, resort attractiveness alone does not produce high inbound
service quality. These cities need stronger international routes, port services, multilingual
information, emergency response, and digital guidance. Xi'an has strong cultural resources,
but its ranking shows the gap between resource endowment and service competitiveness.
Chonggqing has landscape uniqueness and online popularity, but the evaluation results
show insufficient systemic advantages in basic services, safety support, and sustainable
resilience. These cases confirm that tourist resources must be transformed into integrated
services before they can become internationally competitive.

6.2. Heterogeneity and Temporal Interpretation

The results should also be interpreted through tourist-market heterogeneity. Regional
short-haul visitors are usually more sensitive to route frequency, payment convenience,
and short-trip efficiency, while long-haul visitors rely more heavily on cultural inter-
pretation, multilingual guidance, safety information, and integrated itinerary support.
English-language platform reviews may emphasize international accessibility and risk
communication, whereas Chinese-platform comments may include a mixture of domestic
and inbound perceptions. Because the present workbook does not contain origin-country,
language, or individual-level traveller variables for every record, this study treats hetero-
geneity as an explanatory mechanism and policy-relevant interpretation rather than as a
separate econometric test.

A temporal interpretation is also necessary. Compared with the pre-pandemic period,
inbound tourism recovery places more emphasis on health preparedness, emergency infor-
mation, service resilience, flexible booking, digital communication, and trust restoration.
Therefore, safety and resilience indicators do not merely reflect extreme events; they rep-
resent the destination’s capacity to maintain service continuity under uncertainty. This
interpretation is consistent with risk and resilience studies showing that security shocks,
public-health readiness, and destination recovery capacity affect inbound tourism flows
and service continuity [28,29].
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6.3. Service Weakness Diagnosis

Weakness diagnosis should not only look at low city scores. It should consider the
weight of each indicator and its role in the service chain. High-weight indicators have
stronger influence on final rankings. C11, C22, C21, C12, C15, and C41 are the most
important indicators. A city with weakness in these indicators will face stronger ranking
pressure. This explains why Xi’an and Chengdu cannot rely only on cultural resources, and
why Sanya and Xiamen cannot rely only on ecological advantages.

Leading cities face ceiling-type weaknesses. Shanghai should improve differenti-
ated cultural experience, green service depth, and resilience governance. Beijing should
strengthen online reputation, low-carbon visitor management, and the conversion of cul-
tural resources into participatory experiences. Hangzhou should improve international
access, port services, and multilingual public services so that its digital and ecological
advantages can be connected to inbound tourism demand.

Balanced cities face structural weaknesses. Shenzhen needs to build cultural tourism
products that match its urban innovation image. Guangzhou should improve destination
image, online reputation, and green services. Chengdu should strengthen international
access, airport and port services, and multilingual risk alerts. Sanya and Xiamen should
improve access, safety support, and public service coordination. Potential cities face
baseline weaknesses. Xi’an should improve service-chain support for cultural tourism.
Chongqing should improve accommodation standards, risk communication, green services,
and international reception capacity.

To further illustrate the structure of service shortcomings across the four primary
dimensions in different cities, this study generated radar charts for the service shortcomings
of 10 cities by tier and by dimension, as shown in Figure 8.
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Figure 8. Radar charts of service shortcomings by city tier and primary dimension. Note: City codes
are used in the figure body to maintain visual compactness and avoid label overlap. P1 = Beijing,
P2 = Shanghai, P3 = Guangzhou, P4 = Shenzhen, P5 = Hangzhou, P6 = Xi’an, P7 = Chengdu,
P8 = Chonggqing, P9 = Xiamen, and P10 = Sanya.

Figure 9 maps the indicators according to their global importance and average benefit-
aligned performance in order to identify improvement priorities.
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Figure 9. Importance-performance quadrant analysis.

6.4. Competitiveness Enhancement Pathways

The results suggest four pathways for improving inbound tourism competitiveness.

1.  First, destinations should build a digital and multilingual service loop. This loop
should cover pre-trip information, port arrival, urban transfer, attraction booking,
mobile payment, smart translation, emergency assistance, and complaint feedback.
For gateway cities, the priority is service refinement. For potential and resort cities, the
priority is to repair basic gaps in multilingual guidance, public transport connections,
risk alerts, and tourist consultation.

2. cultural resources should be transformed into cross-cultural experience products.
Historical and cultural cities should develop multilingual interpretation, immersive
routes, night cultural experiences, intangible heritage workshops, and city walks
designed for international visitors. Modern cities should highlight technology culture,
design culture, lifestyle scenes, and event-based tourism. The core task is not to
increase the number of attractions. It is to improve tourists’ understanding, participa-
tion, and memory of local culture.

3.  destinations should integrate safety assurance with risk communication. Safety de-
pends on public order, information transparency, emergency accessibility, and mul-
tilingual communication. Scenic areas, hotels, transport hubs, commercial districts,
hospitals, and online platforms should be linked through multilingual alerts, emer-
gency hotlines, medical support, insurance services, and rapid response to complaints.
This is especially important for coastal resort cities, mountain cities, and high-density
gateway cities.

4. green and low-carbon services should be connected with resilience governance.
Coastal resort cities should turn ecological advantages into green transport, green
hotels, low-carbon scenic areas, and eco-experience products. Gateway cities should
reduce congestion, carbon emissions, and complaint risk under high tourist den-
sity. Historical cities should balance heritage protection, visitor carrying capacity,
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Problem Input Layer Improvement Mechanism Layer

and low-carbon tourism. Through this pathway, inbound tourism competitiveness
can shift from traffic growth to service quality, low-carbon value, and long-term
trust. The integrated framework for translating diagnostic results into differentiated
competitiveness-enhancement paths is summarized in Figure 10.

Competitiveness Output
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TIFN-AHP-TOPSIS International Entry & Digital Inbound Tourist
Evaluation Results Service Empowerment (C11, C14, C15, C33) Satisfaction Enhancement
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Figure 10. Framework of competitiveness enhancement.

Policy measures should therefore be differentiated by city type. Shanghai can build
a digital inbound-tourism demonstration zone that integrates multilingual arrival ser-
vices, overseas payment, smart guidance, and complaint response. Beijing can strengthen
low-carbon visitor management and convert heritage resources into participatory cultural
routes. Hangzhou can link ecological quality with international digital cultural-tourism ser-
vices. Shenzhen can develop technology-culture and design-tourism narratives. Xi’an can
build an international cultural experience center that combines multilingual interpretation,
night routes, and heritage workshops. Sanya and Xiamen should prioritize route access,
emergency response, and green resort governance, while Chongqing should improve inter-
national reception standards, multilingual risk communication, and green-service visibility.

7. Conclusions

This study constructed a sustainability-oriented evaluation framework for inbound
tourism service quality and applied a TIFN-AHP-TOPSIS model to 10 representative
Chinese cities. The model integrates four dimensions: basic service provision, cultural
and experiential perception, safety and emergency response, and sustainable and resilient
development. It combines official statistics, public tourism information, a 500-record online-
review corpus, and seven expert evaluations. It also uses TIFNSs to retain uncertainty in
linguistic judgments.

The main contribution of this study is the integration of sustainability-oriented service-
quality diagnosis with an uncertainty-preserving TIFN-AHP-TOPSIS framework, which
allows inbound tourism competitiveness to be interpreted through access, experience,
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safety, digital service, ecological quality, and resilience rather than through aggregate
tourism resources alone.

The empirical results show clear tier differentiation. Shanghai, Beijing, and Hangzhou
form the leading tier. Shenzhen, Chengdu, Guangzhou, Sanya, and Xiamen form the
balanced tier. Xi’an and Chonggqing form the potential tier. Shanghai ranks first with
CCi =0.8639, followed by Beijing with CCi = 0.6617 and Hangzhou with CCi = 0.6137.
Sensitivity analysis shows that the rankings remain unchanged under risk-preference
coefficients of 0.3, 0.5, and 0.7, and the Spearman rank correlation coefficients are 1.000.
Entropy-weighted TOPSIS and grey relational TOPSIS comparisons also confirm that the
tier classification is stable. The leave-one-perception-indicator-out perturbation check
further shows that the tier classification is not driven by a single perception indicator.

The main contributions are as follows. First, inbound tourism service quality is con-
ceptualized as a compound capability shaped by transport access, accommodation, digital
services, cultural experience, safety governance, ecological quality, and resilience. Second,
the results show that resource endowment does not automatically become service com-
petitiveness; Xi’an has strong cultural resources, but still needs stronger service-chain
support. Third, ecological advantages require international access, multilingual services,
safety support, and green governance, as illustrated by Sanya and Xiamen. Fourth, the
TIFN-AHP-TOPSIS framework provides an interpretable method for ranking cities and
diagnosing service weaknesses, while entropy TOPSIS and grey relational TOPSIS compar-
isons confirm that the tier classification is robust.

This study also has limitations.

1.  the sample includes 10 representative Chinese cities, so the findings should be in-
terpreted as a city-comparison diagnosis rather than as a complete assessment of all
inbound tourism destinations in China.

2. although the 500-record online-review corpus improves traceability and contains
balanced Chinese- and English-language records for each city, platform bias may still
exist because the records come from Trip.com public reviews and Tripadvisor reviews
accessed through Trip.com.

3. equal expert weights were used because the seven experts met the same competence
criteria and their judgments showed high coordination, but future studies may com-
pare equal-weighted and profile-weighted expert aggregation when richer expert
background information is available. When future studies collect expert self-assessed
familiarity or authority coefficients, profile-weighted aggregation can be adopted as
an extension.

4.  the study uses a cross-sectional evaluation window and therefore cannot fully capture
the dynamic evolution of inbound tourism service quality over time. Future research
can expand the city sample, collect larger multilingual review datasets across more
platforms, and introduce longitudinal data for dynamic comparison.
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