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Accepted Indonesia’s diverse cultural, natural, and geological resources boost tourism. Geoparks are key
25 February 2026 to sustainable development, and the Gunung Sewu Geopark is recognized by UNESCO. However,
Kevwords its main use in tourism does not yet fully affect the village's independence. This study addresses
Ge\c,)park Gunung Sewu, research gaps by proposing an integrated policy framework that uses multi-criteria analysis to

Geopark Policy, MULTIPOL, consider economic, social, and environmental factors as an effort to improve village self-
%Léitsligs::eenet]ec’park sufficiency and governance geopark. Using the multi-criteria policy analysis (MULTIPOL) method,
Village Indepe'ndence this research examines the alignment among the priorities of scenarios, policies, and action plans.
The findings reveal that priority scenarios in Gunung Kidul and Wonogiri enhance GSUGGp
community advantages by increasing community awareness (CpcityBhav), with the highest
- average values of 17.4 and 17, respectively. In Pacitan, two priority scenarios are identified:
strengthening regulations and institutions for sustainable GSUGGp management (/nstituReg) and
CpcityBhav, both with average value of 16.8. Policy and action plan priorities across the three
regencies show that Gunung Kidul and Pacitan focus on marketing and boosting tourism activities
to stimulate local economies, while Wonogiri emphasizes community-based initiatives through
tourism and local entrepreneurship. At the program level, regional differences emerge in priority
actions, including partnerships, green investments, education-based tourism, and university
collaboration. This study highlights the importance of locally adaptive, integrated policies to
overcome institutional fragmentation and promote sustainable Geopark development that
strengthens village independence. The strategic framework developed offers practical relevance

for geoparks facing similar cross-jurisdictional challenges.

Introduction

Geoparks are increasingly seen as tools for environmental governance within global sustainable development
goals, serving not only as tourist destinations but also as territorial frameworks that integrate conservation,
education, local economies, and ecosystem services to protect geoheritage while boosting community well-
being [1-3]. From this perspective, geoparks act as platforms that balance natural resource management
with inclusive rural development. The Gunung Sewu UNESCO Global Geopark (GSUGGp), which spans Gunung
Kidul (Yogyakarta), Wonogiri (Central Java), and Pacitan (East Java), serves as a notable example because of
its vast karst landscape, rich geodiversity, and unique biodiversity, as well as its important geoheritage assets
[4,5]. These characteristics position the region as both a conservation priority and a strategic site for
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community-based development; however, village development within GSUGGp varies greatly, requiring
targeted strategies to ensure the geopark benefits are fairly shared across both geosite and satellite villages
while enhancing village independence in line with UNESCO’s pillars [6,7].

Despite these objectives, geopark implementation in the GSUGGp remains mainly focused on tourism-driven
economic growth, while conservation efforts, ecosystem protection, and institutional coordination still
receive relatively little attention and are mostly limited to “business-as-usual” practices. Tourism activities
are primarily managed by local tourism awareness groups and youth community organizations (Karang
Taruna), and the expected socioeconomic benefits have not been shared equally among villages within the
geopark area. The region also faces several strategic challenges, including post-COVID tourism recovery [8],
uneven benefit distribution [9], infrastructure and accessibility limitations [10], weak institutional
performance [9], environmental degradation [11], lack of data transparency [12], and low public awareness
and participation [13]. These challenges are further compounded by the geopark’s cross-regional
configuration across three administrative provinces, which fragments planning authority and contributes to
inconsistent policy implementation [14,15]. Given the complexity of tourism-related issues in the GUGGp
area, it is essential to develop an integrated policy framework that strengthens institutional coordination,
fosters interregional collaboration, and empowers local communities through inclusive development
strategies and innovative geopark flagship products or geoproducts [16,17].

Overall, research on GSUGGp continues to grow. However, current research primarily focuses on specific
topics, such as tourism and biophysical factors. These include karst geomorphology [18], extractive industries
and agricultural expansion [19], ecosystem services [20], and the development of virtual tourism to enhance
accessibility [21]. Community participation in geopark management is also fairly limited due to a low level of
understanding of the governance structures [22]. Disparities in development and village independence within
the GSUGGp area persist, ranging from Development to Advanced status. This suggests that the geopark's
presence has not yet ensured regional growth. While numerous community-driven innovations have been
introduced [23], the benefits remain localized and have not yet led to comprehensive (multi-aspect) change.
This highlights an ongoing gap in decision-support methods that systematically develop policy priorities,
strategies, and action plans to achieve inclusive and sustainable development.

An analytical framework is necessary to assess alternative development policies that focus on the tourism
sector recovery, conservation success, ecosystem management, and socio-economic resilience. This study
employs the multi-criteria analysis method to develop and compare various policy options based on the
overview provided above. The primary objectives of this research are: (1) which policy priorities can facilitate
sustainable geopark development in each GSUGGp area? and (2) what action plans should be implemented
to effectively support these priorities while balancing conservation, ecosystem management, and village
independence?

This study contributes to environmental governance and natural resource management within the GSUGGp
geopark system. The proposed approach provides a comprehensive set of scenario, policy, and action-plan
support tools based on multiple criteria. These tools aim to improve the sustainable independence of villages
within GSUGGp and can serve as a replicable model for other geopark areas facing similar challenges.

Materials and Methods

Study Area

This study examined villages within the GSUGGp area, divided into two types: geosite villages, where an
administrative geosite is located, and non-geosite villages, which do not contain an administrative geosite,
as shown in Figure 1. The focus is on villages in Gunung Kidul Regency (Special Region of Yogyakarta Province),
Wonogiri Regency (Central Java Province), and Pacitan Regency (East Java Province). A total of 100 villages
were sampled across these regions. The study was conducted from April to December 2024.
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Figure 1. Research Location Map within the Gunung Sewu UNESCO Global Geopark Area. This map illustrates the
spatial distribution of GSUGGp alongside the three districts involved in the study: Gunung Kidul, Wonogiri, and Pacitan
Regencies. It also indicates the locations of the sampled villages, including both geosite sites and non-geosite.

Methodology

This study utilized both primary and secondary data sources. Primary data were collected through structured
questionnaires during Focus Group Discussions (FGDs) and in-depth interviews conducted from August to
September 2024. A total of 50 key stakeholders participated in the study, representing regional planning
agencies (Badan Perencanaan Pembangunan Daerah/BAPPEDA), environmental offices (Dinas Lingkungan
Hidup/DLH), tourism offices (Dinas Pariwisata/DISPAR), tourism awareness groups (Kelompok Sadar
Wisata/POKDARWIS), village heads, tourism businesses, micro-enterprises (Usaha Mikro, Kecil, dan
Menengah/ UMKM), village-owned enterprises (Badan Usaha Milik Desa/BUMDES), and academic experts in
geology. Stakeholders were selected using a proportionate stratified sampling design to ensure balanced
representation across institutional groups and territorial units within the GSUGGp. Sampling proportions
were determined by the number of villages in the GSUGGp area. Gunung Kidul Regency has the largest share
of villages within the GSUGGp, followed by Pacitan Regency, while Wonogiri Regency has the smallest share.
Consequently, the number of stakeholders differed across regencies. In addition, the number of respondents
was influenced by stakeholders’ availability and willingness to participate in interviews and FGDs, with access
to some respondents relatively limited. The distribution of respondents comprised 26 from Gunung Kidul, 18
from Pacitan, and 6 from Wonogiri. Participants were recruited based on stakeholder availability within each
stratum. Accordingly, the final sample reflected a combination of proportionate stratification and practical
field constraints commonly encountered in participatory policy research. Given the governance-oriented
nature of the study, the sampling strategy aimed to capture informed stakeholder perspectives rather than
achieve statistical generalization.

Secondary data included regulatory documents, spatial plans, Regional Medium and Long-Term Development
Plans (Rencana Pembangunan Jangka Menengah Daerah/RPJMD, Rencana Pembangunan Jangka Panjang
Daerah/RPJPD), strategic plans (Rencana Strategis/Renstra) of relevant agencies, and the GSUGGp master
plan. The data analysis in this study was conducted using the MULTIPOL analytical approach, supported by
Microsoft Excel and MULTIPOL La Prospective software. MULTIPOL is a participatory, multi-criteria decision-
support framework designed to evaluate alternative policies and action plans under complex regional
development contexts [24—-27]. This approach also enables a structured comparison of three key elements—
scenarios, policies, and programs/action plans—using an influence matrix. It assists policymakers in making
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evaluative judgments to prioritize strategies. The framework offers two types of evaluation: (1) Action-to-
Policy, which ranks action plans based on their relevance to specific policies; and (2) Policy-to-Scenario, which
identifies the most appropriate or prioritized policies for each development scenario [25,26]. In this study,
the application of the MULTIPOL method involves six stages. First, secondary data (from literature, social
media, and statistics) and primary data (from field visits and interviews) are collected to assess the current
conditions of the GSUGGp area. Second, this data serves as the basis for scenario development. Third, Focus
Group Discussions (FGDs) and in-depth interviews with key stakeholders are conducted, using questionnaires
to gather information, establish evaluation criteria, identify policy options, assign weights, and map
relationships among elements. Fourth, stakeholder consultations validate and refine the analytical results.
Fifth and sixth, the data are analyzed using the MULTIPOL software by entering matrix weights and
conducting structured evaluations. This analysis produces scenario, policy, and action plan rankings based on
average scores and standard deviations, facilitating the assessment of relevance and internal consistency
with sustainable geopark development goals [26]. The analytical framework for this study is shown in Figure
2.

Baseline Data and Administering Semi-Structured Interviews Based on Key Questions:
Information Collection

To what extent do the proposed scenarios, policies, or action plans
contribute to the sustainable management of the Geopark?

A 4

If these scenarios, policies, or action plans are to be implemented, which

Constructing a hypothetical market actors hold the authority to execute them? Is implementation the
based on current field conditions

and findings related to the Geopark, —>]
thereby necessitating more effective
development and management

responsibility of a single institution or does it require multi-stakeholder
involvement?

Is there potential resistance or objection from stakeholders regarding the
implementation of the proposed scenarios, policies, or action plans?

When or under what specific conditions should these scenarios, policies, or
action plans be implemented? What potential barriers to
implementation might arise?

v

Conducting Focus Group Discussions
(FGDs) and/ or in-depth interviews

to: Where would the implementation of each scenario, policy, or action plan

o . ) .
Defining appropriate _evaluation be most appropriate? Should the implementation be standardized

criteria for policy formulation.

A 4

Establish consensus on scenario,
policies, and action plans,

— Conducting follow-up discussions on the results of the FGD, particularly with
academic groups and local government authorities.

.

Input data for Analysis with Software MULTIPOL

!

MULTIPOL Analysis to obtain evaluation outcomes in the form of:

The hierarchical relationship of policies and the scenarios framework

Figure 2. The procedural framework for applying the MULTIPOL analytical method in this study. This procedural
framework outlines the steps for applying the MULTIPOL method, from gathering information and secondary data to
the analysis itself.

Table 1 presents the descriptions and weights of the criteria, policies, and scenarios used in the MULTIPOL
analysis, arranged according to the analytical stages of the MULTIPOL method applied here. Additionally,
Table 2 details the formulation of action plans that support the identified policies. These components were
developed based on the results of Focus Group Discussions (FGDs) and in-depth interviews with key
stakeholders. It is important to note that Table 1 shows that all weights were assigned equal values. This
equal weighting does not indicate a lack of importance; rather, it reflects the principle of balanced
prioritization to prevent the dominance of any single policy or criterion [28]. Additionally, this research
conducts a sensitivity analysis for each regency within the GSUGGp area to examine how policy priorities and
action plans change when the weights assigned to criteria and policy options are modified. Sensitivity analysis
is a well-known evaluation method in which input factors are systematically varied to assess their impact on
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model outputs in a comprehensive and reliable manner [29,30]. By adjusting the relative weights of criteria
and policy variables, this approach helps determine the stability, robustness, and responsiveness of the
resulting actions and policy rankings. The sensitivity analysis of the scenarios employed in this study is
presented in Table 3.

Table 1. Framework of criteria, policies, and scenarios used in the MULTIPOL analysis for the GSUGGp Region. The

table presents the labels, descriptions, and weights assigned to each criterion, policy option, and development

scenario used in the analysis. These components comprise the evaluation framework applied to assess the sustainable

geopark development of the GSUGGp.

Label Descriptions Weight
Criteria

Ecolnclsif Enhancement of Inclusive Economic Growth 1
Colablnov Strengthening Collaboration and Innovation 1
IncAccess Improvement of Accessibility 1
IncCapacty Development of Human Resource Capacity 1
CmntyPart Enhancement of Community Participation 1
IncEnviro Improvement of Environmental Quality (vandalism, waste, and disaster management) 1
Policy

IncTrstAct Development of tourism activities within the GSUGGp) area. 1
Infrastruc Enhancement of core and auxiliary infrastructure in GSUGGp. 1
EvaluatGS Assessment of Geosite and Non-Geosite zones in GSUGGp. 1
Marketng Improvement of GSUGGp area marketing approaches. 1
OrgStrengt Reinforcement of GSUGGp Management Body. 1
CoorColab Institutional coordination and collaboration for GSUGGp management. 1
UGGSewuReg  Optimization of protection regulation enforcement in GSUGGp. 1
CommCpcity Enhancement of community capacity and participation in GSUGGp. 1
IncenDisin Application of competitive incentives and disincentives in GSUGGp. 1
ovoc Empowerment of BUMDes via One Village One CEO model. 1
Scenario

IncVisitor Boosting tourist visits to revitalize post-pandemic tourism sector. 5-6
InstituReg Reinforcing regulations and institutions for sustainable GSUGGp management. 5
CpcityBhav Enhancing GSUGGp community advantages by increasing community awareness. 6

Table 2. Supporting action plans for policy alternatives in the MULTIPOL for the GSUGGp Region. The table outlines

the action plans that could potentially support each policy alternative for sustainable geopark development at the

research site. Each action plan includes an explanation and an abbreviation (label) used in the MULTIPOL analysis.

No. Action Plan Descriptions Action Plan Label
1 Promotion of cultural tourism based on local karst traditions. CulTourism
2 Develop geo-ecological tourism through guided experiential education. EduTourism
3 Upgrade and maintain core tourism facilities and services. TourFcilty

4 Improve road and geosite access through better connectivity. Access

5 Establish safety systems and SOPs for geosite hazards (Risk Management). RiskMngmnt
6 Facilitate regular geosite manager meetings for shared learning. MngrMeet

7 Develop digital platform for visitor feedback and evaluation (Tourism Utility). TourUtility

8 Create digital app for real-time geosite environment monitoring and maintenance. EnvMonitor
9 Enhance social media campaigns to promote GSUGGp uniqueness. SocMed

10 Optimize official website and digital media for GSUGGp updates. IncWebsite
11 Create integrated tourism packages with certified tour operators (tour agency). TourAgncy
12 Enhance management capacity through training and benchmarking visits. IncCpctyGS
13 Strengthen PAWONSARI’s role in transparent, accountable governance. PAWONSARI
14 Develop transparent, accountable funding for GSUGGp sustainability. MgmtFund
15 Align development programs with regulations and GSUGGp strategy. MasterPlan
16 Promote PAWONSARI-government—business—university collaboration for innovation. Prtnrshp

17 Build university collaboration for research and sustainable management. ColabUniv
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No. Action Plan Descriptions Action Plan Label

18 Enforce geodiversity protection via signs, campaigns, and outreach. SnctionGeo
19 Prioritize green investment for sustainable Geopark development. Greenlnves
20 Assess carrying capacity and implement visitor limits for sustainability. CarryingCp
21 Develop site-specific geosite plans for sustainable landscape management. SitePlan

22 Offer training and mentorship to enhance community hospitality skills. Hosptality
23 Conduct community outreach (socialization) on geoheritage and local diversity. Socializ

24 Provide tourism governance training to empower geosite communities. GParkMgmt
25 Introduce geopark education in schools for sustainable awareness. GeoSchool
26 Organize village competitions to promote engagement and best practices. VillComp

27 Host funding competitions to spur innovative tourism proposals program. ProgCompt
28 Provide incentives and eco-certification for sustainable businesses. EnvCompCer
29 Levy environmental taxes on impactful industries as deterrents. GreenTax
30 Promote Payment for Environmental Services to support conservation. PES

31 Provide training on rural business, product mapping, and marketing (smart village). SmartVil

32 Conduct capacity-building for MSMEs to enhance product innovation. Prodinnov
33 Provide MSME training on product development and packaging standards. PackProd
34 Promote local products through Geoproduct branding initiatives. GeoBrand

Table 3. Sensitivity analysis scenarios within the MULTIPOL evaluation. This table presents various weighting
configurations used to assess shifts in policy priorities and action plans in the MULTIPOL analysis. Each scenario
corresponds to a specific policy weight and a set of criteria. Evaluation outcomes—comparison action plans across
policies and policies across scenarios—are assigned a code for each scenario.

No. of Scenario (Policy, Weight (Policy, Result Code Action Result Code Policy

Scenario Criteria) Criteria) Across Policy Across Scenario

1 Ecolnclsif, IncTrstAct 5,5 SA11 SB11

2 Ecolnclsif, 55 SA12 SB12
UGGSewuReg

3 Ecolnclsif, 55 SA13 SB13
CommCpcity

4 Ecolnclsif, OVOC 5,5 SA14 SB14

5 IncCapacty, IncTrstAct 5,5 SA21 SB21

6 IncCapacty, 55 SA22 SB22
UGGSewuReg

7 IncCapacty, 55 SA23 SB23
CommCpcity

8 IncCapacty, OVOC 55 SA24 SB24

9 IncEnviro, IncTrstAct 55 SA31 SB31

10 IncEnviro, 55 SA32 SB32
UGGSewuReg

11 IncEnviro, CommCpcity 5,5 SA33 SB33

12 IncEnviro, OVOC 55 SA34 SB34

Results

The MULTIPOL analysis produced three main outputs, namely: (1) evaluation of policies in relation to
scenarios, (2) evaluation of action plans in relation to policies, and (3) prioritization of scenarios, policies, and
action plans based on the evaluation results. These analytical outputs are derived from scoring values (Figure
3) that were collectively agreed upon by experts through FGDs [31], complemented by in-depth interviews
with experts who were unable to participate in the forum. The evaluation results for policies across scenarios
indicate that policies with the highest average weights and the lowest standard deviations—i.e., the highest
numerical values—are considered ideal.
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Figure 3. Evaluation weight matrix of actions, policies, and scenarios related to the criteria in the GSUGGp regions.
This table shows the weights used to evaluate the relationship between actions, policies, and scenarios against the
criteria applied in the MULTIPOL analysis. The weights listed for each GSUGGp Regency area (Gunung Kidul, Wonogiri,
and Pacitan Regencies) are derived from FGDs and in-depth interviews with stakeholders.

An ideal policy is characterized by a high Moy. value and a low Ec.Ty, as well as a top position in the Number
ranking. The four priority policies identified in order for each district are as follows (Figure 4): for Gunung
Kidul Regency, they are Marketng, IncTrstAct, OrgStrengt, and OVOC; for Wonogiri Regency, IncTrstAct,
OVOC, Marketng, and Infrastruc; and for Pacitan Regency, Marketng, IncTrstAct, OVOC, and Infrastruc. The
policy-scenario evaluation across the GSUGGp reveals a consistent pattern, with Marketng and IncTrstAct
emerging as the top two prioritized policies across Gunung Kidul, Wonogiri, and Pacitan Regencies. These
findings support stakeholders’ efforts to rejuvenate the GSUGGp tourism sector following the COVID-19
pandemic and to boost local economic benefits and regional revenue. Importantly, these results do not
diminish the significance of other policies. The analysis also reveals a convergence of priorities in scenario
choices: both Gunung Kidul and Wonogiri Regencies prioritize the CpcityBhav scenario, while Pacitan Regency
considers two scenarios simultaneously, specifically InstituReg and CpcityBhav.
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Figure 4. Evaluation results of policies across scenarios in the GSUGGp regions based on MULTIPOL Analysis. This
figure presents the evaluation results for each policy across scenarios in three districts: Gunung Kidul (a), Wonogiri
(b), and Pacitan (c). The analysis is based on stakeholder-assigned weightings. The results emphasize the relative policy
priorities, identified by the highest Number, and also show te priorit scenarios, marked by the highest average in each
scenario column.
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The MULTIPOL method not only ranks policy priorities but also generates a closeness map illustrating the
strength of relationships between policies and the scenarios used in this study (Figure 5). In Gunung Kidul,
IncVisitor is closely linked to IncTrstAct and Infrastruc; InstituReg is supported by UGGSewuReg, CoorColab,
IncenDisin, and EvaluatGS; and CpcityBhav aligns with OrgStrengt, Marketng, CoorColab, CommCpcity, and
OVOC. In Wonogiri, IncVisitor is supported by OVOC, Infrastruc, and Marketng; InstituReg by UGGSewuReg,
EvaluatGs, IncenDisin, and OrgStrengt; and CpcityBhav by OrgStrengt, CoorColab, and CommCpcity. Similarly,
in Pacitan, IncVisitor aligns with IncTrstAct, Infrastruc, IncenDisin, and EvaluatGS; InstituReg with CoorColab,
UGGSewuReg, and OrgStrengt; and CpcityBhav with CoorColab, CommCpcity, Marketng, and OVOC.

Policy/scenario claseness map
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Figure 5. Closeness map between scenarios and policies in the GSUGGp regions based on MULTIPOL analysis.
Closeness map indicates how well policies match the scenarios, based on the weights given by stakeholders in Gunung
Kidul (a), Wonogiri (b), and Pacitan (c) regencies. Among the three scenario groups, the policies that overlap with two
scenarios are CoorColab and OrgStrengt.

The MULTIPOL analysis results in Figures 4 and 5 reveal that certain policies are linked to multiple scenarios
across the three regencies within the GSUGGp area. This indicates these policies are relevant to various
sectors. For instance, the CoorColab is associated with the InstituReg and CpcityBhav scenarios in Gunung
Kidul and Pacitan Regencies, while the OrgStrengt policy is connected to the CpcityBhav and InstituReg
scenarios in Wonogiri Regency. The fact that policies overlap across multiple scenarios suggests they could
similarly influence more than one development pathway.

The second stage of MULTIPOL analysis evaluates the alignment between programs (action plans) and policy
objectives for sustainable geopark development, particularly in promoting village-level independence (Figure
6). The evaluation of the relationship between programs or action plans and policies uses three indicators:
Moy. (average cumulative weight), Ec.Ty (standard deviation reflecting sensitivity level), and Number (a
combined ranking based on Moy. and Ec.Ty). An action plan is considered ideal if it scores highly on Moy and
has low Ec.Ty, and attains the highest Number ranking. Different regencies present diverse evaluation results.
In Gunung Kidul Regency, the top five programs are Prtnrshp, Socializ, IncCpctyGS, GreenlInves, and VillComp.
In Wonogiri Regency, key programs include Greenlnves, Socializ, ColabUniv, GParkMgmt, and GeoBrand.
Likewise, Pacitan Regency’s leading programs are Socializ, EduTourism, Prtnrshp, PES, and GParkMgmt.
Overall, stakeholder assessments reveal a strong alignment between the top five priority action plans and
the primary development goals of the Geopark—namely conservation, education, and economic growth.
Although conservation is not listed as a separate action plan, the concepts of PES and Greenlinves are closely
associated with conservation efforts. The MULTIPOL analysis produces a Profile Map that evaluates 34 action
plans against the policies used in this study for each regency within the GSUGp area, as shown in Figure 7.
This map displays how well each action plan aligns with the priority policies in each regency. A higher position
of an action plan point relative to a specific policy indicates a greater potential to support policy
implementation, while a lower position suggests a weaker potential. The figure also reveals that, in each
regency within the GSUGGp area, some action plans share the same priority level across multiple policies.
This indicates a convergence of perspectives and objectives among stakeholders across various regencies on
how effectively these action plans can support the implementation of sustainable geopark development
policies in the area.
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Figure 6. Results of the evaluation of programs/ action plans against policies in the GSUGGp regions based on
MULTIPOL analysis. This figure illustrates the priority of programs/ action plans based on weights assigned by
stakeholders in each regency of Gunung Kidul (red), Wonogiri (green), and Pacitan (blue). Priority action plans are
influenced by high Moy., low Ec.Ty, and the highest Number.
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Figure 7. Profile the map against action plans and policies in the GSUGGp regions based on the results of the MULTIPOL
analysis. This figure shows the ranking of each program/action plan against each policy alternative in the Gunung Kidul
(red), Wonogiri (green), and Pacitan (blue) regencies. It can be seen that each action plan significantly influences
several policies, and several priority action plans have relatively high values across almost all policy alternatives.
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Sensitivity analysis was also conducted to show how changes in the weights assigned under the applied
scenarios influence the results. Specifically, changes in weights only affect the evaluation outcomes of
programs/ action plans in relation to policies. In contrast, the evaluation of policies against development
scenarios remains unaffected, as indicated by the stable values of Moy.*+Ec.Ty and the unchanged composite
ranking (Number) (Figures 8 and 9). These sensitivity analysis results indicate that the relationships between
policies and scenarios are highly robust to variations in the tested weights. Whereas the priorities of programs
or action plans are more sensitive to changes in the evaluation process outcomes.

This graph illustrates the degree of alignment between each action plan and its policy, highlighting the
strongest associations in each district. Moreover, the visualization shows that the higher the position of an
action plan point relative to a policy, the greater the likelihood that the action plan aligns with and supports
the implementation of that policy in the respective district. Conversely, the lower the point's position, the
weaker the alignment between the action plan and the corresponding policy. The Profile Map also reveals
that several action plans across the GSUGGp districts exhibit similar levels of relevance to a specific policy
domain, reflecting a shared perspective among stakeholders regarding the contribution of these action plans
to each policy within the context of sustainable geopark development in the GSUGGp region.

Sensitivity Analysis — Action Across Policy (ORI vs SA11-SA34)
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Figure 8. Results of sensitivity analysis for evaluating the program/ action plan across policies in the GSUGGp regions
based on MULTIPOL analysis. This figure shows the sensitivity analysis scenario for this evaluation, reflected by
changes in the Moy+Ec.Ty, and ranking (Number) values in Gunung Kidul, Wonogiri, and Pacitan Regencies. This
scenario is also compared with the original results using the SA-ORI code. It demonstrates that in this evaluation,
variations in weight will affect the evaluation outcomes of the action plan against the policy.
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Figure 9. Results of sensitivity analysis for evaluating the policy across scenarios in the GSUGGp regions based on
MULTIPOL analysis. This figure shows the sensitivity analysis scenario for this evaluation, indicated by changes in the
Moy.xEc.Ty and ranking (Number) values in Gunung Kidul, Wonogiri, and Pacitan Regencies. This scenario is also
compared with the original results using the SB-ORI code. This analysis demonstrates that, in this evaluation, weight
fluctuations will not affect the assessment results of the policy across scenarios.

Discussions

FGDs and in-depth interviews with stakeholders to analyze policy and development scenarios in each
GSUGGp regency reveal that the primary scenarios in the MULTIPOL analysis mainly emphasize economic,
institutional, and social factors. The environmental aspect is not presented as a standalone scenario but is
integrated into existing policies and action plans. Environmental considerations are implicitly incorporated
into each scenario through an integrated policy and action-plan framework. This framework highlights the
significance of environmental protection in the GSUGGp area, citing Ministerial Regulation No. 17 of 2012
regarding the determination of karst landscape areas and Ministerial Decree No. 3045 K/40/MEM/2014
regarding the designation of the Gunung Sewu karst landscape area, which designate karst regions as
protected zones and provide the legal basis for spatial planning at both the provincial and regency levels.

Analyzing the relationship between policies and scenarios reveals that Marketng and InTrstAct are key
priorities in Gunung Kidul and Pacitan Regencies. Stakeholders view these policies as crucial for boosting local
economic income through post-pandemic tourism revival. Field observations show that several geosites
remain inactive in terms of management and tourism, while many MSMEs (Micro, Small, and Medium
Enterprises) focused on local crafts and culinary products have experienced severe declines. Some MSMEs
that entered international markets have experienced significant production declines and halted export
activities. Therefore, policies aimed at improving marketing and tourism activities are expected to attract
more tourists to geosites, generating economic benefits within the geopark area [32], aiding environmental
conservation, fostering community involvement, and supporting infrastructure growth [33]. An analysis of
how policies and scenarios relate in Wonogiri Regency indicates that IncTrstAct and OVOC are the top
priorities. Unlike Gunung Kidul and Pacitan Regencies, Wonogiri has fewer geosites, mainly around the
Indonesia Karst Museum, which saw tourism heavily affected by COVID-19. However, coastal geosites in
southern Wonogiri continue to attract tourists due to strong local cultural traditions. This underscores the
need to integrate cultural heritage with geoheritage and geodiversity in tourism planning. The OVOC policy
promotes community-driven economic growth by empowering local communities as the primary agents of
local enterprise, thereby increasing household income and employment [34]. Applying this policy in Wonogiri
supports village independence by fostering community-led management of natural resources for product
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innovation and sustainable tourism development. Based on the average values across all scenario columns
(Figure 4), both Gunung Kidul and Wonogiri Regencies favor the CpcityBhav scenario. This reflects a common
focus on enhancing the role of local communities in actively developing villages to foster self-reliance. Field
observations reveal that many residents are unaware that their villages are part of the GSUGGp area or fully
grasp the Geopark concept. Such understanding is generally confined to specific community groups involved
in government, tourism, education, or those directly benefiting from geopark programs. Meanwhile, in
Pacitan Regency, the two highest-rated scenarios are InstituReg and CpcityBhav. Unlike the other regencies,
Pacitan emphasizes the InstituReg scenario more, considering institutional strengthening and a solid
regulatory framework essential, especially since the GSUGGp spans three regencies and provinces, forming
a single interconnected karst landscape. Additionally, the CpcityBhav scenario is seen as vital for promoting
sustainable development within the GSUGGp area.

According to the second stage of the MULTIPOL analysis, Figure 6 indicates that Prtnrshp is the highest priority
in Gunung Kidul Regency, as it can strategically enhance sustainable tourism governance through
collaboration among institutions and stakeholders [35]. Interviews with village heads suggest that
partnerships can boost local entrepreneurship and empower communities. For instance, two key geosites in
the GSUGGp area, namely Mount Api Purba Nglanggeran and Jomblang Cave, have illustrated how
partnership-driven geotourism development can yield significant tourism benefits, such as supporting the
regional economy, strengthening community capacity, and conserving environmental integrity. This
collaborative effort includes local communities, government, training and educational institutions, and the
private sector, focusing not only on physical infrastructure support but also on capacity building through
operational training tailored to specific natural environments (like caves) to ensure visitors’ safety, comfort,
and memorable experiences. Moreover, engaging local communities as vital participants in tourism activities
is essential, including farmers, who can earn extra income outside planting seasons while waiting for harvest.
This partnership approach holds strong potential for replication at other geosites in Gunung Kidul Regency,
further promoting geopark development as a catalyst for village independence. The next priority, Socializ,
arises from interview findings showing that understanding of the geopark is limited to certain groups, as
previously mentioned. Many community members (particularly those relying on fishing and farming) are
unaware that their villages are within the geopark area. This underscores the urgent need for inclusive
socialization programs to raise awareness, foster ownership, and encourage community participation in
protecting the Geopark, while also promoting the use of geoproducts for local development [36]. The third
priority, IncCpctyGS, focuses on empowering tourism-awareness groups and youth organizations through
training, education, and comparative studies. These initiatives can effectively enhance geopark management,
especially since each geosite has unique features. For example, in Nglanggeran Village, youth groups have
actively exchanged knowledge with educational institutions and learned about geosite tourism management
elsewhere, applying these insights locally. This effort led to international recognition, with the village receiving
the UNWTO Best Tourism Village award, highlighting the importance of building institutional capacity to
promote sustainable geotourism [37].

The MULTIPOL evaluation of action plans in Wonogiri Regency reveals distinct program priorities from those
in Gunung Kidul Regency, shaped by local environmental conditions and stakeholder perspectives. As shown
in Figure 6, the leading priority in Wonogiri is Greeninves, which is essential due to the ecological importance
of karst as agroundwater source for approximately 20-25% of the global population [38]. The 162.80 km?
karst area in Wonogiri is protected under Ministerial Decree No. 1456 K/20/MEM/2000 regarding guidelines
for the management of karst areas, which categorizes the land into three use levels: full protection (Class 1),
limited use (Class Il), and controlled use (Class Ill). Economic pressures stemming from the COVID-19
pandemic have led to efforts to leverage karst resources for economic recovery. Boosting green investments,
particularly through enhancing and expanding tourism, is viewed as a crucial, sustainable approach that
balances ecological integrity with socio-economic development [39,40]. Other green investments can be
supported via green finance mechanisms that integrate environmental and social considerations into
financial decision-making [41,42]. The national policy framework (including Presidential Regulations and
directives from the Ministry of Energy and Mineral Resources and the Ministry of Environment and Forestry)
further promotes green financing through carbon trading and emissions reduction initiatives, opening
avenues for low-carbon, climate-resilient investment [43—45]. The second priority is Socializ, which focuses
on enhancing the public’s understanding of the geopark concept in Wonogiri, where many residents view
geosites merely as tourist attractions. Raising awareness of the geopark, geoheritage, and sustainable
tourism is crucial for motivating community participation in conservation activities [46]. Field observations
reveal opportunities for development around Wonogiri’s geosites, notably in homestays, and show that the
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local community is generally very friendly to visitors, whether for tourism or research. The third priority,
ColabUniv, aims to strengthen academic collaboration to close knowledge gaps and integrate research into
geotourism development [47,48]. Currently, academic collaboration related to the Wonogiri geopark is
limited, especially in involving the local community. Field observations and interviews with village officials
indicate that community programs focused on the geopark remain infrequent. Enhancing academic
collaboration can increase public awareness, deepen understanding of geopark tourism, and facilitate
educational initiatives, such as developing geomorphological and geoheritage interpretation boards.

The final evaluation of programs or action plans in Pacitan Regency (Figure 6) shows that Socializ is the top
priority. This effort aims to increase public understanding of geoheritage, geodiversity, cultural heritage, and
biodiversity within the GSUGGp area. Interviews indicate that, thus far, communities view the geopark
primarily as a tourist destination, despite deriving economic benefits from geosite management by groups
such as POKDARWIS and youth organizations [49]. Therefore, socializ is essential for raising community
awareness, promoting involvement in geosite preservation, and educating visitors—despite the fact that
museum-based knowledge centers such as Song Terus and the Pacitan Geopark Museum are still less popular
compared to natural sites. The second priority, EduTourism, emphasizes the need for interpretive media that
cover not just geological features but also biodiversity and cultural elements. This approach is particularly
important given the strong links among Javanese culture, folklore, and cave geosites such as Tabuhan Cave.
Additionally, biodiversity remains underrepresented outside museum settings, making it crucial to
incorporate it into the development of educational tourism. The third priority is to strengthen the Prtnrshp.
Since GSUGGp’s strategy emphasizes geotourism, collaboration among local government, the private sector,
and academic institutions is crucial for providing high-quality tourism services and preserving natural heritage
[50]. Such partnerships can enhance trust, efficiency, innovation, and policy coordination across sustainability
efforts [51]. Still, challenges remain, such as political power imbalances, limited resources, institutional
complexity, and transparency issues that many hinder effective implementation and reduce long-term
benefits, particularly if partnerships become superficial or bureaucratic rather than transformative.
Partnerships are essential for the development of geotourism [52]. To ensure lasting success and positive
outcomes, these partnerships need to address key issues by fostering strong, inclusive leadership, fair
participation, consistent actions, and transparent, accountable governance [53]. An example is Watukareng
Beach Geosite in Pacitan Regency, where partnerships have helped develop internationally recognized
accommodations that draw international visitors.

The Profile Map, created from the MULTIPOL analysis that evaluates action plans against various policy
options (Figure 7), shows that each regency within the GSUGGp area has distinct priorities for action plans.
However, some priority actions are shared across all three regencies, indicating a common strategic direction
to improve geopark development in a region with significant diversity. When comparing these results with
policy evaluations against development scenarios (Figure 4), it is evident that economically focused policies—
specifically Marketng and IncTrstAct—are consistently the top priorities in all regencies. This underscores the
importance of local economic development in geopark governance. The emphasis on economic factors aligns
with the characteristics of the GSUGGp area, which is primarily composed of karst landscapes that have
historically experienced lower levels of regional development than non-karst areas [54]. Under these
circumstances, the geopark concept is viewed as a strategic tool to foster regional economic growth [55] and
reduce disparities through sustainable tourism development.

The MULTIPOL results analyze the connections between priority policies and their supporting action plans to
determine which actions can effectively drive these initiative policies. In Gunung Kidul Regency, the Marketng
policy is supported by Socializ, Prtnrshp, and ColabUniv, while IncTrstAct, is supported Prtnrshp, Greeninves,
and EduTourism. In Wonogiri Regency, Marketng is supported by Greeninves, ColabUniv, and GeoBrand,
whereas IncTrstAct is aligned with Greeninves, GeoBrand, and Socializ. In Pacitan Regency, Marketng is
supported by PES, EduTourism, and GParkMgmt, while IncTrstAct is supported by PES, EduTourism, and
ColabUniv. These findings highlight tat, while tourism development can boost economic benefits, it may also
impose environmental pressures like exceeding tourism carrying capacity, increasing waste, straining
infrastructure, and heightening disaster risks [56,57]. This emphasizes the need for environmentally focused
actions, including Greeninves and PES, as supportive strategies.

The sensitivity analysis of the MULTIPOL results shows that variations in the weights assigned to criteria and
policy alternatives significantly affect only the evaluation outcomes of programs or action plans in relation to
policies in each regency. In contrast, the relationships between policies and scenarios remain unaffected and
show no observable changes. As shown in Figure 8, although some shifts occur in the relative values, the
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highest-ranked action plans (Ranking/ Number in Figure 6) largely remain unchanged across the different
weighting scenarios tested, indicating that these priority action plans are consistent and robust under the
various sensitivity scenarios. For example, the highest-priority action plan is Prtnrshp in Gunung Kidul
Regency, Greeninves in Wonogiri Regency, and Socializ in Pacitan Regency. These findings suggest that
although scores and rankings may vary under different weighting schemes, the priority action plans at the
regency level exhibit a high degree of structural robustness, according to the MULTIPOL analysis.

Conclusions

This study shows that the key priorities for developing a sustainable geopark in the Gunung Sewu UNESCO
Global Geopark (GSUGGp) area are focused on economic recovery and empowering local communities.
Environmental concerns are integrated into coordinated policies and action plans that support these goals.
The MULTIPOL analysis emphasizes tourism marketing and expanding tourism activities within the GSUGGp
region. Although opportunities for economic diversification are limited in karst landscapes—due to typical
structural economic constraints—geopark initiatives are seen as strategic tools to promote local economic
growth. At the action plan stage, MULTIPOL results across different regencies highlight the need for
governance structures tailored to local conditions, including natural resources, environmental features, and
socio-economic factors. In Gunung Kidul Regency, collaboration based on partnerships is prioritized; in
Wonogiri Regency, green investments are the main focus; and in Pacitan Regency, raising community
awareness is key. Despite different priorities, a shared focus on improving community capacity underscores
that participation and strengthening local institutions are vital for fostering village self-reliance. The
sensitivity analysis shows that, compared to policies, the evaluation of action plans indicates that the top-
ranked plans remain consistent, demonstrating robust strategic choices. Conversely, policy evaluations
across various development scenarios show no variation. Methodologically, this study highlights the
importance of a participatory, multi-criteria approach that includes stakeholder input and knowledge in
policy evaluation. While some subjectivity remains in the weighting process, involving diverse stakeholders
helps produce more objective results. It is also crucial to recognize that building an effective cross-
jurisdictional geopark governance area to support community-based economic development requires strong
and cohesive inter-institutional collaboration. In the long term, policies need to become more adaptable and
balanced, as over-reliance on tourism-driven growth can cause environmental problems. Ultimately,
sustainable geopark development must better integrate economic incentives, institutional coordination, and
conservation goals.
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