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ABSTRACT
In recent years, research on tourism risks and public health safety has

emerged as one of the most pressing issues in the tourism industry.
This issue arose as a result of the unanticipated calamity that shook the
entire world, affecting several businesses, conspicuously the travel indus-
try, and causing nations throughout the world to experience severe and
catastrophic economic collapse. The multiple interwoven elements of
this industry, that is, the direct and indirect effects of the global outbreak
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on tourism, notably on opportunities for employment, gathered traction
in the interim. Considering this, our research intends to effectively deal
with the aforementioned difficulties by laying out sustainable policies
that can perhaps be utilized to mitigate risks in such unforeseen situa-
tions, which could be highly beneficial in the near future. In order to
achieve this goal, a knowledge-based fuzzy multi-criteria decision making
(MCDM) strategy was utilized to prioritize and enhance the important
networks within the travel industry. Furthermore, to deal with uncertain
information, a newly developed spherical fuzzy set was combined with
the analytical hierarchy process and weighted aggregated sum product
assessment to examine and evaluate the five different dimensions
considered.

Introduction

At a time when concerns about climate change, pollution and the overall sustainability of
contemporary forms of tourism were already prominent, travel demand dropped as a result of
the recent unprecedented outbreak. The high levels of infection and fear led to a decline in
both domestic and international travel, which in turn led to a domino effect that reduced the
number of jobs in the travel industry and also disrupted the economic output by lowering the
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total number of visitors (Miao et al., 2022). In order to stop the spread of the virus and preserve
lives, rapid closure of borders and planes were taken into action. This cataclysmic situation not
only had a significant detrimental effect on aviation but also on hospitality, shipping, travel
agencies, restaurants (Chang et al.,, 2022) and on the lives of people whose sole source of
livelihood was the travel sector (Gautam, 2023). Even the flow of medical workers and supplies
(Devi, 2020) to treat the infected patients were affected during this period. The countries that
were reliant on tourism for a significant portion of their economies (Khalid et al., 2021) were
also greatly disturbed by this disaster due to the severe declines in domestic and international
travel, undermining the viability of this industry.

According to study reports by the international travel and tourist council and the inimical
impact of this virus on people’s health care (Godovykh & Ridderstaat, 2020), 75 million individuals
worldwide were immediately at risk for losing their jobs. For instance, according to estimates
from the united nations world tourism organization, the abundant natural resources, hospitality,
culture, customs and ethnic diversity in India generated about 2.7% of the world’s tourism-related
gross domestic product and based on the third tourism satellite account, the travel sector con-
tributed 5.2% of the nation’s gross domestic product and 12.4% of all jobs. But the gross domestic
product loss from tourism turned out to be $2.1 trillion in 2020 worldwide. This staggering loss
of one million jobs per day in this sector is another projection made by world travel and tourism
council (Yang et al., 2021). These details made it clear how the direct and indirect shares play
a significant role in the economic sectors of the expanding demand for tourism (Xiang et al., 2020).

Guan-dong Province faced a similar risky situation in 2004 as with the pandemic. The province
faced a severe SARS outbreak, which threatened to spread to other parts of the country. The
government of the province took immediate steps to contain the spread of the virus, including
quarantining people who had been exposed to the virus and limiting the movement of indi-
viduals. Later, Pine and McKercher (2004) examined and studied the economic performance of
the nations in three different periods namely, prior, during and following the outbreak and
found that the nation’s economy had experienced a severe decline. Subsequently, Mao et al.
(2010) determined that the SARS outbreak had a large and enduring impact on the region’s
economic performance by analyzing recovery trends using a catastrophic cusp model.

Therefore, it is essential for policymakers to evaluate the pandemic’s economic effects in real
time to support programs for restoring and strengthening household livelihoods (Estiri et al.,
2022). It was also necessary to prioritize a concerted and coordinated recovery to ensure the
survival of the economy as well as the lives of several people. Pertinent advancements, tactics
and measures are some of the active tourist policies for a swift recuperation of this industry.
Sheller (2021) offered the theoretical concept of mobility justice as a way to think about the
difficulty of sustainability transitions in the context of tourism mobilities, and disaster response.
The announcement of progressive unlocking, severe protective standards for restarting productive
operations were also put in place to guarantee the populace’s safety (Estiri et al., 2022).

Sustainable tourism

Transforming conventional tourism into sustainable tourism implements long-term policies to
address unforeseen problems. Tourism must take into account all its historical, current and
potential economic, social and environmental impacts. Tourism is a controversial approach to
sustainable development because it can negatively impact ecosystems and, occasionally, reinforce
anthropocentric power. Discussions of overt efforts to position tourism as a specific activity
separate from sustainable tourism development are key achievements in the bottom-up approach
to development (Sharpley, 2020). A social innovation-centered approach to sustainable devel-
opment offers a cross-cultural development agenda and critical institutions (Thomsen et al,,
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2020). This becomes narrower in their focus when they advocate for the inclusion and protection
of rights within recipient cultures’ social norms (Thomsen et al.,, 2021) and development pro-
cesses (Wang et al., 2022). However, a research study is needed to assess the financial disparity
and health-related policy measures in sustainable tourism.

In order to forecast how the tourism industry would regain its pre-pandemic setting
through policy interventions, the national council of applied economic research documented
the economic losses caused by the changes experienced throughout the pandemic as well
as the likely recovery phases of the sector after the pandemic. Furthermore, scientific sectors
like healthcare and medicine began to employ social network analysis techniques and com-
munity discovery algorithms in order to regain their lost status (Rostami et al.,, 2023).
Additionally, a survey of the opinions of numerous researchers results that, we also fail to
consider the tourist industry’s sustainability. Because sustainable development modifies the
social constructions that exist between social interactions and socio-technical systems
(Bramwell et al., 2017), its primary goals are to encourage community involvement and
capacity building. Efforts to address socioeconomic and ecological situations while improving
both human and nonhuman species’ quality of life are made through global sustainable
development programs like the United Nations sustainable development goals (Copeland,
2020; Thomsen & Thomsen, 2021).

Literature review

Applications from various fields of study use fuzzy multi-criteria decision making (MCDM) in
evaluating criteria and select optimal alternatives since the fuzzy MCDM technique blends
fuzzy set theory and MCDM methods (Wu et al., 2009). In the MCDM process, there are several
subjective approaches (Sahoo et al., 2016), for example, the flexible multi-stage hierarchical
structure developed by Saaty (1988) named as analytic hierarchy process assesses the consis-
tency of the judgments (Vaidya & Kumar, 2006). MCDM was even able to tackle difficulties
that were complicated in nature, as well as when the systems were inconsistent due to a lack
of information or in circumstances where there was presence of more than ten criteria (Liou
& Tzeng, 2012). Therefore, the inclusion of fuzzy sets with MCDM assists to resolve its inability
to handle uncertainty by managing with such ambiguous situations through fuzzy character-
istics (Lai, 1995).

To this retrospective day, a lot of researchers are becoming interested in the topic of
MCDM, particularly in operation research. Factors such as technological, economic, ecological,
social, geographical are being studied with the limitations in MCDM (Narayanamoorthy et al.,
2022). In general, high-dimensional data are produced as a result of improvements in data
collection techniques, leads to the “curse of dimensionality” (Sheikhpour et al., 2023). In
most of the previous studies, accuracy, accessibility, effectiveness and sustainability were
the attribute that were usually being employed in the fuzzy analytical hierarchy process
technique (Dhingra et al., 2022). This technique was used frequently to identify, compare
the effectiveness and reduce the difficulties while determining the weights of the attributes
(Kabir et al., 2022). Kabir et al. (2022) produced a propagation neural network-based model
for the evaluation of safety and risk by finding criterion index values employing fuzzy MCDM
techniques.

Until now, numerous techniques have been established for ranking the alternatives based
on various kinds of approaches, such as the distance-based method, utility theory, the outranking
strategy, etc. In our work, we employed the weighted aggregated sum product assessment
technique, which was found to be a synthesis of the weighted sum model (Chourabi et al.,
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2019) and the weighted product model (Mulliner et al.,, 2016) methods. In comparison to
weighted sum model and weighted product model, weighted aggregated sum product assess-
ment method was proven to be more effective in providing solutions as it incorporates a simple
mathematical strategy. Table 1 examines some tourism-related research developed with MCDM
techniques. Table 2 displays recent studies on the weighted aggregated sum product assessment
technique in the MCDM field. The nomenclature is presented in Table 3.

Reasons for undertaking this study

A comprehensive description of the way the tourism sector will operate in risky situations like
the 2019 pandemic has not yet been concisely found in any studies. There is not much infor-
mation available on effects of the pandemic shock on lives that were fully dependent on the
tourism industry. Quantification of the direct and indirect effects of tourism-related activities
on various sectors of the economy, particularly household income is not clearly provided in
literature. There has been no contrast or detailed study of how tourism was functioning during
the three time periods, namely, pre-pandemic, pandemic and post-pandemic. The use of more
sophisticated, sustainable and environmentally friendly approaches in the tourism sector is not
readily apparent. Studies on how elements and aspects affect the management and implemen-
tation of sustainable tourism policies were lacking, despite the fact that this industry should
continually be aware of the factors that need to be prioritized to properly manage such risk.
As far as we are aware, there has been no study that utilized spherical fuzzy set, analytical
hierarchy process and weighted aggregated sum product assessment methodologies in the
tourist business to offer a fresh, consistent technique of decision-making analysis on issues
relating to tourism that would be very useful to decision-makers for risk preparedness. To
determine which factors are crucial for developing sustainable policies that will prevent uncer-
tainty in the tourist sector is unclear.

Contribution and novelty

Therefore, this article aims to examine dimensions in three different contexts: (a) prepandemic
- to comprehend how the factors function (Pine & McKercher, 2004); (b) pandemic - to identify
the factors that were affected and their significance (Wang et al., 2022); and (c) post-pandemic
- to investigate the factors that should be prioritized for sustainability (Miao et al., 2022). This
was done since tourism must take into account all its historical, current and potential economic,
social and environmental impacts. A hybrid MCDM problem was constructed and put into action
using a total of five dimensions and eighteen associated criteria. A unique knowledge-based
hybrid fuzzy MCDM technique was utilized to manage dependent relationships among the various
criteria in fuzzy environment. The goal of the MCDM problem was to help the decision-maker
decide which dimension is the most important based on the characteristics of the criteria. The
analytic hierarchy process technique is an effective tool for solving decision-making difficulties,
due to its benefits, such as its simplicity of use and capacity to concurrently examine benefit
and cost criteria. Analytic hierarchy process makes things easier to grasp by demonstrating
weighing using pairwise comparisons, in addition to being a strategy that may be used to sim-
plify even complicated situations. Analytic hierarchy process also does sensitivity analyses and
enables the decision-maker to gauge the consistency of their choices (Toksari & Toksari, 2011).
The weighted aggregated sum product assessment approach is used to analyze the many dimen-
sions taken into consideration (Deveci et al., 2018; Xiong et al., 2020). The data values in the
decision matrix were filled using a newly advancing fuzzy set dubbed spherical fuzzy set since
it can manage the data uncertainty and its vagueness at several levels. The assessment model
was designed based on expert opinion and real-world performance.
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Author

Model/Method

Description

Nguyen et al. (2020)
Khalid et al. (2021)

Yeh (2021)

Ghosh and Bhattacharya (2022)

Shabani et al. (2022)
Wang et al. (2022)

Khajiyan Sheini Pour and
Hemati (2022)

Grey DEMATEL
CESI

SPSS Modeler

BMW + FTOPSIS
CGE Model

FAHP +FVIKOR

MEREC + Grey CoCoSo

Explored the sustainable indices to gauge the
unemployment issue

The magnitude of the tourism industry is a strong predictor
of monetary and fiscal responses to the outbreak

Qualitative study approach was investigated at the Tourism
Crises and Disaster Disaster Management in the context
of the current crises

Examined COVID-19's effects on the tourism and hospitality
sectors’ financial performance

Builded up a framework for assessing Tehran's public
transportation system in the face of the Corona outbreak

In the midst of a pandemic, many policies pertaining to
public health were evaluated

Examined the outcomes of various marketing initiatives for
hotels in tourism

Table 2. Literature survey of WASPAS method.

Author

Application

Description

Pamucar et al. (2022)

Al-Barakati et al. (2022)

Masoomi et al. (2022)

Thanh and Lan (2022)

Aytekin et al. (2022)

Alrasheedi et al. (2022)

Site selection for automobile

industry
Renewable energy source
selection

Supplier selection

Location selection

Firm selection

Sustainable manufacturers
selection

Proposed integrated fuzzy-based WASPAS model in a
real-world case study.

Using new similarity metrics, an expanded interval-valued
pythagorean fuzzy WASPAS approach used and found
optimal solution.

A strategic supplier selection process with characteristics
weighting and ranking determined by an unified WASPAS
methods.

In order to pick the best location, a fuzzy AHP model, and
the WASPAS method been utilized well.

An integrated fermatean fuzzy entropy and WASPAS approach
utilized to evaluate the pharmaceutical distribution and
storage company selection.

Evaluating sustainable manufacturing enterprises by
employing multi-method integrated WASPAS technique.

Table 3. Nomenclature.

AHP Analytic Hierarchy Process

BWM Best-Worst Method

CESI COVID-19 Economic Stimulus Index

CGE Computable General Equilibrium

CoCoSo COmbined COmpromise SOlution

DEMATEL DEcision-MAking Trial and Evaluation Laboratory

IPA Importance-Performance Analysis

MCDM Multi-Criteria Decision Making

MEREC MEthod based on the Removal Effects of Criteria

PiFS Picture Fuzzy Set

SPSS Statistical Package for the Social Sciences

TOPSIS Technique for Order of Preference by Similarity to Ideal Solution
VIKOR VlseKriterijjumska Optimizacija | Kompromisno Resenje
WASPAS Weighted Aggregated Sum Product Assessment
Methodology

The conceptual framework for the initiative to improve tourist policy is presented in Figure 1.
After extensive research, a total of eighteen criteria were found in the literature, including green
and clean environment, natural resources, ecology, eco-disaster, innovation, digital advancement,
infrastructure, humanities, information exchange, human resources, law and amendment, local



6 D. KANG ET AL.

development, policy implementation, global marketing, household subsidies and stability assur-
ance, sophisticated transportation network, safety and security and pandemic measures. These
criteria have all been grouped into five dimensions: ecotourism resources, sustainable industries,
social influence, economic influence and safe and secure environment. These characteristics are
briefly described in Table 4. The data’s for our research has entirely been taken from the review
of literature. A fusion of analytical hierarchy process and weighted aggregated sum product
assessment method under spherical fuzzy environment was used in this investigation.

Analytical hierarchy process was used to determine and investigate the impact and applica-
bility of each criterion while weighted aggregated sum product assessment was used to examine
the impact of tourist policies on the natural world and human civilization. Both the decision
matrix and the pairwise comparison matrix are built using the spherical fuzzy linguistic prefer-
ence scale (Table 5). Numerous writers have analyzed the theoretical and practical efficacy of
the analytical hierarchy process and weighted aggregated sum product assessment method
(Cheung et al., 2002), with the debate concentrating on four key topics: the axiomatic basis,
the proper interpretation of priorities, the 9-point measuring scale and the ranking difficulty.
However, for three-level hierarchical systems at least, the majority of the issues in these areas
have been partially overcome (Chen et al.,, 2011). We have no additional suggestions for that
conversation. Instead, the primary goal of this article is to provide a new method for the tourist
management and policy-making sectors to address ambiguity and imprecision.

Spherical fuzzy set

Let R denote an Universal set, then a spherical fuzzy set on R is defined as:

J=(w,(a,(®),B,(0),7,(®)| o cR) (M

where a,(0): R/ —[0,1], B,(w): R —[0,1] and y,(@): R —[0,1] signifies the membership, neutral and
non-membership of w to J, respectively, having the condition 0 <(a,(®))* +(B,(®))* +(y,(w))* <1.

Figure 1. Conceptual framework.
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Table 4. Tourism policy dimensions and criteria for periodic assessment.

Periods Dimensions Criteria Explanation Cite code
Pre-pandemic  Eco-tourism C11 - Green and clean Creation of healthy and clean Wangzhou et al. (2023)
resources environment atmosphere
C12 - Natural resources Conserving, protecting and Xiang et al. (2020)

maintaining of natural resources
while responding to tourism
needs
C13 - Ecology Ecological maintenance and its Heshmati et al. (2022)
training to ensure the tourism
development

C14 - Eco-disaster Establishment of environmental Chang et al. (2022)
reduction disasters reducing strategy
Sustainable C21 - Innovation Merging the cultural and creative  Giotis and
industries elements Papadionysiou (2022)
C22 - Digital Implementation of contemporary ~ Popkova et al. (2022)
advancement techniques and leveraging
virtual reality
Pandemic (23 - Industrial Up-gradation of auxiliary and Broo et al. (2022)
infrastructure supportive systems, equipment,
and facilities
Social influence C31 - Humanities Enhancement of the standard on Hansen et al. (2023)

humanities, resources, events
and amenities

C32 - Information Enhancement of information Cong and Nam (2022)
exchange exchange to improve
understanding between natives
and visitors
(33 - Human resources Enhancement of the efficacy of ?
human resources
C34 - Local Reinvigorate rural development Gautam (2023)

development
(35 - Law amendment Reformulation of the law to reflect Widiatedja and

global trends Suyatna (2022)
Post-pandemic C36 — Policy Endorsement of the planned Niavis et al. (2022)
implementation implementation of the policy
Economic C41 - Global marketing Usage of strategic marketing to Kilipiri et al. (2023)
influence compete on the global stage
C42 - Household Offering domestic assistance and Estiri et al. (2022)
subsidies and guarantees of stability during
stability assurance unanticipated turbulence
Safety and C51 - Sophisticated Increasing the efficiency and safety Jamaluddin and
security transport network of the transport network to Rahmat (2023)
enable it to reach all
destination
C52 - Pandemic Efficient medical assistance and Miao et al. (2022)
measures pandemic preparedness actions
(53 - Safety and Effective law enforcement to Jiménez-Medina
security protect residents’ safety and the et al. (2022)
security of visitors with health
concern
Basic operations on spherical fuzzy set
let J, = (O‘jAfﬁjArVﬁA) and J, = (aJBIﬂJBr%B)
1. Addition
~ 2 2 2 2 2\,2 2\,2 2,2
In®T, = <\/a3A tag, —0,05, B B, '\/(1_0‘35 )yﬂA +(1 —as, )7% ~3,73,) (2)

2. Multiplication
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Table 5. Spherical fuzzy comparison linguistic 9-point scale.

Linguistic terms Score index SF scale
Absolutely high preferred 9 (0.9,0.1,0.1)
Very highly preferred 7 (0.8,0.2,0.1)
Highly preferred 5 (0.7,0.3,0.2)
Slightly more preferred 3 (0.6,0.4,0.3)
Equally preferred 1 (0.5,0.6,0.4)
Slightly low preferred 1/3 (0.4,0.7,0.3)
Low preferred 1/5 (0.3,0.8,0.2)
Very low preferred 1/7 (0.2,0.9,0.1)
Absolutely low preferred 1/9 (0.1,0.9,0.1)
~ ~ 2 2 2 p2 2,2 2,2 2,2
Ja ® Jg = <063Aa35 ’\/lBJA + ﬁjg - ﬁjA ﬁjB ,\/(1 - ﬂJB )73,, + (1 - :BsA )735 ~V3,73, ) 3)

3. Scalar Multiplication ¢, ({>0)

¢3=1=(1=c2, | (8, ) (1=, ) ~(1-a2, =72 ) @

4. Exponent of J, (, where {>0)

(jA)g :<(“3A )C '\/1_(1_ﬁ32A )g r\/(1—ﬂ32A )C —(1—532A ~73, )g> (5)

Score function for spherical fuzzy set (Toksari and Toksari, 2011)

1
Score (JA)=§(2+053A —Bs,-73,)

A

Algorithm for finding the criteria weights

As we seen in literature study about analytic hierarchy process, the decision problem is struc-
tured hierarchically with finite number of elements at different levels as in Figure 1. Analytic
hierarchy process is used to decompose intricate decisions into a series of pairwise comparison
matrix (PCM). The final pairwise comparison matrix can be structured as:

X

1 X]Z n
X=| : .
X

X 1

nl n2

Step 1: Substitute the spherical fuzzy 9-point preference values for the respective compared score indexes
and evaluate the score values.

Step 2: Each scored pairwise comparison matrix elements should be divided by the sum of the columns
to normalize the matrix.

Step 3: Calculating the criteria weights by averaging row-wise elements of the normalized matrix.

Step 4: Considering the weight of each criterion, the components of the weighted sum vector are divided
into groups. The average of the variables is then determined and represented by A
Step 5: The consistency index CI of the # alternatives can be obtained by:

max*

CI=(A

‘max

-n)/(n-1)
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Step 6: The random index (RI) values can be fixed as in Table 6 and determine the consistency ratio,
CR=CI/RIL IfCI/RI<0.1, the degree of consistency is acceptable otherwise (Gautam & Kumar, 2021).

Algorithm for attributes ranking evaluation

The weight-dependent alternative ranking method weighted aggregated sum product assessment
being improved with spherical fuzzy set preferences from Table 5. Accuracy of the integrated
weighted aggregated sum product assessment model is higher than weighted sum model and
weighted product model. The basic steps of the weighted aggregated sum product assessment
method can be given as follows:

Step i: Constructing the decision matrix G by an expert, as follows:

gH 912 R g1n
921 gZZ e an

G= [Gij}mxn B o 6)
gm1 gmz R gmn

where G; denotes the performance value of ith dimension on j™ criterion assigned by the
professional, 1<i<m, 1<j<n.

Step ii: Normalization of the decision matrix carries through two cases based on cost and beneficial
category of the attributes by using,

G,j @ max; {(G,.j} forbeneficialcriteria
min, {Gij}® G,.j forcostcriteria

Step iii: The performance of the alternatives is computed as weighted sum model approach using,
SV =3C,w, (@)
j=1

where w; stands for analytic hierarchy process criterion weights.
Step iv: Evaluate the performance characteristics of the alternatives as weighted product model approach
using,

¥ =T1(E,)" (9)

ja
Step v: The final utility function values (S;) represent the postures of alternatives in a broad ranking and
is calculated by adding the variety of data derived by Equations (8) and (9),

S, =AS!" +(1-1)s? (10)

where A is a parameter with values ranging from 0 to 1.

Table 6. RI values.

n RI n RI

4 0.900 12 1.480
6 1.240 14 1.570
8 1.410 16 1.605

10 1.490 18 1.615
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Step vi: Arrange the derived S, values in descending order to determine the final rankings of the alterna-
tives.

Results and discussion

The estimated consequences on several aspects of the tourism-related activities are described.
For three eras, the independent decision matrix has been built by the expert. Additionally, the
method of data accumulation and its specifics are presented.

Annotation of data

For our research, the hybrid MCDM technique requires data in two distinct formats for each
period: First, a pair-wise comparison matrix of the criteria and secondly, a decision matrix cre-
ated by comparing all of the criteria to all possible alternatives. For this reason, a thorough
literature review was undertaken to determine the significance of each component, its influence
on the tourist business, and the status of criteria in each dimension. Here, the comparison value
between each criterion was taken from the linguistic scale presented in Table 5 and the respec-
tive score indexes for all the three periods are shown in Tables 7-9. The values from these
preference tables are taken as the input values for the analytic hierarchy process technique.
Similarly, the decision matrix for the three distinct periods is presented in Tables 10-12. These
data in these matrices are further analyzed using the weighted aggregated sum product assess-
ment techniques for finding which dimension required more attention for risk preparedness.

Mathematical evaluation

The score indexes of the spherical fuzzy linguistic scale were used as input values for the pair-
wise comparison matrix to derive the most accurate weights of the criterion. This 9-point
spherical fuzzy scale was useful to deal with the decision environment’s inherent complexity,
imperfect knowledge, and ambiguity. The spherical fuzzy number was calculated to a single
real number using the scoring function. The matrices were then normalized in step 2, and step
3 was used to compute the criteria weights. The computation of this analytic hierarchy process
approach was done using Microsoft Excel software. Steps 4 and 5 were used for checking the

Table 7. PCM for pre-pandemic era.
c11 12 C13 C14 (C21 (C22 (23 (31 (€32 (33 (34 (35 (@36 (41 (€42 C51 €52 G553

(@) 1 1/3 5 5 7 5 5 7 7 7 9 9 9 3 9 3 9 3

12 3 1 5 5 7 5 5 7 7 7 9 9 9 3 9 3 9 3

a3 15 1/5 1 5 5 5 5 7 7 7 7 9 9 1/5 9 5 9 1/7
a4 15 15 1/5 1 5 3 3 5 5 7 7 7 9 1/5 9 5 9 1/7
v 17 17 15 1/5 1 173 173 5 5 7 7 7 9 1/5 9 1/5 9 1/7
Q2 15 15 15 173 3 1 1/3 5 5 7 7 7 9 1/5 9 1/5 9 1/7
3 15 15 15 173 3 3 1 5 5 7 7 7 9 1/5 9 1/3 9 1/7
(G2 I /2N VA VA VE R VR VR V) 1 5 5 7 7 9 1/5 9 1/3 9 1/7
a2 17 w7 w75 15 150 150 145 1 5 5 7 7 1/5 9 1/3 9 1/7
(G- I V2N VA VA VA VA VA VA VR V6 1 5 7 7 1/5 9 1/3 9 1/7
a4 19 19 v7oovy7roovy7oov7 o vy7 o 17 150 1/5 1 5 7 1/5 7 1/3 9 1/7
as 19 19 9 v7oovy7r o ov7oovy7 17 17 17 1/5 1 5 1/5 7 1/3 9 1/7
ae 19 19 19 19 19 19 19 w9 17 17 17 1/5 1 1/3 5 1/3 7 1/7
41 173 173 5 5 5 5 5 5 5 5 5 5 3 1 5 3 7 1/3
c42 19 19 19 19 19 19 19 19 19 19 7 17 15 1/5 1 1/3 5 1/5
aGr 13 13 15 /5 5 5 3 2 3 3 3 3 3 1/3 3 1 5 1/3
a2 19 19 19 19 1v9 19 19 19 1/9 19 19 v 7 17 15 1/5 1 1/3
a3 13 173 7 7 7 7 7 7 7 7 7 7 7 3 5 3 3 1
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Table 8. PCM for pandemic era.
a1 a2 a3 a4 21 22 (23 (31 (@32 (33 (34 (35 (@36 (41 (42 (51 (G52 (53

cn 1 3 5 7 9 5 7 3 3 5 7 9 5 3 9 5 173 173
a2 173 1 3 9 5 3 5 3 5 7 9 3 7 5 3 7 179 1/5
a3 15 173 1 7 3 5 5 7 7 5 9 3 5 5 3 5 /5 1/7
a4 17 19 177 1 7 3 3 5 3 9 5 7 3 3 7 9 173 1/9
Qo195 13 77 1 5 9 3 5 7 5 3 5 9 3 3 15 1/5
2 15 13 1/5 13 1/5 1 5 7 3 5 3 3 5 7 5 3 173 1/7
@3 w7 15 15 13 19 1/5 1 5 5 3 9 5 7 5 9 5 15 173
(€3 I VT V- R VA VE R VE R VYA V) 1 7 5 9 3 5 7 3 5 177 173
a2 13 s vy7o 3 15 13 1/5 0 177 1 7 5 5 3 5 7 3 179 1/5
(€1 R VT VA VAT VI R VA VR VA T VR Vo4 1 3 9 7 5 5 7 173 1/7
a4 7 1/9 19 15 15 13 1/9 19 15 173 1 7 5 3 9 5 /7 1/9
(O o L A VN U T VA VT VO VR VE R VO VA VY 1 9 7 5 3 1/5 1/5
Ge 15 17 15 3 ys oys5 oy7 1/5 13 v7 150 1/9 1 5 3 7 173 173
¢ 13 s o539 w715 7o s 15 13 170 175 1 7 9 /7 1/9
L€ R V- T VO VA V- R VT VR VE T VYA VE T VR VE R VE A V4 1 5 15 1/5
agroos vy oovys o9 13 315 s 13 7 5 13 7 1/9 /5 1 5 1/7
(52 3 9 5 3 5 3 5 7 9 3 7 5 3 7 5 1/5 1 1/5
53 3 5 7 9 5 7 3 3 5 7 9 5 3 9 5 7 5 1

Table 9. PCM for post-pandemic era.
11 12 13 14 21 (22 (€23 (@31 (€32 (33 (34 (35 (36 (€41 (42 G517 (G52 (53

(@) 1 3 7333 3 9 9 3 5 9 5 5 5 7 7 3 7 13 1/5
a2 13 1 7 1/3 7 9 3 3 9 5 5 5 5 7 3 7 /7 1/9
a3 v7 o 7 1 1/7 5 7 7 15 9 15 13 1/3 1/3 3 1/5 3 179 1/9
14 173 3 7 1 7 9 3 3 9 3 5 5 5 7 3 7 173 1/5
v 19 vy7oo5 0 1/7 1 3 7 7 5 s 15 15 13 13 17 13 1/9  1/9
Q2 19 19 w7 19 1/3 1 7 7 3 5 15 15 13 13 17 13 19 1/9
3 13 173 7 1/3 7 7 1 3 7 3 5 5 5 7 3 7 15 177
a1t 15 173 5 1/3 7 7 1/3 1 9 3 3 5 5 7 1/3 7 15 1/7
a2 19 vy 19 1/9 15 13 1/71/9 1 s 15 15 13 13 17 13 17 1/9
a3 15 15 5 1/3 5 5 173 173 5 1 3 3 5 5 1/3 7 15 1/7
G4 15 15 3 1/5 5 5 15 1/3 5 1/3 1 3 5 7 1/3 9 15 177
a5 15 15 3 1/5 5 5 1/5 1/5 5 173 1/3 1 3 5 1/3 7 15 1/7
a6  1/7 1/5 3 1/5 3 3 15 1/5 3 15 1/5 1/3 1 3 1/3 5 15 177
(€ N VYA VA VE R Vi 3 3 7 7 3 15 17 1/5 1/3 1 1/3 3 15 1/7
42 13 173 5 1/3 7 7 1/3 3 7 3 3 3 3 3 1 3 13 1/5
(€3 I VYA VA VE R Vi 3 3 7 7 3 v7 19 17 /5 1/3 173 1 173 1/5
52 3 7 9 3 9 9 5 5 7 5 5 5 5 5 3 3 1 1/3
53 5 9 9 5 9 9 7 7 9 7 7 7 7 7 5 5 3 1

Table 10. DM for pre-pandemic era.
C11 12 C13 C14 C21 (€22 (€23 (31 (€32 (33 (34 (35 (36 (41 (42 C51 (€52 Gs53

Eco-tourism 9 7 9 17 3 9 9 1 3 1 7 5 9 1 1 13 5 9
resources
Sustainable 7 3 5 15 7 9 9 173 1 7 5 5 9 9 1 3 7 7

industry

Social 5 9 7 1/7 5 7 5 9 9 9 9 9 5 7 9 7 7 9
influence

Economic 7 5 5 1/3 9 5 9 5 1/3 9 7 7 5 9 9 9 7 7
influences

Safety and 9 7 1 15 9 9 7 5 1 7 9 9 7 5 5 5 7 7
security

consistency and stability of the matrices. Table 13 shows the final weights of all eighteen criteria.
Furthermore, the weighted aggregated sum product assessment evaluation was simulated using
MATLAB Ra2020 to estimate the final results shown in Table 14. Through the following subsec-
tions, the findings of the three eras are discussed.
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Table 11. DM for pandemic era.
11 C12 13 C14 (21 (22 (€23 (31 (32 (33 (34 (35 (36 (41 (42 C51 (52 (53

Eco-tourism 5 9 7 15 5 7 5 1 5 3 5 7 7 9 1 3 7 9
resources
Sustainable 5 3 9 7 9 7 7 15 7 7 1 7 9 7 5 5 9 7

industry
Social 3 5 5 15 7 9 7 7 9 7 9 9 5 1 5 7 9 7
influence
Economic 5 5 1 13 5 5 1 7 1 3 7 5 9 9 9 7 5 9
influences

Safety and 7 7 5 15 7 9 9 5 1 9 9 7 7 1 9 9 5 9
security

Table 12. DM for post-pandemic era.
C11 12 C13 C14 C21 (€22 (C23 (31 (€32 (33 (34 (35 (36 (41 (42 C51 (€52 Gs53

Eco-tourism 9 9 9 13 7 5 7 1T 3 5 1 5 9 5 5 9 3 9
resources
Sustainable 5 5 9 15 9 9 9 13 3 3 7 1 7 9 1 7 7 5

industry

Social 7 3 5 1/7 5 7 5 7 9 9 1 1 3 3 9 5 7 9
influence

Economic 3 5 3 1/5 7 5 5 9 1 5 9 7 9 9 7 1 5 7
influences

Safety and 7 7 1 15 5 9 9 5 5 9 9 7 7 5 9 9 9 9
security

Table 13. Spherical fuzzy — AHP weights of attributes.

Criteria Pre-pandemic Pandemic Post-pandemic
cn 0.0711 0.0677 0.0683
C12 0.0723 0.0637 0.0639
13 0.0657 0.0622 0.0485
C14 0.0615 0.0591 0.0653
C21 0.0557 0.0579 0.0432
22 0.0573 0.0557 0.0416
€23 0.0584 0.0560 0.0622
31 0.0534 0.0534 0.0593
32 0.0513 0.0517 0.0406
33 0.0491 0.0508 0.0557
C34 0.0464 0.0476 0.0546
35 0.0442 0.0482 0.0523
C36 0.0416 0.0461 0.0488
41 0.0635 0.0450 0.0456
42 0.0396 0.0428 0.0579
51 0.0613 0.0435 0.0447
C52 0.0379 0.0665 0.0698
53 0.0698 0.0821 0.0778

Table 14. Spherical fuzzy — WASPAS utility values of dimensions.

Dimensions Pre-pandemic Pandemic Post-pandemic
Eco-tourism resources 0.8446 0.8296 0.8596
Sustainable industry 0.8171 0.8008 0.8110
Social indulgence 0.8810 0.8911 0.8341
Economic influences 0.8833 0.8240 0.8504
Safety and security 0.8822 0.9514 0.9134

Following the pandemic losses, it was essential to create a sustainable tourist business with
the correct emphasis and advancements in tourism aspects to manage unpredictability and for
risk preparedness in near future. The impact of the pandemic on pre-pandemic is depicted in
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Figure 2. Comparison of criteria weights from different periods.

Figure 3. Comparison of dimensions ranking using WASPAS net ranking values.

the comparison graph (Figure 2), which also looks at weak point that needs to be strengthened.
In this approach, post-pandemic examination of tourist factors with consideration of pandemic
results shows that most of the elements are becoming more important than they were in the
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pre-pandemic condition. When establishing policy, it was important to give high priority to
disaster prevention, household subsidies, local development, policy execution, infrastructure
improvements, and legal modifications. Furthermore, compared to the pandemic scenario (Figure
3), economic impacts, eco-tourism resources and sustainable industries characteristics led in an
increase in the significance of post-pandemic policy to prevent disasters, household suffering,
and uncertain failures.

Since these results are reliable, these potent network interactions not only gave policymakers
clever ideas for tourism policies, but they also made it easy to identify and address flawed or
overlooked criteria, unfulfilled dimensions and low priority factors, which improves the chal-
lenging sustainability criteria. Because before executing projects or adjustments in the tourist
sectors, multi-perspective analysis with clear outputs should assist the authorities in overcoming
obstacles and making potential decisions/policies with thorough understanding. Moreover, our
suggested spherical fuzzy - analytic hierarchy process - weighted aggregated sum product
assessment technique has benefits over traditional methods such as computational simplicity,
consistency of findings, realistic criterion priority, management of unclear or imprecise data and
significant resistance to alternative rank reversal in any decision-making problems.

Nations have fought for economic stability with an array of regulations, policies and initiatives
in an effort to prevent severe harm as a result of the economic downturn brought on by the
pandemic. By 2024-2025, the tourist economy is predicted to return to its pre-pandemic level
in terms of tourism spending, mostly propelled by domestic travel. By encouraging residents
to travel domestically instead of abroad and focusing incentives on the companies that con-
tribute the most to the tourism industry, the government started to promote domestic travel.
In order to advance the tourism industry, some recommendations have also been made. These
include the following: (1) Ensuring protocols, safety and security; (2) Strong tourism recovery
plans; (3) Tax benefits, subsidies and incentives for households in the tourism sector; (4) Clean
and healthy environment maintenance; (5) Digitization and technological innovation, and so
forth. Also, these actions may be used to target the following aspects of India’s new normal
tourism: (1) Sustainable tourism; (2) Social welfare toward a larger purpose; (3) Climate change
mitigation; and (4) Involving local people. Promoting the components of our research’s findings
can offer a chance to grow the sustainable tourism sector from a fresh angle that would satisfy
the demands of the new normal or the new economic order by either enhancing or resolving
the problems.

Conclusion

Spherical fuzzy information was crucial to this study’s inclusion since it gives the expert a
bigger working area within which to operate given their particular qualities. The aforemen-
tioned set along with the showed their effectiveness in finding the relative weights of the
qualities, while weighted aggregated sum product assessment was helpful in indicating the
crucial dimension that needed to be concentrated on and further enhanced. The 18 criteria
that go along with the five dimensions form a network that were dependent on and impacted
by one another. In the post-pandemic period, it has been discovered that safety and security,
a green and clean environment, policy execution, international marketing, pandemic measures,
household subsidies and technological progress are more successful at influencing the other
factors.

The evaluation of the attributes and the data acquired based on a literature review on tour-
ism policy and its execution greatly helped to solve this issue. This MCDM framework and the
related study demonstrated the significance of evaluating factors that are based in nature, such
as the environmental, economic and social attractiveness and recreational value of tourism
resources. Furthermore, decision-making geared at the industry’s long-term development was
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illustrated by the expansion of tourist management research. This provides strong quantitative
and qualitative support for improvement for business professionals, policymakers, authorities
and the government. In the future, if we are to face such kind of risky outbreaks, this study
will provide a concise understanding of which factors to focus for the sustainable growth of
the tourist sector.

Given that this framework has certain drawbacks as well, it is critical to expand simple com-
putational techniques to meet the demands of varying MCDM issues. Stratified target analysis
should be added to this method in further studies to examine the likelihood of achieving
futuristic policy objectives. To learn about the consistency of the suggested MCDM approach,
experiments including more challenging assessment issues or massive dimensional problems
should be conducted.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by a National Research Foundation (NRF) of Korea grant funded by the Korean Government
(MSIT) Grant NRF-2022R1C1C1006671.

ORCID

Ali Ahmadian http://orcid.org/0000-0002-0106-7050

References

Al-Barakati, A., Mishra, A. R, Mardani, A., & Rani, P. (2022). An extended interval-valued pythagorean fuzzy WASPAS
method based on new similarity measures to evaluate the renewable energy sources. Applied Soft Computing,
120, 108689. https://doi.org/10.1016/j.as0c.2022.108689

Alrasheedi, M., Mardani, A., Mishra, A. R., Rani, P, & Loganathan, N. (2022). An extended framework to evaluate
sustainable suppliers in manufacturing companies using a new Pythagorean fuzzy entropy-SWARA-WASPAS
decision-making approach. Journal of Enterprise Information Management, 35(2), 333-357. https://doi.org/10.1108/
JEIM-07-2020-0263

Aytekin, A., Gérciin, O. F, Ecer, F, Pamucar, D., & Karamasa, C. (2022). Evaluation of the pharmaceutical distribu-
tion and warehousing companies through an integrated fermatean fuzzy entropy-WASPAS approach. Kybernetes,
52(11), 5561-5592. https://doi.org/10.1108/K-04-2022-0508

Bramwell, B., Higham, J., Lane, B., & Miller, G. (2017). Twenty-five years of sustainable tourism and the journal of
sustainable tourism: Looking back and moving forward. Journal of Sustainable Tourism, 25(1), 1-9. https://doi.
org/10.1080/09669582.2017.1251689

Broo, D. G., Bravo-Haro, M., & Schooling, J. (2022). Design and implementation of a smart infrastructure digital
twin. Automation in Construction, 136, 104171. https://doi.org/10.1016/j.autcon.2022.104171

Chang, C. N,, Liao, T. H,, & Huang, H. C. (2022). Investigating the acceptance of marine ecotourism after the
COVID-19 pandemic in Taiwan. Sustainability, 14(10), 6116. https://doi.org/10.3390/su14106116

Chen, V. Y, Lien, H. P, Liu, C. H,, Liou, J. J.,, Tzeng, G. H., & Yang, L. S. (2011). Fuzzy MCDM approach for selecting
the best environment-watershed plan. Applied Soft Computing, 11(1), 265-275. https://doi.org/10.1016/j.
as0c.2009.11.017

Cheung, F. K., Kuen, J. L. F,, & Skitmore, M. (2002). Multi-criteria evaluation model for the selection of architectural
consultants. Construction Management and Economics, 20(7), 569-580. https://doi.org/10.1080/01446190210159818

Chourabi, Z., Khedher, F., Babay, A., & Cheikhrouhou, M. (2019). Multi-criteria decision making in workforce choice
using AHP, WSM and WPM. The Journal of the Textile Institute, 110(7), 1092-1101. https://doi.org/10.1080/0040
5000.2018.1541434

Cong, H. A, & Nam, L. V. (2022). Increase the application of information technology in innovative teaching meth-
ods of the theory section at Thanh Hoa university of culture, sports and tourism. Journal of Humanities and
Education Development, 4(2), 97-104. https://doi.org/10.22161/jhed.4.2.14


https://doi.org/10.1016/j.asoc.2022.108689
https://doi.org/10.1108/JEIM-07-2020-0263
https://doi.org/10.1108/JEIM-07-2020-0263
https://doi.org/10.1108/K-04-2022-0508
https://doi.org/10.1080/09669582.2017.1251689
https://doi.org/10.1080/09669582.2017.1251689
https://doi.org/10.1016/j.autcon.2022.104171
https://doi.org/10.3390/su14106116
https://doi.org/10.1016/j.asoc.2009.11.017
https://doi.org/10.1016/j.asoc.2009.11.017
https://doi.org/10.1080/01446190210159818
https://doi.org/10.1080/00405000.2018.1541434
https://doi.org/10.1080/00405000.2018.1541434
https://doi.org/10.22161/jhed.4.2.14

16 D. KANG ET AL.

Copeland, K. (2020). Commaodifying biodiversity: Socio-economic approaches to wildlife-human coexistence. In W.
Leal Filho (Ed.), Encyclopedia of the UN sustainable development goals, partnerships for the goals (1st ed., Vol. 1,
pp. 1-12). Springer. https://www.tandfonline.com/doi/full/10.1080/09669582.2021.1942893

Deveci, M., Can Itez, F, & Gokasar, I. (2018). WASPAS and TOPSIS based interval type-2 fuzzy MCDM method for
a selection of a car sharing station. Sustainable Cities and Society, 41, 777-791. https://doi.org/10.1016/j.
5¢s.2018.05.034

Devi, S. (2020). Travel restrictions hampering COVID-19 response. Lancet (London, England), 395(10233), 1331-1332.
https://doi.org/10.1016/50140-6736(20)30967-3

Dhingra, T., Sengar, A., & Sajith, S. (2022). A fuzzy analytic hierarchy process-based analysis for prioritization of
barriers to offshore wind energy. Journal of Cleaner Production, 345, 131111. https://doi.org/10.1016/].jcle-
pro.2022.131111

Estiri, M., Heidary Dahooie, J., & Skare, M. (2022). COVID-19 crisis and resilience of tourism SME's: A focus on
policy responses. Economic Research-Ekonomska IstraZivanja, 35(1), 5556-5580. https://doi.org/10.1080/133167
7X.2022.2032245

Gautam, V. (2023). Why local residents support sustainable tourism development? Journal of Sustainable Tourism,
31(3), 877-893. https://doi.org/10.1080/09669582.2022.2082449

Gautam, A. K., & Kumar, R. (2021). A trust based neighbor identification using MCDM model in wireless sensor
networks. Recent Advances in Computer Science and Communications, 14(4), 1336-1351. https://doi.org/10.2174
/2666255813666190923101045

Ghosh, S., & Bhattacharya, M. (2022). Analyzing the impact of COVID-19 on the financial performance of the
hospitality and tourism industries: An ensemble MCDM approach in the Indian context. International Journal
of Contemporary Hospitality Management, 34(8), 3113-3142. https://doi.org/10.1108/1JCHM-11-2021-1328

Giotis, G., & Papadionysiou, E. (2022). The role of managerial and technological innovations in the tourism indus-
try: A review of the empirical literature. Sustainability, 14(9), 5182. https://doi.org/10.3390/su14095182

Godovykh, M., & Ridderstaat, J. (2020). Health outcomes of tourism development: A longitudinal study of the
impact of tourism arrivals on residents’ health. Journal of Destination Marketing & Management, 17, 100462.
https://doi.org/10.1016/j.jdmm.2020.100462

Hansen, T., Olk, S., & Thomsen, T. U. (2023). A meta-analysis of sustainable tourist behavioral intention and the
moderating effects of national culture. Journal of Sustainable Tourism, 1-21. https://doi.org/10.1080/09669582.
2023.2186825

Heshmati, M., Gheitury, M., & Shadfar, S. (2022). Factors affecting possibility of ecotourism development and
sustaining natural resources using SWOT approach in West Iran. International Journal of Geoheritage and Parks,
10(2), 173-183. https://doi.org/10.1016/j.jjgeop.2022.03.004

Jamaluddin, Z., & Rahmat, A. K. (2023). Artificial intelligence technology in travel, tourism and hospitality: Current
and future developments. In A. Azizul Hassan & N. A. A. Rahman (Eds.), Technology application in aviation,
tourism and hospitality (pp. 169-177). Springer Nature. https://doi.org/10.1007/978-981-19-6619-4_12

Jiménez-Medina, P, Navarro-Azorin, J. M., Cubillas-Para, C., & Artal-Tur, A. (2022). What safety and security measures
really matter in the post-COVID recovery of the hospitality industry? An analysis of the visitor's intention to
return in Spain. Tourism and Hospitality, 3(3), 606-617. https://doi.org/10.3390/tourhosp3030037

Kabir, G, Ahmed, S. K., Aalirezaei, A., & Ng, K. T. W. (2022). Benchmarking Canadian solid waste management
system integrating fuzzy analytic hierarchy process (FAHP) with efficacy methods. Environmental Science and
Pollution Research International, 29(34), 51578-51588. https://doi.org/10.1007/s11356-022-19492-5

Khajiyan Sheini Pour, M., & Hemati, M. (2022). Comparison of distance-based fuzzy MCDM techniques to evaluate
marketing strategies for tourism-pilgrimage hotels during a pandemic. Fuzzy Optimization and Modeling Journal,
3(3), 33-48. https://doi.org/10.30495/FOMJ.2022.1960102.1070

Khalid, U., Okafor, L. E., & Burzynska, K. (2021). Does the size of the tourism sector influence the economic pol-
icy response to the COVID-19 pandemic? Current Issues in Tourism, 24(19), 2801-2820. https://doi.org/10.1080/
13683500.2021.1874311

Kilipiri, E., Papaioannou, E., & Kotzaivazoglou, I. (2023). Social media and influencer marketing for promoting
sustainable tourism destinations: The instagram case. Sustainability, 15(8), 6374. https://doi.org/10.3390/
su15086374

Lai, S. K. (1995). A preference-based interpretation of AHP. Omega, 23(4), 453-462. https://doi.
org/10.1016/0305-0483(95)00025-J

Liou, J. J., & Tzeng, G. H. (2012). Comments on multiple criteria decision making (MCDM) methods in economics:
An overview. Technological and Economic Development of Economy, 18(4), 672-695. https://doi.org/10.3846/202
94913.2012.753489

Mao, C. K, Ding, C. G., & Lee, H. Y. (2010). Post-SARS tourist arrival recovery patterns: An analysis based on a
catastrophe theory. Tourism Management, 31(6), 855-861. https://doi.org/10.1016/j.tourman.2009.09.003

Masoomi, B., Sahebi, I. G., Fathi, M., Y Ild Ir Im, F., & Ghorbani, S. (2022). Strategic supplier selection for renewable
energy supply chain under green capabilities (fuzzy BWM-WASPAS-COPRAS approach). Energy Strategy Reviews,
40, 100815. https://doi.org/10.1016/j.esr.2022.100815


https://www.tandfonline.com/doi/full/10.1080/09669582.2021.1942893
https://doi.org/10.1016/j.scs.2018.05.034
https://doi.org/10.1016/j.scs.2018.05.034
https://doi.org/10.1016/S0140-6736(20)30967-3
https://doi.org/10.1016/j.jclepro.2022.131111
https://doi.org/10.1016/j.jclepro.2022.131111
https://doi.org/10.1080/1331677X.2022.2032245
https://doi.org/10.1080/1331677X.2022.2032245
https://doi.org/10.1080/09669582.2022.2082449
https://doi.org/10.2174/2666255813666190923101045
https://doi.org/10.2174/2666255813666190923101045
https://doi.org/10.1108/IJCHM-11-2021-1328
https://doi.org/10.3390/su14095182
https://doi.org/10.1016/j.jdmm.2020.100462
https://doi.org/10.1080/09669582.2023.2186825
https://doi.org/10.1080/09669582.2023.2186825
https://doi.org/10.1016/j.ijgeop.2022.03.004
https://doi.org/10.1007/978-981-19-6619-4_12
https://doi.org/10.3390/tourhosp3030037
https://doi.org/10.1007/s11356-022-19492-5
https://doi.org/10.30495/FOMJ.2022.1960102.1070
https://doi.org/10.1080/13683500.2021.1874311
https://doi.org/10.1080/13683500.2021.1874311
https://doi.org/10.3390/su15086374
https://doi.org/10.3390/su15086374
https://doi.org/10.1016/0305-0483(95)00025-J
https://doi.org/10.1016/0305-0483(95)00025-J
https://doi.org/10.3846/20294913.2012.753489
https://doi.org/10.3846/20294913.2012.753489
https://doi.org/10.1016/j.tourman.2009.09.003
https://doi.org/10.1016/j.esr.2022.100815

JOURNAL OF SUSTAINABLE TOURISM 17

Miao, L., Im, J., So, K. K. F.,, & Cao, Y. (2022). Post-pandemic and post-traumatic tourism behavior. Annals of Tourism
Research, 95, 103410. https://doi.org/10.1016/j.annals.2022.103410

Mulliner, E., Malys, N., & Maliene, V. (2016). Comparative analysis of MCDM methods for the assessment of sus-
tainable housing affordability. Omega, 59, 146-156. https://doi.org/10.1016/j.omega.2015.05.013

Narayanamoorthy, S., Manirathinam, T., Geetha, S., Salahshour, S., Ahmadian, A., & Kang, D. (2022). An approach
to assess PWR methods to cope with physical barriers on plastic waste disposal and exploration from devel-
oping nations. Expert Systems with Applications, 207, 117996. https://doi.org/10.1016/j.eswa.2022.117996

Nguyen, P. H., Tsai, J. F, Nguyen, H. P, Nguyen, V. T., & Dao, T. K. (2020). Assessing the unemployment problem
using a grey MCDM model under COVID-19 impacts: A case analysis from Vietnam. The Journal of Asian Finance,
Economics and Business, 7(12), 53-62. https://doi.org/10.13106/jafeb.2020.vol7.n012.053

Niavis, S., Papatheochari, T., Koutsopoulou, T., Coccossis, H., & Psycharis, Y. (2022). Considering regional challeng-
es when prioritizing tourism policy interventions: Evidence from a Mediterranean community of projects. Journal
of Sustainable Tourism, 30(4), 663-684. https://doi.org/10.1080/09669582.2021.1876074

Pamucar, D., Torkayesh, A. E., Deveci, M., & Simic, V. (2022). Recovery center selection for end-of-life automotive
lithium-ion batteries using an integrated fuzzy WASPAS approach. Expert Systems with Applications, 206, 117827.
https://doi.org/10.1016/j.eswa.2022.117827

Pine, R., & McKercher, B. (2004). The impact of SARS on Hong Kong’s tourism industry. International Journal of
Contemporary Hospitality Management, 16(2), 139-143. https://doi.org/10.1108/09596110410520034

Popkova, E. G., De Bernardi, P, Tyurina, Y. G., & Sergi, B. S. (2022). A theory of digital technology advancement
to address the grand challenges of sustainable development. Technology in Society, 68, 101831. https://doi.
org/10.1016/j.techsoc.2021.101831

Rostami, M., Oussalah, M., Berahmand, K., & Farrahi, V. (2023). Community detection algorithms in healthcare
applications: A systematic review. IEEE Access, 11, 30247-30272. https://doi.org/10.1109/ACCESS.2023.3260652

Saaty, T. L. (1988). What is the analytic hierarchy process? In: Mitra, G., Greenberg, H. J., Lootsma, F. A., Rijkaert,
M. J., & Zimmermann, H. J. (Eds.), Mathematical models for decision support (pp. 109-121) Springer. https://doi.
org/10.1007/978-3-642-83555-1_5

Sahoo, M., Sahoo, S., Dhar, A., & Pradhan, B. (2016). Effectiveness evaluation of objective and subjective weight-
ing methods for aquifer vulnerability assessment in urban context. Journal of Hydrology, 541, 1303-1315. https://
doi.org/10.1016/j.jhydrol.2016.08.035

Shabani, A., Shabani, A., Ahmadinejad, B., & Salmasnia, A. (2022). Measuring the customer satisfaction of public
transportation in Tehran during the COVID-19 pandemic using MCDM techniques. Case Studies on Transport
Policy, 10(3), 1520-1530. https://doi.org/10.1016/j.cstp.2022.05.009

Sharpley, R. (2020). Tourism, sustainable development and the theoretical divide: 20 years on. Journal of Sustainable
Tourism, 28(11), 1932-1946. https://doi.org/10.1080/09669582.2020.1779732

Sheikhpour, R., Berahmand, K., & Forouzandeh, S. (2023). Hessian-based semi-supervised feature selection using
generalized uncorrelated constraint. Knowledge-Based Systems, 269, 110521. https://doi.org/10.1016/j.kno-
sys.2023.110521

Sheller, M. (2021). Reconstructing tourism in the Caribbean: Connecting pandemic recovery, climate resilience and
sustainable tourism through mobility justice. Journal of Sustainable Tourism, 29(9), 1436-1449. https://doi.org/
10.1080/09669582.2020.1791141

Thanh, N. V., & Lan, N. T. K. (2022). Solar energy deployment for the sustainable future of Vietnam: Hybrid
SWOC-FAHP-WASPAS analysis. Energies, 15(8), 2798. https://doi.org/10.3390/en15082798

Thomsen, B., Muurlink, O., Best, T., Thomsen, J., & Copeland, K. (2020). Transcultural development. Human
Organization, 79(1), 43-56. https://doi.org/10.17730/0018-7259.79.1.43

Thomsen, B., & Thomsen, J. (2021). Multispecies livelihoods: Partnering for sustainable development and biodiversity
conservation. Partnerships for the goals. Springer, Cham. (pp. 758-768). https://doi.org/10.1007/978-3-319-95963-4_99

Thomsen, J., Thomsen, B., Copeland, K., Coose, S., Blackwell, S., & Dante, V. (2021a). Social enterprise as a model
to improve live release and euthanasia rates in animal shelters. Frontiers in Veterinary Science, 8, 654572. https://
doi.org/10.3389/fvets.2021.654572

Toksari, M., & Toksari, M. D. (2011). Bulan ik analitik hiyerarsi prosesi (AHP) yaklas im i kullan ilarak hedef pazar
in belirlenmesi. ODTU Gelisme Dergisi, 38(1), 51-70. https://doi.org/10.60165/metusd.v38i1.428

Vaidya, O. S., & Kumar, S. (2006). Analytic hierarchy process: An overview of applications. European Journal of
Operational Research, 169(1), 1-29. https://doi.org/10.1016/j.ejor.2004.04.028

Wang, C,, Meng, X, Siriwardana, M., & Pham, T. (2022). The impact of COVID-19 on the Chinese tourism industry.
Tourism Economics, 28(1), 131-152. https://doi.org/10.1177/13548166211041209

Wangzhou, K., Hao, C.,, & Wang, H. (2023). Construction of evaluation model of ecotourism resources in featured
small towns. Kybernetes, 52(2), 554-565. https://doi.org/10.1108/K-11-2021-1231

Widiatedja, I. G. N., & Suyatna, I. N. (2022). Job creation law and foreign direct investment in tourism in Indonesia:
Is it better than before. Udayana Journal of Law and Culture, 6(1), 62-82. https://doi.org/10.24843/UJLC.2022.
v06.i01.p04


https://doi.org/10.1016/j.annals.2022.103410
https://doi.org/10.1016/j.omega.2015.05.013
https://doi.org/10.1016/j.eswa.2022.117996
https://doi.org/10.13106/jafeb.2020.vol7.no12.053
https://doi.org/10.1080/09669582.2021.1876074
https://doi.org/10.1016/j.eswa.2022.117827
https://doi.org/10.1108/09596110410520034
https://doi.org/10.1016/j.techsoc.2021.101831
https://doi.org/10.1016/j.techsoc.2021.101831
https://doi.org/10.1109/ACCESS.2023.3260652
https://doi.org/10.1007/978-3-642-83555-1_5
https://doi.org/10.1007/978-3-642-83555-1_5
https://doi.org/10.1016/j.jhydrol.2016.08.035
https://doi.org/10.1016/j.jhydrol.2016.08.035
https://doi.org/10.1016/j.cstp.2022.05.009
https://doi.org/10.1080/09669582.2020.1779732
https://doi.org/10.1016/j.knosys.2023.110521
https://doi.org/10.1016/j.knosys.2023.110521
https://doi.org/10.1080/09669582.2020.1791141
https://doi.org/10.1080/09669582.2020.1791141
https://doi.org/10.3390/en15082798
https://doi.org/10.17730/0018-7259.79.1.43
https://doi.org/10.1007/978-3-319-95963-4_99
https://doi.org/10.3389/fvets.2021.654572
https://doi.org/10.3389/fvets.2021.654572
https://doi.org/10.60165/metusd.v38i1.428
https://doi.org/10.1016/j.ejor.2004.04.028
https://doi.org/10.1177/13548166211041209
https://doi.org/10.1108/K-11-2021-1231
https://doi.org/10.24843/UJLC.2022.v06.i01.p04
https://doi.org/10.24843/UJLC.2022.v06.i01.p04

18 D. KANG ET AL.

Wuy, H. Y., Tzeng, G. H., & Chen, Y. H. (2009). A fuzzy MCDM approach for evaluating banking performance based
on balanced scorecard. Expert Systems with Applications, 36(6), 10135-10147. https://doi.org/10.1016/j.
eswa.2009.01.005

Xiang, C., Xiao Qin, J., & Yin, L. (2020). Study on the rural ecotourism resource evaluation system. Environmental
Technology & Innovation, 20, 101131. https://doi.org/10.1016/j.eti.2020.101131

Xiong, L., Zhong, S., Liu, S., Zhang, X., & Li, Y. (2020). An approach for resilient-green supplier selection based on
WASPAS, BWM, and TOPSIS under intuitionistic fuzzy sets. Mathematical Problems in Engineering, 2020, 1-18.
https://doi.org/10.1155/2020/1761893

Yang, Y., Altschuler, B., Liang, Z., & Li, X. R. (2021). Monitoring the global COVID-19 impact on tourism: The
COVID-19 tourism index. Annals of Tourism Research, 90, 103120. https://doi.org/10.1016/j.annals.2020.103120

Yeh, S. S. (2021). Tourism recovery strategy against COVID-19 pandemic. Tourism Recreation Research, 46(2), 188-
194. https://doi.org/10.1080/02508281.2020.1805933


https://doi.org/10.1016/j.eswa.2009.01.005
https://doi.org/10.1016/j.eswa.2009.01.005
https://doi.org/10.1016/j.eti.2020.101131
https://doi.org/10.1155/2020/1761893
https://doi.org/10.1016/j.annals.2020.103120
https://doi.org/10.1080/02508281.2020.1805933

	Measuring priorities of sustainable post-pandemic tourism policy factors using novel fuzzy multi-criteria decision making approach
	ABSTRACT 
	Introduction
	Sustainable tourism

	Literature review
	Reasons for undertaking this study
	Contribution and novelty
	Methodology
	Spherical fuzzy set
	Basic operations on spherical fuzzy set
	Score function for spherical fuzzy set (Toksari and Toksari, 2011)
	Algorithm for finding the criteria weights
	Algorithm for attributes ranking evaluation

	Results and discussion
	Annotation of data
	Mathematical evaluation

	Conclusion
	Disclosure statement
	Funding
	ORCID
	References



