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A B S T R A C T   

The escalating urgency to address environmental degradation and promote sustainable devel
opment globally has emphasized the critical role of Green Finance (GF) in fostering responsible 
practices across industries. The tourism sector has drawn significant attention due to its sub
stantial environmental impact, necessitating the implementation of robust financial mechanisms 
to mitigate its ecological footprint. China, recognized as a key player in the global tourism arena, 
the convergence of rapid economic expansion and the imperative for environmental conservation 
presents a distinctive set of challenges and opportunities. The study employed the Fuzzy Analytic 
Hierarchy Process (AHP) and Fuzzy Technique for Order of Preference by Similarity to Ideal 
Solution (TOPSIS) methodologies to systematically evaluate the impact of GF. The findings of 
fuzzy AHP indicate the critical role of environmental sustainability measures (GF2) as the 
topmost impacting factor. This refers to the practice of utilizing financial mechanisms and in
struments to support initiatives that promote environmental conservation, minimize ecological 
footprints, and foster sustainable development. While financial allocation and effectiveness (GF1) 
and policy and regulatory framework impact (GF4) also hold significant importance in shaping 
sustainable tourism development. Moreover, the results of fuzzy TOPSIS identified top strategies 
such as green bond innovation for ecosystem regeneration (S1) and circular economy integration 
(S4), which can play a significant role in promoting sustainable tourism practices by facilitating 
initiatives aimed at ecosystem regeneration and integrating circular economy principles into the 
tourism industry.   

1. Introduction 

The global spotlight on both economic growth and environmental sustainability underscores their significance as shared challenges 
and responsibilities for the world [1]. Sustainable development has become a global imperative, urging industries and economies to 
adopt practices that balance economic growth with environmental and social well-being. Within this paradigm, green finance (GF) 
emerges as a crucial tool, encompassing financial strategies and instruments that prioritize environmental sustainability in investment 
decisions. Its application in fostering sustainable projects has been vital, particularly in the domain of sustainable tourism. The United 
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Nations Environment Programme (UNEP) defines green funding as raising the amount of money coming into sustainable development 
initiatives from the public, private, and not-for-profit sectors (from banking, microcredit, insurance, and investment) [2]. Improving 
the management of social and environmental risks, seizing opportunities that offer environmental benefits as well as a respectable rate 
of return, and increasing responsibility are all important. 

GF projects aim to direct capital toward initiatives that reduce environmental impact, enhance energy efficiency, and promote 
conservation. These projects span a spectrum of industries, from renewable energy infrastructure to sustainable agriculture and eco- 
friendly tourism ventures. Within the context of sustainable tourism, initiatives supported by GF play a fundamental role in fostering 
practices that minimize the ecological footprint of tourism activities, preserve cultural heritage, and promote community engagement 
[3]. Additionally, the ecological footprint facilitates temporal and spatial comparisons of sustainability, aiding in the evaluation of the 
efficacy of pertinent policy measures [4]. The concept of sustainable tourism, rooted in the Brundtland commission’s definition of 
sustainable development, seeks to meet the needs of present tourists and host regions while safeguarding and enhancing opportunities 
for the future [5]. The integration of environmental, socio-cultural, and economic considerations lies at the core of sustainable tourism 
practices. Various theories such as the triple bottom line (TBL) approach, carrying capacity theory, and stakeholder theory serve as 
guiding frameworks in understanding and implementing sustainable tourism initiatives [6]. 

Nevertheless, unregulated tourism expansion, particularly in well-visited destinations, may result in detrimental consequences if 
adequate sustainability measures are not implemented. Challenges such as over-tourism, excessive demand on local resources, erosion 
of cultural integrity, and environmental degradation, encompassing habitat destruction and heightened pollution, can compromise the 
fundamental principles of sustainable tourism [7]. Neglecting to harmonize tourism development with environmental preservation 
and socio-cultural safeguarding could lead to enduring repercussions, impacting not only natural ecosystems but also the well-being of 
local communities. Therefore, while exploring the potential benefits of GF in sustainable tourism, it is imperative to acknowledge and 
mitigate the risks associated with unsustainable tourism practices [8]. Conversely, the integration of GF into sustainable tourism 
initiatives presents a promising avenue for positive impacts. GF mechanisms offer a means to support and incentivize eco-friendly 
infrastructure, community-based tourism enterprises, and conservation projects within the tourism sector. When effectively 
employed, these financial instruments not only facilitate the preservation of natural landscapes and cultural heritage but also stimulate 
economic growth [9]. By fostering sustainable tourism practices, GF has the potential to attract conscientious tourists seeking 
authentic, environmentally responsible experiences. This, in turn, can bolster local economies, create job opportunities, and foster 
community development. Furthermore, strategic investments in sustainable tourism, backed by GF, can contribute to enhanced 
resilience against environmental challenges while maintaining the allure and longevity of tourism destinations. 

China, as a global economic powerhouse and country rich in diverse natural and cultural resources, stands as a significant focal 
point for the exploration of sustainable tourism development [10]. With a focus on preserving its rich cultural heritage and diverse 
natural landscapes, strategic investments through GF can foster the growth of sustainable tourism initiatives. The research investigates 
the relationship between economic growth, corruption, natural resource rents, and environmental degradation, challenging con
ventional notions and offering targeted policy recommendations. The impact of economic growth on the ecological footprint across 
different income groups reveals significant variations [11]. China’s proactive policies aimed at promoting ecotourism, conservation 
efforts, and eco-friendly infrastructure align well with the principles of GF [12]. By allocating funds to projects that prioritize envi
ronmental conservation, community engagement, and the preservation of cultural heritage sites, China can not only bolster its position 
as a global tourism destination but also stimulate regional economic development. Moreover, the integration of GF into sustainable 
tourism practices can serve as a model for other nations, showcasing the viability of environmentally responsible tourism development 
strategies. Multi-criteria decision-making (MCDM) methods provide structured frameworks for decision-making by considering 
multiple criteria or factors simultaneously [13]. 

In the context of assessing the impact of GF on sustainable tourism in China, the utilization of MCDM methods, specifically fuzzy 
Analytical Hierarchy Process (AHP) and fuzzy Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), provides a 
systematic framework for the comprehensive evaluation and comparison of various aspects. The fuzzy AHP method plays a pivotal role 
in the assessment process by systematically evaluating the criteria and sub-criteria relevant to sustainable tourism development. By 
incorporating fuzzy logic, this method accommodates the inherent uncertainties and subjectivity in decision-making. On the other 
hand, the fuzzy TOPSIS method is instrumental in assessing and ranking the strategies identified in the study. It takes into account the 
evaluated criteria and sub-criteria, providing a structured approach to determine the most effective strategies for promoting sus
tainable tourism development. This method considers the ideal and negative-ideal solutions, providing a balanced perspective that 
aligns with the multifaceted nature of sustainable tourism initiatives. In this regard, the combination of fuzzy AHP and fuzzy TOPSIS 
methodologies in our study allows for a thorough assessment of criteria, sub-criteria, and strategies related to GF and sustainable 
tourism development in China. 

2. Literature review 

Sustainable tourism intersects significantly with climate change concerns, forming a crucial nexus in addressing environmental 
impact. Climate change poses a considerable threat to tourist destinations worldwide, affecting landscapes, biodiversity, and local 
communities. The escalating levels of atmospheric carbon dioxide have led to profound environmental challenges, including global 
warming and glacier melting. Scientists are increasingly investigating the link between economic progress and environmental 
degradation [14]. Another research emphasizes the vulnerability of tourism to climate change-induced events like extreme weather 
and shifts in ecosystems [15]. Sustainable tourism practices, as advocated by the UNWTO report, play a pivotal role in mitigating these 
effects. Strategies such as promoting low-carbon transport, reducing energy consumption in accommodations, and engaging in carbon 
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offset programs are integral to sustainable tourism’s contribution to climate change mitigation and adaptation within the tourism 
sector. Implementing and advocating for sustainable tourism practices not only minimizes the industry’s carbon footprint but also 
fosters resilience against climate-related risks, ensuring the long-term viability of tourism destinations [16]. 

Sustainable initiatives, including ecotourism and conservation efforts, align with China’s commitment to responsible tourism 
practices. Another study investigates the impact of trade openness and foreign direct investment (FDI) on carbon neutrality, revealing 
an M-shaped decoupling trend between economic growth and carbon emissions [17]. However, challenges such as over-tourism and 
maintaining cultural authenticity persist alongside opportunities in technological advancements and niche tourism segments. Gov
ernment policies and post-pandemic recovery efforts underscore the industry’s resilience and potential for future expansion on both 
domestic and international fronts [18]. 

Research exploring the convergence of GF and sustainable tourism elucidates the symbiotic relationship between financial 
mechanisms and sustainable development in the tourism sector. Study by Ref. [19], and high-profile reports like those from the global 
sustainable tourism council (GSTC) investigate how investments in sustainable tourism can bolster economic growth, promote local 
livelihoods, and preserve natural and cultural resources. Collectively, the literature indicates a growing momentum toward integrating 
GF into sustainable tourism practices globally, with China emerging as a significant player. 

2.1. Sustainable tourism-based studies on MCDM 

This literature review examines the impact of green finance on sustainable tourism and the theoretical foundations of this study’s 
methods. Previous research has employed Fuzzy MCDM approaches to discover and assess sustainable tourism destinations in China. 
The sustainable tourism based MCDM studies are illustrated in Table 1. 

2.2. Research gap 

There is an extensive amount of literature on sustainable tourism, but not much of it looks at how fuzzy MCDM techniques could 
help green finance boost sustainable tourism growth in developing nations. More research is required to determine the advantages of 
using such approaches in developing nations. To fill this research vacuum, the present study investigates the ways in which fuzzy AHP 
and fuzzy TOPSIS techniques could support decision-making related to sustainable tourism. This study aims to bridge this gap by 
leveraging robust evaluative frameworks and empirical methodologies to precisely assess the relationship between GF interventions 
and tangible sustainable tourism outcomes in China. 

Table 1 
Sustainable tourism-based studies on MCDM.  

Scope Method Description Ref. 

Sustainable Ecotourism TOPSIS The study identifies key strategies for sustainable ecotourism in Iran’s Lafour region, 
highlighting the importance of investment, healthcare facilities, and diversified tourism 
services for achieving sustainable development goals. 

[20] 

E-service quality in sustainable 
tourism 

AHP-TOPSIS The study assesses leading attributes of travel websites based on sustainable e-service 
quality, highlighting security, hedonic value, and efficiency as crucial drivers influencing 
customer choice emerging as the top preference. 

[21] 

Policy framework for sustainable 
tourism 

DEMATEL- 
DANP-VIKOR 

The study employs hybrid MCDM methods to propose an optimal improvement plan for 
Taiwan’s tourism policy, utilizing DEMATEL, DANP, and VIKOR to evaluate influential 
dimensions and criteria. 

[22] 

Sustainable tourism analysis in 
European countries 

MCDM This paper offers a critical overview and empirical research on sustainable tourism in 
European countries, utilizing Grey Systems Theory and MCDM for robust evaluation and 
dynamic analysis. 

[23] 

Sustainable rural tourism 
prioritization 

OWA-AHP The study prioritizes rural tourism activities in Isfahan province using MCDM, 
highlighting mountaineering and canyoning as optimal options for tourism development 
based on risk assessment. 

[24] 

Sustainable island tourism 
development framework 

Fuzzy MCDM The paper introduces a framework using a hybrid approach for sustainable island-based 
tourism development, demonstrating its applications and highlighting the preference for 
a medium-size development plan. 

[25] 

Economic impact on sustainable 
tourism 

CRITIC-VIKOR The paper aims to address over tourism in Spain by proposing indicators using an 
integrated MCDM approach, highlighting economic indicators’ negative impact on 
sustainable tourism. 

[26] 

Cycling routes for sustainable 
tourism development 

AHP-ELECTRE This study uses MCDM to assess cycling routes for tourism in the Franciacorta area, 
offering insights for prioritizing paths for public administrators 

[27] 

Assessing the sustainable agri- 
tourism 

AHP-TOPSIS Identifying key factors for agri-tourism success in India, aiding practitioners, and 
highlighting limitations in geographic coverage. 

[28] 

Sustainable tourism stakeholder 
perspectives 

AHP The study aims to revitalize Turkey’s villages through sustainable rural tourism, 
preventing cultural erosion and economic decline. 

[29] 

Renewable energy implementation 
for sustainable tourism 

MCDM The paper proposes a framework to link renewable energy implementation in islands 
with tourism development, highlighting different strategies and drivers influencing their 
integration. 

[30]  
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3. Criteria and strategies for sustainable tourism development 

We conducted an extensive literature review and engaged with experts in the field to establish the standards and approaches for 
assessing the effects of GF on sustainable tourism in China when developing the assessment methodology. These standards were chosen 
due to their significance to the corpus of existing knowledge and the distinctive characteristics of China that are related to sustainable 
tourism. The selected criteria’s and strategies, which emphasize the value of this region’s distinctive qualities and cultural aspects, 
provide a strong foundation in this concern. Thus, these criteria and methodologies suit this case study analysis. The geographical 
territory of China is shown in Fig. 1. 

3.1. Identification of criteria and sub-criteria 

The study adopts a well-organized framework to thoroughly assess the influence of GF on sustainable tourism development in 
China. This structured framework incorporates a wide range of criteria and sub-criteria, spanning from policy considerations to socio- 
environmental equilibrium. Table 2 provides the criteria and sub-criteria for this study. 

3.2. Identification of strategies for sustainable tourism 

For the case study, various strategies have been identified. These strategies, ranging from ground-breaking financial instruments to 
cutting-edge technological integrations, epitomize a paradigm shift towards sustainable practices within the sector. Each strategy 
presented here embodies a proactive approach, aiming not just to mitigate the negative impacts of tourism but also to foster regen
erative approaches that uphold environmental integrity, community empowerment, and economic viability. In this study, we created 
these prominent strategies, as illustrated in Fig. 2. 

3.2.1. Green bond innovation for ecosystem regeneration 
This strategy focuses on the creation of innovative green bonds tailored to fund projects specifically aimed at rejuvenating eco

systems impacted by tourism activities. These bonds prioritize initiatives cantered on rehabilitating natural habitats and fostering 
biodiversity, mitigating the adverse effects of tourism on fragile ecosystems [51]. 

3.2.2. Digital twin technologies for sustainable infrastructure 
The utilization of digital twin technologies aims to replicate and optimize sustainable infrastructure development within the 

tourism sector. By creating virtual models of physical assets and systems, this strategy facilitates efficient resource allocation and 
reduced environmental impact in the design and management of tourism infrastructure [52]. 

3.2.3. Data-driven predictive analytics for sustainable tourism 
Leveraging advanced predictive analytics and machine learning, this strategy anticipates and mitigates potential negative re

percussions of tourism on ecosystems. By proactively analyzing data, it enables informed decision-making, allowing for pre-emptive 
measures to sustainably manage tourism activities and their impacts on the environment [53]. 

Fig. 1. The geographical territory of China, Source [31].  
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3.2.4. Circular economy integration 
This strategy emphasizes the transition toward a circular economy within the tourism sector. It focuses on financing initiatives that 

champion waste reduction, recycling, and optimizing resource use. By promoting circular practices, it aims to minimize waste gen
eration and maximize resource efficiency in tourism operations [54]. 

Table 2 
Identification of criteria and sub-criteria.  

Criteria Sub-criteria Description 

Financial Allocation and 
Effectiveness (GF1) 

Investment Efficiency (GF11) This criterion investigates into the extent to which financial resources allocated to 
sustainable tourism projects are effectively utilized, emphasizing the optimization 
of funds towards sustainable outcomes and initiatives [32]. 

Economic Viability Enhancement 
(GF12) 

Assessing the impact of financial contributions on the economic growth and overall 
sustainability of sustainable tourism initiatives, focusing on their long-term 
economic viability and positive growth trajectory within the tourism sector [33]. 

Green Finance Innovations 
(GF13) 

This sub-criterion involves exploring the level of creativity and uniqueness within 
financial mechanisms supporting sustainable tourism, including innovative 
approaches like green bonds and crowdfunding, aiming to foster sustainable 
practices and initiatives [34]. 

Return on Sustainable Investment 
(GF14) 

ROSI specifically measures the financial returns generated from investments in 
sustainable tourism projects, offering a quantifiable evaluation of the financial 
benefits obtained from these sustainable ventures [35]. 

Environmental Sustainability (GF2) Carbon Footprint Mitigation 
(GF21) 

Evaluation of the impact of financial interventions, such as investments in green 
energy, specifically targeting the reduction of carbon emissions resulting from 
tourism activities [36]. 

Biodiversity Conservation 
Funding (GF22) 

Assessment of the allocated funds aimed at the preservation and protection of 
biodiversity within the realm of tourism, emphasizing financial support for 
biodiversity conservation initiatives [37] 

Resource-Efficient Investments 
(GF23) 

Examination of financial strategies and investments designed to optimize the use of 
natural resources within tourism, focusing on initiatives that enhance resource 
efficiency and reduce wastage [38]. 

Eco-friendly Infrastructure 
Development (GF24) 

Evaluation of financial efforts directed towards the establishment of eco-friendly 
infrastructure within the tourism sector, emphasizing the development of 
sustainable infrastructure to minimize environmental impacts [39]. 

Social and Community 
Development Initiatives (GF3) 

Community Empowerment 
(GF31) 

Evaluation of the role played by green finance, including crowdfunding initiatives, 
in empowering and uplifting local communities actively engaged in sustainable 
tourism endeavors [40]. 

Cultural Preservation 
Investments (GF32) 

Assessment of financial support directed towards the preservation and promotion 
of cultural heritage and traditional practices within the tourism landscape, 
emphasizing investments preserving cultural identity [41]. 

Social Equity through Finance 
(GF33) 

Focus on ensuring equitable distribution of financial benefits among communities 
engaged in sustainable tourism, aiming for fair and just allocation of financial gains 
and opportunities [42]. 

Capacity Building and Skill 
Enhancement (GF34) 

Evaluation of financial initiatives dedicated to enhancing the capacities and skill 
sets within local communities involved in sustainable tourism, emphasizing skill 
development to foster active participation and sustainable growth [43]. 

Policy and Regulatory Framework 
Impact (GF4) 

Financial Policy Efficacy (GF41) Assessment of the effectiveness of financial policies embedded within the 
regulatory framework, specifically aimed at promoting and advancing sustainable 
practices within the tourism industry [44]. 

Governmental Support and 
Financial Backing (GF42) 

Evaluation of the level of involvement and financial support provided by 
governmental bodies towards sustainable tourism initiatives, emphasizing their 
contribution to fostering sustainability [37]. 

Financial Transparency and 
Accountability (GF43) 

Focus on ensuring transparency and accountability in the implementation of green 
finance instruments, including green bonds, within the development of tourism, 
aiming for clear financial operations and responsible practices [45]. 

Policy Adaptability and 
Resilience (GF44) 

Assessment of the adaptability and resilience demonstrated by financial policies 
within the regulatory framework, emphasizing their capacity to flexibly respond to 
changing circumstances and evolving needs within sustainable tourism [46]. 

Innovation and Technological 
Advancement in Finance (GF5) 

Innovative Financial Instruments 
(GF51) 

Evaluation of the development and implementation of pioneering financial tools, 
like green bonds and crowdfunding, specifically tailored to support and foster 
sustainable tourism initiatives [47]. 

Technological Integration in 
Financial Strategies (GF52) 

Assessment of the integration and utilization of technology-based financial 
approaches, emphasizing their role in supporting and enhancing sustainable 
tourism projects through innovative technological solutions [48]. 

Financial Infrastructure 
Development (GF53) 

Focus on investments made in financial infrastructure, particularly in areas like 
green energy, aimed at bolstering and facilitating the growth of sustainable 
tourism within the financial domain [49]. 

Data-Driven Decision-Making 
(GF54) 

Evaluation of the incorporation and utilization of data-centric approaches in 
financial strategies, highlighting the use of data analytics to drive informed 
decision-making processes in sustainable tourism finance [50].  
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3.2.5. Promotion of green technology adoption 
Encouraging the integration of sustainable technology solutions in the tourism industry, this strategy incentivizes and supports the 

adoption of eco-friendly technologies. Financial support and incentives drive the adoption of green technologies, fostering a shift 
towards more sustainable practices and operations within the sector [55]. 

3.2.6. Eco-certifications and standards 
This strategy incentivizes compliance with eco-certifications and sustainable standards within the tourism sector. By offering 

Fig. 2. Key strategies towards sustainable tourism via GF.  

Fig. 3. Research methodology.  
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financial rewards or preferential treatment to businesses adhering to these standards, it encourages a commitment to sustainability and 
responsible practices in the industry [56]. 

3.2.7. Incentivizing green investments 
Implementation of policies and incentives aims to stimulate investments in sustainable tourism. By offering financial advantages or 

tax benefits to entities supporting eco-friendly practices, this strategy promotes investments that prioritize sustainability, fostering a 
more environmentally conscious tourism landscape [57]. 

4. Methodology 

This study interprets the comprehensive approach utilized to assess the impact and effectiveness of innovative strategies, pre
senting a fusion of qualitative and quantitative methodologies. The study elucidates the systematic process, emphasizing the utilization 
of Fuzzy AHP and Fuzzy TOPSIS methodologies to derive comprehensive insights into the transformative potential of GF in fostering 
sustainable tourism practices within the Chinese context. Fig. 3 presents the methodology of current study. 

4.1. Fuzzy AHP method 

The fuzzy AHP technique considers uncertain and imprecise information by assigning fuzzy numbers to decision-making criteria 
[58]. In complex and uncertain scenarios, this makes the decision-making dilemma more realistic. Triangular Fuzzy Numbers (TFNs) 
scale used in the study is presented in Table 3.  

Step 1 Triangular fuzzy matrix (TFM): 

Xi =(li,mi, ui) (1) 

After, the first TFM is created with the middle TFM: 

Xm =
[
xijm

]
(2) 

Next, the second TFM is established for the upper and lower bounds of TFN using a geometric mean approach: 

Xg =
[ ̅̅̅̅̅̅̅̅̅̅̅̅xijuxijl
√ ]

(3)    

Step 2 Create and compute the weight vector and lambda max based on the Saaty method.  
Step 3 Create consistency index (CI): 

CIm =
λm

max − n
n − 1

(4)  

CIg =
λg

max − n
n − 1

(5)    

Step 4 Create the consistency ratio (CR): 

CRm =
CIm
RIm

(6)  

CRg =
CIg

RIg
(7) 

If the consistency ratio goes below a specified threshold, as being less than 0.10, it is regarded that the pairwise comparisons have 
reached consistency. The RI scale is shown in Table 4. 

Table 3 
TFNs scale [59].  

Number TFNs Linguistic variable 

1 (1,1,3) Equally preference 
2 (1,3,5) Weak preference 
3 (3,5,7) Strong preference 
4 (5,7,9) Very strong preference 
5 (7,9,11) Extremely strong preference 

The Fuzzy AHP process involves several steps [60], including. 
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4.2. Fuzzy TOPSIS 

The Fuzzy TOPSIS is widely used in various fields, including sustainable tourism. The TOPSIS method was proposed by Hwang and 
Yoon in 1981 and has since been applied in many decision-making problems [61]. The TFNs are utilized to assess the alternatives based 
on the sub-criteria of the research. The scale for TFNs can be found in Table 5. 

The basic steps of the Fuzzy TOPSIS technique are given below [63].  

Step 1 Let K̃ = (k1,k2,k3), L̃ = (l1, l2, l3) are the two fuzzy numbers: 

K̃+ L̃=(k1, k2, k3)+ (l1, l2, l3)= (k1 + l1, k2 + l2, k3 + l3) (8)  

K̃× L̃=(k1, k2, k3)× (l1, l2, l3)= (k1l1, k2l2, k3l3) (9)    

Step 2 Let K̃i = (ki1, ki2, ki3) are the TFNs for i ∈ I. Then, normalized the fuzzy number of each K̃i is signified as: 

D̃=
[
dij
]

m×n (10)  

where i = 1, 2,3,…,m and j = 1,2,3,…,n.  

Step 3 Construct the weighted normalized fuzzy decision matrix: 

Ṽ=
[
vij
]

m×n (11)  

i=1, 2,3,…,m and j = 1, 2,3,…, n  

where vij = dij × wj.  

Step 4 Recognize the distance between positive and negative ideal solution: 

d+
i =

(
v+1 , v

+
2 , v

+
3 ,…, v∗n

)
(12)  

where V+
j = (1,1, 1) and j = 1,2,3,…,n. 

d−
i =

(
v−1 , v

−
2 , v

−
3 ,…, v−n

)
(13)  

where V−
j = (0,0, 0) and j = 1,2,3,…,n.  

Step 5 Construct the closeness coefficient (CCi): 

CCi =
d−

i
d+

i + d−
i

(14)  

where i = 1,2,3,…,m; d+
i is the distance from positive ideal solution and d−

i is the distance from a negative ideal solution. 

Table 4 
RI scale [60].  

n 1 2 3 4 5 6 7 8 9 10 

RIm 0 0 0.48 0.79 1.07 1.19 1.28 1.34 1.37 1.40 
RIg 1 2 0.17 0.26 0.35 0.38 0.40 0.41 0.43 0.44  

Table 5 
TFNs scale [62].  

No Linguistic variables TFNs 

1 Very unsatisfactory (1,2,3) 
2 unsatisfactory (2,3,4) 
3 Medium unsatisfactory (3,4,5) 
4 Medium (4,5,6) 
5 satisfactory (5,6,7) 
6 Medium unsatisfactory (6,7,8) 
7 Very unsatisfactory (7,8,9)  
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Step 6 Determine the most suitable alternative by arranging it in descending order of their CCi values. 

In this context the Fuzzy AHP and Fuzzy TOPSIS methods are used to analyze the impact of GF on sustainable tourism development 
in China. 

4.3. Case study 

This case study, situated within a specific geographic and operational domain of the Chinese tourism sector, aims to provide an in- 
depth exploration of the practical applications and outcomes of innovative strategies. The selection of this case study involves a 
meticulous process, considering parameters such as ecological vulnerability, financial investment, community engagement, and 
technological integration within the tourism framework. The growth of community-based tourism and the adoption of sustainable 
tourism certifications have been a beacon of hope for our environment and society. They’ve empowered local communities, ensuring 
their inclusion while preserving our natural wonders. These efforts haven’t just improved the quality of sustainable travel experiences 
but have also made significant strides in protecting our planet and fostering unity among people [64]. Partnerships between public and 
private sectors have been crucial. They’ve brought together diverse expertise and resources, uniting people for a common cause. 
Despite these advancements, challenges persist. We still grapple with the need for better collaboration among all involved and the 
urgency to enhance education and training opportunities [65]. The integration of advanced analytical methodologies, notably the 
fuzzy AHP and fuzzy TOPSIS, serves as the foundation of this case analysis. These methodologies enable the systematic assessment and 
ranking of diverse criteria and sub-criteria, providing an understanding of the complex interdependencies between GF initiatives and 
their tangible impacts on sustainable tourism within the chosen context. 

5. Result and discussion 

In this section, the main criteria, sub-criteria, and solution strategies has been examined using fuzzy AHP and fuzzy TOPSIS 
methods. this approach provides structured, quantitative evaluation to the impact of GF on sustainable tourism development in China. 

5.1. Findings of main criteria using fuzzy AHP 

The assessment of criteria based on their weighted importance, derived from the fuzzy AHP analysis, aligns with the trends 
observed in several seminal studies investigating sustainable tourism development. Environmental sustainability (GF2) attains the 
highest weight (0.186), reflecting a consensus among prior research highlighting the paramount importance of ecological preservation 
and sustainable practices. Study by Ref. [66] highlight similar findings, emphasizing the indispensable role of eco-centric initiatives 
and environmental conservation as foundational pillars of sustainable tourism frameworks. Furthermore, financial allocation and 
effectiveness (GF1) closely trails environmental sustainability, echoing the findings in research by Ref. [38]. These studies emphasize 
the critical significance of effective financial deployment and resource allocation as fundamental drivers for the success of sustainable 
tourism initiatives. This alignment reiterates the consensus across research domains, emphasizing the pivotal role of financial stra
tegies in steering sustainable tourism frameworks. Policy and regulatory framework impact (GF4) secures a moderate weight (0.169), 
in line with research by Ref. [67]. These studies accentuate the influential role of supportive policies in facilitating sustainable tourism 
through GF interventions. However, they suggest that while policies are influential, their impact might be constrained compared to the 
pivotal significance attributed to environmental sustainability and prudent financial allocation. Social and community development 
initiatives (GF3), with a relatively lower weight (0.158), aligns with perspectives from research by Ref. [68]. These studies position 
community engagement and social development as integral components of sustainable tourism frameworks. Nonetheless, they suggest 
these factors as supportive rather than primary drivers of sustainable tourism through GF. Similarly, innovation and technological 
advancement (GF5), with the lowest weight (0.153), acknowledges technological advancements as facilitators rather than primary 
influencers in the context of sustainable tourism [69], as provided in Table 6. 

5.2. Findings of sub-criteria using fuzzy AHP 

As shown in Fig. 4 the analysis of sub-criteria within financial allocation and effectiveness (GF1) indicates economic viability 
enhancement (GF12) as the most influential, holding the highest rank with a weight of 0.256. This underscores its paramount 
importance in shaping sustainable tourism by enhancing economic viability, aligning with established research emphasizing economic 

Table 6 
The results of criteria using Fuzzy AHP.  

Criteria Weight Rank 

Financial Allocation and Effectiveness (GF1) 0.181 2 
Environmental Sustainability (GF2) 0.185 1 
Social and Community Development Initiatives (GF3) 0.159 4 
Policy and Regulatory Framework Impact (GF4) 0.171 3 
Innovation and Technological Advancement in Finance (GF5) 0.154 5  
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growth as a linchpin in successful tourism initiatives [70]. Investment efficiency (GF11) secures the second rank, emphasizing the 
critical need for judicious financial resource allocation. Return on sustainable investment (GF14) maintains a notable position, 
securing the third rank, while green finance innovations (GF13) garner the lowest rank among the sub-criteria, indicating a com
plementary role rather than serving as a primary driver in financial resource allocation for sustainable tourism [71]. 

The evaluation of sub-criteria within environmental sustainability (GF2) underscores eco-friendly infrastructure development 
(GF24) as the most critical factor, holding the highest rank first as illustrated in Fig. 5. This aligns with prior research highlighting the 
pivotal role of eco-friendly infrastructure in mitigating environmental impact within sustainable tourism frameworks [72]. Carbon 
footprint mitigation (GF21) closely follows, highlighting the significance of reducing carbon emissions in tourism activities through 
financial interventions, echoing established literature. Resource-efficient investments (GF23) maintain a third rank, stressing the 
importance of efficient resource utilization in tourism. Biodiversity conservation funding (GF22) secures the lowest rank, indicating its 
comparatively lower priority while acknowledging the crucial role of biodiversity conservation [73]. 

The assessment of sub-criteria within social and community development initiatives (GF3) showcases capacity building and skill 
enhancement (GF34) as the highest-ranking factor, as depicted in Fig. 6. This underlines its paramount importance in fostering social 
and community development within sustainable tourism, aligning with earlier study emphasizing skill enhancement as crucial for 
community empowerment [40]. Following closely, cultural preservation investments (GF32) secure the second rank, stressing the 
significance of financial support directed towards preserving cultural heritage and traditions through tourism. This resonates with 
research by Ref. [74], emphasizing the role of cultural preservation in sustainable tourism development. Social equity through finance 
(GF33) maintains a notable position, indicates the importance of ensuring fair distribution of financial benefits among communities 
involved in sustainable tourism. Community empowerment (GF31) secures the lowest rank, highlights its comparatively lower weight, 
while acknowledging its role in empowering local communities involved in sustainable tourism. 

Fig. 7 shows the assessment of policy and regulatory framework impact (GF4) delineates governmental support and financial 
backing (GF42) as the most crucial factor, securing the highest rank with a weight of 0.263. This stresses the important role of 
governmental support in driving sustainable tourism initiatives, echoing findings from research by Ref. [75], accenting government 
backing as essential for sustainable tourism development. Financial transparency and accountability (GF43) closely follow with 
ranking second, highlighting the importance of ensuring transparency and accountability in financial mechanisms within the tourism 

Fig. 4. Ranking of sub-criteria within financial allocation and effectiveness (GF1).  

Fig. 5. Ranking of sub-criteria within environmental sustainability (GF2).  
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sector. Financial policy efficacy (GF41) secures the third rank, emphasizing the effectiveness of financial policies promoting sus
tainable tourism. Policy adaptability and resilience (GF44) lowest rank highlights the need for adaptable and resilient policies in 
sustainable tourism frameworks. 

The evaluation of innovation and technological advancement in finance (GF5) highlights data-driven decision-making (GF54) as 
the most influential, securing the top position with a weight of 0.262. This underlines the criticality of leveraging data-driven ap
proaches in financial decision-making within sustainable tourism [53]. The second rank is given to innovative financial instruments 
(GF51), stressing the importance of developing and implementing innovative financial tools in sustainable tourism initiatives as shown 
in Fig. 8. Financial infrastructure development (GF53) ranking third points out, investments in financial infrastructure to support 

Fig. 6. Ranking of sub-criteria within social and community development initiatives (GF3).  

Fig. 7. Ranking of sub-criteria within policy and regulatory framework impact (GF4).  

Fig. 8. Ranking of sub-criteria within innovation and technological advancement in finance (GF5).  
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sustainable tourism [76]. Technological integration in financial strategies (GF52) secures the least rank, acknowledging the role of 
technology in financial strategies within sustainable tourism. 

5.3. Findings for strategies of sustainable tourism using fuzzy TOPSIS 

The results are generated through FTOPSIS, offer insights into the effectiveness and prioritization of various sustainable tourism 
strategies in the context of GF’s integration within China’s tourism industry. These rankings, based on the strategies closeness co
efficients CCi ideal solution, unveil critical insights into the efficacy and priority of these approaches as shown in Table 7. At the helm 
sits green bond innovation for ecosystem regeneration (S1), boasting a substantial closeness coefficient of 0.7043, securing the top 
rank. This underscores the critical role of innovative financial instruments, notably green bonds, in driving ecosystem rejuvenation 
within the tourism sector, aligning with the escalating emphasis on environmentally focused investments. Following closely is circular 
economy integration (S4), capturing the second spot with a CCi of 0.6798. This strategy accentuates the pressing need to embrace 
circular economic models within tourism, emphasizing waste reduction, recycling promotion, and optimal resource utilization, 
signifying its vital role in advancing sustainability objectives. Meanwhile, data-driven predictive analytics for sustainable tourism (S3) 
and promotion of green technology adoption (S5) secure the third and fourth positions, respectively, underscoring the significance of 
data-centric approaches and the adoption of sustainable technologies in steering sustainable tourism initiatives. In contrast, eco- 
certifications and standards (S6) and incentivizing green Investments (S7) hold the lower ranks, indicating their comparatively 
lesser impact within this evaluation framework. 

5.4. Discussion 

The combination of FAHP and FTOPSIS methodologies has significantly contributed to unveiling critical insights into the inte
gration of GF within China’s sustainable tourism domain. The comprehensive evaluation of criteria and sub-criteria elucidated the 
paramount importance of certain factors. The weightage analysis revealed that strategies emphasizing data-driven decision-making, 
eco-centric infrastructure, governmental support, and skill enhancement play pivotal roles in steering sustainable tourism initiatives 
within the purview of GF. On the environmental front, environmental sustainability (GF2) emerges as a paramount criterion, securing 
the top spot. Its focus on carbon footprint mitigation, biodiversity conservation funding, resource-efficient investments, and eco- 
friendly infrastructure development mirrors the findings of [77]. This emphasizes the paramount role of green initiatives and 
resource-efficient practices in fostering environmental sustainability within the tourism sector. Financial allocation and effectiveness 
underlines the efficient investment utilization and economic viability enhancement which emphasis on efficient resource allocation 
aligns with the observations made by Ref. [78], affirming the importance of prudent financial strategies in driving sustainability [79]. 
Policy and regulatory framework impact (GF4), encompasses financial policy efficacy, governmental support, financial transparency, 
and policy adaptability. These factors, highlights the significance of supportive government policies and financial transparency in 
nurturing sustainable tourism [80]. Social and community development initiatives (GF3) emphasizes community empowerment, 
cultural preservation investments, social equity through finance, and capacity building. While aligned with the study by Ref. [81] in 
emphasizing community engagement and cultural preservation, nuanced differences in their relative weights hint at potential 
contextual variations. Lastly, innovation and technological advancement in finance (GF5), centers on innovative financial instruments, 
technological integration, financial infrastructure development, and data-driven decision-making [82]. 

Furthermore, the outcomes underscore the evolving dynamics within sustainable tourism, particularly in response to the escalating 
environmental challenges and the burgeoning emphasis on eco-conscious practices. The findings also highlight the shifting paradigms 
in investment strategies, emphasizing the growing significance of financial innovations and data-centric approaches in steering the 
tourism sector toward sustainability [53]. However, despite the alignment with previous studies, certain nuances in the ranking and 
weightage allocation signify the evolving landscape and the contextual peculiarities within China’s tourism industry, indicating the 
need for continuous adaptation and refinement of strategies. This study thus contributes to the cumulative body of knowledge in 
sustainable tourism and GF, providing pivotal insights for policymakers, investors, and industry stakeholders, fostering a more sus
tainable and resilient tourism ecosystem within China [83]. These varied weights and rankings among criteria underscore the 
multifaceted nature of sustainable tourism, reflecting the complex interplay of financial strategies, environmental imperatives, 
community engagement, regulatory frameworks, and technological advancements. 

5.5. Managerial and theoretical implications 

From a managerial perspective, the findings deliver valuable insights for industry practitioners and decision-makers in the tourism 
sector. The prioritization of strategies, which emphasizes data-driven decision-making, eco-centric infrastructure, and skill 
enhancement, offers actionable guidance for managerial interventions. These insights empower managers to allocate resources 
effectively, directing investments towards areas with the highest potential for fostering sustainable tourism. For instance, the study 
recommends prioritizing investments in innovative financial instruments such as green bonds and technological integration, aligning 
with sustainable practices. This strategic focus enhances the industry’s sustainability quotient. Additionally, the emphasis on 
governmental support underscores the importance of fostering partnerships between industry stakeholders and policymakers. Such 
collaborations create an environment conducive to sustainable tourism practices. 

Theoretical implications of the study contribute to enriching and evolving existing models governing sustainable tourism and the 
integration of GF. The study aligns with established theories that emphasize data-centric strategies, financial innovation, and 
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governmental support, consolidating these theoretical constructs. However, it introduces nuances by accentuating the significance of 
eco-centric infrastructure and circular economic models within the context of sustainable tourism. These theoretical insights 
contribute to a more comprehensive understanding of the intricate relationship between GF mechanisms and the sustainable trans
formation of the tourism industry. 

6. Conclusion 

The study investigated the complex relationship between GF and sustainable tourism development in China, utilizing Fuzzy AHP 
and Fuzzy TOPSIS methodologies. The research identified and evaluated five key criteria, twenty sub-criteria and seven proposed 
strategies. The findings underscored the critical significance of environmental sustainability measures supported by GF, highlighting 
the pivotal role of eco-friendly infrastructure, carbon footprint mitigation, and resource-efficient investments in fostering sustain
ability within the tourism sector. Additionally, the study highlighted the importance of efficient financial allocation, supportive policy 
frameworks, community engagement, and technological innovation in driving sustainable tourism practices. Our research outcomes, 
while aligned with prior studies, notably emphasized contextual nuances and the evolving landscape within China’s tourism industry. 
These insights underscored the necessity for adaptive and context-specific strategies tailored to the unique dynamics of the region. The 
study’s findings contribute a comprehensive evaluation framework, offering valuable guidance for policymakers, stakeholders, and 
industry practitioners in fostering sustainable tourism practices within China, promoting environmental preservation, social inclu
sivity, and economic growth in the evolving landscape of the tourism sector. 

6.1. Policy recommendations 

Based on the comprehensive evaluation of the interplay between GF and sustainable tourism development in China, several policy 
recommendations emerge to facilitate the advancement of sustainable practices within the tourism industry.  

• Encourage governmental backing and a robust regulatory framework promoting sustainable tourism initiatives. 
• Implement financial incentives, subsidies, or tax benefits to incentivize investments in eco-friendly infrastructure, renewable en

ergy, and resource-efficient technologies within the tourism sector.  
• Foster partnerships with local communities by encouraging their active involvement in decision-making processes and offering 

support for community-based tourism initiatives.  
• Promote the adoption of innovative technologies, such as digital twins, predictive analytics, and other data-driven tools, to 

optimize resource utilization, reduce environmental impact, and enhance the overall efficiency of tourism operations.  
• Invest in capacity building programs and knowledge-sharing platforms to equip industry stakeholders, including businesses, 

policymakers, and local communities, with the necessary skills and information to implement sustainable practices effectively.  
• Encourage compliance with eco-certifications and sustainable standards by offering recognition and financial rewards to entities 

demonstrating adherence to environmentally friendly practices.  
• Encourage the development of more innovative green financing mechanisms, such as green bonds or crowdfunding, specifically 

tailored to fund sustainable tourism projects, ensuring a steady flow of financial resources towards eco-friendly initiatives. 

6.2. Limitations and future research 

In advancing the understanding of the intricate interplay between GF and sustainable tourism development within China, this study 
encountered several inherent limitations that warrant acknowledgment for future research trajectories. One notable constraint 
involved the reliance on available data, which might have been constrained in terms of completeness, reliability, or timeliness, 
potentially influencing the depth and precision of the study’s evaluations. Furthermore, the focused scope on the Chinese context, 
while providing valuable insights, could limit the extrapolation and applicability of findings to broader geographical contexts or 
diverse cultural settings within the global tourism landscape. Methodologically, while the utilization of Fuzzy AHP and Fuzzy TOPSIS 
offered a comprehensive framework, future studies could explore integrating additional MCDM methods or refining existing meth
odologies to enhance precision and robustness in evaluations. Engaging a more diverse range of stakeholder perspectives, including 
local communities, non-governmental organizations, and industry practitioners, would enrich future research by incorporating 
multifaceted viewpoints into the analysis, thereby providing a more holistic understanding of the sustainable tourism landscape. 

Table 7 
The final ranking of GF tourism strategies.  

Strategy CCi Rank 

Green Bond Innovation for Ecosystem Regeneration (S1) 0.7043 1 
Digital Twin Technologies for Sustainable Infrastructure (S2) 0.5031 5 
Data-Driven Predictive Analytics for Sustainable Tourism (S3) 0.6567 3 
Circular Economy Integration (S4) 0.6798 2 
Promotion of Green Technology Adoption (S5) 0.5435 4 
Eco-Certifications and Standards (S6) 0.4954 6 
Incentivizing Green Investments (S7) 0.4509 7  
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[23] T. Škrinjarić, Ranking environmental aspects of sustainable tourism: case of selected european countries, Sustain. Times 13 (2021), https://doi.org/10.3390/ 

su13105701. 
[24] S.R. Akbarian Ronizi, M. Mokarram, S. Negahban, Investigation of sustainable rural tourism activities with different risk: a GIS-MCDM case in isfahan, Iran, 

earth sp, Sci. 10 (2023), https://doi.org/10.1029/2021EA002153. 

M. Fu et al.                                                                                                                                                                                                              

https://doi.org/10.1057/s41599-024-02639-9
http://refhub.elsevier.com/S2405-8440(24)07130-5/sref2
http://refhub.elsevier.com/S2405-8440(24)07130-5/sref2
https://doi.org/10.1186/s40494-022-00724-3
https://doi.org/10.1177/0958305X231183914
https://doi.org/10.1080/02508281.2018.1475880
https://doi.org/10.1080/15256480.2012.698173
https://doi.org/10.3390/soc8030059
https://doi.org/10.1080/19407963.2022.2069115
https://doi.org/10.1007/s10644-023-09492-x
https://doi.org/10.1007/s10644-023-09492-x
https://doi.org/10.1080/10643389.2010.502645
https://doi.org/10.1080/10643389.2010.502645
https://doi.org/10.1016/j.resourpol.2023.103890
https://doi.org/10.1080/19388160.2019.1637317
https://doi.org/10.1080/19388160.2019.1637317
https://doi.org/10.1108/MEQ-12-2019-0284
https://doi.org/10.1002/sd.2743
https://doi.org/10.1002/sd.2743
https://doi.org/10.1002/wcc.165
https://doi.org/10.1002/wcc.165
http://refhub.elsevier.com/S2405-8440(24)07130-5/sref16
https://doi.org/10.1002/sd.2720
https://doi.org/10.1002/sd.2720
https://doi.org/10.1016/j.scs.2018.05.001
https://doi.org/10.1016/j.scs.2018.05.001
https://doi.org/10.3390/su13094902
https://doi.org/10.1016/j.jclepro.2021.129716
https://doi.org/10.3390/su15097534
https://doi.org/10.1016/j.tourman.2011.05.002
https://doi.org/10.1016/j.tourman.2011.05.002
https://doi.org/10.3390/su13105701
https://doi.org/10.3390/su13105701
https://doi.org/10.1029/2021EA002153


Heliyon 10 (2024) e31099

15

[25] A. Abrishamchi, A.A. Mounesan, R. Maknoon, A fuzzy multi-criteria approach to sustainable island-based tourism development, Sci. Iran. 28 (2021) 682–699, 
https://doi.org/10.24200/sci.2019.53260.3146. 

[26] J.G. Mestanza, R. Bakhat, An integrated CRITIC-VIKOR model for overtourism assessment in Spain: post-COVID-19 sustainable actions, Int. J. Multicriteria 
Decis. Mak. (IJMCDM) 9 (2022) 87–107, https://doi.org/10.1504/IJMCDM.2022.10044292. 

[27] M. Carra, F. Botticini, F.C. Pavesi, G. Maternini, M. Pezzagno, B. Barabino, A comparative cycling path selection for sustainable tourism in Franciacorta. An 
integrated AHP-ELECTRE method, Transport. Res. Procedia (2023) 448–455, https://doi.org/10.1016/j.trpro.2023.02.194. 

[28] S. Joshi, M. Sharma, R.K. Singh, Performance evaluation of agro-tourism clusters using AHP–TOPSIS, J. Oper. Strateg. Plan. 3 (2020) 7–30, https://doi.org/ 
10.1177/2516600x20928646. 

[29] A. Kurnaz, S. Anıktar, Examination of rural architecture that shapes sustainable tourism in emerging economies through stakeholder perspectives: sile, Istanbul, 
Curr. Issues Tourism (2023), https://doi.org/10.1080/13683500.2023.2223913. 

[30] E. Michalena, J. Hills, J.P. Amat, Developing sustainable tourism, using a multicriteria analysis on renewable energy in Mediterranean Islands, Energy Sustain. 
Dev. 13 (2009) 129–136, https://doi.org/10.1016/j.esd.2009.06.001. 

[31] F. Zhang, X. Huang, Trend and spatiotemporal distribution of fatal landslides triggered by non-seismic effects in China, Landslides 15 (2018) 1663–1674, 
https://doi.org/10.1007/s10346-018-1007-z. 

[32] E. Santos, R.A. Castanho, D. Meyer, Is investment contributing to competitiveness in nautical tourism in the atlantic area? Water (Switzerland) 14 (2022) 
https://doi.org/10.3390/w14192964. 

[33] N. Ramgulam, An examination of the economic viability of sustainable business tourism in trinidad, Rev. Bus. Financ. Stud. ◆. 3 (2012) 69–81. 
[34] X. Sun, J. Qing, S.A.A. Shah, Y.A. Solangi, Exploring the complex nexus between sustainable development and green tourism through advanced GMM analysis, 

Sustain. Times 15 (2023), https://doi.org/10.3390/su151410782. 
[35] M.S.O. Sánchez, J. Castro-Serrano, R. Robina-Ramírez, Stakeholders’ participation in sustainable tourism planning for a rural region: extremadura case study 

(Spain), Land 10 (2021), https://doi.org/10.3390/land10060553. 
[36] G. Jiang, W. Gao, M. Xu, M. Tong, Z. Liu, Geographic information visualization and sustainable development of low-carbon rural slow tourism under artificial 

intelligence, Sustain. Times 15 (2023), https://doi.org/10.3390/su15043846. 
[37] Q.B. Baloch, S.N. Shah, N. Iqbal, M. Sheeraz, M. Asadullah, S. Mahar, A.U. Khan, Impact of tourism development upon environmental sustainability: a suggested 

framework for sustainable ecotourism, Environ. Sci. Pollut. Res. 30 (2023) 5917–5930, https://doi.org/10.1007/s11356-022-22496-w. 
[38] Q. Wang, L. Yang, Z. Yue, Research on development of digital finance in improving efficiency of tourism resource allocation, Resour. Environ. Sustain. 8 (2022), 

https://doi.org/10.1016/j.resenv.2022.100054. 
[39] J. Tan, Y.A. Solangi, Assessing impact investing for green infrastructure development in low-carbon transition and sustainable development in China, Environ. 

Dev. Sustain. (2023), https://doi.org/10.1007/s10668-023-03678-z. 
[40] S. Khalid, M.S. Ahmad, T. Ramayah, J. Hwang, I. Kim, Community empowerment and sustainable tourism development: the mediating role of community 

support for tourism, Sustain. Times 11 (2019), https://doi.org/10.3390/su11226248. 
[41] A. Altassan, Sustainability of heritage villages through eco-tourism investment (case study: Al-khabra village, Saudi arabia), Sustain. Times 15 (2023), https:// 

doi.org/10.3390/su15097172. 
[42] Z. ul A. Janjua, G. Krishnapillai, M. Rehman, Importance of the sustainability tourism marketing practices: an insight from rural community-based homestays in 

Malaysia, J. Hosp. Tour. Insights. 6 (2023) 575–594, https://doi.org/10.1108/JHTI-10-2021-0274. 
[43] C. Li, Y.A. Solangi, S. Ali, Evaluating the factors of green finance to achieve carbon peak and carbon neutrality targets in China: a delphi and fuzzy AHP 

approach, Sustain. Times 15 (2023), https://doi.org/10.3390/su15032721. 
[44] X.L. Xu, C. Sun, Y. Li, N. Zhou, The effects of environmental management and debt financing on sustainable financial growth in the tourism industry, Sage Open 

10 (2020), https://doi.org/10.1177/2158244020948530. 
[45] N. Nagendrakumar, K.N.N. Alwis, U.A.K. Eshani, S.B.U. Kaushalya, The impact of sustainability practices on the going concern of the travel and tourism 

industry: evidence from developed and developing countries, Sustain. Times 14 (2022), https://doi.org/10.3390/su142417046. 
[46] L. Xu, Y.A. Solangi, Evaluating the impact of green bonds on renewable energy investment to promote sustainable development in China, J. Renew. Sustain. 

Energy 15 (2023), https://doi.org/10.1063/5.0161387. 
[47] Z. Cheng, Z. Yang, H. Gao, H. Tao, M. Xu, Does PPP matter to sustainable tourism development? An analysis of the spatial effect of the tourism PPP policy in 

China, Sustain. Times 10 (2018), https://doi.org/10.3390/su10114058. 
[48] W. Ahmed, Q. Tan, G.M. Shaikh, H. Waqas, N.A. Kanasro, S. Ali, Y.A. Solangi, Assessing and prioritizing the climate change policy objectives for sustainable 

development in Pakistan, Symmetry (Basel) 12 (2020) 1203, https://doi.org/10.3390/sym12081203. 
[49] M. Sesotyaningtyas, A. Manaf, Analysis of sustainable tourism village development at kutoharjo village, kendal regency of central java, Procedia - Soc. Behav. 

Sci. 184 (2015) 273–280, https://doi.org/10.1016/j.sbspro.2015.05.091. 
[50] C.W. Lu, J.C. Huang, C. Chen, M.H. Shu, C.W. Hsu, B.R. Tapas Bapu, An energy-efficient smart city for sustainable green tourism industry, Sustain. Energy 

Technol. Assessments 47 (2021), https://doi.org/10.1016/j.seta.2021.101494. 
[51] Y. Shang, Y. Lian, H. Chen, F. Qian, The impacts of energy resource and tourism on green growth: evidence from Asian economies, Resour. Policy. 81 (2023), 

https://doi.org/10.1016/j.resourpol.2023.103359. 
[52] A. Yuce, Digital twins and sustainable developments in the tourism and hospitality industry, in: Handb. Res. Appl. AI, Digit. Twin, Internet Things Sustain. Dev., 

2023, pp. 461–472, https://doi.org/10.4018/978-1-6684-6821-0.ch027. 
[53] R. Alsahafi, A. Alzahrani, R. Mehmood, Smarter sustainable tourism: data-driven multi-perspective parameter discovery for autonomous design and operations, 

Sustain. Times 15 (2023), https://doi.org/10.3390/su15054166. 
[54] P. del Vecchio, C. Malandugno, G. Passiante, G. Sakka, Circular economy business model for smart tourism: the case of Ecobnb, EuroMed J. Bus. 17 (2022) 

88–104, https://doi.org/10.1108/EMJB-09-2020-0098. 
[55] S. Majumdar, C.M. Paris, Environmental impact of urbanization, bank credits, and energy use in the UAE—a tourism-induced EKC model, Sustain. Times 14 

(2022), https://doi.org/10.3390/su14137834. 
[56] R. Sucheran, L. Arulappan, Eco-labels in the tourism sector in South Africa: benefits and barriers, African J. Hosp. Tour. Leis. 9 (2020) 979–996, https://doi.org/ 

10.46222/ajhtl.19770720-63. 
[57] Y. Chen, J. Zhang, H. Chen, An economic analysis of sustainable tourism development in China, Econ. Chang. Restruct. 56 (2023) 2227–2242, https://doi.org/ 

10.1007/s10644-023-09512-w. 
[58] Y.A. Solangi, C. Longsheng, S.A.A. Shah, Assessing and overcoming the renewable energy barriers for sustainable development in Pakistan: an integrated AHP 

and fuzzy TOPSIS approach, Renew. Energy 173 (2021) 209–222, https://doi.org/10.1016/j.renene.2021.03.141. 
[59] Y. Wang, L. Xu, Y.A. Solangi, Strategic renewable energy resources selection for Pakistan: based on SWOT-Fuzzy AHP approach, Sustain. Cities Soc. 52 (2020), 

https://doi.org/10.1016/j.scs.2019.101861. 
[60] O. Gogus, T.O. Boucher, Strong transitivity, rationality and weak monotonicity in fuzzy pairwise comparisons, Fuzzy Set Syst. 94 (1998) 133–144, https://doi. 

org/10.1016/S0165-0114(96)00184-4. 
[61] Y.A. Solangi, Q. Tan, M.W.A. Khan, N.H. Mirjat, I. Ahmed, The selection of wind power project location in the Southeastern Corridor of Pakistan: a factor 

analysis, AHP, and fuzzy-TOPSIS application, Energies 11 (2018) 1940, https://doi.org/10.3390/en11081940. 
[62] H. Han, S. Trimi, A fuzzy TOPSIS method for performance evaluation of reverse logistics in social commerce platforms, Expert Syst. Appl. 103 (2018) 133–145, 

https://doi.org/10.1016/j.eswa.2018.03.003. 
[63] B. Cayir Ervural, S. Zaim, O.F. Demirel, Z. Aydin, D. Delen, An ANP and fuzzy TOPSIS-based SWOT analysis for Turkey’s energy planning, Renew. Sustain. 

Energy Rev. 82 (2018) 1538–1550, https://doi.org/10.1016/j.rser.2017.06.095. 
[64] S.M. Lehmann, Natural resources, tourism and community livelihoods in Southern Africa, J. Tourism Futur. 6 (2020) 291–293, https://doi.org/10.1108/jtf-09- 

2020-157. 

M. Fu et al.                                                                                                                                                                                                              

https://doi.org/10.24200/sci.2019.53260.3146
https://doi.org/10.1504/IJMCDM.2022.10044292
https://doi.org/10.1016/j.trpro.2023.02.194
https://doi.org/10.1177/2516600x20928646
https://doi.org/10.1177/2516600x20928646
https://doi.org/10.1080/13683500.2023.2223913
https://doi.org/10.1016/j.esd.2009.06.001
https://doi.org/10.1007/s10346-018-1007-z
https://doi.org/10.3390/w14192964
http://refhub.elsevier.com/S2405-8440(24)07130-5/sref33
https://doi.org/10.3390/su151410782
https://doi.org/10.3390/land10060553
https://doi.org/10.3390/su15043846
https://doi.org/10.1007/s11356-022-22496-w
https://doi.org/10.1016/j.resenv.2022.100054
https://doi.org/10.1007/s10668-023-03678-z
https://doi.org/10.3390/su11226248
https://doi.org/10.3390/su15097172
https://doi.org/10.3390/su15097172
https://doi.org/10.1108/JHTI-10-2021-0274
https://doi.org/10.3390/su15032721
https://doi.org/10.1177/2158244020948530
https://doi.org/10.3390/su142417046
https://doi.org/10.1063/5.0161387
https://doi.org/10.3390/su10114058
https://doi.org/10.3390/sym12081203
https://doi.org/10.1016/j.sbspro.2015.05.091
https://doi.org/10.1016/j.seta.2021.101494
https://doi.org/10.1016/j.resourpol.2023.103359
https://doi.org/10.4018/978-1-6684-6821-0.ch027
https://doi.org/10.3390/su15054166
https://doi.org/10.1108/EMJB-09-2020-0098
https://doi.org/10.3390/su14137834
https://doi.org/10.46222/ajhtl.19770720-63
https://doi.org/10.46222/ajhtl.19770720-63
https://doi.org/10.1007/s10644-023-09512-w
https://doi.org/10.1007/s10644-023-09512-w
https://doi.org/10.1016/j.renene.2021.03.141
https://doi.org/10.1016/j.scs.2019.101861
https://doi.org/10.1016/S0165-0114(96)00184-4
https://doi.org/10.1016/S0165-0114(96)00184-4
https://doi.org/10.3390/en11081940
https://doi.org/10.1016/j.eswa.2018.03.003
https://doi.org/10.1016/j.rser.2017.06.095
https://doi.org/10.1108/jtf-09-2020-157
https://doi.org/10.1108/jtf-09-2020-157


Heliyon 10 (2024) e31099

16

[65] M. Ghanem, I. Elshaer, S. Saad, Tourism public-private partnership (PPP) projects: an exploratory-sequential approach, Tour. Rev. 77 (2022) 427–450, https:// 
doi.org/10.1108/TR-03-2021-0105. 

[66] P.Y. Lee, L. Qi, P. Li, Host community attitude toward trade-off between tourism development and environmental conservation: a case study of Palau, Bus. 
Manag. Res. 9 (2020) 21, https://doi.org/10.5430/bmr.v9n1p21. 

[67] X. Cao, Challenges and potential improvements in the policy and regulatory framework for sustainable tourism planning in China: the case of Shanxi Province, 
J. Sustain. Tourism 23 (2015) 455–476, https://doi.org/10.1080/09669582.2014.957207. 

[68] M.T. Jørgensen, A.V. Hansen, F. Sørensen, L. Fuglsang, J. Sundbo, J.F. Jensen, Collective tourism social entrepreneurship: a means for community mobilization 
and social transformation, Ann. Tourism Res. 88 (2021), https://doi.org/10.1016/j.annals.2021.103171. 

[69] Y. Zhou, The application trend of digital finance and technological innovation in the development of green economy, J. Environ. Public Health. 2022 (2022), 
https://doi.org/10.1155/2022/1064558. 

[70] W. Juan, W. Kexin, Fishery knowledge spillover effects on tourism economic growth in China – spatiotemporal effects and regional heterogeneity, Mar. Pol. 139 
(2022), https://doi.org/10.1016/j.marpol.2022.105019. 

[71] K. Mohamed, Using information technology for enhancing sustainable tourism in Egypt, Sci. J. Oct. 6 Univ. 4 (2018) 82–89, https://doi.org/10.21608/ 
sjou.2018.30329. 

[72] E. Satrovic, F.F. Adedoyin, The role of energy transition and international tourism in mitigating environmental degradation: evidence from SEE countries, 
Energies 16 (2023), https://doi.org/10.3390/en16021002. 

[73] E. Jurkus, R. Povilanskas, J. Taminskas, Current trends and issues in research on biodiversity conservation and tourism sustainability, Sustain. Times 14 (2022), 
https://doi.org/10.3390/su14063342. 

[74] N.L.G. Hadriani, I.P. Gelgel, I.P.S. Wibawa, Environmental conservation and socio-cultural preservation manifestations in tourism policy development in Bali, 
J. Environ. Manag. Tour. 12 (2021) 2263–2271, https://doi.org/10.14505/jemt.v12.8(56).24. 

[75] Y. Jiang, Y. Guo, H. Zhou, Residents’ perception of tourism impact, participation and support in destinations under the COVID-19 pandemic: the intermediary 
role of government trust, Sustain. Times 15 (2023), https://doi.org/10.3390/su15032513. 

[76] I. Fisun, M. Kucher, N. Stebliuk, Y. Saihak, O. Prokopenko, Modeling development strategy of tourism companies under the influence of external and internal 
environment: evidence from Ukraine, Tour. Travel. 4 (2022) 1–15, https://doi.org/10.21511/tt.4(1).2022.01. 

[77] S. Shen, M. Sotiriadis, Q. Zhou, Could smart tourists be sustainable and responsible as well? The contribution of social networking sites to improving their 
sustainable and responsible behavior, Sustain. Times 12 (2020), https://doi.org/10.3390/su12041470. 

[78] A. Liu, Y.R. Kim, H. Song, Toward an accurate assessment of tourism economic impact: a systematic literature review, Ann. Tour. Res. Empir. Insights. 3 (2022), 
https://doi.org/10.1016/j.annale.2022.100054. 

[79] Q. Wang, S. Hu, R. Li, Could information and communication technology (ICT) reduce carbon emissions? The role of trade openness and financial development, 
Telecomm. Policy (2023) 102699, https://doi.org/10.1016/j.telpol.2023.102699. 

[80] X. Wang, A. Xu, Chinese consumers’ intention to purchase tourism financial products, J. Teach. Travel Tour. 22 (2022) 325–336, https://doi.org/10.1080/ 
15313220.2022.2097155. 

[81] Z.Y. Feng, Y.J. Tseng, Corporate social responsibility in the tourism industry: evidence from seasoned equity offerings, Curr. Issues Tourism 22 (2019) 91–106, 
https://doi.org/10.1080/13683500.2017.1360846. 

[82] G. Giotis, E. Papadionysiou, The role of managerial and technological innovations in the tourism industry: a review of the empirical literature, Sustain. Times 14 
(2022), https://doi.org/10.3390/su14095182. 

[83] H. Qi, Conceptualizing volunteering in tourism in China, Tourism Manag. Perspect. 33 (2020), https://doi.org/10.1016/j.tmp.2019.100618. 

M. Fu et al.                                                                                                                                                                                                              

https://doi.org/10.1108/TR-03-2021-0105
https://doi.org/10.1108/TR-03-2021-0105
https://doi.org/10.5430/bmr.v9n1p21
https://doi.org/10.1080/09669582.2014.957207
https://doi.org/10.1016/j.annals.2021.103171
https://doi.org/10.1155/2022/1064558
https://doi.org/10.1016/j.marpol.2022.105019
https://doi.org/10.21608/sjou.2018.30329
https://doi.org/10.21608/sjou.2018.30329
https://doi.org/10.3390/en16021002
https://doi.org/10.3390/su14063342
https://doi.org/10.14505/jemt.v12.8(56).24
https://doi.org/10.3390/su15032513
https://doi.org/10.21511/tt.4(1).2022.01
https://doi.org/10.3390/su12041470
https://doi.org/10.1016/j.annale.2022.100054
https://doi.org/10.1016/j.telpol.2023.102699
https://doi.org/10.1080/15313220.2022.2097155
https://doi.org/10.1080/15313220.2022.2097155
https://doi.org/10.1080/13683500.2017.1360846
https://doi.org/10.3390/su14095182
https://doi.org/10.1016/j.tmp.2019.100618

	Assessing the impact of green finance on sustainable tourism development in China
	1 Introduction
	2 Literature review
	2.1 Sustainable tourism-based studies on MCDM
	2.2 Research gap

	3 Criteria and strategies for sustainable tourism development
	3.1 Identification of criteria and sub-criteria
	3.2 Identification of strategies for sustainable tourism
	3.2.1 Green bond innovation for ecosystem regeneration
	3.2.2 Digital twin technologies for sustainable infrastructure
	3.2.3 Data-driven predictive analytics for sustainable tourism
	3.2.4 Circular economy integration
	3.2.5 Promotion of green technology adoption
	3.2.6 Eco-certifications and standards
	3.2.7 Incentivizing green investments


	4 Methodology
	4.1 Fuzzy AHP method
	4.2 Fuzzy TOPSIS
	4.3 Case study

	5 Result and discussion
	5.1 Findings of main criteria using fuzzy AHP
	5.2 Findings of sub-criteria using fuzzy AHP
	5.3 Findings for strategies of sustainable tourism using fuzzy TOPSIS
	5.4 Discussion
	5.5 Managerial and theoretical implications

	6 Conclusion
	6.1 Policy recommendations
	6.2 Limitations and future research

	Funding
	Availability of data
	CRediT authorship contribution statement
	Declaration of competing interest
	References


