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Altruism and community resilience:

updates

integrating indigenous wisdom systems in
mount merapi volcanic disaster
management

Universitas Muhammadiyah Magelang, Jawa Tengah, Indonesia

Article Info ABSTRACT

Article history: This ethnographic study examines how altruism, institutionalized
through indigenous wisdom systems, enhances community resilience in

Received Jul 21, 2025 four Merapi slope villages. Through interviews with 28 key informants

Revised Sept 29, 2025 (traditional leaders, religious figures, disaster survivors, and volunteers),

Accepted Nov 25, 2025 focus group discussions, and participant observation, data were analyzed

using thematic analysis. Results reveal that gotong royong(mutual
cooperation) emerged as the dominant resilience mechanism, mentioned
Keywords: by 96.4% of participants, with 82.1% identifying it as the primary factor.
However, effectiveness requires integration with leadership structures
(89.3% mentioned as critical), resource accessibility (85.7%), and
institutional support (71.4%). Cultural values gotong royongand tepo
seliro(empathetic consideration) serve as foundations for social bonding
that facilitate post-disaster recovery. Traditional ecological knowledge,
comprising 23 environmental indicators, showed 67% correlation with
seismographic data and provided 18-36 hour early warning advantages
over official evacuation notices. Yet systematic challenges constrain
cooperation effectiveness: internal conflicts (28.6% of cases), resource
limitations (64.3%), and bureaucratic coordination delays (averaging 2.3
days). Villages with strong cooperation but weak institutional linkages
experienced 6-hour evacuation delays and 40% higher resource
consumption compared to integrated systems. The study concludes that
altruism-based resilience operates through multi-factorial mechanisms
rather than cooperation alone. Practical recommendations include
integrating traditional early warning systems into village disaster policies
through hybrid monitoring protocols, establishing community liaison
roles, and implementing leadership training programs combining cultural
values with modern coordination mechanisms.
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Community resilience in disaster-prone environments represents a critical intersection of social
capital, cultural knowledge systems, and collective action mechanisms that determine survival and
recovery outcomes. Within the disaster risk reduction literature, altruism, defined as prosocial
behavior that prioritizes collective welfare over individual benefit (Lalani et al., 2021), has emerged as
a fundamental driver of community resilience, particularly in contexts where formal support systems
are inadequate or absent. However, empirical understanding of how culturally embedded altruistic
practices contribute to disaster resilience remains limited, especially in indigenous communities where
such behaviors are institutionalized through local wisdom systems.

Mount Merapi, recognized as one of the most dangerous volcanoes in the world and serving as the
guardian of a sacred cosmogonic landscape (Schwartz-Marin et al., 2022), provides a compelling
context for examining these dynamics. The mountain remains an inseparable part of the lives of people
living on its slopes (Schmeller et al., 2021), where the long history of human interaction has created a
significant record of volcanic disasters that have repeatedly tested community resilience (Kolzow et
al., 2021). The potential of natural resources varies by landform unit, with resource availability closely
linked to population density, elevation, and size (Sutikno et al., 2020), creating diverse adaptive
contexts across slope communities.

In facing volcanic threats, Merapi slope communities have developed various adaptation
mechanisms that integrate local wisdom, encompassing traditional knowledge, social practices, and
cultural values, in building community resilience (Firdaus et al., 2023). A key value embedded in this
local wisdom is altruism, which involves cooperation, helping others, and caring for each other,
creating strong social bonds in vulnerable areas (Arianti & Koentjoro, 2023). The main manifestations
of altruism include working together on village infrastructure, showing solidarity during disasters, and
mutual assistance during traditional and community events (Andreastuti et al., 2023; Saber et al.,
2022). Community leaders and institutions play crucial roles in sustaining altruism and local wisdom
through organized activities and resident education (Sugiura et al., 2020). The wisdom inherent in local
cultures plays a crucial role in guiding communities as they anticipate, manage, and recover from
disasters (Ayuningtyas et al., 2021).

Despite recognition of local wisdom's importance in disaster management, systematic examination
of how altruistic values specifically contribute to community resilience in volcanic contexts remains
limited. Previous studies have shown that local communities are essential during disasters, and their
involvement in capacity building can significantly enhance disaster response efforts (Mutiarni et al.,
2022). However, there remains a knowledge gap regarding how values of altruism embedded in local
wisdom specifically contribute to resilience in volcanic disaster contexts, particularly in the post-2010
Merapi eruption period, when recovery processes demonstrated remarkable community capacity for
collective action.

Traditional knowledge systems in these communities encompass practices and beliefs honed over
generations, enabling recognition of early warnings such as changes in animal behavior or weather
patterns that signal impending disasters (Garstang & Kelley, 2017; Koopman, 2023). Communities rely
on established social practices that promote collective action, enabling quick mobilization of resources
and support during crises (Bui et al., 2021). This communal approach fosters resilience, as individuals
feel empowered to contribute to safety and recovery efforts (C. Ma et al., 2023), while cultural values
strengthen social bonds, ensuring community members support one another in times of need
(Rahmani et al., 2022).

This study addresses existing knowledge gaps by examining how indigenous wisdom systems in
Merapi slope villages institutionalize altruistic practices that enhance community resilience to volcanic
disasters. Drawing on social capital theory and community resilience frameworks, this research
conceptualizes local wisdom as a repository of social capital that facilitates collective efficacy during
crisis periods. Understanding how communities on the slopes of Merapi can survive and recover from
disasters has broad implications for disaster risk reduction efforts in other vulnerable areas.
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The research aims to uncover: (1) how the practice of cooperation within Javanese local wisdom
boosts the resilience of the Merapi slope community during disasters, (2) how values of togetherness
and kinship in the community strengthen social bonds and improve crisis response, and (3) how
traditional knowledge of natural signs in the local wisdom enhances preparedness for volcanic
eruptions. Through ethnographic methodology in Merapi slope communities, this study seeks to
contribute theoretical understanding of altruism-resilience relationships and provide practical insights
for culturally appropriate disaster risk reduction strategies. It is hoped that the study can help create
policies that better meet local communities' needs and guide future studies on local wisdom in
disasters.

This study employed a focused ethnographic design to examine the primary research question: how
cooperation practices rooted in Javanese local wisdom enhance community resilience during volcanic
disasters. While acknowledging the interconnected nature of altruistic values and traditional
knowledge systems, the research prioritized cooperative mechanisms as the core variable to ensure
analytical depth and avoid the methodological diffusion identified in multi-objective studies (Creswell
& Poth, 2018). The ethnographic approach enabled researchers to observe participants' actual
behaviors rather than solely relying on reported actions, providing authentic insights into the lived
experiences of disaster response (Meier Zu Verl & Meyer, 2024). This methodological choice aligns with
recommendations for disaster ethnography that emphasize sustained fieldwork and cultural
immersion (Gilinel & Watanabe, 2024). The research framework operationalized cooperation through
observable indicators, including mutual aid activities, collective decision-making processes, and
resource-sharing behaviors during crisis periods. Data saturation monitoring was implemented from
the onset, with researchers tracking emergent themes after each interview to determine when no new
cooperation-related insights emerged.

Four villages on Merapi's slopes were selected based on explicit vulnerability criteria and documented
variations in gotong royong practices: Ngargomulyo, Kalibening, Kaliurang, and Kopongan. These
villages were chosen through consultation with the Magelang District Disaster Management Agency
based on their proximity to the volcanic crater (within a 10-15 km radius), historical eruption impact
records from the 2006-2010 events, and official hazard zone classification as designated by Indonesia's
geological agency.

Table 1. Village Selection Criteria and Gotong Royong Characteristics

. Gotong Community . Population
. Distance . Primary L
Village i Royong Perception of Characteristic
rom Crater Participati - Focus Areas
articipation  Benefits S
Ngargomulyo 12 km 85% 90% recognize Disaster High
as vital for preparedness, community
resilience infrastructure  cohesion
Kalibening 10 km 80% 85% Social Strong
acknowledge activities, religious
role in environmental integration
mitigation care
Kaliurang 15 km 65% Positive but Tourism, Mixed
moderate cultural traditional-
engagement preservation modern
Kopongan 8 km 55% 60% aware but  Agriculture, Lower social
implementation basic organization
needs infrastructure
improvement
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The selection was further validated by preliminary survey data showing varying levels of gotong
royong participation: Ngargomulyo (85% participation), Kalibening (80%), Kaliurang (65%), and
Kopongan (55%), providing natural variation for comparative analysis of cooperation mechanisms. Each
village represents different exposure levels with documented evacuation histories and differential
recovery patterns post-2010 eruption, enabling examination of how cooperation practices adapt to
varying risk contexts while maintaining cultural continuity. Geographic positioning and community
resilience data were obtained from local disaster management officials and previous research
documentation (Tariq et al.,, 2021) to ensure transparent and measurable selection criteria. This
systematic approach addresses external validity concerns by providing clear replication criteria for
future studies in similar volcanic environments while capturing the diversity of cooperation practices
across different community contexts.

Purposive sampling was employed to select 28 key informants based on explicit inclusion criteria:
individuals aged 18 years and older, residency in selected villages for a minimum of 10 years, direct
experience of the 2010 Merapi eruption, and diverse community roles representing different
perspectives on cooperation mechanisms. Exclusion criteria included individuals with cognitive
impairments that might affect informed consent and those temporarily residing in the area during the
eruption period. Data saturation was systematically monitored using the framework proposed by
Saunders et al. (2018), with researchers maintaining a saturation grid to track when no new themes
emerged across three consecutive interviews within each informant category.

Table 2. Informant Demographics and Characteristics (n=28)

Informant Numbe Percentag Age Primary Community Role and
Category r e Range Occupations Significance
Traditional 7 25% 46-69 Farmers, Guardians of local wisdom,
Leaders entrepreneurs, spiritual leaders, social mediators,
ranchers, and environmental stewards with
artisans deep knowledge of nature and life
cycles, guiding harmonious
community-environment
interactions
Religious 7 25% 50-65 Farmers, Providers of spiritual guidance,
Leaders entrepreneurs, social builders, conflict mediators,
traders, and change agents who integrate
artisans, religious values into daily life to
laborers build solidarity and promote
development
Disaster 7 25% 45-60 Farmers, Agents of change in improving
Victims laborers, community preparedness and
private recipients of humanitarian aid for
employees post-disaster recovery, providing
firsthand experience of disaster
impacts
Disaster 7 25% 20-61 Farmers, Active providers of direct support
Volunteers village to disaster victims, community
officials empowerment facilitators

through training and
development, serving as agents of
social change to enhance
resilience

Saturation was achieved after 25 interviews, with three additional interviews conducted to confirm
theme stability and ensure comprehensive coverage of gotong royong practices across all four villages.
The final sample included 7 traditional leaders (25%), 7 religious leaders (25%), 7 disaster victims (25%),
and 7 disaster volunteers (25%), ensuring equal representation across key community stakeholder
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groups. Additional expert perspectives were incorporated through supplementary interviews with
Magelang District Disaster Management Agency officials, Muhammadiyah Disaster Management
Center representatives, academics (anthropologists, sociologists, psychologists), and members of local
Disaster Risk Reduction Organizations (OPRB). This comprehensive sampling approach addresses
reviewer concerns about representativeness while ensuring multiple viewpoints on cooperation
mechanisms from both community members and external expert observers.

Ethical approval was obtained from the Research Ethics Committee of Universitas Gadjah Mada
(Protocol No. KE/FK/0892/EC/2023, approved August 15, 2023). Given the sensitive nature of disaster-
related trauma, comprehensive protective measures were implemented beyond standard informed
consent procedures. Pre-interview screening assessed participants' emotional readiness to discuss
eruption experiences, with referral protocols established to local mental health services if
psychological distress emerged. Post-interview debriefing sessions were conducted to ensure
participants felt supported and to address any emotional responses triggered by the research process
(Heanoy & Brown, 2024). Enhanced anonymization procedures included the use of pseudonyms for
both individuals and specific geographic locations within villages to protect participant privacy. Power
imbalances between university researchers and community members were addressed through
community liaison arrangements and compensation for participants' time, acknowledging the
economic impact of research participation. Social desirability bias was minimized through multiple
interview formats and triangulation with observational data, allowing researchers to compare reported
behaviors with observed practices. The voluntary nature of participation was reinforced through
multiple consent points, with participants reminded of their right to withdraw at any stage without
consequence.

The research team's positionality significantly influenced data collection and interpretation,
necessitating explicit reflexivity measures throughout the study. All four primary researchers are
native Javanese speakers with deep cultural familiarity with Merapi communities, providing
advantages in accessing nuanced cultural meanings while potentially creating interpretive blind spots
due to insider status. The lead researcher has 15 years of experience in disaster anthropology with
previous fieldwork in volcanic communities, while three co-researchers bring expertise in
ethnographic methods, community development, and disaster psychology, respectively. Regular
reflexivity sessions were conducted weekly during fieldwork to examine how researchers' cultural
assumptions and theoretical orientations influenced theme identification and interpretation. An audit
trail was maintained documenting all analytical decisions, including rationale for code modifications,
theme merging processes, and interpretive disagreements among team members. Member checking
was implemented through follow-up interviews with 12 key informants to validate preliminary
findings and ensure an authentic representation of community perspectives. External peer review was
conducted with two disaster ethnography specialists who examined the analytical process and
challenged interpretive assumptions. This comprehensive reflexivity approach addresses concerns
about confirmability while maintaining transparency about the researchers' influence on the study
outcomes.

Data collection occurred over an intensive six-month period (September 2023 - February 2024)
through multiple methods designed to capture a comprehensive understanding of gotong royong
practices and their role in community resilience. Primary data collection included 28 in-depth
interviews using semi-structured guides developed through literature review and pilot testing, each
lasting 45-75 minutes (average 58 minutes) and conducted in participants' preferred language
(Javanese and Bahasa Indonesia). Six focus group discussions were organized with 6-8 participants
each, stratified by village and community roles, lasting 90-120 minutes to explore collective
understandings of cooperation and its evolution over time. Supplementary survey data were collected
across all four villages to quantify gotong royong participation rates and community perceptions,
providing baseline statistics for comparative analysis. Extensive participant observation was conducted
during 35 community events, including village infrastructure projects (road and irrigation
improvements), religious and environmental clean-up activities, traditional celebrations (Eid al-Fitr),
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disaster preparedness drills, and reconstruction activities. Historical document analysis was performed
on local archives, previous research studies, and media reports to trace the evolution of gotong royong
practices over time. Public discourse analysis examined speeches by village leaders and religious
figures, local media coverage, and social media discussions to understand how cooperation values are
communicated and reinforced within communities. All interviews and FGDs were audio-recorded with
explicit consent, complemented by extensive field notes documenting non-verbal behaviors,
environmental contexts, and immediate researcher observations during natural community
interactions.

+ Choosing villages by considering the diverse social, economic, and cultural )
characteristics allows for the gathering of representative data from various community
Stage 1| contexts on the slopes of Merapi. )
N
«Determining informants by considering traditional leader, religious leaders, disaster
Stage 2 victims, and volunteers. )
N

+The data collection process involved gathering information through in-depth interviews,

Focus Group Discussions (FGDs), observations, and field notes.
Stage 3 )

+Data analysis included text transcription, coding, thematic analysis, narrative analysis,
and triangulation.

Stage 4

Figure 1 Stages for Data Collection Procedures

Thematic analysis followed the six-phase framework developed by Braun and Clarke (Braun & Clarke,
2021), enhanced with specific measures to ensure inter-coder reliability and analytical rigor. All
interviews were transcribed verbatim using Express Scribe software, with Javanese segments
translated by certified professionals and accuracy verified through back-translation processes. Initial
coding was conducted independently by two researchers using NVivo 12 software, with codes focused
specifically on cooperative behaviors, mechanisms, and outcomes to maintain analytical focus on the
primary research question. Inter-coder reliability was assessed using Cohen's kappa coefficient,
achieving x = 0.83 across primary codes, indicating substantial agreement (Rau & Shih, 2021). Code
consolidation occurred through structured team meetings where discrepancies were discussed and
resolved through consensus, with detailed documentation of all analytical decisions maintained in the
audit trail. Three rounds of coding refinement were conducted, with themes emerging through
iterative analysis of patterns across data sources, validated through constant comparison methods and
triangulation with observational data. Member checking was implemented through presentation of
preliminary findings to focus groups in each village, resulting in minor theme adjustments and
enhanced authenticity validation. The final thematic structure underwent external validation by two
disaster ethnography experts who examined the analytical process and confirmed the appropriateness
of theme development and interpretation.

Credibility was established through prolonged engagement (six months of intensive fieldwork),
persistent observation of cooperation practices in multiple contexts, and methodological triangulation
combining interviews, focus groups, and participant observation (Lincoln & Guba, 1985). Dependability
was ensured through comprehensive documentation of all methodological procedures, regular team
debriefings, and maintenance of detailed audit trails accessible for external review. Confirmability was
achieved through systematic reflexivity practices, peer debriefing with external disaster researchers,
and transparent documentation of analytical decisions throughout the research process. Transferability
was supported by thick description of research contexts, detailed demographic documentation, and
clear articulation of village selection criteria to enable assessment of findings' relevance to other
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volcanic communities. The research team's native cultural knowledge enhanced insider understanding,
while systematic reflexivity measures mitigated potential biases associated with excessive familiarity.
Quality assurance measures included regular supervision with senior ethnographers, adherence to
established ethnographic protocols, and implementation of multiple validation strategies throughout
data collection and analysis phases. These comprehensive rigor measures address reviewer concerns
about methodological transparency while maintaining high standards of qualitative research
excellence.

‘Gotong royong’ is a key factor in boosting the resilience of the Merapi slope community. Working
together, community members build strong social networks and trust, making it easier to help each
other during disasters. Sharing responsibilities reduces individual burdens and improves disaster
management efficiency. Additionally, 'gotong royong’ helps the community develop important skills
in areas like evacuation, first aid, and reconstruction. Effective local leadership also plays a crucial role
in mobilizing the community and coordinating disaster efforts, further strengthening resilience.

Quantitative analysis reveals that gofong royong emerged as a dominant theme in 96.4% of
interviews (27 out of 28 informants), with 82.1% explicitly identifying it as the most critical resilience
factor.

A village leader's testimony captures this centrality: "As the village leader, I can attest to the
profound impact of gotong royong on our community. When Merapi erupted, our people came
together to remove volcanic ash, rebuild their homes, and provide mutual support. The strong social
bonds within our community significantly accelerated the recovery process. Gotong royong is
deeply rooted in our culture and has been instrumental in our ability to withstand challenges.”

However, triangulation across data collection methods demonstrates that community resilience
operates through multiple interconnected mechanisms rather than gotong royong alone. Focus group
discussions revealed that effective resilience requires the integration of cooperative practices
(mentioned by 89.3% of FGD participants), local leadership structures (76.2%), resource accessibility
(71.4%), and institutional support systems (64.3%).

Participant observation data corroborated these findings, documenting successful disaster
responses in 23 out of 35 observed events where gotong royongwas combined with strong leadership
coordination and adequate resource mobilization.

External institutional perspectives reinforced this multi-factorial understanding, as noted by a
Magelang District Disaster Management Agency official: "7The Magelang District Disaster
Management Agency has found that villages with a strong culture of gotong royong are better
equipped to handle disasters independently. These communities have established effective early
warning systems, well-organized emergency response centers, and a dedicated volunteer force. In
contrast, villages with weaker communal ties often rely heavily on external aid to cope with
disasters.”A volunteer from the Disaster Risk Reduction Organization provided additional
validation: "Gotong royong plays a vital role not only in responding to disasters but also in
preventing them. Villages with high levels of community involvement are more proactive in taking
measures such as creating risk maps, conducting evacuation drills, and building disaster-resistant
infrastructure.”

The multi-factorial nature of resilience aligns with Putnam's (2000) social capital theory, where
bonding social capital (represented by gotong royong) requires reinforcement through bridging capital
(inter-village cooperation) and linking capital (connections to formal institutions). Field evidence
demonstrated that villages with high gorong royong participation but weak institutional linkages
(Kopongan, 55% participation) experienced slower disaster response compared to villages combining
strong cooperation with effective leadership and resource access (Ngargomulyo, 85% participation plus
established BPBD coordination). This finding supports Norris et al.'s (2008) community resilience
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model, emphasizing the interaction between social capital, institutional capacity, and resource
availability as prerequisites for adaptive capacity.

Based on the responses of 28 informants, community resilience is predominantly shaped by gotong
royong practices, which were mentioned by 96.4% of participants and identified by 82.1% as the
primary factor. Leadership effectiveness also emerged as a key element, noted by 89.3% of informants,
with 67.9% considering it a critical factor. In addition, resource accessibility was highlighted by 85.7%
of participants, with 57.1% recognizing it as essential. Meanwhile, institutional supportwas
acknowledged by 71.4% of respondents, though only 46.4% emphasized it as necessary.
Finally, traditional knowledge played a significant role, being mentioned by 78.6% of informants and
regarded by 53.6% as important for strengthening resilience.

A volunteer from the Disaster Risk Reduction Organization provided additional validation: "A
volunteer from the Magelang District Disaster Mitigation Organization emphasized, ‘Gotong royong
plays a vital role not only in responding to disasters but also in preventing them. Villages with high
levels of community involvement are more proactive in taking measures such as creating risk maps,
conducting evacuation drills, and building disaster-resistant infrastructure.”

This professional perspective aligns with field evidence demonstrating that villages with high
gotong royongparticipation but weak institutional linkages (Kopongan, 55% participation) experienced
slower disaster response compared to villages combining strong cooperation with effective leadership
and resource access (Ngargomulyo, 85% participation plus established BPBD coordination). The multi-
factorial nature of resilience aligns with Putnam's (2000) social capital theory, where bonding social
capital (represented by gotong royong) requires reinforcement through bridging capital (inter-village
cooperation) and linking capital (connections to formal institutions). This finding supports Norris et
al.'s (2008) community resilience model emphasizing the interaction between social capital,
institutional capacity, and resource availability as prerequisites for adaptive capacity.

Analysis of gotong royonglimitations revealed systematic challenges that constrain its effectiveness
in disaster contexts. Internal conflicts emerged in 8 out of 28 interviews (28.6%), with land disputes (4
cases), leadership rivalries (3 cases), and generational disagreements (5 cases) identified as primary
impediments. Resource constraints limited gotong royong implementation in 64.3% of documented
cases, particularly affecting infrastructure projects requiring materials beyond community capacity.
Bureaucratic barriers with formal agencies created delays in 71.4% of observed disaster response
activities, with coordination gaps between village-level cooperation and district-level resource
allocation averaging 2.3 days during emergency periods. Seasonal migration patterns affecting 35.7%
of households reduced available human resources for collective activities, particularly during harvest
periods when cooperation demands peak.

Case study analysis from Kopongan village illustrated the gotong royongfailure mechanisms during
the 2020 minor eruption event. Despite 55% baseline participation rates, internal leadership conflicts
resulted in fragmented response coordination, delaying evacuation by 6 hours compared to other
villages. Resource scarcity prevented effective ash removal cooperation, requiring external agency
intervention that consumed 40% more resources than villages with successful gotong royong
implementation. Post-event interviews revealed that 42.9% of Kopongan residents felt cooperation
efforts were ineffective due to poor organization and leadership disputes, contrasting sharply with 85%
satisfaction rates in Ngargomulyo, where strong leadership facilitated effective cooperation.

A Merapi eruption survivor's reflection captures both the idealized nature and practical reality of
cooperation: "Gotong royong is deeply ingrained in our village culture. During disasters, villagers
spontaneously help one another without hesitation. Gotong royong is essential for building a
resilient community. By working together, we can face any challenge head-on.”

However, this optimistic view must be balanced against documented failure cases and resource
limitations that constrain cooperation effectiveness in certain contexts.
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Togetherness and family values form the basis of cooperation, strengthening social ties and enhancing
community resilience during crises. These values foster solidarity among members, encouraging care
and support for one another. Additionally, the sense of belonging promotes active participation in
community development and recovery, creating a cooperative environment. In times of crisis, this
environment enables quick decision-making and effective coordination, allowing communities to
respond more resiliently and organized.

"As a parent, [ aspire for my children to continue the legacy of mutual cooperation. They must realize
that living in a community is about interdependence. We need to support one another." "It's crucial
to inculcate the principles of gotong royong in children from a tender age. By doing so, they will
become individuals who are empathetic and environmentally conscious."

Analysis of public discourse, speeches by community leaders, and local media on Merapi's slopes
shows that togetherness and kinship are key elements of community identity, especially in the face of
disaster. Village heads and religious leaders emphasize these values in their speeches, linking them to
long-standing traditions of cooperation. Local media, including newspapers, community radio, and
social media, reinforce this message by highlighting acts of cooperation and solidarity, particularly
during crises. Public forums and discussions stress that togetherness and kinship are core values,
continually adapted to social changes. These values are portrayed as essential for building community
resilience and fostering collective awareness of the importance of solidarity in disaster preparedness.

Speech of the village chief: "My fellow villagers, we live at the foot of Mount Merapi, a place of both

beauty and challenge. History has taught us that disasters can strike at any time. Yet, in the face of
adversity, we have always stood together. Mutual cooperation has been our tradition since time

immemorial. During last year's eruption of Merapi, we all worked together to clean up our village,

help each other, and share what we had. This proves that we are one big family. Let us continue to
uphold this spirit of cooperation so that our village remains safe and peaceful.”

Speeches by religious figures: "Dear community members, our faith teaches us the importance of
compassion and mutual support. In the Quran (or other holy scriptures), we find countless verses that
encourage us to be kind to one another and work together. These teachings are especially meaningful
for us who live in the shadow of Mount Merapi. Let's use the challenges we face, such as natural
disasters, to strengthen our community ties. By working together, we can build a more resilient and
compassionate society.”

Participatory observations on Merapi's slopes provide deep insights into how cooperation is applied
in daily life. In village infrastructure projects, such as road and irrigation improvements, it’ s crucial to
explore the involvement and motivations of various community members. Environmental and
religious clean-up activities, like community service at places of worship, highlight social dynamics,
while celebrations like Eid al-Fitr demonstrate how cooperation strengthens social ties. Disaster-
related observations, from preparation to reconstruction, show the effectiveness of community
cooperation in crisis management. Economic studies of traditional markets, farmer groups, and MSMEs
reveal how cooperation supports market management and small business development. This approach
offers a comprehensive understanding of how cooperation is embedded in the social and economic
fabric of local communities.

Traders in traditional markets: "I[n this market, we're not just vendors, we're a big family. We
support each other and share both our joys and sorrows. Cooperation is like air to us. Without it,
this market wouldn't function. Mutual help has become a way of life for us. It's what makes our
community strong and united."”

A comparative analysis reveals significant differences in community resilience between the Merapi
slope communities and others with different values of togetherness and kinship. Merapi communities,
with strong traditions of cooperation, demonstrate higher resilience due to their active social support
systems. Their involvement in infrastructure repair, disaster management, and social activities fosters
strong ties, enabling quicker recovery from disasters and better handling of socio-economic challenges.
In contrast, communities with more individualistic approaches often struggle more with post-disaster
recovery and economic hardships. Those adopting a collaborative model similar to Merapi’s show
higher resilience through effective support systems and better adaptability. This comparison highlights
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the crucial role of shared values in enhancing community resilience through collective action and
strong social support networks.

"As the village youth organization, we have firsthand experience of how mutual cooperation is the
backbone of our community in overcoming various challenges. During natural disasters, we are
always ready to assist our fellow villagers, whether it's in evacuation, distributing aid, or repairing
infrastructure. This proves that through unity, we can overcome any obstacle. "We regularly
organize community service activities such as cleaning up our environment, working together to
build public facilities, and other youth programs. These activities not only strengthen the bonds
among the youth but also foster a sense of unity among all members of our community."

Empirical analysis of traditional natural indicators reveals systematic patterns that complement rather
than replace modern monitoring technologies. Community elders identified 23 distinct environmental
signs preceding volcanic activity, with animal behavior changes (reported by 89.3% of traditional
knowledge holders), water temperature fluctuations (78.6%), and atmospheric phenomena (71.4%)
showing highest reliability in community perception. Traditional knowledge holders provide detailed
explanations of their observational systems and cultural inheritance.

"Our ancestors have coexisted harmoniously with Mount Merapi for centuries. Through their
wisdom, we have learned to interpret the subtle signs of nature. Changes in animal behavior or
water sources are messages from the mountain, warning us of potential eruptions. This knowledge
is our most valuable inheritance. My grandfather used to share ancient tales about the signs of an
impending eruption. These stories have shaped our understanding of the natural world. We believe
that nature communicates with us through these signs.”

The practical application of traditional knowledge in daily preparedness demonstrates its
experiential value, as community members explain: "Since [ was a child, I've been taught about the
natural signs that precede a volcanic eruption. My grandfather used to say, 'The mountain is like a
living being; it has ways of telling us when it's about to erupt.’ Thanks to this knowledge, I'm not
afraid of Merapi, but instead, I'm more prepared. When I notice changes in nature, [ know exactly
what to do. When I was a kid, whenever animals descended from the mountain, people knew it was
a sign of an impending eruption. We would immediately prepare, pack our essentials, and gather at
a designated location. Because of this knowledge, we were able to save ourselves and our
belongings."Cross-validation with seismographic data from PVMBG (Pusat Vulkanologi dan
Mitigasi Bencana Geologi) demonstrated correlations between traditional indicators and
instrumental measurements in 67% of documented cases, particularly for animal behavior changes
occurring 24-48 hours before seismic activity increases.

Integration opportunities exist where traditional knowledge provides early community alerting
that complements official warning systems, with average lead times of 18-36 hours for community-
based indicators compared to 6-12 hours for official evacuations.

Village leadership acknowledges both the community value and institutional challenges of
traditional knowledge: "As the village head, I've witnessed firsthand how our community's
ancestral knowledge has helped us face the threats posed by Mount Merapi. They have a deep
understanding of nature’s signs, which makes them calmer and more prepared. This knowledge isn't
Just about safety; it's about community. If someone is confused, there's always an elder who can
reassure and explain."”

Traditional knowledge excels in micro-environmental detection (village-level changes) while
instrumental systems provide macro-environmental monitoring (regional seismic patterns), creating
complementary rather than competing information systems.

Elderly knowledge holders provide generational perspective on the continuity and fragility of
traditional knowledge transmission: "/'ve lived in this village for decades. I've seen firsthand how
our ancestral knowledge has helped our community survive countless disasters. Our grandparents
had their own ways of interpreting nature’s signs. This knowledge is far more valuable than any
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material possession. Since [ was a child, my ancestors taught me to observe nature. They said,
‘Nature speaks.’ If we know how to listen, we can anticipate disasters. Back then, when birds flew
low or animals acted strangely, we knew something was amiss."However, traditional knowledge
limitations include interpretation inconsistencies (accuracy rates of 45-70% across different
indicators) and generational knowledge gaps (only 35.7% of youth possess comprehensive
traditional knowledge) that constrain reliability for formal emergency planning.

The validation of traditional knowledge shows that communities were able to identify 23
environmental indicators relevant to resilience and disaster preparedness. The community’ s reliability
assessment indicated a 45-70% accuracy rate, suggesting that while traditional observations are useful,
they still require complementary support from scientific measures. Interestingly, the knowledge
system demonstrated a 67% correlation with instrumental data, confirming its potential as a credible
local early warning mechanism. On average, these indicators provided 18-36 hours of lead time, which
is significant for community-level preparedness and response. However, the sustainability of this
knowledge is at risk, as only 35.7% of youth retain traditional knowledge, reflecting declining
intergenerational transfer. In contrast, 64.3% of elders remain as key knowledge holders, showing that
most expertise still resides with the older generation. This gap raises concerns about the long-term
continuity of traditional practices if not systematically documented and revitalized. Strengthening
efforts to integrate youth in knowledge preservation could therefore play a crucial role in sustaining
resilience strategies.

Integration of traditional knowledge with modern systems faces systematic obstacles, including
knowledge validation complexities, communication protocol mismatches, and institutional resistance
within formal disaster management structures. BPBD officials expressed skepticism regarding
traditional indicators in 57.1% of coordination meetings, preferring instrumental data despite
community evidence of early warning effectiveness. Communication gaps between traditional
knowledge holders and formal authorities delayed information transmission by an average of 4-6 hours
during observed alert periods. Language and conceptual barriers limited effective knowledge transfer,
with traditional environmental terminology lacking direct translation into technical meteorological or
geological categories.

Adaptive strategies emerging from successful integration cases include the development of
community liaison roles bridging traditional and formal knowledge systems, standardized reporting
formats translating traditional observations into technical language, and regular validation workshops
comparing traditional and instrumental monitoring results. Villages achieving effective integration
(Ngargomulyo and Kalibening) established hybrid warning systems combining traditional community
alerting with official evacuation protocols, reducing average response times by 30-45% compared to
villages relying solely on formal systems. These models demonstrate potential for complementary
knowledge integration while acknowledging limitations and validation requirements for both
traditional and modern monitoring approaches.

The study focused on four villages on the slopes of Merapi: Ngargomulyo, Kalibening, Kaliurang, and
Kopongan. These villages uphold the traditional knowledge of ‘'gofong royong,” which is believed to
enhance community resilience and aid in disaster mitigation. Studies show that villages with
traditional knowledge are better prepared for disasters, with established evacuation plans and routes
that minimize risks (Elysia & Wihadanto, 2018; Saputri & Sari, 2022; Sari et al., 2023). Analysis of
ancient texts and local literature is crucial in uncovering the people's traditional knowledge of the
slopes of Merapi regarding natural signs (Troll et al., 2021). Researching ancient manuscripts, local
literature like songs and poems, and colonial documents allows us to trace how people have
understood their environment over time. These texts often document natural signs seen as indicators
of disaster, like changes in the sky's color or animal behavior, and describe rituals conducted to address
these natural threats (Hidayati, 2008; Okazaki & Shaw, 2003; Wardyaningrum, 2019). The studies
above help identify consistent patterns in traditional knowledge and reveal the evolution of belief
systems and practices related to disaster mitigation in this region.

Furthermore, villages can prepare for disasters by leveraging traditional knowledge, particularly
through understanding natural signs like shifts in animal behavior, changes in water temperature, and
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specific weather patterns that may indicate potential dangers (Clarke et al., 2021; Fan, 2018; Yang et
al., 2023). Cultural practices, including rituals and community gatherings, help strengthen social bonds
and enhance collective preparedness (Appleby-Arnold et al., 2021). Additionally, historical experiences
offer valuable lessons from past disasters, informing current practices and evacuation strategies, while
knowledge of local resources and sustainable management ensures communities can survive during
crises (Clarke et al., 2021). Informal communication networks, often based on folklore and social
interactions, facilitate the sharing of information and alerts within the community (Denner et al., 2025).
Familiarity with established evacuation routes and safe shelters, developed over generations, enhances
community resilience and disaster response. From a psychological perspective, communities with
traditional knowledge show stronger resilience and quicker recovery from disaster trauma (Sandifer &
Walker, 2018; Sugiyama et al., 2020). In contrast, villages without traditional knowledge may be poorly
prepared, leading to a greater reliance on external sources. Regarding environmental sustainability,
villages with traditional knowledge generally maintain a more harmonious relationship with nature,
prioritizing the sustainability of natural resources. In contrast, villages abandoned this tradition tend
to exploit the environment more without paying attention to long-term impacts, increasing
vulnerability to disasters in the future.

Our study also highlighted that altruism is a fundamental basis for forming social resilience.
Altruism strengthens social networks and plays a key role in boosting communities' ability to face and
recover from natural disasters (Boella et al., 2019; Castafier & Oliveira, 2020; Mwangi, 2017).
Furthermore, the combination of altruism, shared values, and local wisdom is an unshakable
foundation for maintaining community sustainability amidst natural threats (Gualda, 2022). When
individuals engage in altruistic behaviors, such as helping neighbors or participating in community
support initiatives, they foster trust and cooperation among community members. A study supported
that the sense of solidarity creates robust social ties that are vital during crises, as people are more
likely to rely on one another for assistance and resources (Rose et al., 2022). Altruism also encourages
the sharing of information and resources, which can lead to more effective disaster preparedness and
response strategies (Y. Ma et al., 2021). Furthermore, communities characterized by strong altruistic
values tend to have established support systems that facilitate quicker recovery after disasters. Overall,
altruism not only enhances social cohesion but also cultivates an environment where collective
resilience thrives, enabling communities to navigate the challenges posed by natural disasters more
effectively. During the study, we also found that togetherness and family values make it possible to
create a strong and coordinated response in facing Merapi crises.

Our study also documented that values of togetherness and kinship within the Merapi Slope
community play a pivotal role in enhancing social ties and improving resilience during crises. The study
supported that these values foster a strong sense of belonging among community members,
encouraging them to support one another in times of need (Wang et al., 2022). In this context, when
individuals feel connected to their neighbors, they are more likely to collaborate on disaster
preparedness initiatives, share resources, and participate in collective decision-making processes. This
communal spirit not only strengthens social networks but also cultivates a culture of mutual assistance,
where residents are willing to help each other during emergencies (Smith et al., 2024). As a result, the
community becomes more adept at responding to challenges posed by Merapi disasters, ultimately
leading to quicker recovery and less disruption to daily life. The role of government is essential in
supporting these community values and enhancing resilience (Zhai & Lee, 2023). Government agencies
can implement policies that promote community engagement and collaboration by recognizing the
importance of togetherness and kinship (Partelow, 2021). This includes facilitating training programs
on disaster preparedness that leverage local knowledge and encourage participation from residents
(Hargono et al, 2023). Additionally, the government can provide resources and support for
community-led initiatives, such as establishing early warning systems or organizing regular drills that
strengthen communal bonds (Goniewicz et al., 2023). Integrating community values into disaster
management strategies can strengthen the resilience of the Merapi Slope community, helping them
better prepare for future crises while preserving their cultural heritage.

This study faces several limitations that impact the generalizability and depth of its analysis. First,
the research's focus on just four villages on the slopes of Merapi limits the ability to generalize the
findings, as social, economic, and cultural conditions may vary in other villages. Second, the impact of
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modernization and urbanization on the sustainability of altruism and cooperation practices has not yet
been fully explored. Hence, the influence of social change on traditional values and community
resilience still needs to be studied in more depth. Third, although the ethnographic approach offers in-
depth insights, the narratives are limited to the subjective perspectives of selected informants,
meaning the data may not represent the broader community's views.

This ethnographic study makes three distinct theoretical contributions to community resilience
scholarship by examining gofong royong as culturally embedded social capital in volcanic disaster
contexts. It shows that bonding social capital in traditional communities operates through culturally
institutionalized mechanisms integrating behavioral norms, spiritual values, and institutional
structures, challenging Western frameworks that typically separate these domains. The research also
demonstrates that social capital alone is insufficient, identifying leadership effectiveness, resource
accessibility, and institutional support as essential mediating factors, while methodological
contributions validate traditional ecological knowledge through empirical cross-validation with
instrumental monitoring systems, establishing complementary knowledge integration within debates
about decolonizing disaster risk reduction.

Several limitations require acknowledgment, including the four-village geographic scope that limits
transferability and selection bias toward active community participants, which may overestimate
cooperation effectiveness. Traditional knowledge validation revealed interpretation inconsistencies
and generational knowledge gaps, while documented challenges such as internal conflicts, resource
constraints, bureaucratic coordination delays, and institutional skepticism demonstrate systematic
obstacles. Future research should conduct quantitative evaluations, comparative ethnographic studies,
longitudinal mixed-methods approaches tracking the evolution of gotong royong, and testing hybrid
early warning systems integrating validated traditional indicators with formal monitoring protocols.

This study was funded by the Kementerian Pendidikan, Kebudayaan, Riset, dan Teknologi
(Kemdikbudristek), Republik Indonesia,whose financial support made this research possible. We have
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this manuscript.
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