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This study analyzes the uniqueness of geodiversity, ecology, and culture as the
foundation for sustainable geotourism development in Brand District, Karo
Regency. Using a mixed methods approach (questionnaire N=100, interview
n=6, observation), the results showed that the uniqueness of Brand's geodiversity
lies in the volcanic phenomena of the Toba Caldera such as Sipiso-piso Waterfall
(120 m) and Bukit Gajah Bobok which are rich in potassium and magnesium
minerals. MANOVA's analysis showed a significant difference in the perception
of tourists and the public towards geological uniqueness (p<0.05). Ecologically,
volcanic soils with low total dissolved solids (TDS) (<150 ppm) support organic
agriculture, although they are threatened by land conversion (25% reduced
agricultural land) and plastic waste (volume decreased by 30% through the waste
bank program). Local cultures such as Ulos weaving and the Erpangir Ku Lau
ritual are identity differentiators, but their marketing is limited locally without
certification. The integration of all three aspects requires technological
innovation (augmented reality for geological interpretation), diversification of
cultural products (craft training), and data-driven spatial planning policies.
Strategic recommendations include strengthening community participation
through Pokdarwis, a circular economy through recycling waste into handicrafts,
and multi-stakeholder collaboration to make Brand a model of sustainable
geotourism in Indonesia. This research emphasizes that the synergy of
technological innovation, active community participation, and holistic policies
are the keys to the success of geotourism development.

Keywords:Geotourism, Distinctiveness, Uniqueness, Merek District, Toba
Caldera.

ABSTRAK

Penelitian ini menganalisis keunikan geodiversitas, ekologi, dan budaya sebagai
pondasi pengembangan geowisata berkelanjutan di Kecamatan Merek,
Kabupaten Karo. Menggunakan pendekatan mixed methods (kuesioner N=100,
wawancara n=6, observasi), hasil menunjukkan bahwa keunikan geodiversitas
Merek terletak pada fenomena vulkanik Kaldera Toba seperti Air Terjun
Sipiso-piso (120 m) dan Bukit Gajah Bobok yang kaya mineral kalium dan
magnesium. Analisis MANOVA menunjukkan perbedaan signifikan persepsi
wisatawan dan masyarakat terhadap keunikan geologi (p<0,05). Secara ekologi,
tanah vulkanik dengan total dissolved solids (TDS) rendah (<150 ppm)
mendukung pertanian organik, meski terancam alih fungsi lahan (25% lahan
pertanian berkurang) dan sampah plastik (volume turun 30% melalui program
bank sampah). Budaya lokal seperti tenun Ulos dan ritual Erpangir Ku Lau
menjadi pembeda identitas, namun pemasarannya terbatas secara lokal tanpa
sertifikasi. Integrasi ketiga aspek memerlukan inovasi teknologi (augmented
reality untuk interpretasi geologi), diversifikasi produk budaya (pelatihan
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kerajinan), dan kebijakan tata ruang berbasis data. Rekomendasi strategis
meliputi penguatan partisipasi masyarakat melalui Pokdarwis, ekonomi sirkular
melalui daur ulang sampah menjadi kerajinan, serta kolaborasi multipihak untuk
A menjadikan Merek sebagai model geowisata berkelanjutan di Indonesia.
Penelitian ini menegaskan bahwa sinergi inovasi teknologi, partisipasi aktif
International. o masyarakat, dan kebijakan holistik menjadi kunci keberhasilan pengembangan
geowisata.
Kata Kunci: Geowisata, Distinctiveness, Keunikan, Merek, Kaldera Toba.

This work is licensed under a Creative

1. Introduction

Tourism has become one of the strategic sectors in driving global economic growth, including in Indonesia
(Oztiirk, 2022; Rachmawati, 2021). This sector not only contributes to increasing regional income but also
has the potential to improve community welfare through infrastructure development and cultural preservation
(Utama, 2017; Lane & Kastenholz, 2015). In this context, geotourism has emerged as a promising trend
because of its focus on the sustainable use of geological, ecological, and cultural heritage (Dowling &
Newsome, 2017; Nafi'ah et al., 2022). Geotourism is defined as a tourism activity that integrates education,
conservation (Ginting et al., 2020a), and local economic development through the exploration of unique
geological features (Bolek et al., 2021; Nasir, 2023). This concept is increasingly relevant in Indonesia,
which has 40 national geoparks and 4 UNESCO geoparks, such as the Toba Caldera (Ministry of Energy and
Mineral Resources, 2022).

The success of geotourism development is highly dependent on the identification of a destination's
distinctiveness. Distinctiveness refers to the distinctive characteristics that distinguish a place from others,
whether in terms of geology, ecology, or culture (Youssef, 2023; Ozolina, 2021). According to Ginting &
Wahid (2017), distinctiveness is the foundation of place identity that creates unforgettable experiences for
visitors and strengthens the competitiveness of a destination. The four main principles of place identity are
distinctiveness, continuity, self-esteem, and self-efficacy, indicating that uniqueness is a critical factor in
attracting tourists (Azmi et al., 2021; Ginting et al., 2018). Unfortunately, many geotourism destinations in
Indonesia fail to optimize this potential due to the lack of a holistic approach in integrating the three aspects
of distinctiveness in geotourism (Brilha, 2002).

Merek District in Karo Regency, North Sumatra, is an example of an area with geotourism potential that has
not been optimally developed. Destinations such as Sipiso-Piso Waterfall and Gajah Bobok Hill, which are
included in the Sipiso Piso-Tongging Geosite in the UNESCO Toba Caldera Geopark, have unique
geological features resulting from the volcanic activity of the Toba Supervolcano in ancient times
(Muzambiq et al., 2023). However, data from the North Sumatra Tourism Office (2022) shows that tourist
visits to Merek are only around 15,000 people per year, far below Lake Toba which reaches 2 million
tourists. The decline in the number of visitors in recent years (Sitepu, 2018) indicates weak management of
distinctiveness as the main attraction.

This problem is exacerbated by the lack of scientific narratives about geological processes in locations such
as Sipiso-piso Waterfall and Gajah Bobok Hill, which were formed from the ancient eruption of the Toba
Supervolcano, as well as the lack of integration of local culture such as the “Erpangir Ku Lau” ritual into
tourist attractions (Harapan, 2021; Ginting & Lubis, 2020). In fact, studies at the Gunung Sewu Geopark
(Prasetyo et al., 2023) and research by Gordon, et al. (2021) prove that distinctiveness packaging can
increase visits by up to 300% through an educational approach and community participation.

This study aims to analyze the uniqueness aspect in distinctiveness of geotourism (geology, ecology, and
culture) in Merek District and formulate a uniqueness-based geotourism development strategy. This study is
important to optimize the potential of Merek geotourism, strengthen regional identity, and support
environmental and social sustainability. The results are expected to be recommendations for policy makers in
creating competitive and sustainable geotourism destinations.

1.1 Literature Review

Geotourism is a form of sustainable tourism that focuses on geological heritage (geodiversity), landscapes,
and interactions with local cultures. This concept not only educates visitors about geological phenomena but
also involves environmental conservation and community empowerment (Newsome & Dowling, 2018;
Rickly, 2018). According to UNESCO (2020), geoparks as a geotourism container integrate three main
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pillars: geology, ecology, and culture. Geological uniqueness such as geodiversity, geomorphological
processes, and hydrology are the main attractions, such as the Gunung Sewu Geopark which combines
limestone caves and community culture (Prasetyo et al., 2023).

Geotourism is built from three main elements:

a. Geodiversity is the diversity of geological features (rocks, minerals, fossils) and landscapes (Gray,
2013). For example, volcanic formations in Lake Toba that form a unique and scientifically valuable
landscape (Ministry of Energy and Mineral Resources, 2022).

b. Ecology is the interaction between geology and flora, fauna, and ecosystems. Ecological
preservation is important to maintain the uniqueness of a destination, such as in the Ciletuh Geopark
which involves the community in conservation (Saputra, 2015).

c. Culture is local wisdom and community traditions related to the geological environment. For
example, the rituals of the Karo people around Mount Sinabung that strengthen the geotourism
identity (Liyushiana, 2023).

Distinctiveness is a critical aspect in geotourism development, because it determines the attractiveness and
competitiveness of a destination (Truong et al., 2018). One of the most important aspects of Distinctiveness
is uniqueness, which is a distinctive characteristic that distinguishes one location from another. For example,
Lake Lau Kawar in Karo is a volcanic lake with an endemic ecosystem (Liyushiana, 2023).

Geological and cultural uniqueness must be integrated to create sustainable geotourism. Brilha (2018)
emphasized that the success of geotourism depends on the community's ability to interpret geological and
cultural heritage. In Merek, this potential can be seen from the combination of the volcanic landscape of
Toba Supervolcano (Lake Toba Landscape), local wisdom, and the uniqueness of its natural landscape
(Liyushiana, 2023).

Community participatory approaches are also important to strengthen uniqueness. Saputra (2015) gave the
example of Ciletuh Geopark, where the community was involved as tour guides explaining geological
processes and local legends. Similar strategies can be applied in Merek to increase the educational and
economic value of geotourism.

Uniqueness in distinctiveness is the foundation of developing Brand geotourism. Integration of geodiversity,
ecology, and local culture needs to be supported by community participation and sustainable policies. Thus,
Brand geotourism is not only an educational destination but also contributes to environmental preservation
and the local economy.

The uniqueness of a place is closely related to a positive view of its special characteristics and the activities
that can be enjoyed at that location (Mantolas & Rero, 2020; Lalli, 1992; Hummon, 1990). Uniqueness
includes activities, traditions, and distinctive elements that distinguish a place from other areas. According to
Lalli (1992), uniqueness arises from comparisons between regions, where the characteristics of a location are
recognized and appreciated by the local community. Factors such as the diversity of cultural activities,
perceptions of cultural attractiveness (Ginting et al., 2014), and the diversity of local products are the main
determinants of the uniqueness of a place (Elda et al., 2024; Ginting et al., 2017).

Ginting et al. (2017) emphasized that locations without specific characteristics or characters tend to be boring
and easily forgotten. On the other hand, places that have competitive advantages and distinguishing
characteristics will be more easily recognized and remembered (Ramdhani & Andriana, 2023). Therefore,
uniqueness does not only depend on physical attributes, but also on cultural values, local activities, and
typical products that are the identity of the place (Table 1).

Table 1. Uniqueness Elements
Reference Element Conclusion
Special characteristics
(physical/non-physical)

Mantolas & Rero e Diversity of unique

(2020); Lalli (1992); e Uni tivities to d activities
Hummon (1990) fique activities to do e Diversity of local
e Positive public perception coducts
Lalli (1992) e Comparison between places P
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Reference Element Conclusion
e [ocal community recognition/awards e Unique
e Diversity of cultural activities traits/characteristics
Elda et al. (2024); e Perception of interesting cultural (physical or
Ginting et al. (2017) activities non-physical)

e Diversity of local products
e Unique traits/characteristics (physical or
non-physical)
e Competitive advantage
Ramdhani & e Distinguishing characteristics
Andriana (2023) e Distinctive identity (cultural values,
activities, local products)
Source: Author's Analysis, 2025

Ginting et al. (2017)

So the Strengthening Factors of Uniqueness in geotourism are as follows:
e Diversity of typical activities (Mantolas & Rero, 2020; Lalli, 1992; Hummon, 1990), such as cultural
rituals or natural attractions.
e Diversity of local products (Elda et al., 2024; Ginting et al., 2017), such as handicrafts or culinary
specialties.
e Unique characteristics/characteristics (Ginting et al., 2017), both physical (landscape, architecture)
and non-physical (traditions, folklore).

Thus, the uniqueness of a place is built from the dynamic interaction between physical attributes, cultural
activities, local products, and community perceptions, which together form a sustainable identity and
attraction.

2. Method

This study uses a mixed methods approach with a convergent parallel design to examine the uniqueness
aspect in distinctiveness in geotourism development in Merek District. This approach combines quantitative
(questionnaire) and qualitative (interview, observation) data simultaneously to obtain a holistic understanding
(Creswell & Plano Clark, 2018; Ginting et al., 2020). Data integration is carried out through methodological
triangulation to validate findings and enrich interpretations (Flick, 2018).

The research was conducted in Merek District, Karo Regency, North Sumatra (Figure 1), focusing on two
geotourism destinations, namely Sipiso-piso Waterfall (volcanic geosite of the Toba Caldera) and Gajah
Bobok Hill (a volcanic rock landscape with a panorama of Lake Toba). The selection of locations was based
on geodiversity potential, cultural uniqueness, and relevance to sustainable geotourism development
strategies (Sitanggang & Sugiarti, 2020; Manurung & Sinabariba, 2021). The research period was from
March to June 2025.

Indonesia Air Terjun Sipiso-piso Bukit Gajah Bobok

Figure 1. Research Location
Source: Google, Author, 2025
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This research variable focuses on the uniqueness aspect in the distinctiveness of geotourism, which is
described in the following sub variables:
e Geodiversity: Vertical landmarks (volcanic cliffs, waterfalls), iconic landforms, and geological
uniqueness (Ginting et al., 2017).
e Ecology: The relationship between physical characteristics of nature (hills, rivers) with biodiversity
and conservation efforts (Phetsuriya & Heath, 2021).
e Culture: Community participation in maintaining traditions (eg, Erpangir Ku Lau) and the use of
cultural motifs (eg, Gorga Batak) (Ginting & Wahid, 2016).

The population in this study were visitors and local communities in Merek District. With a sample for
quantitative data of 100 local community respondents and domestic/international tourists, selected by
accidental sampling (Machali, 2021). Then qualitative data (in-depth interviews) of 6 key informants
(government, tourism managers, tourists, local communities), selected through purposive sampling based on
knowledge relevance (Sugiyono, 2017).

The data collection method in this study was obtained in 3 ways, namely distributing structured
questionnaires with a Likert scale to measure the perception of uniqueness (instrument validation through
Pearson's validity test and Cronbach's Alpha reliability> 0.7) (Mantolas & Rero, 2020). Then conducting
semi-structured interviews with open-ended questions about the role of culture in strengthening
distinctiveness (Flick, 2018). Finally, by conducting participatory observations, namely visual documentation
(photos) and field notes related to the physical conditions of the geosite, community activities, and tourism
infrastructure (Creswell, 2014).

Data analysis in this study with quantitative data, namely conducting descriptive statistical tests (mean,
standard deviation) and inferential (MANOVA) using SPSS 26 to analyze differences in perception based on
demographics (Machali, 2021). Then the qualitative data was analyzed thematically by identifying patterns
such as "uniqueness as a driver of community participation" (Braun & Clarke, 2006 in Flick, 2018).

Integration of quantitative and qualitative outcome data was compared to test for consistency (eg, high scores
on geological uniqueness supported by interviews about community pride in volcanic heritage) (Creswell &
Plano Clark, 2018).

3. Discussion

3.1 Uniqueness of Geodiversity

Merek District highlights the uniqueness of geodiversity through geological phenomena such as Sipiso-piso
Waterfall and Gajah Bobok Hill. Sipiso-piso Waterfall, with a height of 120 meters, is the result of volcanic
activity of the Toba Caldera which formed andesite rock cliffs (Chesner, 2012). This uniqueness is not only a
visual attraction but also an educational medium about geological processes, as explained by Hose (2012)
that geological interpretation through information boards can improve visitors' understanding. However,
observations show that the information boards at the location are less interactive, so technological
innovations such as augmented reality (AR) are needed to strengthen the uniqueness of geological education
(Martinez-Grafia et al., 2023).

Gajah Bobok Hill also offers unique geomorphology in the form of fertile volcanic soil rich in minerals such
as potassium (K) and magnesium (Mg), supporting organic farming (Soil Research Institute, 2020).
However, the conversion of agricultural land into settlements (Bappeda Karo, 2022) threatens the
sustainability of the ecosystem. This is in line with the research of Ginting et al. (2020) which emphasizes
that the uniqueness of geotourism must be integrated with sustainable spatial planning.

3.2 Uniqueness in its Ecology

The ecological uniqueness of Merek District can be seen from the interaction between natural resources and
human activities. The springs around Sipiso-piso Waterfall Flow (Figure 2) and Gajah Bobok Hill, for
example, not only support the community's living needs but also organic farming. The volcanic soil in this
area has low total dissolved solids (TDS), improving the quality of agricultural products (Soil Research
Institute, 2020). However, the transition to sustainable agriculture is hampered by the lack of product
certification and market access (Nugraha & Muhammad, 2023).
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Figure 2. Sipiso-piso Waterfall Flow
Source: Author, 2025

On the other hand, waste management is an ecological challenge. Although the Karo DLH (2023) recorded a
30% decrease in the volume of plastic waste, tourist participation in maintaining cleanliness is still low, trash
is scattered around Gajah Bobok Hill (Figure 3). Programs such as "waste banks" and appeals based on local
myths (e.g., a ban on littering due to belief in the "Waterfall Guardian") need to be strengthened with formal
regulations (Ginting, 2020). Circular economic strategies, such as recycling waste into craft products, can be
a solution (Silvandi & Mandalia, 2022).

Figure 3. Garbage Scattered on Gajah Bobok Hill
Source: Author, 2025

3.3 Uniqueness of its Culture

Cultural aspects, such as Ulos weaving (Figure 4) and traditional festivals, are the distinctiveness of the
Brand geotourism. Ulos motifs depicting nature and local legends are not only art products but also symbols
of Karo cultural identity (Ginting & Wahid, 2016). Interview results show that community pride in Ulos
increases participation in heritage preservation (Annisa et al., 2022; Fadli & Aulia, 2019). However,
marketing of this product is still limited to the local market, and the lack of certification hinders international
market penetration (Nugraha & Muhammad, 2023).

Figure 4. Ulos Weaving
Source: Author, 2025
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Cultural festivals such as Sipaha Lima in Tongging Village are also unique because they combine traditional
rituals with natural beauty (Figure 5). Unfortunately, this activity has not been formally integrated into
tourism packages (Sitanggang & Sugiarti, 2020). This indicates that cultural distinctiveness needs to be
supported by collaboration between the government and tourism actors to optimize economic potential
(Prasetyo et al., 2023).

& :'_3- "'; = \.“:“ : .l»-' e 7 4 = 3 J
Figure 5. Sipaha Lima Tongging People's Party
Source: HarianSIB.com

3.4 Integration of the Three Aspects of Uniqueness

The uniqueness of geodiversity, ecology, and culture in Merek District are interrelated in forming the
distinctiveness of geotourism. For example, the fertile volcanic soil in Gajah Bobok Hill not only supports
agriculture but also forms the basis of local myths that strengthen cultural identity (Ginting et al., 2018). This
integration is in line with the geopark concept which emphasizes the relationship between geological
heritage, biodiversity, and culture (UNESCO, 2020).

However, the main challenge is the low level of community participation in geotourism management. Only
15% of homestays offer cultural packages, such as craft demonstrations (Ramdhani & Andriana, 2023).
Therefore, development strategies must involve collaborative approaches, such as:
e Educational Enhancement: Integrating AR into information boards to enhance tourist engagement
(Martinez-Graiia et al., 2023).
e Diversification of Cultural Products: Integrating Ulos motifs and traditional rituals into tourism
packages through community training (Ginting et al., 2018).
e (Community-Based Management: Increasing the role of Pokdarwis in developing cultural content,
such as in the Gunung Sewu Geopark (Prasetyo et al., 2023).

These findings confirm that the geological, ecological, and cultural uniqueness of Merek District has great
potential as a geotourism distinctiveness. However, the sustainability of development depends on the synergy
between technological innovation, community participation, and data-based policies (Ministry of Energy and
Mineral Resources, 2022).

The development of geotourism in Merek District requires practical implications and integrated policies to
ensure sustainability and optimal utilization of geodiversity, ecology, and cultural potential. One key policy is
strengthening formal regulations regarding the protection of geological areas, as mandated in the sustainable
spatial planning. For instance, the implementation of special zoning for landslide-prone areas around Bukit
Gajah Bobok can reduce the risk of environmental degradation due to land-use change. From an economic
perspective, the development of certifications for organic agricultural products and Ulos weaving needs to be
supported by local government policies to open access to international markets. Collaboration with financial
institutions to facilitate circular economy programs, such as recycling waste into economically valuable
crafts, is also a priority.

The potential for the expansion of geotourism is not limited to the Merek District but can be developed in
other areas in Karo Regency or geopark regions in Indonesia. As a reference, the Kebumen Geopark, which
has been designated by UNESCO as a global geopark, demonstrates the success of integrating geodiversity,
culture, and local economy through collaborative strategies among the government, academics, and the
community. A similar model can be applied in Parigi or Sekayam Districts, which have unique geological
characteristics and ecosystems based on data from the Geological Agency. (Fajar, 2024; Yunianto et al.,
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2024).

However, this expansion requires supporting infrastructure, such as geoconservation laboratories and
technology-based educational facilities, as developed in Karangsambung. The policy of human resource
development through community training in geodiversity-based tourism management is also crucial to ensure
active community participation in geotourism management. With a holistic approach between technological
innovation, regulation, and area expansion, Merek District can become a geotourism model that not only
preserves local identity but also provides long-term economic and ecological benefits.

4. Conclusion

This research comprehensively analyzes the uniqueness of geodiversity, ecology, and culture in the Merek
District as a foundation for the development of sustainable geotourism. The findings indicate that geological
uniqueness, such as the Sipiso-piso Waterfall (120 m) and the mineral-rich Gajah Bobok Hill with potassium
and magnesium, has significant educational potential. However, the limitations of this study lie in the lack of
in-depth evaluation of the effectiveness of implementing interactive technologies (e.g., Augmented Reality)
in enhancing tourists' geological understanding, as well as the suboptimal quantitative data regarding the
direct economic impacts of the proposed circular economy program.

Ecologically, fertile volcanic soil supports organic farming, but it is threatened by land conversion (25% of
agricultural land has decreased) and plastic waste issues (the volume of plastic waste has decreased by 30%
through waste bank programs, but tourist participation remains low). Cultural uniqueness, such as Ulos
weaving, the Sipaha Lima festival, and the Erpangir Ku Lau ritual, serves as a strong identity differentiator,
although its marketing is still limited locally without official certification. This research also has limitations
in specifically measuring the impact of community participation on increased tourist visits and the
sustainability of cultural programs.

The integration of these three aspects is crucial, yet the sustainability of geotourism in Merek Subdistrict
largely depends on the synergy between technological innovation, active community participation, and
holistic policies. The direction of further research needs to detail the following aspects:

e Study on the Effectiveness of Interactive Technology: Conduct experimental research to measure the
increase in geological understanding and tourist satisfaction after the implementation of Augmented
Reality (AR) on information boards at Sipiso-piso Waterfall and Bukit Gajah Bobok. Data can be
collected through pre-post intervention surveys and analysis of visitor interaction duration with the
technology.

e Analysis of Circular Economy Impact: Conducting a feasibility study and economic impact
assessment of a recycling program that transforms waste into handicrafts, including value chain
analysis, market potential, and contributions to local community income. This may involve case
studies on existing artisan groups or economic simulations for proposed scenarios.

e Development of Cultural Product Certification Model: Designing and testing a certification model
for Ulos woven products and cultural tourism packages (such as the Erpangir Ku Lau ritual) that
meet national and international standards. This research may include comparative studies with other
destinations that have successfully certified local products.

e Evaluation of Community Participation and Policy: Further analyzing the driving and hindering
factors of community participation in geotourism management, as well as evaluating the
effectiveness of existing spatial planning policies and environmental protection regulations. This
could include a comparative policy analysis with other geoparks in Indonesia (for example,
Kebumen Geopark) that have demonstrated success in integrating geodiversity, culture, and the local
economy.

Thus, further research that is more specific and data-driven will strengthen the strategy for sustainable
geotourism development in the Merek District, making it a more robust model for geotourism development
in Indonesia.
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