Pre prints.org

Article Not peer-reviewed version

Establishment of a System Dynamics
Model for Sustainable Development of
Ecotourism in Oceanic Island National
Parks

Laurence Zsu-Hsin Chuang and Eric Li-Hau Chen i
Posted Date: 15 October 2024
doi: 10.20944/preprints202410.1166.v1

Keywords: ecotourism; oceanic island national parks; sustainable development indicator framework; system
dynamics; conservation fee

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3902370

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2024 d0i:10.20944/preprints202410.1166.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Establishment of a System Dynamics Model for
Sustainable Development of Ecotourism in Oceanic
Island National Parks

Laurence Zsu-Hsin Chuang and Eric Li-Hau Chen *

Institute of Ocean Technology and Marine Affairs, National Cheng Kung University, No. 1, Daxue Road, East
District, Tainan City 701, Taiwan
* Correspondence: na8061012@gs.ncku.edu.tw; Tel.: 886-978070136; Fax.: 886 6 2757575 ext 63281

Abstract: The establishment of protected areas and the practice of ecotourism are generally
considered to be one of the crucial means for achieving sustainable development. This study focused
on the development of ecotourism in oceanic island national parks, applying System Dynamics
theory to explore the core mechanisms, system behaviors, and promotion strategies of sustainable
development. We adopted the driving force—state-response (DSR) indicator framework and
combined it with System Dynamics theory to construct a sustainable development model for
ecotourism in oceanic island national parks. Through this model, we discovered that the intricate
causal relationships between indicator factors form three dominant causal feedback loops that drive
system behavior. The three causal feedback loops comprise one reinforcing loop and two balancing
loops. Through the interaction and mutual regulation between these three loops, preliminary
estimates can be made regarding the specific behavioral trends that promote ecotourism in oceanic
island national parks. In addition, we further investigated whether the implementation of fee-based
policies in oceanic island national parks contributes to these parks’ sustainability goals.
Subsequently, this model could be developed into a numerical simulation program based on System
Dynamics theory, thereby enabling the computer simulation of system behavior under various
scenarios and conditions.

Keywords: ecotourism; oceanic island national parks; sustainable development indicator
framework; system dynamics; conservation fee

1. Introduction

Sustainable development is a goal for countries worldwide, and it has long been a crucial
indicator monitored by various international organizations, institutions, and countries. The
sustainable development of islands, in particular, is gradually gaining attention [1-4]. Marine islands,
hereinafter referred to “islands,” play a pivotal role in raising awareness, enhancing understanding,
and conducting feasibility assessments regarding various global sustainable development issues.
This is because islands, similar to Earth as a whole, have finite space and ecosystem resources for
supporting life. Therefore, islands serve as exemplary models for discussing sustainability issues
such as resource utilization and waste management within small-scale environments that mimic that
of Earth [1].

However, because of the inherent vulnerability of islands and their lack of geographical,
economic, and social resources, their capacity to adapt to environmental changes is limited, making
it more challenging to maintain sustainable development on islands than in terrestrial areas [2,3]. The
establishment of marine protected areas serve as an instrument of regional governance for protecting
the biodiversity of marine resources, and such areas are often established to manage sustainable
development on marine islands. Nonetheless, in island countries such as Taiwan, constraints
pertaining to natural resources, economic development, and spatial utilization have greatly
marginalized sustainable development efforts within these protected areas [4]. Literature findings

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.1166.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2024 d0i:10.20944/preprints202410.1166.v1

have indicated that both terrestrial and marine protected areas are affected by similar challenges and
dilemmas regardless of their status, budget, or size [5]. To support the practice of island sustainable
development, international advocacy for ecotourism (also referred to as responsible travel) has been
proposed as an alternative method for using natural resources on islands, thereby increasing the
attainability of island sustainability goals [6-8]. The significance of tourism development for islands
is evident, and numerous integrated frameworks for tourism development on islands have already
been proposed [9].

Protected areas exist in various forms. After the establishment of Yellowstone National Park, the
world’s first national park, in the United States in 1882, national parks have been regarded as one of
the most innovative concepts developed in U.S. history, and they are regarded as an ideal and
visionary practice not only in the United States but also globally. Therefore, national parks have
become the premier reference model for establishing protected areas in countries worldwide [10,11].
In particular, Yellowstone National Park has provided an excellent model for modern park
management [12]. Subsequently, almost all terrestrial and marine protected areas draw from the
experiences of Yellowstone National Park and its management body, the National Park Service of the
United States [13]. With the United States having the longest history and experience in establishing
and managing national parks [14-16], this model is referred to as the American model or Yellowstone
model [17-20].

The Yellowstone model is suitable for countries with vast territory, populations distant from
protected areas, and governments capable of investing substantial resources. Research has indicated
that maintaining protected areas incurs considerable costs, often necessitating support from national
fiscal budgets for sustainability. Furthermore, a country’s level of budget allocation correlates
positively with its level of development and population density [21]. Developing countries with
limited land resources and rapid population growth and regions in Europe where land resources
have been extensively developed over time may encounter obstacles when attempting to directly
adopt the Yellowstone model. Therefore, various countries have made modifications and
incorporated creativity on the basis of their unique conditions, resulting in the development of
diverse models such as those implemented in Australia [22,23], Canada [24], Costa Rica [25], and the
United Kingdom [26,27].

According to the International Union for Conservation of Nature (IUCN) classification system
for protected areas, marine and terrestrial protected areas are classified in the same category.
However, most countries lack the understanding or experience necessary to implement marine
protected areas, leading to inaccuracies or inconsistencies in the naming of these areas across
countries. For example, names such as national parks or marine sanctuaries may both be used. This
is because countries tend to decide on the name of a marine protected area before determining the
specific type of protected area they intend to establish on the basis of their management objectives.
Therefore, in 2008, the IUCN published the Supplementary to the 2008 Guidelines to ensure the accurate
classification of marine protected areas and enhance the effectiveness of conservation efforts [28].

Accordingly, island-type protected areas encounter greater challenges than terrestrial protected
areas in implementing sustainable management. Additionally, if sufficient resources (particularly
financial resources) are not invested and a protected area is allowed to develop autonomously
without substantive management and enforcement, it often becomes a “paper park” in name only
[29]. Because of the outbreak of the 2008 financial crisis, government fiscal budgets have been
considerably constrained [30]. Therefore, various measures have been proposed to simultaneously
address the various development needs of protected areas. These include the privatization of
protected areas, implementation of entrance fees policies, and establishment of relevant conservation
fund policies. Consequently, these measures have garnered increased attention and discussion [31-
33].

After the outbreak of the COVID-19 pandemic in 2020, countries experienced increased fiscal
budget pressures, which posed a major challenge to the sustainable management and maintenance
of protected areas [34]. Sustainable ecotourism then emerges as a viable model and an essential
component of environmental sustainability management [35]. Through policy advocacy and
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implementation, along with the enforcement of user fees in parks, sustainable ecotourism can
promote economic development in tourist destinations and increase domestic gross domestic
product (GDP), thereby alleviating fiscal budget constraints, particularly those of developing
countries. Additionally, it underscores the intrinsic cost value of environmental resources [36].
Therefore, in the post-COVID-19 era, the development of the sustainable ecotourism industry serves
not only as a crucial instrument for driving economic recovery but for achieving the sustainability of
island-type protected areas amid the new global landscape.

The achievement of sustainable development goals requires comprehensive and systematic
evaluation [37]. In the 1970s, the Organization for Economic Cooperation and Development (OECD)
introduced the pressure—state-response (PSR) model as an evaluation framework for sustainable
development [38-40]. Given that human activities have adverse effects on the environment, the PSR
model aims to reduce these effects. Its framework is based on selecting and measuring indicators for
each category. Initially, the model was developed to assist in integrating environmental and
economic decision-making at the national level and assessing the environmental performance of
countries [38]. Therefore, the indicators are divided into 14 distinct issues or themes [41]. This
framework was subsequently expanded into the more detailed driver—pressure-state-impact—
response (DPSIR) model, which has been applied at departmental or regional levels for planning and
for research purposes [41].

In 1995, the United Nations Commission on Sustainable Development approved a work
program for a set of sustainable development indicators, transforming the PSR model into the driving
force—state-response (DSR) model and establishing 134 indicators for the new framework. The
driving force indicators represent human activities, processes, and patterns that affect sustainable
development; the state indicators indicate the “state” of sustainable development; and the response
indicators represent policy options and other measures implemented in response to changes in the
state of sustainable development [42]. This framework for sustainable development indicators allows
countries to monitor and assess the achievement of sustainable development [43]. Therefore, in the
present study, we employed the DSR framework to evaluate the sustainable development of oceanic
island national parks. Furthermore, we constructed a System Dynamics model on the basis of this
framework to explore the effects of ecotourism on the sustainable development of oceanic island
national parks.

We first conducted a literature review to identify the individual factors influencing the driving
force, state, and response indicators in the DSR framework for oceanic island national parks. System
Dynamics methodology (SDm) was then employed to establish links between the causal relationships
and feedback interactions between these factors, forming a System Dynamics model with a
networked structure. Follow-up studies can be conducted to further establish numerical models for
scenario simulations and simulate the development trends of oceanic island national parks. This can
facilitate the formulation of relevant sustainable development policies and enable the preassessment
of the potential effectiveness of strategy implementation. The present study also incorporated the
national park fee policy into its model to explore the possible effects of park ticket revenue on the
sustainable development of oceanic island national parks, thereby highlighting the value of System
Dynamics in policy discourse.

Islands have long served as experimental fields for simulating Earth’s sustainability, and this
concept has been widely employed by researchers. Although the present study focuses solely on
modeling for oceanic island national parks, we posit that this model can be applied to various global
sustainability issues and can contribute to achieving global sustainability value and benefits.

2. Methodology

2.1. Evolution of Thoughts on Sustainable Development

Trends in contemporary environmental philosophy can be divided into anthropocentric and
non-anthropocentric trends. Within the framework of anthropocentric ethics, the rate at which
natural environmental resources are exploited and destroyed has intensified, leading to challenges
and criticisms from advocates of non-anthropocentrism. In contrast to radical anthropocentric
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perspectives, Leopold [18] proposed a new environmental ethic in his work The Land Ethic, asserting
that nature has intrinsic value beyond its utility to humans. This concept is termed as neo-
anthropocentrism [44,45].

Numerous recent criticisms of anthropocentrism have centered on Bran Norton’s convergence
hypothesis, which posits that both anthropocentric and non-anthropocentric ethics endorse similar
responsible behaviors and policies toward the environment [46]. In Norton’s discourse, the
unsustainable anthropocentrism of modernity is based on “felt preferences,” which is referred to as
“strong anthropocentrism” by Norton. By contrast, weak anthropocentric environmental ethics is
based on the concept of “considered preferences.” Norton defined considered preferences as desires,
intensions, or values expressed from a scientific perspective, which humans incorporate into their
expectations, intentions, and value systems after thoughtful consideration. These preferences are not
limited to needs related to material consumption and production but also encompass moral,
aesthetic, and religious values. The fundamental assumption of weak anthropocentric environmental
ethics is that undisturbed natural settings and non-human animals may possess moral, aesthetic, and
religious values beyond their value as material resources [47]. Norton believed that strong
anthropocentrism aligns more with traditional anthropocentric views, whereas weak
anthropocentrism leans more toward neo-anthropocentric views. Notably, weak anthropocentrism
does not exclusively focus on environmental ethics but instead emphasizes some level of respect
toward non-human entities in the environment. This is why weak anthropocentrism has been
adopted as a mechanism for both environmental ethics and environmental sustainability [48]. Weak
anthropocentrism harmonizes conflicting views between human resource utilization and
environmental conservation, indicating that sustainable development is the result of the transition
from anthropocentrism toward non-anthropocentrism.

The term “sustainable development” has gained popularity both in academia and the business
world. In the past few decades, sustainability has been prevalent in academic papers, college course
syllabuses, the boardrooms of local authorities and companies, and public relations offices. However,
although sustainability has become a popular concept in theory, its implementation is perceived as
extremely costly by major corporations, firms, and national governments [49]. In fact, sustainability
is a straightforward concept that can be explained in purely descriptive terms as the ability of any
given system to exist and recover in the long term. Development introduces a value judgment by
suggesting a preferred direction for the progression of human society [50].

The resolution document Our Common Future, issued by the United Nations Commission on the
Environment and Development in 1987, provided the first unified definition for sustainable
development, that is, “development that meets the needs of the present without compromising the
ability of future generations to meet their own needs” [51-54]. Furthermore, the United Nations
established the three pillars of sustainable development: (1) independency, (2) inter-relation/inter-
connection, and (3) equality [55]. This document, known as the Brundtland Report [56], was named
after Mrs. Brundtland, the then-Prime Minister of Norway, who chaired the commission. Hence, the
commission is also referred to as the Brundtland Commission [50].

The extensive use of resources is primarily attributed to industrialized countries, contributing
to a widening gap in resource consumption and welfare between industrial and developing
countries. In 1992, at the United Nations Earth Summit held in Rio de Janeiro, sustainable
development emerged as one of the most pressing subjects for international policy [57]. Subsequent
reports, such as those issued by the United Nations Conference on Environment and Development
(1992) and by Mitchell et al. [58], established four key principles for sustainable development, namely
(1) equity, (2) futurity, (3) environment, and (4) public participation [55].

In economic terms, “development” is synonymous with “increased utility.” Therefore,
sustainable development is perceived as a development path where per capita utility does not
decrease over time [59]. However, determining the sustainability of development outcomes
necessitates assessments beyond GDP indicators alone. Consequently, numerous frameworks for
sustainable development indicators have been proposed since the 1992 Earth Summit [60].
Stakeholders and researchers have adopted various assessment methods to evaluate the effectiveness
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of promoting sustainable development. For example, Brandon and Lombardi [61] identified a series
of basic and generic methods for assessing sustainable development, such as the natural step, the
concept of community capital, the ecological footprint, the monetary (capital) approach, the DSR
model, issue- or theme-based frameworks, accounting frameworks, and frameworks that incorporate
assessment methods toolkits [61,62]. Additionally, various integrated approaches and assessment
perspectives have been proposed [62,63], and the effectiveness and adaptability of their indicator
frameworks have been continuously explored and improved [64-66]. Most researchers believe that
the assessment of sustainable development can be conducted by quantifying individual factors in
terms of capital for comparative evaluation, which would be the most appropriate and accessible
method. However, the greatest challenge lies in how to quantify all indicator information in terms of
capital and how to equitably convert multiple information indicators [67].

3.1. Assessment of Sustainable Development in Island National Parks Through DSR Framework

Ensuring the well-being of both present and future generations by pursuing sustainable
development has become the greatest challenge of our time. To address this challenge, establishing a
credible set of metrics —sustainable indicators and indices—is essential. It enables us to position our
current condition relative to past conditions and form relevant perspectives for future actions [68].
Researchers have proposed various definitions for indicator sets, and even the same researcher may
have conflicting definitions for indicator sets pertaining to different contexts. Such conflicts arise not
only within the environmental domain but also in the definitions and applications of indicator sets
across other domains. Generally, indicator sets comprise a series of parameters, each carrying
significant meaning and contributing to the behavior of perception systems. However, a
comprehensive survey of publications related to environmental indicator sets suggested that the
concept of indicator sets should encompass wider implications. A single indicator can be defined as
a variable, a parameter, a measure, a statistical measure, a value, a meter, or a proxy for a
measurement instrument [69]. An indicator set describes the behavior of a system through a series of
individual indicators and involves a comprehensive assessment.

Various indicators have been simultaneously proposed (but not aggregated) to describe
environmental conditions, and this type of indicator set is defined as an “environmental quality
profile” [70]. A multi-aspect indicator set enables the formation of a holistic view on a particular issue,
assisting decision-makers in identifying suitable management strategies [71]. For example, Holmberg
and Karlsson [72] developed the concept of socioecological indicators to construct links between
ecology and the environment. Another major development is the PSR indicator framework
developed by the OECD. This framework is primarily based on the concept of causality and defines
the “pressure” that human activities exert on the environment and how it leads to changes in
environmental conditions (the “state”) in terms of quality and quantity. Society adapts to these
changes by introducing environmental, economic, and sectoral policies (“social responses”) [38], and
such responses serve as feedback to “pressure” segments through human activities [73].

The United Nations Sustainable Development Commission based its indicator set on the PSR
framework, and in 1995, it introduced the DSR framework (Organization for Economic &
Development, 2006), which is now widely used in sustainable development assessments conducted
worldwide. The PSR framework holds a pivotal position among sustainable development assessment
frameworks, and it was subsequently expanded into the DPSIR framework [74].

In the present study, the DSR framework was used as the theoretical basis for establishing a
sustainable development model for oceanic island national parks. The DSR framework was selected
because it is currently the most widely used indicator framework for assessing sustainable
development [69,75], and its indicators can be conveniently presented using computer programs [76].
Other assessment frameworks are generally modifications of the DSR framework. Studies that used
the DSR indicator framework to investigate sustainable development [77-79] have emphasized the
importance of identifying the relevant variables for each aspect in the indicator set.

The World Tourism Organization asserted that ecotourism is a vital means of fostering
sustainable development in tourist destinations [80] and defines sustainable ecotourism as “tourism
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that takes full account of its current and future economic, social, and environmental impacts,
addressing the needs of visitors, the industry, the environment, and host communities”! [80].
Therefore, how oceanic island national parks promote ecotourism can be regarded as a core issue for
their sustainable development.

Through a literature review, the present study organized and categorized the relevant variables
and factors influencing the sustainable development of ecotourism in marine island national parks
on the basis of the DSR indicator framework (Table 1): (1) the driving force aspect includes variables
such as the publicity effect, travel convenience, and ecotourism attractiveness; (2) the state aspect
includes variables such as the number of tourists, number of satisfied tourists, richness of tourism
resources, tourism pressure, and annual budget of oceanic island national park; and (3) the response
aspect include variables such as tourist carrying capacity, the carrying capacity of travel convenience,
social media, and commercial media.

Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited.

Aspect Variables can be used as Reference
indicators
driving forces publicity effect [81]
travel convenience [82,83]
ecotourism attractiveness [84-87]
states number of tourists [88]
number of satisfied tourists [89-91]
richness of tourism resources [92]
tourism pressure [93]
annual budget of oceanic [94]
island national park
responses tourist carrying capacity [95-97]
carrying capacity of travel [72]
convenience
social media promotion [98-101]
commercial media [102]

3. Construction of a Sustainable Development Model for Ecotourism in Island National Parks

The SDm, developed by Forrester in the 1960s, is a research method that integrates systems
theory from sociology with complex computer simulations to establish numerical models for
analyzing system behavior. It is used to explore solutions to dynamic and complex issues (e.g.,
business competition, environmental sustainability, urban development, and public affairs) through
scenario simulations and to assist decision-making. The SDm combines the benefits of qualitative
research and quantitative analysis, aligning closely with the perspectives of systems thinking, holistic
views, and evidence-based approaches emphasized in modern research theories. However,
compared with other research methods, the SDm emphasizes the dynamic evolution of issues, which
involves the effects and feedback of causal relationships between variables in a system over time. The
presence of varying time delay effects across different causal relationships can impede the evaluation
of the effectiveness of strategy implementation through intuitive or linear thinking.

Sustainable development is a dynamically complex issue that is closely intertwined with the
progression of time. Traditional methods mostly focus on the static analysis of events at a specific
point in time or attempt to solve complex systems by simplifying them. Consequently, they cannot
effectively address sustainable development issues characterized by complexity, self-organization,
and self-innovation. The SDm, however, offers a new approach for exploring such issues. Meadows

1 Website: UNWTO: SUSTAINABLE DEVELOPMENT, URL:

https://www.unwto.org/sustainable-development, Date accessed: February 23, 2022.


https://doi.org/10.20944/preprints202410.1166.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2024 d0i:10.20944/preprints202410.1166.v1

et al. began using the SDm in the 1970s to explore sustainable development issues concerning Earth’s
environment and proposed evaluations of corresponding solutions [103]. Other literature on the
application of the SDm to study sustainable development is described in Randers’ [104] retrospective
literature review [104].

Sustainability science emerges as a response to the crises of human development, aiming to
address conflicts arising from the interaction between natural and social systems. It seeks to
economically reconcile these conflicts to achieve the goals of sustainable development [105,106]. To
bridge the longstanding research gaps between natural and social sciences, multiple potential causal
mechanisms underlying observed natural and social events must be clarified and distinguished.
Additionally, to achieve integration between natural and social sciences, true causal effects must be
separated from spurious correlations generated by unobserved, confounding variables [107]. This
concept aligns with the emphasis of the SDm, that is, understanding the essence of events instead of
superficial false relationships [108,109]. For explanations on how the SDm presents the true causal
relationships of events instead of superficial false ones, please refer to the literature references
provided [110-115].

In the initial stages of model construction, causal loop diagrams can be used to facilitate
qualitative research and systems thinking. The system boundary of the discussion topic, the causal
relationships between factors, and the influence of the causal loops formed by feedback relationships
between factors must first be established. After the blueprint of the model is constructed using causal
feedback diagrams, the intricate relationships between variables can be transformed into computer
simulations to quantify the dynamic behavior of the system over time. Subsequently, scenario
simulations selected by distinct response strategies can be employed to compare the advantages and
disadvantages of various trends, thereby providing decision-makers with feedback supported by
empirical evidence and facilitating assessment, strategy formulation, and policy improvement [116-
120].

In the present study, the model established for the sustainable development of ecotourism in
oceanic island national parks was based on the factors derived from the DSR indicators (Table 1).
Through the SDm causal feedback diagram (Figure 1), the causal relationships between variables
were connected to form the main structure of the system. In Figure 1, the causal chains between two
variables are represented by arrows indicating the direction of causality, with positive or negative
signs indicating whether two variables are changing in the same direction or opposite directions. For
example, a decrease/increase in travel convenience will lead to a decrease/increase in the number of
tourists, indicating that the effect of travel convenience on the number of tourists is positive and that
the causal chain between them is positive. Conversely, an increase/decrease in the number of tourists
will lead to a decrease/increase in travel convenience, implying that the effect of the number of
tourists on travel convenience is negative and that the causal chain between them is negative.

3 soclal media promotion
travel convenience )

number of satisfied tourists

/ Q publicity eﬁ‘ect

+ “~number of tounsts

+ _ cairying capacity of
travel convenience

£ & commercial media
ecotourism
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Figure 1. Causal loop diagram of sustainable ecotourism in oceanic island national parks.

Table 1 lists three “driving-force” factors, each of which influences the “state” of the sustainable
development of ecotourism in oceanic island national parks. These effects directly or indirectly feed
back into the driving force factors to form three main feedback loops (Figure 1). The three main
feedback loops comprise one positive feedback loop for publicity effect (represented by the blue
causal chain) and two negative feedback loops, one of which is for ecotourism attractiveness
(represented by the red causal chain) and the other is for travel convenience (represented by the green
causal chain) (Figure 1). On the basis of the causal relationships between the factors in the system and
the feedback effects of each loop, a preliminary estimation of the system’s operational dynamics over
time and potential behavioral trends can be made, as explained in the subsequent subsection.

3.1. Ecotourism Attractiveness Loop

Lew [121] posited that without tourism attractiveness, tourism cannot exist, and without
tourism, tourism attractiveness cannot emerge [121], highlighting the mutual causality between the
two. This perspective underscores the importance of tourism attractiveness to tourism. Walean and
Mandagi [122] further indicated that the attractiveness of tourist destinations and the overall
perception of tourists are the dominant factors that motivate tourists to visit a destination [122]. The
attractiveness of a tourist destination reflects the perceptions and views of tourists regarding whether
a destination can meet their travel needs. Therefore, tourist destination attractiveness is a crucial
indicator of tourism attractiveness [123]. Without attractiveness, tourists would not visit a
destination; without tourists, crowds would not grow, which impedes their transformation into
economic capital that benefits local residents, thereby jeopardizing the sustainability of the
destination.

Kiper [124] suggested that ecotourism is a component of sustainable tourism and that
sustainable tourism reflects the relationship between ecotourism and sustainable development in
numerous aspects [125]. Because of the ambiguity associated with the historical origins of ecotourism,
various definitions of ecotourism exist, particularly regarding the link between nature tourism (or
nature-oriented tourism) and ecotourism [126]. The present study adopted the definition provided
by The International Ecotourism Society (http://www.ecotourism.org/what-is-ecotourism), which
defined ecotourism as “responsible travel to natural areas that conserve the environment and
improve the well-being of local people.”

The potential of ecotourism is dependent on the conditions of the resources suitable for
maintaining local uniqueness, which emphasizes the importance of local ecosystems or cultures and
their level of attractiveness [123]. That is, the level of ecotourism attractiveness significantly
influences the potential development of ecotourism. National parks often serve as primary
ecotourism destinations from which visitors expect sensory and spiritual experiences. Mihanyar et
al. [127] contended that among the factors influencing tourist visits to national parks, the importance
of sensory and spiritual experiences gained from the destination is a major factor. They also cited the
findings of Newsom and Moore [128], who reported that the key tourist attractions in many tourist
destinations were natural areas, as it had risen approximately from 2% in the late1980s to
approximately of 20% by 2012. That is, national parks, with their abundant natural resources, can
enhance the attractiveness of ecotourism, thereby attracting more ecotourists. Therefore, ecotourism
attractiveness plays a driving-force role in the system framework depicted in Figure 1. For an island
or an island-type national park, the richness and quality of both natural and cultural ecosystems on
the island and the surrounding marine environment are among the components of ecotourism
attractiveness. These components directly influence the intention of visitors to visit, thereby
contributing positively to fluctuations in tourist numbers. When ecotourism attractiveness is high,
the number of tourists increases; conversely, if ecotourism attractiveness decreases, the intention of
visitors to visit declines, resulting in a decrease in tourist numbers. Accordingly, in the ecotourism
attractiveness feedback loop depicted in Figure 1, a positive causal relationship exists between
ecotourism attractiveness and the number of tourists.
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Neto [129] stated that the tourism industry is among the largest and fastest-growing industries
in the world. However, the rapid and vigorous development of tourism will lead to intensified
detrimental effects on both natural and cultural environments. Without appropriate protective
measures in place, the sudden influx of large numbers of tourists can put immense pressure on tourist
destinations [129], which is referred to as “tourism pressure” in the present study. Han and Li [130]
revealed a positive correlation between tourism pressure and its resulting effect on the tourism
environment [130]. Ribeiro et al. [131] also noted that when the number of visitors to beach areas
increased, the pressure on the local ecosystem also increased. Although enhancing ecotourism
attractiveness can increase tourist numbers, it also results in increased tourism pressure.
Uncontrolled growth in tourist numbers can diminish the environmental value of a destination and
increase the time and financial costs required for conservation and restoration efforts [125].
Conversely, with fewer tourists, the environmental exposure to tourist pressure decreases, as does
the detrimental effect. Hence, in the ecotourism attractiveness loop (Figure 1), a positive causal
relationship exists between the number of tourists and tourism pressure.

A sudden influx of tourists during vacations puts severe pressure on tourist destinations and
damages their environmental quality [132]. The concept of accommodating the maximum number of
tourists in a given space—time without compromising environmental quality is referred to as physical
carrying capacity (PCC)) [131]. Island environments are more sensitive than terrestrial environments
to environmental degradation, and the deterioration of island environmental quality becomes more
evident with a surge in tourist numbers. Therefore, the effect of PCC on the sustainable tourism of
islands should be given more consideration. On the basis of the perspective of Ribeiro et al. [131]
regarding tourism pressure and carrying capacity, the present study simplified PCC as tourist
carrying capacity. Additionally, given the limited adaptive and recovery capabilities of island
ecotourism, we defined tourism pressure as the ratio of the total number of tourists to tourist carrying
capacity.

Kiper [124] cited the ecotourism standards proposed by Weaver and Lawton [133], among which
the primary standard is the maintenance of the ecosystems of ecotourism sites. This viewpoint
suggests that when tourism pressure experienced by a destination exceeds its PCC, the destination’s
ecosystem, the core attraction of ecotourism, will be inevitably damaged, leading to a decline in
ecotourism attractiveness. Accordingly, in the ecotourism attractiveness loop (Figure 1), tourism
pressure is negatively and causally related to ecotourism attractiveness. The increase in tourism
pressure reduces ecotourism attractiveness; conversely, a decrease in tourism pressure allows
ecotourism attractiveness to gradually improve.

In brief, the causal relationships between ecotourism attractiveness, the number of tourists, and
tourism pressure form a negative feedback loop, as depicted by the red causal chain in Figure 1. This
loop stabilizes the factors involved, thereby resulting in a convergence of system behavior. Hence, it
is also referred to as a balancing loop. Specifically, when the number of tourists increases, tourism
pressure increases correspondingly. When tourism pressure reaches a threshold, ecotourism
attractiveness diminishes because of environmental degradation, leading to a decrease in the number
of tourists. When the number of tourists decline to the pressure threshold, the environment gradually
recovers; at this point, ecotourism attractiveness increases again, thereby driving the recovery of
tourist numbers.

3.2. Travel Convenience Loop

Tian [134] asserted that reliable transportation is an essential component of tourism
development and that the improvement of transportation facilities is closely related to tourism
attractiveness. The improvement of transportation facilities represents the convenience of
transportation. Crockett and Hounsell [135] argued that travel convenience is mainly related to
factors such as congestion within a transportation space, frequency of services, and the cost. Cross
and Nutley [136] indicated that regardless of the type of tourism, travel convenience is a key factor,
particularly for offshore island destinations that rely considerably on external transport links.
Therefore, the influence of travel convenience on island tourism is particularly pronounced.
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When travel convenience improves, the number of tourists visiting a destination also increases;
conversely, when travel convenience declines, tourists’ intention to visit the destination decreases.
Therefore, in Figure 1, a positive causal relationship exists between travel convenience and the
number of tourists, and this relationship plays a driving-force role in the travel convenience loop.
However, when the number of tourists increases, the congestion within island transportation spaces
increases. According to Crockett and Hounsell [135], when congestion reaches a threshold, the travel
convenience of the island decreases. Conversely, when the number of tourists decreases, travel
convenience improves, thereby increasing tourists’ intention to visit. Hence, Figure 1 depicts a
negative causal relationship between the number of tourists and travel convenience. In summary, a
mutual causal relationship exists between travel convenience and the number of tourists. That is,
within an island tourism system, the number of tourists and travel convenience form a balancing
loop through feedback mechanisms, regulating the unrestricted growth of tourist numbers. This
leads to the stabilization of factors within the loop, resulting in the travel convenience loop having a
convergence effect on system behavior.

3.3. Publicity Effect Loop

National parks are often promoted as must-visit destinations in mass media and travel guides.
Research has indicated that the widespread promotion of a tourist destination increases the
likelihood of visitors visiting the destination after they are exposed to information about it from
newspapers [136]. However, in addition to traditional commercial advertisements, social media has
also become a crucial promotional tool. Di Pietro et al. [137] stated that social media and social
networking sites have become essential tools for quickly accessing detailed information about a
tourist destination. Zivkovi¢ et al. [138] also argued that a tourism system promotes tourism activities
and develops relationships with consumers through information and communication technology.
Nevertheless, when tourists ultimately decide on a destination to visit, the most crucial driving factor
is online interpersonal influence, particularly online word-of-mouth (eWOM). Furthermore, research
has indicated that compared with other online user-generated content (eWOM), tourists are still more
influenced by the comments and opinions of friends and relatives (word-of-mouth, WOM) when
planning their trips [139]. Martini et al. [140] reported that both traditional WOM opinions and
eWOM opinions influenced the destination image of shopping tourism in Indonesia, with traditional
WOM opinions having a greater effect than eWOM opinions.

Kaplan and Horizons [141] defined social media as “a group of Internet-based applications that
build on the ideological and technological foundations of Web 2.0, and that allow the creation and
exchange of user-generated content.” Carr and Hayes [142] defined social media as “Internet-based,
disentrained, and persistent channels of masspersonal communication facilitating perceptions of
interactions among users, deriving value primarily from user-generated content.” Social media is
often used as a primary tool for tourism promotion and marketing. Without incurring extra
promotional expenses [143], social media can effectively attract visitors, particularly for regions with
limited accessibility [144]. Given the widespread use of social media in the tourism industry, it can
assist travelers in organizing their trips and influence their travel behavior and decisions [145]. A
study has demonstrated the growing significance of social media in tourism development [146].
When visitors have a positive travel experience at a destination (satisfaction), they are inclined to
promote the destination, and their intention to do so can surpass their intention to revisit (social
media effect) [144]. That is, the satisfaction generated from the travel experiences of tourists can drive
social media promotion. Therefore, in the publicity effect loop (Figure 1), a positive causal
relationship exists between the number of satisfied tourists and social media promotion. When the
level of tourist satisfaction associated with a destination is higher, previous visitors also tend to
promote the destination through social media to a greater extent; conversely, when the level of tourist
satisfaction is lower, the extent of social media promotion tends to decrease.

Firman et al. [147] discovered that social media can positively influence the growth of
sustainable tourism and that, during the early developmental stages of a tourism destination, the
publicity effect of WOM is comparable to that of commercial advertising. Baggio et al. (2009)
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compared the influence of social media and commercial advertising on travel behavior, reporting
that social media outperformed paid advertising in the short term, with a maximum reach of 74% in
publicity; by contrast, commercial advertising required more resources in the short term to achieve
an effect comparable to that of social media [148]. Efforts to implement ecotourism in island national
parks rarely have sufficient funds to invest in media promotion. Because most visitors are influenced
by social media or traditional WOM, the publicity effect in the publicity effect loop for island national
parks is mainly generated through social media (including WOM or e-WOM) promotion. A higher
publicity volume leads to a greater publicity effect, whereas a lower volume results in a reduced
effect. Hence, a positive causal relationship exists between social media promotion and the publicity
effect.

Zeng and Gerritsen [101] indicated that social media can serve as a powerful source of positive
word-of-mouth for tourism promotion but may also be a source of negative WOM from dissatisfied
tourists. Therefore, today’s tourism industry faces the potential risk of negative effects resulting from
improperly managed social media. In Figure 1, social media promotion originates from the number
of satisfied tourists, thereby leading to a positive publicity effect. When the positive publicity effect
of a tourism destination increases, the number of visiting tourists increases; in the converse situation,
the number of visiting tourists decreases. Hence, a positive causal relationship exists between
publicity effect and the number of tourists. When the number of tourists increases without
influencing travel convenience and ecotourism attractiveness, the number of satisfied tourists also
tends to increase; conversely, the number of satisfied tourists decreases. Thus, a positive causal
relationship exists between the number of tourists and the number of satisfied tourists.

The pairwise causal relationships between the variables indicate that when the number of
satisfied tourists who are willing to promote national parks through social media (including
traditional WOM) increases, the publicity effect amplifies, leading to an increase in the number of
visiting tourists. This forms a positive feedback loop (blue causal chain in Figure 1), in which publicity
effect serves as the driving force, causing this positive feedback loop to have a diverging effect on the
dynamic behavior of the system; therefore, this loop is also referred to as a reinforcing loop, which is
similar to the snowball effect and grows with each circulation.

If the number of tourists continue to stay within carrying capacity limits, future efforts could
include incorporating commercial media promotion outside the publicity effect loop, as depicted by
the dashed line connecting “commercial media” to “publicity effect” in Figure 1. This would further
enhance the self-reinforcing effect of the publicity effect loop and contribute to the achievement of
the environmental education objectives of national parks. Millhdusler et al. [149] reported that Swiss
national park management agencies invested considerably in media promotion in 2014 to raise public
awareness of park and conservation issues, noting that this promotion positively affected visitor
numbers [149].

3.4. Carrying Capacity of Island National Parks

In the model depicted in Figure 1, the three main loops interact with each other through the
shared variable, “number of tourists,” resulting in the complex dynamic behavior of the overall
system. Additionally, other crucial exogenous variables can restrict or alter the development of the
entire system, with the most crucial being carrying capacity. The concept of carrying capacity
originated from the fields of biology and ecology, where, in specific cases, it can provide a reasonable
estimate of the sustainable upper limit for a species population in the short to medium term [150].
Subsequently, the concept of carrying capacity was applied to study various human activities. In the
context of tourism, carrying capacity refers to the maximum number of visitors that may
simultaneously visit a tourist destination without causing damage to its natural, economic, and
sociocultural environments, and without reducing service quality or visitor satisfaction to an
unacceptable level [151].

Carrying capacity is dependent on the specified goals for each development project. For
example, parks designated as “nature reserves” should have a density lower than those used as
amusement parks; thus, the desired density varies depending on the purpose of the development
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project [152]. Nature reserves are typically required to simultaneously support both conservation and
tourism development. Estimating the carrying capacity of ecosystems and setting limits on the
number of visitors are common measures to maximize resource utilization and prevent
environmental degradation. An increase in tourism pressure can have negative effects on the social,
cultural, and natural environments of island destinations. Thus, the use of tourism carrying capacity
as a tool for environmental management must be further studied. It aids in maintaining the ratio
between exploitation and conservation on islands [153]. Introduced into the model in Figure 1, this
concept involves establishing a positive causal relationship between tourist carrying capacity and the
number of tourists to directly limit the total number of visitors that a park can accommodate.
Additionally, a negative causal relationship exists between tourist carrying capacity and tourism
pressure, which further affects ecotourism attractiveness and then indirectly affects the number of
tourists. When the tourist carrying capacity of a destination is higher, tourists perceive less tourism
pressure, resulting in higher ecotourism attractiveness and, therefore, an increase in the number of
tourists visiting the destination. Conversely, when the destination’s tourist carrying capacity is lower,
the number of tourists decreases. Therefore, tourist carrying capacity has both direct and indirect
positive causal relationships with the number of tourists.

Travel convenience often influences tourists’ intention to visit a destination. Cheong [154] noted
that travelers often encounter inconveniences when traveling to destinations, such as long queues at
airport customs, passenger harassment, and possible flight delays, all of which can offset the
rejuvenating effects of travel. Research has revealed that both on- and off-island transportation in
Penghu, Taiwan, encounter problems such as unsynchronized information across platforms and
difficulties in accessing information. Bus services operating in the urban areas of Penghu are not
frequent, and boats ferrying visitors to surrounding islands operate even less frequently [155]. The
convenience of island transportation not only influences tourist visit intention but also directly limits
tourist growth. To improve accessibility and tourist visit intention, funding is required from the
relevant authorities that manage island national parks. Therefore, in the model depicted in Figure 1,
we introduced the factor “carrying capacity of travel convenience,” which not only directly affects
the number of tourists but also has a direct causal relationship with travel convenience. This, in turn,
indirectly influences the number of tourists. Hence, the carrying capacity of travel convenience has
both direct and indirect positive causal relationships with the number of tourists.

As carrying capacity factors, tourist carrying capacity and the carrying capacity of travel
convenience both play crucial roles in increasing or reducing the number of visitors to island national
parks. Enhancing carrying capacity through management strategies is a key issue. An effective
management strategy is ensuring the adequate and reasonable allocation of financial support. In the
present study, we only discussed this aspect. Therefore, the factor, “annual budget of oceanic island
nation park,” was introduced into the model in Figure 1. Increased and proper budget allocation,
specifically directed toward improving the carrying capacity of travel convenience and the richness
of tourism resources, can increase ecotourism development. Further details are discussed in the
subsequent subsection.

The DSR framework was employed to summarize the crucial variables and factors influencing
sustainable ecotourism in island national parks. After confirming the causal relationships between
variables on the basis of literature findings and using the number of tourists as an indicator for
observing sustainable ecotourism development, we developed and proposed a dynamic
development model (Figure 1). The model comprises three main causal feedback loops (i.e.,
ecotourism attractiveness loop, travel convenience loop, and publicity effect loop) that form the core
of the system structure, and these loops are complemented by two key carrying capacity factors that
contribute to the sustainable development of ecotourism. The ecotourism attractiveness loop and
travel convenience loop form negative feedback loops, whereas the publicity effect loop forms a
positive feedback loop. The dynamic behavior of the overall system is driven by the interactions of
these three positive and negative feedback loops and regulated by the two carrying capacity factors,
leading to self-organizing and self-generating behavior within the system. Subsequently, System
Dynamics modeling techniques can be applied to establish causal relationships between variables
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through mathematical formulas and computer calculations, thereby linking macro patterns with
interactions at a micro level. This link provides a unique perspective on the autonomous
characteristics of various phenomena that cannot be fully explored by solely focusing on causal
pathways or trajectories because the methods involved often do not clearly depict the relationships
between a system and its components [156].

3.5. Sustainable Development Strategy

The establishment of a sustainable development fund (SDF) is recognized internationally as a
means for assisting national parks in achieving their various goals, including sustainable
development and financial profitability [157]. For example, as of the time of writing, the United
Kingdom has implemented the SDF policy for nearly 29 years. In 1995, the National Park Authority
of the United Kingdom integrated the SDF policy into Section 12 of the UK Environment Act and
completed the required legislative procedures. In 2002, Alun Michael, who was serving as the
Minister of State for Rural Affairs in the U.K. government, claimed that the SDF would assist national
parks in achieving sustainable development goals. The SDF encourages individuals, community
groups, and businesses to collaborate in developing practical and sustainable solutions to manage
their activities, thereby helping to achieve the sustainable development of national parks [158].
Further research on SDFs related to national parks can be found in other articles [27,158].

In addition to government budget allocations, the establishment of SDFs relies on the revenue
generated from ecotourism activities conducted by private entities or the parks themselves. After the
outbreak of the global financial crisis in 2008, the implementation of fee-based models by national
parks for sustainable management has gained increasing attention and discussion. Fee-based policies
for national parks or protected areas have been practiced successfully in the United Kingdom for
years [159]. Although such approaches have sparked numerous discussions and debates among
countries, almost all national parks worldwide currently offer free admission [160]. Therefore, most
SDFs are supported by government budgets [161,162]. However, the substantial funding required to
sustain the operational development of national parks often imposes financial burdens on national
or local governments, diverting resources for other policies. Consequently, numerous national parks
have become “paper parks”, meaning that there is no real means of management after it is designated,
and this situation has exacerbated in the post-pandemic era. Therefore, fee-based models are
regarded as an effective management method that can help national parks to sustain their operations.

Charging for ecotourism promotes responsible tourism [163-165] and can serve as a stable
source of conservation funds. Literature findings have indicated that implementing fee-based policies
in national parks lead to various benefits, such as (1) helping to alleviate the increasing operational
and management costs of parks [166], (2) reducing the financial burden on the government for
constructing and managing national parks [167], and (3) helping to balance domestic economic profits
and promote internal economic development and social infrastructure, particularly for developing
countries with small island economies [168].

On the basis of the aforementioned discussion, we incorporated the collection and utilization of
conservation fees into the original sustainable development model (Figure 1), and becomes a
sustainable development management framework as shown in Figure 2. The amount of SDFs
established by the conservation fee is related to the number of tourists. That is, the greater the number
of tourists, the more conservation funds can be accumulated. These funds can be used to enhance the
richness of resources in ecotourism destinations (parks) and to address the challenges associated with
accessing remote islands. However, because the expenses required to improve transportation
accessibility are high, they are indicated by a time delay symbol in our model. Additionally, when
the carrying capacity of a tourism destination increases on account of conservation fees, a portion of
the conservation funds can also be invested in commercial media to enhance the effectiveness of the
publicity effect loop. Increasing the number of tourists not only achieves the goal of environmental
education but also increases the income to conservation funds through positive feedback. In the
model depicted in Figure 2, improvements that increase travel convenience can be facilitated by using
a portion of the revenue generated by conservation fees. However, this measure is primarily
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dependent on the allocation and sufficient investment of funds by central and local governments,
which promote travel convenience within national parks, thereby effectively increasing the carrying
capacity of travel convenience.

transportation convenience improvement
funds invested by local government

travel convenience
+

satisfied tourists
carrying capacity of
travel convenience

UI publicity effect
) \> number of tourists
X commer: clal medla
annual budget of oceanic ecotourism
: attractiveness * \

island national park

tourist carrying capacity
tourism pressure/ +
richness of tourism resources

Figure 2. Sustainable development model framework of fee-based ecotourism in oceanic island
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2
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pro m)otion

number of

/

national parks.

4. Conclusion and Suggestions

In the IUCN cdlassification system for protected areas, national parks are a mandatory form of
protected area. Although terrestrial protected areas were predominant in the early stages, marine
protected areas were also included in its guidelines in 2012. However, the sustainable operation of
protected areas requires substantial and consistent financial support. Otherwise, they often become
paper parks without practical implementation. Traditionally, the operation of national parks is
mainly supported by fiscal budgets allocated by national governments. However, after the 2008
global financial crisis, the fiscal budgets of most governments were severely affected, further
marginalizing the already insufficient operational funding for national parks. To assist in the practical
implementation of sustainable development in island national parks, the international community
has called for the implementation of sustainable ecotourism as a development means to facilitate the
pursuit of island sustainability goals.

The present study adopted the United Nations DSR sustainable development indicator set as the
foundational framework for assessing the sustainable development of ecotourism in oceanic island
national parks. Through meta-analysis, we identified 12 key factors influencing the sustainable
development of ecotourism in oceanic island national parks. These factors were categorized into three
driving forces (publicity effect, travel convenience, and ecotourism attractiveness), five status factors
(number of tourists, number of satisfied tourists, richness of tourism resources, tourism pressure, and
annual budget of oceanic island national park), and four response factors (tourist carrying capacity,
carrying capacity of travel convenience, social media promotion, and commercial media) on the basis
of the DSR framework. Subsequently, system thinking and System Dynamics theory were applied
and the relevant literature discussing the causal relationships between indicator factors was
referenced to construct a causal feedback diagram depicting the relationships between indicator
factors (Figure 1). This serves as a foundational model for the sustainable development of ecotourism
in oceanic island national parks. Regarding whether ecotourism in oceanic island national parks can
be sustainable, which is explored in the preceding discussion on the framework depicted in Figure 1,
the intricate causal relationships between indicator factors naturally form three dominant causal
feedback loops that drive system behavior. The loops comprise one reinforcing loop (publicity effect


https://doi.org/10.20944/preprints202410.1166.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2024 d0i:10.20944/preprints202410.1166.v1

15

loop) and two balancing loops (ecotourism attractiveness loop and travel convenience loop). Through
long-term interactions and mutual adjustments, these three loops lead to the development of specific
behavioral trends. Subsequently, System Dynamics theory can be applied to transform the
framework (Figure 1) into a numerical model, allowing for computer simulations of system behavior
under various conditions.

To achieve sustainable development in national parks, the establishment of an SDF is an
internationally recognized and implemented practice. SDFs are supported not only by government
budgets but also by the revenue generated by the ecotourism conducted within parks or by the user-
pay strategies adopted by national parks (e.g., conservation fees and entrance tickets). This addresses
the challenges associated with government financial constraints. Therefore, on the basis of the model
framework depicted in Figure 1, we incorporated the factor of conservation fee into our model (Figure
2) to investigate whether the implementation of fee-based strategies by oceanic island national parks
contributes to the achievement of park sustainability goals. In contrast to terrestrial national parks,
accessibility to oceanic island national parks is limited. According to literature recommendations and
deductions based on the proposed model, we discovered that, in addition to government budget
allocations aimed at improving park accessibility, sufficient promotion through social media and
commercial media is necessary to increase tourists’ intention to visit. Interpretations derived from
the causal relationships depicted in Figure 2 indicate that conservation funds established through
fee-based strategies not only serve to increase the diversity of tourism resources, thereby increasing
ecotourism attractiveness and attracting more visitors, but also to incentivize visiting tourists to
engage in more impactful promotion efforts on social media. Additionally, conservation funds can
be used to improve transportation to remote islands, supplementing the insufficient government
funding in this area. An increase in travel convenience naturally leads to an increase in the number
of visitors, which substantially increases the effectiveness of environmental education. However,
further discussion and evaluation are required to determine the appropriate timing and methods for
oceanic island national parks to implement fee-based policies and use funds. Our key findings are as
follows.

1. Werecommend implementing fee-based policies (e.g., conservation fees, or entrance tickets) and
establishing conservation funds only after a park has achieved a baseline number of ecotourism
visitors and provided sufficient local ecological education for visitors to understand the
significance and purpose of ecotourism. This approach will contribute to the achievement of the
park’s sustainable operation and management goals. Otherwise, the premature implementation
of fee-based policies may hinder the growth of park visitor numbers, thereby undermining the
purpose of accumulating conservation funds and preventing oceanic island national parks from
fulfilling their environmental education objectives.

2. Promoting ecotourism is more challenging for oceanic island national parks than for terrestrial
national parks mainly because of insufficient accessibility, resulting in low tourist visit intention.
With fewer visitors leading to insufficient promotion on social media, the challenge of
maintaining the sustainability of ecotourism is increased. To overcome the vicious cycle formed
by the publicity effect loop, the conservation funds established through fee-based strategies
should first be used to enhance the richness of tourism resources and increase travel
convenience. Once these improvements are achieved, a portion of the conservation funds can be
allocated to commercial media promotion to attract more visitors. This strategy is required to
reverse the vicious cycle of the publicity effect loop and create a virtuous cycle that gradually
increases the number of visitors. When the publicity effect loop forms a virtuous cycle, it
accelerates the increase in visitors, allowing for the reduction or cessation of commercial medial
promotion. Additionally, the rate at which visitor numbers increase will gradually be regulated
by the travel convenience loop and the ecotourism attractiveness loop when it approaches
carrying capacity limits, thereby preventing ecotourism development from spiraling out of
control. This model demonstrates that when conservation fee strategies are effectively
implemented, the resulting balancing mechanisms enable oceanic island national parks to shift
toward multi-goal sustainable development and pursue the goals of resource self-regeneration
and reinvestment.
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3. The conservation fee policy embodies substantial degrees of idealism, vision, and value for the
achievement of sustainable development goals in national parks. When the ecological diversity
and richness of such parks have considerably improved and the number of tourists is steadily
increasing following the implementation of fees, a portion of conservation funds can be allocated
to benefit local communities. This can be achieved through community participation and co-
management models [169]. Enhancing the infrastructure and construction on islands and
improving their physical facilities and transportation capacity will further increase the
effectiveness of sustainable management practices in oceanic island national parks.

The present study established a sustainable development model for oceanic island national
parks on the basis of the DSR framework and the System Dynamics methodology. Through extensive
literature review and theoretical analysis, the rigor, inferability, and explicability of this model were
validated. Although the model was built for oceanic island national parks and explores the dynamics
of sustainable ecotourism development, the factors selected from the DSR framework and the causal
relationships between variables can potentially be modified and applied to other types of protected
areas or developing island nations. Furthermore, discussions can be extended to the sustainable
development of Earth to broaden the value and impact of the present study.
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