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Introduction: Fishing harbor cities often face decline due to the depletion of fishing resources. In response, this study aims to develop an expert evaluation system to assist in transitioning these harbors toward sustainable sailing-yacht tourism. Such a transition aligns with the objectives of Sustainable Development Goals (SDGs) 14 (Life Below Water) and 11 (Sustainable Cities and Communities).

Methods: To construct the evaluation framework, the Analytical Network Process (ANP) was used to determine the interdependent relationships among criteria, while the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) was applied to rank and prioritize alternatives. This integrated approach facilitated a comprehensive evaluation model for sustainability transitions in harbor redevelopment.

Results: An empirical case study conducted in the Asia-Pacific region demonstrated the application of the expert system in selecting an ideal fishing harbor for redevelopment. The combined ANP-TOPSIS model effectively identified the most suitable harbor by systematically analyzing multiple dimensions related to sustainable tourism development.

Discussion: This research contributes to the planning and development of sustainable harbors, urban areas, and sailing-yacht tourism. It offers a comprehensive evaluation model grounded in expert decision-making methods. Furthermore, the findings suggest that fishing harbors, especially those in archipelagic regions, possess significant potential for transformation into sustainable sailing-yacht tourism destinations, supporting broader SDG implementation efforts.
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1 Introduction

Fishing harbors are facilities that support fishing activities and provide a sheltered body of water where ships and boats can dock. The main fishing harbors, such as the Port of Vigo in Spain and Chimbote in Peru, serve as economic pillars for their respective countries. However, these harbors face the challenge of unsustainable development. The unsustainability of fishing harbors stems from multiple factors related to resource depletion, environmental degradation, inefficient infrastructure management, and economic vulnerability. One of the most pressing concerns is the overexploitation of fishery resources. The same revenue cannot be maintained every year because fishery resources are limited and have declined. There is a need for the transitioning of traditional fishing harbors to multifunction harbors to facilitate economic development. From a sustainable development perspective, it is also an opportunity to achieve SDG (Sustainable Development Goal) 14, conserve and sustainably use the oceans, seas, and marine resources. Furthermore, this transition can also achieve SDG 11, making cities inclusive, safe, resilient, and sustainable. Conservation can manage and sustain ocean and marine resources by altering industries from unsustainable to environmentally friendly ones.

The most common alternative business model for traditional fishery transition is recreational fisheries (Chen and Chang, 2017). In addition, sailing-yacht tourism is one option for a transition that uses fewer or no marine resources and creates more sustainable and livable cities (Abbott et al., 2022; McCarthy, 2003). Coastal countries have developed sailing-yacht tourism due to their environmental awareness and the need to boost economic growth. Cities that have reconstructed their fishing harbors with the potential for sailing-yacht tourism have transitioned to sailing-yacht harbors for more sustainable economic advantages (Bicak et al., 2006; Cariola, 2022). Harbor cities have promoted sailing-yacht tourism as a strategy for city development and regeneration due to the industry's financial benefits and sociocultural characteristics (Ioannidis, 2019; Yarovaya, 2013). However, while sailing-yacht tourism presents environmental and economic advantages, it also introduces potential ecological and sociocultural challenges. Increased yacht tourism can lead to seabed disturbances from anchoring, water pollution from waste discharge, and increased marine traffic, which may disrupt sensitive coastal ecosystems. Moreover, the shift from traditional fisheries to yacht tourism may create socio-economic tensions if local fishing communities are not adequately integrated into new tourism-based economies. Ensuring sustainability in this transition requires strategic planning, regulatory frameworks, and active engagement with local stakeholders to balance tourism development with environmental conservation and cultural preservation (Gedik and Mugan-Ertugral, 2019; Pásková et al., 2024).

Although many cities and countries desire to develop sailing-yacht tourism that can produce benefits for cities and the environment compared to original local fisheries, there are some limitations and bottlenecks. Emerging and developing sailing-yacht tourism cities have encountered problems such as limited navigable waters and a lack of public marinas and dedicated ports (Wang et al., 2017). In addition, sailing-yacht tourism destinations encounter competition from nearby countries or cities (Syafruddin et al., 2019), which results in wasted investments and damage to the natural and cultural environment without proper planning (Sevinç and Güzel, 2017). Therefore, it is necessary to sufficiently evaluate and plan for conditions from all aspects to prevent failure in substituting sailing-yacht tourism for fisheries. Rather than solely substituting fisheries with sailing-yacht tourism, a broad-based development strategy that integrates existing indigenous practices and local maritime traditions into new tourism plans could enhance long-term sustainability (Jugović et al., 2011). Many coastal and fishing communities have rich cultural and ecological knowledge that could contribute to responsible tourism development, such as sustainable seafood industries, eco-friendly boat-building techniques, and traditional navigation practices. Incorporating these elements into tourism initiatives, such as cultural sailing experiences, guided eco-tours, and locally led marine conservation programs, could diversify economic opportunities while preserving community identity and ecological balance.

Evaluating the conditions for the transition from fishing harbors to sailing-yacht harbors to develop sailing-yacht tourism needs multi-criteria decision-making (MCDM). The analytic hierarchy process (AHP) is an efficient method to solve MCDC problems (Pant et al., 2022) and has been applied to similar evaluation problems, such as selecting a cruise port (Wang et al., 2014), assessing resource-based tourism competitiveness (Horak et al., 2006), and evaluating sustainability in coastal lands (Luković, 2012). The AHP method assumes that all evaluation criteria are independent; however, criteria are often dependent in most actual situations. Saaty (2007) developed the analysis network process (ANP) method to consider the criteria relationships of dependence and feedback. The AHP and ANP are both based on experts' opinions to quantify the weights of each criterion. The main difference between these two methods is that AHP analyzes the decision problem based on a hierarchy considering goals, criteria, and alternatives, while the ANP structures the system as a network (Saaty, 2007).

The current study attempted to develop an expert evaluation system based on the ANP method integrated with the TOPSIS method to establish an evaluation framework for assessing fishing harbors' transition to develop sailing-yacht tourism for the emerging market in the Asian Pacific area. To further enhance decision-making accuracy, this study integrates the ANP method with the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS). TOPSIS is a ranking method that evaluates multiple alternatives based on their relative closeness to an ideal solution (Fu et al., 2020; Tavana et al., 2020; Rezvani et al., 2022). Unlike ANP, which focuses on determining the relative importance of criteria, TOPSIS is used to rank alternatives based on their performance across multiple criteria. The core principle of TOPSIS is that the best alternative should have the shortest Euclidean distance from the ideal solution and the farthest distance from the worst solution. By applying TOPSIS, this study ensures a more objective evaluation of fishing harbors' potential for transition, balancing multiple interdependent factors such as geographic location, infrastructure readiness, environmental conditions, and economic feasibility.

This study applies the ANP-TOPSIS framework to assess the transition potential of fishing harbors in the Asia-Pacific region, where many fisheries are on the brink of collapse due to overfishing (DeRidder and Nindang, 2018; Weerawat, 2024). Given the pressing need for sustainable economic alternatives, sailing-yacht tourism has emerged as a viable industry for revitalizing coastal economies while mitigating environmental impacts. The study evaluates three fishing harbors in Taiwan as empirical cases to illustrate how the ANP-TOPSIS evaluation system can guide decision-making in harbor transitions. The results provide practical implications for harbor planners, policymakers, and tourism developers seeking to promote sustainable maritime tourism while ensuring environmental conservation and economic resilience.

By leveraging the ANP-TOPSIS framework, this study not only contributes to the theoretical development of multi-criteria decision-making in tourism planning but also offers practical insights for coastal cities aiming to transition toward sustainable maritime tourism. The findings serve as a decision-support tool for harbor authorities and destination management organizations (DMOs). The framework supports investment and planning decisions by incorporating a holistic assessment of economic, environmental, and infrastructural factors. As coastal tourism evolves, structured evaluation frameworks such as the one proposed in this study will be essential for achieving long-term sustainability in maritime tourism development.



2 Literature review


2.1 The emerging market and sustainability of sailing-yacht tourism in Asia

Sailing-yacht tourism is an essential aspect of marine tourism. It is a marine activity in which tourists can chart or take a sailing yacht for leisure to visit multiple seaside areas in destinations related to sailing (Galatsopoulou, 2022). In addition to several other activities at the marina or in the water, yacht tourism can include other activities to create a complete sailing-yacht experience together with or apart from sailing (Horak et al., 2006; Luković, 2012; Paker and Paker, 2024). Sailing-yacht tourism has been developing rapidly in coastal countries in recent years due to the desire of tourists for sailing-yacht and marine tourism. Alcover et al. (2011) noted that sailing-yacht charter tourism plays a crucial economic role in traditional Mediterranean areas. With the increased awareness of sustainability, many countries have included sailing-yacht tourism as an action for sustainable tourism practices to maintain the long-term economic advantage of sailing-yacht tourism (Sevinç and Güzel, 2017; Shen et al., 2021).

Comparably, there are more mature markets in Western European and Central American regions, such as the Mediterranean and Caribbean Sea regions, while there are emerging markets in Asia, such as the Andaman Sea and Strait of Malacca regions in Thailand and Malaysia. However, sailing-yacht tourism destinations encounter high competition in both mature markets and emerging markets. For instance, emerging destinations in East-South Asia, such as Sabang in Indonesia, compete with Langkawi in Malaysia and Phuket in Thailand to attract sailing-yacht tourists (Syafruddin et al., 2019). Although some yacht tourism investment and development projects are at a national level and policy (Sevinç and Güzel, 2017), evaluation of the conditions of the marina and region is necessary for the sustainability of sailing-yacht tourism.

There is also an emerging trend of sailing-yacht tourism in China. Sailing-yacht tourism for recreation and sport has become a novel type of maritime tourism in China and contributes to local and national development through important and emerging economic growth (Wang et al., 2018). For example, the growth of participants in sailing-yacht tourism brought considerable consumption to Xiamen, which is a coastal city with several marinas in southeast China (Wang et al., 2017). In addition, Hainan Island has developed marine tourism quickly, and sailing-yacht tourism is one of the strategies for developing a world-class yacht leisure community; Nine yacht harbors were completed on Hainan Island by the end of 2016 (Li et al., 2021; Luo, 2017).



2.2 Sailing-yacht tourism evaluation factors
 
2.2.1 Factors for sailing-yacht tourism

There are four factors that influence fishing harbors' transition to sailing-yacht tourism due to the characteristics of the sailing-yacht tourism industry and market: location (Castro, 2021), transport (Bieger and Wittmer, 2006; Nurhaeny et al., 2021), marine sports resources (Christensen et al., 2023; Shen et al., 2021), and tourism attractions (Mikulić et al., 2015; Goffi et al., 2019). First, it is necessary to consider the location of fishing harbors. The location determines the resources of the target market due to the area's industry characteristics and market scale. The location of the harbor is one of the crucial factors in attracting potential consumers with connections to nearby areas. Location is also a crucial factor in site selection for international hotels (Landauer et al., 2012). In the sports tourism context, Saveriades (2000) argued that sports tourism events bring different scale effects of economic benefits in different areas based on central place theory. Central place theory emphasizes that each central place has a surrounding complementary area, so the location of the central place, as well as the range of the complementary area, determines the impact of the economic benefits (Castro, 2021). Therefore, there are significantly different results even when events are hosted in nearby areas.

Second, transport is the lifeline of a tourism area and connects tourists with a destination. A lack of convenient transportation creates limitations for sailing-yacht tourism. Tourism is often the primary economic resource for an island, so transport services are vital for tourism development (Nurhaeny et al., 2021). Transport services not only provide tourist access to destinations but also are part of the travel experience (Simón et al., 2004). Transportation determines whether tourists visit a destination (Landauer et al., 2012; Simón et al., 2004).

Third, sailing-yacht tourism which involves sailing is a kind of marine sport that requires related sports and ocean environmental resources to support its development (Christensen et al., 2023). It is critical to the sailing-yacht tourism destination experience to establish sports resources in addition to attracting tourism (Flagestad and Hope, 2001). Lin and Juan (2009) noted that the potential for sailing-yacht tourism includes natural environments, such as suitable coastal and ocean environments, beautiful scenery, undestroyed marine environments and ecology, and quality accommodations. Sailing yachts are jibed by wind and powered by the climate. The climate is an important issue in tourism for resource development and risk management (Lin and Juan, 2009; Shen et al., 2021). It is essential to evaluate the quality and quantity of natural resources for the development of sailing-yacht tourism based on nature in coastal areas (Goossen and Langers, 2000). The appropriate usage and sustainable management of marine resources to develop sailing-yacht tourism is a way to sustain marine tourism (Chou et al., 2008).

Finally, sailing-yacht tourism is associated with tourism destination attractions as a main or minor route. Attraction is the pull that draws tourists to destinations (Mikulić et al., 2015; Goffi et al., 2019; Chou et al., 2008). Khadaroo and Seetanah (2008) indicated that researchers and DMOs (destination management organizations) should focus on attraction by examining the reasons why tourists travel to a destination. Attractions that effectively draw tourists include entertainment, culture, and sport, and investment in sports and entertainment in the tourism industry can produce economic benefits for locals.

These four factors—location, transport, marine sports resources, and tourism attractions—were identified based on their fundamental role in shaping the viability and success of sailing-yacht tourism. The selection of these factors was informed by a review of existing literature on maritime tourism, sports tourism, and sustainable tourism development, as well as case studies of successful harbor transitions. The distinction between essential and optional components was made by evaluating their direct impact on the feasibility of sailing-yacht tourism. Essential components, such as location and transport, are foundational prerequisites that determine whether a fishing harbor can effectively transition into a sailing-yacht hub. Without a strategic location and efficient transport connections, a harbor may struggle to attract tourists and sustain economic viability. Meanwhile, marine sports resources and tourism attractions serve as competitive advantages that enhance the appeal of a destination but are not always indispensable in the initial transition phase. These elements contribute to the overall experience and differentiation of a sailing-yacht tourism destination, making them significant but adaptable based on local conditions. The classification of these factors will be also influenced by expert consultations, ensuring that both theoretical and practical perspectives were incorporated into the analysis.



2.2.2 Criteria for each factor

The main framework includes four dimensions, namely, location, transport, marine sports resources, and tourism attractions. Each of these dimensions can be divided into several criteria based on previous literature. A total of 14 assessment criteria proposed for the evaluation framework are shown in Table 1. The proposed criteria for fishing harbor transition to sailing-yacht harbors in this study can assess whether fishing harbors are appropriate for the development of sustainable sailing-yacht tourism.


TABLE 1 Criteria for fishing harbors' transition to sustainable sailing-yacht tourism.
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2.3 Expert evaluation system with ANP and TOPSIS

The current study adopted quantitative and qualitative methods to establish a framework of expert evaluation systems to assess and rank all the potential sites (Fu et al., 2020; Rezvani et al., 2022; Tavana et al., 2020). It aims to solve the MCDM problem of evaluating potential fishing harbors for the transition to sailing-yacht tourism. This research adopted three phases of analysis regarding the method. The first step is to determine multiple criteria and their relationships. The second step is to apply the ANP model to determine the weights of all criteria. The final step is to conduct the TOPSIS method to rank the sites.

Saaty (2007) extended the ANP technique from AHP to allow more complicated interrelationships among evaluation models. Unlike other traditional MCDM methods based on the assumption of independence, ANP is a comparatively advanced MCDM method that can systematically process different kinds of dependent situations in a real context (Lim, 1997). Researchers have applied the ANP approach for selecting, evaluating, and prioritizing since interdependent relationships substantially affect the evaluation framework. Bowe and Marcouiller (2007) proposed an effective evaluation model based on ANP to improve the analysis of national park websites. Bull (2005) put forward a methodology based on ANP to evaluate strategies for sustainable tourism. Needham and Szuster (2011) used ANP to evaluate tourist development plans with a sustainable approach. Huang et al. (2022) adopted the ANP method to build the Sustainable Island Tourism Evaluation Model.

The technique for order preference by similarity to ideal solution (TOPSIS) is a common technique for dealing with multiobjective decision problems (Bowe and Marcouiller, 2007; Scott and Lemieux, 2010; Simón et al., 2004). TOPSIS was employed to select or rank one or more ideal fishing harbors from a series of accessible alternatives based on multiple evaluation criteria. The present study applied TOPSIS as a multi-objective methodology for fishing harbor comparisons due to its effective framework.

Many researchers have integrated multiple methods to increase the advantages and eliminate the limitations of the original method to solve particular issues. Fu et al. (2020) integrated NGT, TOPSIS and MCGP methods to develop a framework to select the airlines for their hotel and airline alliance. Henriksen et al. (2010) applied the hybrid MCDM approach based on ANP and TOPSIS techniques to evaluate smart and sustainable cities. Ozkaya and Erdin (2020) combined the AHP and TOPSIS methods to develop the evaluation frameworks and rank the sustainable city. Sahin and Cezlan (2022) analyzed the hospital selection of health tourists based on AHP and TOPSIS methods.




3 Methodology


3.1 Study procedure

In this study, the expert evaluation system was adopted as a method for assessing the potential of fishing harbor transitions to sustainable sailing-yacht tourism.

The process of constructing the system contains three steps and involves determining the relative importance of the sustainability of the transition from fishing harbor to sailing-yacht tourism. Here, three stages in the construction of the evaluation system are described: establishing a framework for the system and determining the factors and criteria and their relationships; determining the weights of all criteria; and ranking the alternatives by scoring each criterion. A diagrammatic sketch of the study procedures is shown in Figure 1, and details are described as follows.


[image: Figure 1]
FIGURE 1
 The procedure of forming the framework for sustainable sailing-yacht tourism harbors through an expert evaluation system.



3.1.1 Stage 1: identifying multiple criteria and determining their relationships

The purpose of this stage was to identify the main factors and criteria for evaluating the transition of fishing harbors to sustainable sailing-yacht tourism. First, this research evaluated the comprehensive literature on the concepts of sailing-yacht tourism, fishing harbor transition, and sustainable tourism and then proposed the primary framework. Second, the nominal group technique (NGT) method was employed to confirm the evaluation criteria and their interdependent and feedback attributes (Engen et al., 2024; Shyur, 2006).



3.1.2 Stage 2: adopting the ANP model to calculate the weights of criteria

The ANP processes are used to determine the weight of criteria using a survey of expert respondents. ANP utilizes the supermatrix approach to solve the dependence on feedback problems extending from AHP, which does not address these problems (Wu and Lee, 2007). The procedure for determining the criteria weights for ANP is described below (Cheng and Li, 2005; Saaty, 1996).

First, a survey was used to perform a pairwise comparison between factors and criteria with Saaty's 9-point scale, and the results were processed by the ANP process. The ANP uses an initial matrix derived from the average value of the survey results. Then, the consistencies of the pairwise comparison were examined by the CR (consistency ratio) value of the matrix. The final consistency can be accepted when the CR value is lower than 0.1. After consistency was confirmed, each ANP criterion weight for the evaluation of sustainable sailing-yacht tourism was determined by calculating the unlimited supermatrix in which the unweighted supermatrix was raised to limiting powers until the weights converged and remained stable. The values of the CR and weight calculation of factors and criteria in ANP were processed by the Super Decisions software version 2.8.0 (Aliani et al., 2017; Peng and Tzeng, 2019; Saaty, 2007).



3.1.3 Stage 3: conducting the TOPSIS techniques to rank the alternatives

In this stage, a case study was used to evaluate and rank three fishing harbors in Taiwan. After identifying the criteria weights, the TOPSIS approach was applied for the ranking evaluations.

TOPSIS was originally proposed by Hwang and Yoon (1981) based on the concept that the chosen alternative should have the shortest distance from the ideal solution and the farthest from the negative ideal solution. TOPSIS considers the distances to both the ideal and the negative-ideal solutions simultaneously by taking the relative closeness to the ideal solution. The calculation processes used in this method are presented below.

Establish a decision matrix for alternative performance.

[image: image]

Ai denotes the ith program

Xij denotes the performance of criteria-j for the program Ai

(a) Normalize the D matrix R = (rij)

The normalized rij is calculated as

[image: image]

(b) Create the weighted normalized performance matrix.

TOPSIS defines the weighted normalized performance matrix as

[image: image]

where wj denotes the weight of the criteria of the framework.

(c) Identify the ideal solutions (A*) and negative ideal solutions (A−)

[image: image]

where J denotes the benefit criteria and J′ represents the cost criteria.

(d) Calculate the Euclidean distance between the ideal solution ([image: image]) and the negative ideal solution ([image: image]) for each program

[image: image]

(e) Calculate the relative closeness to the ideal solution of each program

[image: image]

It is clear that [image: image]1 if Ai=A* and [image: image]0 if Ai=A−. Ai is closer to A*, [image: image]approaches to 1.

(f) Rank the preference order by [image: image]

A set of programs can be preferentially ranked in descending order of [image: image]. Larger index values indicate better performance of the programs.




3.2 Data collection

The data collection for this study included three stages. In the first stage, purposeful and snowball sampling was adopted. This study employed snowball sampling, as it is particularly suitable for recruiting experts in specialized fields. Given that the research required interviews with sailing experts from public administration, academia, and industry, this method was effective in identifying appropriate participants. Initially, the researchers used purposeful sampling to select the first group of participants based on their professional background and relevance to the study. And then, these experts recommended other qualified individuals, leading to a snowball effect that expanded the sample. In total twelve experts were successfully recruited. This approach not only ensured a high level of expertise among participants but also leveraged professional trust networks, enhancing the credibility of the study and the quality of the collected data. Twelve heterogeneous experts could satisfy the requirement of reliable evaluation suggested by decision-making research (Baker et al., 2006; Tang et al., 2017). All nominal experts have been engaged in sailing tourism for at least 10 years and have administrative, research, and industrial work experience. The four experts from the administration have been responsible for marina tourism planning and management. The four academic experts focus on marina tourism and recreation and publish related studies. The four industry experts have extensive experience in sailing boat and yacht tourism and sales, with a record of excellent performance. They hold key positions in sales, operations, or management within leading maritime companies or organizations. Therefore, the nominal group had substantial experience in sailing-yacht tourism to confirm the evaluation framework and its relationship.

The experts were invited to complete the NGT questionnaire to confirm the evaluation network factor and criteria and interdependent and feedback relationships. The Nominal Group Technique (NGT) questions were administered through a combination face-to-face meetings and online consultations. This hybrid approach ensured broader participation and accommodated experts' availability (Hindi et al., 2024; Oliver et al., 2024). Then, the ANP questionnaire employing the nine-point priority scale proposed by Saaty (1996) was distributed to experts to make a series of pairwise comparisons in which two elements were compared in their contribution to their specific upper-level criterion. Finally, after identifying the weights of the criteria using ANP, the TOPSIS questionnaire was delivered to the experts to assess the priorities of three alternative fishing harbors.




4 Results


4.1 Confirming the evaluation framework and relationships with NGT

After the NGT procedure, this study confirmed the four factors and 14 criteria of the evaluation framework for fishing harbors' transition to sustainable sailing-yacht tourism, as shown in Figure 2. In addition, 16 independent relationships of factors and criteria were verified.


[image: Figure 2]
FIGURE 2
 ANP framework of selecting an ideal fishing harbor transition for sustainable sailing-yacht tourism.




4.2 Identifying the weights of criteria for the expert evaluation system

After the evaluation framework was established, the next procedure was to determine the weights of the criteria. In the ANP procedure computed by Super Decisions, the inconsistency validation is based on the value of the consistency ratio of the pairwise comparison result. For pairwise comparison of the performance perspectives, the value is from 0.000 to 0.044; when the values are under this level, the response by the experts is valid. The perspective criteria weights in the expert evaluation system are shown in Table 2.


TABLE 2 The weights of expert systems for evaluating fishing harbor transitions for sustainable sailing-yacht tourism.

[image: Table 2]



4.3 Description of investment in fishing harbors

Three fishing harbors were evaluated as potential alternatives in this study. These three harbors were all traditional fishing harbors in Taiwan and have had thriving fishery production in the past. In recent years, due to the decline of the fishing industry, they have been planning to transform into tourism harbors under government policy. There are sail-yacht agents near all these three harbors, which offer tours, training, and sales. Besides, there are also regattas held that use them for the harbor of calls annually. Of the three alternatives, one is in the north of Taiwan, one is in the south, and the other one is in the off-seashore island. The chosen harbors represent different geographic regions in Taiwan (north, south, and an offshore island), each with unique characteristics affecting their potential for transitioning to sustainable sailing-yacht tourism. This selection ensures a comprehensive evaluation across diverse environmental and economic conditions. The location of the three fishing harbors is shown in Figure 3.


[image: Figure 3]
FIGURE 3
 The location of alternatives. Source: Map data © 2025 Google.


Alternate A is the Bisha fishing harbor, Keelung, situated in the northern part of Taiwan. It is in the north of the Tropic of Cancer and faces the Pacific Ocean. The harbor is connected with the largest metropolis, the commercial city of Taipei. Taipei is the most prosperous commercial area in Taiwan, and many potential consumers of sail yachts come from Taipei. It is easy and convenient to access the harbor from Taipei. An annual sailing regatta is held, starting from Keelung to Ishigaki Island or Miyako Island, Japan.

Alternate B is An-Ping Fishing Harbor, Tainan, situated in the southern part of Taiwan. It is in the south of the Tropic of Cancer and is connected with the southern largest city, the region of sailing-yacht manufacturing, and faces the Taiwan Strait. This fishing harbor is located in the southern part of Taiwan and is a well-known cultural city. The local government markets the area for its cultural attractions and traditional snacks for tourism. Due to its geographical location, this area is one of the few in Taiwan that is still suitable for navigation during the fall and winter seasons. Therefore, sailing races are held during these seasons.

Alternate C is the Makung fishing harbor, Penghu, situated in the western part of Taiwan. It is an archipelago within the Taiwan Strait and crosses the Tropic of Cancer. The fishing harbor is located on an island, so visitors need to take a boat or plane to get there. With its numerous islands and beautiful marine environment, it has become a well-known marine tourism destination, hosting popular festivals and events every year that attract a large number of tourists. There is more than one sailing regatta held every year, containing multi-leg races, one of the legs starting from Xiamen, China to Penghu, and a leg racing around the islands in the Penghu archipelago.



4.4 Ranking potential fishing harbors via the TOPSIS method

By using Equations 2, 3, the weighted normalized decision matrix of the programs, this research calculated the weighted normalized decision matrix (Table 3). It was the result of multiplying the normalized decision matrix and the weights.


TABLE 3 The weighted normalized decision matrix.

[image: Table 3]

After developing the weighted normalized decision matrix, the final ranking procedure should determine the ideal solution and negative-ideal solutions by using the Equation 4. Specifically, the ideal solution and negative-ideal solution are determined as follows:

[image: image]

[image: image]

The ranking of the overall conditions of programs by using Equation 5, the computed distances of each program from the positive ideal solution (A*) and the negative ideal solution (A-) are presented in Table 4. Based on their relative closeness to the ideal solution obtained by using Equation 6, the final step of the TOPSIS method consists of ranking the programs. In this case, the results show that program C is the best choice among the programs, with a performance value of 0.656; program B and program A are ranked second and third, with performance values of 0.556 and 0.378, respectively.


TABLE 4 Final ranking of alternatives.

[image: Table 4]




5 Discussion and conclusion

This research developed a Multi-Criteria Decision-Making (MCDC) framework to guide the transition of fishing harbors into sustainable sailing-yacht tourism hubs. Using an expert evaluation system that integrates the Nominal Group Technique (NGT), Analytic Network Process (ANP), and Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), the study systematically identified and weighted key factors influencing this transition. The findings highlight the significant role of geographical location, marina conditions, and climate and hydrology in determining the suitability of fishing harbors for transformation into sustainable sailing-yacht destinations.

A key finding of this study is that fishing harbors in archipelagos exhibit strong potential for sustainable sailing-yacht tourism development. This result aligns with prior research on coastal tourism (Zhu et al., 2019) and sustainable coastal land use planning (Pourebrahim et al., 2010), which emphasize the importance of natural and built environmental factors in tourism development. However, unlike research on cruise tourism (Wang et al., 2014), which often focuses on large-scale infrastructure investments and mass tourism, the current study suggests that small-scale, eco-friendly developments in fishing harbors can contribute significantly to both economic growth and environmental sustainability. By integrating the NGT-ANP approach, this study not only identified the most influential criteria but also assigned specific weights, providing a structured decision-making tool for stakeholders.

The study's results further reinforce the notion that a harbor's geographic and environmental conditions are fundamental to its suitability for sailing-yacht tourism. Geographical location (weight: 0.196) emerged as the most critical criterion, underscoring the necessity of strategic site selection for successful transitions. This is followed by marina conditions (0.153), which influence infrastructure readiness, and climate and hydrology (0.127), which affect the feasibility and attractiveness of sailing activities. These findings suggest that policymakers and urban planners must prioritize locations with favorable geographic and climatic conditions when developing strategies for sustainable maritime tourism. These findings are consistent with the insights presented by Gössling (2002) and Hall (2001) and underscores the importance of integrating geographic and climatic considerations into planning processes to achieve sustainable outcomes in maritime tourism development.

Beyond the three primary criteria, the study identified a total of 14 evaluation criteria that offer a systematic framework for harbor transition. These criteria serve as a guideline for destination management organizations (DMOs) and policymakers at both local and national levels, aiding them in balancing urban development with marine resource conservation. This structured approach provides clear directives for integrating sustainability into tourism planning, ensuring that economic benefits do not come at the expense of environmental degradation. It also extends the findings of Bramwell and Lane (2011) by emphasizing the importance of strategic and balanced development.


5. 1 Policy implications for destination management and sustainability

The research findings have several critical implications for DMOs and policymakers. First, the structured expert evaluation framework provides a clear roadmap for assessing the suitability of fishing harbors for sustainable sailing-yacht tourism. By applying this approach, policymakers can optimize resource allocation and prioritize harbors with the highest potential for development. Our findings align with Gari et al.'s (2015) insights into the application of the DPSIR framework. Ecological pressures and socio-economic drivers are interconnected within coastal systems. Consistent with their analysis, this research highlights the importance of systematic evaluation and monitoring. It informed decision-making that strategically addresses environmental and developmental priorities in harbor management. Moreover, the framework helps avoid the common pitfalls of overdevelopment and environmental degradation, which have plagued other forms of coastal tourism.

At the local level, the study highlights the need for infrastructure improvements tailored to sustainable sailing-yacht tourism. Upgrading marina facilities, ensuring proper waste management, and integrating renewable energy sources into harbor operations can enhance the sustainability of these destinations. These resonate closely with the findings of Dodds and Graci (2012), who emphasize that effective waste management, infrastructure improvement, and renewable energy integration are pivotal strategies for reducing the ecological footprint of tourism activities in islands. Local governments must also consider the socioeconomic impacts of this transition, such as the creation of new employment opportunities in tourism-related industries, the revitalization of local economies, and the preservation of cultural and maritime heritage. This perspective contributes to the insights provided by Moscardo (2008), who argues that tourism development should proactively build community capacity by fostering local participation, generating sustainable economic opportunities, and reinforcing cultural identity. This study highlighted the importance of socioeconomic impacts.

On a broader scale, the study contributes to the discourse on sustainable tourism policy by aligning with key United Nations Sustainable Development Goals (SDGs). Specifically, transitioning fishing harbors to sailing-yacht tourism supports SDG 14 (Life Below Water) by promoting sustainable marine resource use, reducing overreliance on fisheries, and fostering eco-friendly tourism alternatives. Additionally, this transition aligns with SDG 11 (Sustainable Cities and Communities) by encouraging sustainable urban and coastal planning, enhancing economic resilience, and improving the quality of life for local communities.



5. 2 Practical contributions

The findings provide several actionable insights for harbor planners, tourism developers, and policymakers seeking to promote sustainable sailing-yacht tourism. This framework helps guide decision-makers in pinpointing the fishing harbors best suited for transformation, which allows investments are made in locations with strong potential for success (Ritchie and Crouch, 2003). By prioritizing critical criteria such as geographical location, marina infrastructure, and climate suitability, urban planners can develop more effective strategies for transforming harbors into sustainable tourism destinations.

Moreover, this research highlights the importance of integrating sustainability into tourism development. The transition of fishing harbors to sailing-yacht tourism not only diversifies local economies but also promotes responsible tourism practices that align with global sustainability goals. Policymakers can leverage this framework to create regulations and incentives that encourage environmentally friendly marina designs, efficient resource management, and community engagement in tourism planning (Dodds and Graci, 2012).

Additionally, the findings emphasize the need for local governments to invest in infrastructure improvements tailored to sailing-yacht tourism. These investments should focus on enhancing marina facilities, implementing sustainable waste management practices, and ensuring that harbor operations align with ecological conservation efforts. Furthermore, as new business models emerge within the sailing-yacht tourism sector, local businesses can capitalize on opportunities related to hospitality, marine recreation, and nautical services, as it is suggested by Paker and Gok (2021).



5. 3 Theoretical implications

This study contributes to the literature on sustainable tourism development by introducing a systematic, multi-criteria decision-making approach for evaluating harbor transition potential. The integration of the NGT-ANP-TOPSIS framework enhances theoretical understanding of decision-making processes in sustainable maritime tourism by providing a structured methodology for assessing multiple criteria simultaneously.

The research also expands the scope of existing studies on coastal tourism by focusing on a niche yet rapidly growing segment—sailing-yacht tourism. Unlike previous studies that primarily address mass tourism or large-scale cruise infrastructure, this study provides insights into small-scale, high-value tourism development that emphasizes environmental conservation and community engagement. By doing so, it bridges gaps in the literature on sustainable destination management and offers a practical model for policymakers and planners seeking to balance tourism growth with ecological preservation. It bridged the literature gap as identified and discussed by Gari et al. (2015).

Furthermore, this study lays the groundwork for future research on sustainable harbor transitions. By establishing a comprehensive evaluation framework, it provides a foundation for comparative studies across different regions and economic contexts. Future research can build upon this model by incorporating emerging data analytics techniques, expanding stakeholder participation, and exploring the long-term impacts of harbor transformation on local economies and ecosystems (Leal Filho, 2018).



5.4 Conclusion

This study presents a comprehensive and structured approach to transitioning fishing harbors into sustainable sailing-yacht tourism hubs. By integrating expert evaluation methodologies, the research offers a robust decision-making framework that aligns with sustainability goals. The findings demonstrate the importance of geographic and environmental factors while providing actionable insights for policymakers, destination managers, and urban planners.

While the study has certain limitations, including its reliance on expert judgment and its geographic scope, it makes significant contributions by providing a systematic evaluation framework that can guide sustainable tourism planning. The study's practical implications highlight the need for targeted infrastructure investments, environmental conservation measures, and policy support for sustainable maritime tourism. From a theoretical perspective, the research advances decision-making methodologies in tourism planning and expands knowledge on sustainable coastal development.

As coastal and marine tourism continues to evolve, adopting structured, evidence-based approaches will be essential in ensuring a balance between economic development and environmental conservation. Future studies should explore how the proposed framework can be adapted to different geographical and regulatory contexts, integrating new data sources and emerging sustainability initiatives to further enhance the effectiveness of harbor transition strategies.



5.5 Research limitations

Despite its contributions, this study has certain limitations. First, the expert evaluation system, while rigorous, relies on subjective assessments from domain experts, which may introduce bias in the weighting of criteria. Although the use of the NGT-ANP-TOPSIS framework minimizes inconsistencies, future research could incorporate broader stakeholder perspectives, including local communities, policymakers, and tourists, to enhance the comprehensiveness of the evaluation.

Second, the study focuses primarily on fishing harbors with potential for sailing-yacht tourism development, particularly in archipelagos and coastal areas. However, the applicability of the framework to different geographical and socioeconomic contexts remains uncertain. Factors such as local governance structures, economic conditions, and environmental regulations could significantly influence the feasibility of such transitions. Future research should explore the adaptability of this framework in diverse coastal settings to validate its broader applicability.

Additionally, the study does not incorporate real-time environmental and economic data, which could provide a more dynamic assessment of harbor transition potential. Incorporating economic forecasting models would enhance the decision-making process by integrating more empirical and spatially relevant data.

Lastly, while the study aligns with sustainability principles, it does not explicitly quantify the long-term environmental and social impacts of transitioning fishing harbors to sailing-yacht tourism. Longitudinal studies are needed to assess the effectiveness of such transitions over time, considering factors such as economic sustainability, environmental conservation, and community acceptance. Future research should also explore how emerging policies and technologies, such as green port initiatives and carbon footprint reduction strategies, can further contribute to sustainable maritime tourism.



5.6 Future research directions

While this study provides a robust evaluation framework, future research should explore its applicability across diverse geographical and economic contexts. Different regions may exhibit unique challenges, such as varying regulatory environments, local stakeholder dynamics, and infrastructure constraints. Adapting the MCDC framework to different coastal settings can refine its effectiveness and expand its utility for broader applications in maritime and coastal tourism planning.

Additionally, further research should examine the long-term economic and environmental impacts of transitioning fishing harbors to sailing-yacht tourism. Longitudinal studies assessing the economic viability, environmental sustainability, and social acceptance of such transitions would provide valuable insights for policymakers and industry stakeholders. Integrating real-time data analytics and emerging technologies into the evaluation process could further enhance decision-making accuracy and predictive modeling.
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Akdag and Oter, 2011; Jin et al., 2019; Fang et al., 2019
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Diedrich et al., 2011; Sariisik et al., 2011; Shen et al., 2021
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Szuster, 2011; Rosentraub and Joo, 2009; Sariisik et al., 20115 Shen
etal, 2021

Human resource

Is there a sailing-yacht club or organization, and is it easy to recruit staff
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Christensen et al., 2023; Henriksen et al., 2010; Sariisik et al., 2011
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There are unique and diverse geographical and coastal landscapes and
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Emekli and Baykal, 2011; Goffi et al., 2019; Mikuli¢ et al,, 2015
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There is a unique cultural landscape and heritage.

Emekli and Baykal, 2011; Goffi et al., 2019; Mikuli¢ et al., 2015; Shen
etal, 2021

Tourism venues

Is there a venue for tourism, such as theme parks or shopping malls?

Christensen et al., 2023; Goffi et al,, 2019; Mikuli¢ et al., 2015

Events and festivals

Hosting events and festivals to attract tourists.

Higham and Hinch, 2018; Hanna et al,, 2021; Morgan et al., 2021
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