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Spatial Analysis of Tsunami Risk and Community Preparedness Assessment in Tambakrejo Village, Blitar Regency, Indonesia 

ABSTRACT

	Tsunami risk and community preparedness in Tambakrejo Village, Blitar Regency, Indonesia, are investigated by integrating spatial analysis of potential inundation areas with community readiness assessment. Guided by the Sendai Framework for Disaster Risk Reduction 2015-2030 and the LIPI-UNESCO/ISDR community preparedness framework, the research employs a mixed-method approach combining GIS-based tsunami inundation modeling with a comprehensive community assessment. Data collection involved surveying 100 households through incidental random sampling, conducting semi-structured interviews with key stakeholders, organizing focus group discussions, and performing field observations. Spatial analysis revealed that 1.7289 km² (16%) of the village area is susceptible to tsunami inundation, potentially affecting 911 residents, with Krajan Sub-village identified as particularly vulnerable due to its high population density and coastal proximity. The community preparedness assessment, evaluating knowledge and behaviour, emergency planning, warning systems, and resource mobilization capacity, yielded an index value of 60.12, categorizing the village as "Almost Ready," with resource mobilization identified as the weakest parameter. The research contributes to the literature by presenting a novel integration of geospatial analysis with community-based preparedness assessment at the village scale, offering a replicable methodology for evaluating tsunami preparedness in rural coastal settings. Findings provide crucial insights for local authorities and disaster management agencies to enhance tsunami preparedness through targeted interventions and evidence-based decision-making in disaster risk reduction planning.
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1. INTRODUCTION

Coastal communities in developing countries are increasingly vulnerable to tsunami hazards due to rapid population growth, unplanned coastal development, and limited disaster preparedness capacity. Indonesia is especially vulnerable to tsunamis caused by seismic activity along major fault lines because of its vast coastline and placement inside the Pacific Ring of Fire. The terrible effects of the 2004 Indian Ocean tsunami and its aftermath have brought attention to how crucial community-level readiness exists (Paulik et al., 2020).
	
This study addresses these gaps by examining tsunami preparedness in Tambakrejo Village, Blitar Regency, located along Java's southern coast near the megathrust zone. Tambakrejo faces high tsunami risk due to its proximity to a seismic gap where significant stress has accumulated, potentially triggering an earthquake of magnitude 8.7 (Sambah et al., 2019). The village previously experienced tsunami impacts in 1944 originating from Banyuwangi (Mayaguezz et al., 2017). In the last 5 years alone, Blitar Regency has experienced 14 earthquakes, with the largest measuring M 6.2 in May 2021 (Mohamadi et al., 2019). Tambakrejo Beach and its surroundings are projected to be the first areas hit by tsunami waves in the event of a megathrust earthquake (BPBD Blitar, 2023).
Compounding the physical hazard, Tambakrejo has the highest population density among coastal villages in Blitar at 1,194 people/km2 (BPS Blitar). However, it only has one temporary evacuation shelter (Kim et al., 2017). This limited evacuation capacity coupled with high population density significantly increases disaster risk and potential challenges for safe evacuation (Rudianto et al., 2023). Additionally, the growing number of tourists visiting Tambakrejo Beach has boosted the local economy and become a major source of regional revenue, reaching Rp 1.3 billion in 2019 (Re et al., 2022).
Since the establishment of Destana and FPRB (village-level disaster preparedness organizations) in Tambakrejo in 2018, there has been inadequate monitoring and evaluation according to BPBD Blitar. Without comprehensive assessment, it is difficult to determine the impact of existing mitigation efforts on community understanding and village preparedness (Sunarto et al., 2024). The study uses the Sendai Framework for Disaster Risk Reduction 2015–2030 to address these issues and direct the evaluation of Tambakrejo's preparation for tsunamis (Arifin et al., 2021). The research integrates geospatial analysis of tsunami hazard zones with participatory evaluation of community capacities across the Sendai Framework's priorities (Hadi et al., 2020). This contextualized application at the village level, combining physical and social dimensions, offers a novel approach to local preparedness assessment (Valachamy et al., 2022).
This study is innovative because it applies the Sendai Framework contextually at the village level, combining a thorough assessment of community preparedness capabilities with a geospatial analysis of tsunami hazard zones. Through spatial modeling using ArcGIS, the study delineates potential tsunami inundation areas in Tambakrejo Village based on wave height scenarios and topographical characteristics. This hazard assessment is then overlaid with data on population exposure, critical infrastructure, and evacuation routes to identify high-risk zones and estimate potential impacts (Nasir et al., 2018).
Simultaneously, the study conducts a participatory assessment of village preparedness using indicators derived from the Sendai Framework's priorities for action. To assess community knowledge, risk perception, emergency response plans, early warning dissemination, resource mobilization, and social capital, surveys, focus groups, and key informant interviews are used (Rahayu et al., 2020). The integration of geospatial and social dimensions allows for a holistic understanding of village preparedness strengths and gaps (Suwaryo et al., 2021).
By providing a replicable methodology for village-scale tsunami preparedness assessment, this study contributes to bridging the gap between high-level frameworks and local implementation in rural coastal settings (Benardi et al., 2023). Policymakers, disaster management organizations, and community stakeholders can use the findings to help them prioritize interventions and capacity-building initiatives (Gainey et al., 2018). Ultimately, this research aims to strengthen evidence-based decision-making and promote proactive preparedness in high-risk villages like Tambakrejo, contributing to the global goals of the Sendai Framework and fostering tsunami-resilient communities (Zhou et al., 2019).

2. methodology

2.1 Study Area 

This study focuses on Tambakrejo Village in Wonotirto District, Blitar Regency, East Java, Indonesia, located at 8.313724°S and 112.143211°E. The village, covering 11.07914 km² (BPS, 2022), is the most densely populated in Wonotirto District, with 5,839 residents and a population density of 1,194 people per km² (BPS Kabupaten Blitar, 2022). Despite its small size, Tambakrejo has a significant population growth rate of 1.83% annually (Saputro, 2021). Known for its coastal beauty, Tambakrejo Beach is a major tourist destination, attracting the most visitors in the district (Saputro, 2021). The village's location on the southern coast of Java, near the Indo-Australian and Eurasian subduction plates, and its gentle topography, make it highly vulnerable to tsunamis (BNPB Blitar Regency, 2023). Tambakrejo Beach, with a 10-kilometer-long bay, experiences accelerated wave movement, especially when passing through the narrowing bay area (Irawan et al., 2016). The phenomenon of wave movement dynamics has been explored by Fauzi & Hunainah (2020), highlighting the coastal area's vulnerability.
Historical records indicate that Blitar Regency, including Tambakrejo, was impacted by a 7.2-magnitude earthquake in 1994, which triggered a tsunami (BMKG). Recent earthquakes, such as the 6.2-magnitude one on May 21, 2021, have caused damage but no tsunamis (BMKG). However, the risk of earthquakes leading to tsunamis remains a significant concern (Usman, Chalim, et al., 2024). According to the Blitar Regency Disaster Risk Assessment (2018-2022), Tambakrejo is classified as a high tsunami hazard zone, with a potential maximum tsunami height of 11 meters and an inundation distance of up to 1.5 km from the coastline. The village's low-lying topography, with elevations mostly under 10 meters, exacerbates its vulnerability (Usman, Kurniawan, et al., 2024). Tambakrejo’s coastal area is home to many fishing villages, and densely populated settlements align with built-up areas (Saputro, 2021). The area’s high tsunami risk, dense population, coastal tourism, and fishing communities make it essential to assess the tsunami hazard and village preparedness for reducing potential risks to both the local population and visitors.
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Fig. 1. Study area

2.2 Data Collection

A mixed-methods approach, combining both qualitative and quantitative techniques, was used to assess tsunami risk and community preparedness. In Tambakrejo Village, home to 5,839 residents, 100 households were selected through incidental random sampling, in accordance with the LIPI-UNESCO/ISDR 2006 community preparedness assessment framework (Suwaryo et al., 2021). This method ensures spatial representation while remaining feasible within research constraints (Rakuasa, 2023). Semi-structured interviews were conducted with key stakeholders, including representatives from NGOs, emergency response teams, local government, and community leaders involved in disaster management (Ningtyas et al., 2022). Participants were selected based on their roles in risk management, particularly from Community Disaster Response Teams and the Blitar Regency’s BPBD (Adiyoso & Kanegae, 2014). The interviews focused on preparedness measures, early warning systems, past tsunami experiences, evacuation protocols, and existing challenges (Ghaffarian et al., 2019).
Community members participated in focus group discussions (FGDs) to explore their preparedness levels, perceptions of tsunami risks, and responses to early warnings (Mawarni et al., 2020). These participants, including fishermen, farmers, and small business owners from high-risk coastal areas, discussed how socio-economic backgrounds and geographic settings influence their ability to respond to tsunamis (Zhou et al., 2019; Kamal, 2023). Household surveys were conducted with heads of households or family members aged 15 and above (Syamsidik et al., 2020). The surveys addressed tsunami hazard potential and village preparedness, focusing on household preparedness, risk perception, knowledge of evacuation procedures, access to early warning systems, and prior tsunami experiences (Utariningsih, 2023). Additionally, direct field observations were made in Tambakrejo Village to assess the physical infrastructure. Secondary data was also gathered through document reviews from various institutional sources, ensuring a comprehensive and reliable approach to understanding tsunami preparedness in the area.
Table 1. Research Variables

	Variables: Tsunami Inundation Area

	Sub Variables
	Parameters
	Source

	
	Inundated land area
	· BNPB (2018)
· (Zaitunah, et al., 2012 
· (Zaitunah, et al., 2011)

	Variables: community preparedness

	Sub Variables
	Parameters
	Source

	Knowledge and behaviour
	Disaster knowledge
	· (LIPI-UNESCO/ISDR, 2006)
· (Triyono, et al., 2014)
· (UNESCO; Indonesian Society for Disaster Management, 2007)
· (Hidayati, et al., 2020)
· (Sutrisno, H., & Priyono, K. D., 2013)

	
	Environmental vulnerability
	

	
	Vulnerability of structures
	

	
	Concern for disaster risk
	

	Emergency response plan
	Disaster management
	

	
	Evacuation plan
	

	
	Command post and procedures
	

	
	First aid, safety, and security plans
	

	
	Basic necessities and casualty info
	

	
	Evacuation supplies and facilities
	

	
	Drills and simulations
	

	system for disaster warning
	Conventional systems
	

	
	Tech-based warning systems
	

	
	Warning signs and info
	

	
	Simulation exercises
	

	mobilization of resources
	Command structure
	

	
	Human resources
	

	
	Technical assistance and resources
	

	
	Fundraising
	

	
	Stakeholder communication
	

	
	Readiness monitoring
	



2.3 Data Analysis	

A combination of quantitative methodologies, such as scoring methods to evaluate tsunami readiness levels and spatial analysis with Geographic Information Systems (GIS), are used to examine the gathered data (Widiyantoro et al., 2020). GIS is employed to model the potential tsunami inundation areas in Tambakrejo Village based on predetermined wave height scenarios (Noor et al., 2022). The inundation modeling involves creating a surface representing the tsunami wave height and intersecting it with the digital elevation model to identify areas that would be submerged. The resulting inundation map is then overlaid with settlement and administrative boundary data to calculate the extent of affected areas and estimate the exposed population (Wang et al., 2022).
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Fig. 2. Tsunami inundation range determination method 

A grading method derived from the LIPI-UNESCO/ISDR (2006) framework is used to evaluate the degree of community readiness (Suleiman et al., 2020). Knowledge and Behavior (KB), Emergency Planning (EP), Warning System (WS), and Resource Mobilization Capacity (RMC) are the four main criteria that are the focus of the evaluation (Valencia et al., 2011). A set of questions makes up each parameter, and each question is given a score of 1. The score is split equally amongst any subquestions that may be included (Afulani et al., 2020). The sum of the scores derived from the field data is used to get the actual score for each attribute. The formula is then used to calculate the preparation index.
 

The resulting index values, ranging from 0 to 100, are categorized into five levels of preparedness: Not Ready (0-39), Less Ready (40-54), Almost Ready (55-64), Ready (65-79), and Very Ready (80-100) (Sinaga et al., 2011). These categories provide an indication of the community's readiness to face potential tsunami hazards.
Table 2. Research Variables

	No
	Index Value
	Category

	1
	80 - 100
	Very Ready

	2
	65 -79
	Ready

	3
	55 - 64
	Almost Ready

	4
	40 - 54
	Less Ready

	5
	0 - 39
	Not Ready


Source : LIPI-UNESCO ISDR, 2006; BNPB, 2014
The GIS-based inundation modeling and the preparedness index calculation are integrated to provide a comprehensive assessment of tsunami risk and community preparedness in Tambakrejo Village (Dermadi & Bandung, 2021). The spatial distribution of potential inundation areas, coupled with the preparedness levels of the community, helps identify high-risk zones and prioritize areas for intervention and capacity building (James et al., 2019). The results of this analysis inform the development of targeted recommendations for enhancing community resilience and reducing the potential impacts of a tsunami event (Syamsidik et al., 2019).
3. results and discussion

3.1 Tsunami Inundation Risk Assessment

According to Indonesia's National Centre for Earthquake Studies (PusGen), the potential strength of an earthquake originating in the megathrust zone could reach M 8.7. The spatial analysis of tsunami inundation risk in Tambakrejo Village, based on historical tsunami height data on the Indo-Australian and Eurasian subduction plates and BNPB Regulation No. 4/2012, uses a scenario with a maximum tsunami height of 11 meters and an expected arrival time of 25 minutes after the earthquake. The coastal sections of the community could be significantly impacted, according to the inundation modeling.
From the wave height and inundation, a simulation of inundation from the shoreline was made using ArcGIS. Modelling was carried out with an input value of 11 metres run up height in accordance with the worst-case modelling through the BNPB Regulation Number 4 Year 2012. This sea wave height can cause inundation or submergence if the coast is supported by sloping topography (Abe et al., 2020). 
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Fig. 3. Analysis of Tsunami Inundated Area

Based on the spatial modelling conducted, it is known that the tsunami inundation area is very impactful on the people of Tambakrejo village, presented on the Map. The inundation area extends 1.7289 km2 from the shoreline, encompassing all sub-villages in Tambakrejo, including Krajan and Siderojo. The spatial distribution of tsunami inundation risk demonstrates that the coastal areas of Tambakrejo Village face significant exposure, with particular vulnerability in Krajan Sub-village, which has the highest concentration of population and economic activity. 
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Fig. 4. Tsunami Inundation Area of Tambakrejo Village

The inundation analysis reveals that approximately 911 residents, or 15.6% of the total population, would be directly impacted by a major tsunami event. This exposure is particularly significant for residential communities, fishing villages, tourism sector workers, and coastal businesses in low-lying areas. The potential impact extends beyond immediate physical damage and loss of life, with long-term socio-economic consequences for the affected population. 

Table 3. Estimated Extent of Tsunami Affected Areas and Local Communities

	[bookmark: _Hlk167179980]Village
	Settlement Area
	Area of Inundated Settlements
	Total Population
	Area
	Inundated area
	Inundation
	Percentage of Inundation
	Estimated Tsunami Inundated Population

	
	Km²
	Km²
	Soul
	Km²
	Km²
	Km²
	%
	Soul

	Tambakrejo
	1,24477
	0,29480
	5.839
	11,07914
	1,72893
	0,15605
	16%
	911



Krajan Sub-village, the most densely populated area, has 1.36568 km2 or 25% of its total area exposed to inundation. This is significantly higher compared to Siderojo Sub-village, which has 0.35439 km2 or 6% of its area at risk. The concentration of residential settlements, vital infrastructure, and economic activities in Krajan Sub-village heightens the potential losses in the event of a tsunami. 

Table 4. Estimated Extent of Tsunami Affected Areas and Local Communities

	
	Area
	Inundated area
	Percentage of Inundation
	Settlement Area
	Area of Inundated Settlements
	Percentage of Inundated Settlements

	
	Km²
	Km²
	%
	Km²
	Km²
	%

	Krajan
	5,39964
	1,36568
	25%
	0,789227
	0,273318
	35%

	Siderojo
	5,67958
	0,35439
	6%
	0,455543
	0,021483
	5%
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Fig. 5. Diagram of Affected Hamlets
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Fig. 6. Most vulnerable hamlets

The inundation risk poses a direct threat to the safety and livelihoods of coastal communities. Residential areas in low-lying zones are highly vulnerable, with a substantial portion of the population at risk of displacement and loss of homes. Fishing communities, which form a significant part of the local economy, face severe disruption to their livelihoods due to potential damage to boats, equipment, and coastal infrastructure.
The tourism sector, a key economic driver in Tambakrejo Village, is also highly exposed. Popular tourist sites along the coast, such as Tambakrejo Beach, fall within the inundation zone, putting visitors and tourism-related businesses at risk. The potential loss of tourism revenue and infrastructure could have long-lasting economic repercussions for the village.
Moreover, the inundation risk extends to critical facilities and lifelines. Markets, schools, healthcare facilities, and transportation networks in the coastal areas are vulnerable to damage and disruption. The loss of these essential services could hamper emergency response efforts and prolong the recovery process. 

The stark disparity in inundation risk between Krajan and Siderojo Sub-villages highlights the need for targeted interventions and resource allocation. Krajan Sub-village, with its higher exposure and concentration of population and assets, requires prioritized attention in disaster risk reduction efforts. This may include strengthening early warning systems, enhancing evacuation infrastructure, and promoting community-based preparedness initiatives. 
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Fig. 7. Impact of Tsunami Inundation

The results underscore the urgency of enhancing tsunami preparedness and resilience in Tambakrejo Village. Although the village was spared severe impacts from the 1994 Banyuwangi tsunami, the current inundation risk assessment reveals a far greater potential for devastation. The historical event should not be viewed as a benchmark for complacency but as a stark reminder of the need for proactive disaster risk reduction measures (Nurjanah, 2023). In light of this, it is essential to prepare for scenarios that could lead to more significant consequences, particularly given the village’s population density and proximity to the coast.
Effective disaster risk reduction in Tambakrejo requires a multi-stakeholder approach, involving local authorities, community organizations, and residents. Collaboration is key to developing and implementing comprehensive preparedness strategies. These should include land-use planning to avoid development in high-risk areas, enforcing building codes that promote tsunami-resistant structures, and investing in coastal protection infrastructure (Asteria, 2023). Engaging local authorities, residents, and various community organizations will ensure that these strategies are both practical and widely supported, creating a stronger, unified approach to risk reduction.
Empowering the community through education, awareness-raising, and capacity-building initiatives is equally important. Frequent simulations and drills will enhance community response capacity and familiarize residents with evacuation protocols. Additionally, establishing community-based early warning systems and evacuation plans tailored to vulnerable populations—such as the elderly, children, and people with disabilities—is crucial. Integrating traditional knowledge and local wisdom into disaster preparedness efforts can also foster community ownership and sustainability. Involving local leaders and utilizing existing social networks will improve the effectiveness of risk communication and mobilization efforts.
In conclusion, the spatial analysis of tsunami inundation risk in Tambakrejo Village highlights significant potential for impact, especially in the densely populated coastal areas. The assessment reveals disparities in exposure between sub-villages, with Krajan Sub-village facing the highest risk. The findings emphasize the importance of prioritizing risk reduction efforts in high-exposure areas and implementing targeted interventions that address the specific vulnerabilities of each sub-village. Strengthening early warning systems, enhancing evacuation infrastructure, promoting community-based preparedness, and integrating disaster risk reduction into development planning will help Tambakrejo Village build resilience against future tsunami events. The results of this study provide a foundation for evidence-based decision-making and serve as a catalyst for creating a safer and more resilient coastal community.
3.1.1 Knowledge and Behaviour (KB)

The Knowledge and Behaviour parameter assessed the community's understanding of natural disasters, specifically earthquakes and tsunamis, and their awareness of mitigation and preparedness measures. Survey findings revealed that most participants had a basic understanding of natural disasters, recognizing hazards such as earthquakes, tsunamis, floods, and storms. However, there were variations in their understanding of the relationship between earthquakes and tsunamis. While some respondents acknowledged that not every earthquake causes a tsunami, many were unclear on the specific mechanisms that lead to tsunamis, such as underwater earthquakes, volcanic eruptions, and severe storms. This indicates a need for enhanced education on tsunami triggers and warning signs. Respondents also emphasized the importance of structural measures, like resilient multi-story houses with open spaces for water flow, and access to reliable information from sources like television, social events, government officials, and NGOs, underscoring the role of effective risk communication in promoting preparedness.
The analysis showed that, on average, respondents scored 34 out of 50 points in the Knowledge and Behaviour parameter, representing 41% of the target score. This suggests that while the community has a foundational understanding of natural disasters, there are significant gaps in their knowledge of specific tsunami risks, warning signs, and proper response actions. Addressing these gaps through targeted education and awareness campaigns is crucial for improving the community's overall preparedness and enhancing their resilience to tsunami hazards.
3.1.2 Emergency Planning (EP)

The Emergency Planning parameter assessed the community's readiness to respond to disasters at both the household and individual levels. Survey results revealed that, on average, respondents were able to identify and implement five out of the eleven key components of a comprehensive family preparedness plan, including identifying safe evacuation locations, establishing communication protocols among family members, preparing emergency kits, and securing important documents and valuables. However, the survey also highlighted a significant gap between knowledge and practical application. Respondents, on average, only took action on two out of four specific preparedness measures: increasing their knowledge of earthquakes and tsunamis, and identifying potential evacuation sites or shelters. When asked about preferred shelter locations during a tsunami, most respondents relied on the homes of relatives, close friends, or nearby buildings considered safe, highlighting the reliance on informal networks. This emphasizes the need for a more systematic approach to designating official evacuation centers that are strategically located and properly equipped to accommodate the community's needs.
The analysis of the Emergency Planning parameter indicated an average score of 10 out of 21 points, representing only 32% of the target score. This low score underscores the need to improve family and individual preparedness plans within the community. The lack of concrete preparedness actions and limited participation in training or simulation exercises are major barriers to effective emergency response. Addressing these gaps through community-based disaster preparedness programs, regular drills, and capacity-building initiatives should be a top priority for local authorities and disaster management agencies to ensure a more resilient and effective disaster response.
3.1.3 Warning System (WS)

The Warning System parameter assessed the community's familiarity with and responsiveness to tsunami warning mechanisms. Survey results revealed significant variations in respondents' understanding of tsunami warning signs. While some were aware of the national tsunami warning system, others relied on traditional methods, such as community sirens, loudspeakers, or word-of-mouth communication. The survey also highlighted the diverse range of information sources respondents used for tsunami warnings, including community leaders, local folklore, personal experiences, and official communications from local governments. This heterogeneity underscores the need for a standardized and integrated warning system that can effectively reach all segments of the population.
Regarding actions taken upon receiving a warning, respondents generally recognized the need to evacuate promptly and seek higher ground or safe shelter. On average, respondents identified four out of seven key actions during a tsunami emergency, including moving away from the beach, seeking high elevation or sturdy buildings, bringing emergency kits, and staying calm. However, gaps were found in respondents' knowledge of post-warning protocols, such as confirming the cancellation of a tsunami warning and ensuring community safety afterward. The analysis showed that, on average, respondents scored 12 out of 19 points in the Warning System parameter, representing just 38% of the target score. This highlights the need for improving community awareness and responsiveness to tsunami warnings, with efforts focused on standardizing protocols, expanding dissemination channels, and conducting regular community drills to enhance preparedness.
3.1.4 Resource Mobilization Capacity (RMC)

The Resource Mobilization Capacity parameter assessed the community's ability to leverage human, material, and financial resources for disaster preparedness and response. Survey results revealed significant variations in respondents' participation in disaster preparedness training, seminars, and workshops. While some attended capacity-building events, particularly those focused on basic first aid and emergency response, others reported no involvement in any preparedness training. Regarding financial preparedness, most respondents considered personal savings as crucial for coping with the immediate aftermath of a disaster. However, reliance on individual savings highlights the absence of a more systematic approach to financial risk transfer, such as community-based disaster funds or insurance schemes. Strengthening access to diversified financial resources and risk-sharing mechanisms is vital for building long-term resilience.
The survey also explored respondents' perceptions of social support networks and their role in disaster preparedness. Mixed opinions were reported, with some expressing confidence in support from relatives and friends, while others were uncertain about such availability. This underscores the importance of fostering strong social capital and promoting collective action during disasters. Regarding specific preparedness measures at the individual and household levels, the survey revealed a lack of concrete actions. While some respondents had designated safe locations for valuable assets, the majority had not yet implemented comprehensive preparedness plans. This gap between awareness and action emphasizes the need for targeted interventions to translate knowledge into tangible preparedness measures. The analysis showed that respondents averaged only 6 out of 14 points in the Resource Mobilization Capacity parameter, representing just 31% of the target score. This finding highlights the urgent need to strengthen the community’s ability to mobilize and manage resources effectively for disaster preparedness and response.

	
	

	
	


Fig. 8. The results of each parameter in understanding community preparedness

3.1.5 Preparedness Index Value and Implications

By adding up the scores for each of the four criteria and dividing the sum by the highest possible score, the overall preparedness index value for the Tambakrejo Village community was determined. The resulting index value of 60,12 places the community in the "Almost Ready" category according to the classification scheme proposed by LIPI-UNESCO/ISDR (2006). This classification scheme defines five levels of preparedness, ranging from "Not Ready" (index value of 0-39) to "Very Ready" (index value of 80-100).
· Total real score of community preparedness = 6253 
· Total maximum parameter score = 10400
Thus, the results of the index calculation are as follows:
I




The ‘Almost Ready’ categorisation for Tambakrejo Village is sufficient progress, but the gaps and challenges faced by the community in terms of its overall preparedness for potential tsunami hazards remain to be addressed and improved. In order to improve community knowledge, skills, and resources for efficient disaster risk mitigation and emergency response, this finding emphasizes the ongoing need for focused interventions and capacity development initiatives.

Table 5. Estimated Extent of Tsunami Affected Areas and Local Communities

	No
	Index Value
	Category

	1
	80 - 100
	Very Ready

	2
	65 -79
	Ready

	3
	55 - 64
	Almost Ready

	4
	40 - 54
	Less Ready

	5
	0 - 39
	Not Ready



The results of this assessment provide valuable insights for local authorities, disaster management agencies, and community-based organizations to prioritize and design appropriate strategies for strengthening community preparedness. These strategies should focus on addressing the identified gaps in knowledge, emergency planning, warning systems, and resource mobilization capacity through a combination of structural and non-structural measures (Herowati, 2022).
At the structural level, efforts should be directed towards improving the physical infrastructure for disaster preparedness, such as constructing and maintaining designated evacuation centers, ensuring the accessibility and safety of evacuation routes, and strengthening early warning systems. Non-structural measures, on the other hand, should focus on enhancing the community's human and social capital through targeted education and awareness-raising programs, regular training and simulation exercises, and the promotion of community-based disaster risk management approaches (Husna et al., 2021).
Furthermore, the findings of this assessment highlight the importance of adopting a participatory and inclusive approach to community preparedness. Engaging local stakeholders, including community leaders, women's groups, youth organizations, and marginalized populations, in the planning and implementation of preparedness initiatives is crucial for ensuring the relevance, ownership, and sustainability of these efforts (Sujarwo et al., 2018).
In summary, Tambakrejo Village's community preparation assessment offers a thorough and fact-based understanding of the existing level of readiness for possible tsunami threats. All four of the major readiness parameters—knowledge and behavior, emergency planning, warning systems, and resource mobilization capacity—need to be improved, even though the community preparedness outcome is "Almost Ready." By addressing these gaps through targeted interventions and capacity-building efforts, the community can enhance its resilience and reduce its vulnerability to the devastating impacts of tsunamis. The insights generated from this assessment serve as a valuable foundation for informing policy, planning, and programming decisions aimed at strengthening community-based disaster risk reduction in Tambakrejo Village and beyond.

4. Conclusion

The spatial analysis of tsunami inundation risk in Tambakrejo Village, based on a potential wave height of 11 meters, reveals a significant threat to the community. The inundation modeling indicates that an area of 1.7289 km², representing 16% of the total village area, is highly susceptible to flooding in the event of a major tsunami. This exposure is particularly concerning given that the inundation zone encompasses densely populated residential areas, putting an estimated 911 people at direct risk of being affected by the tsunami. Enhancing tsunami preparedness and risk reduction measures in the village is critically needed, as evidenced by the possible loss of life, destruction of infrastructure, and disruption of livelihoods.
The assessment of community preparedness in Tambakrejo Village, guided by the LIPI-UNESCO/ISDR (2006) framework, reveals an "Almost Ready" status with a preparedness index of 60.12, indicating considerable room for improvement. The analysis identifies resource mobilization as the most critical weakness, with communities struggling to effectively organize human, financial, and material resources for disaster preparedness. Additionally, community behaviour and risk perception present significant challenges, as many residents view tsunamis through a fatalistic lens, potentially undermining proactive preparedness efforts.
To sum up, the results of this study make a strong case for Tambakrejo's tsunami risk reduction and preparedness initiatives to be given top priority. Village. The significant potential for tsunami inundation, coupled with the suboptimal level of community preparedness and the spatial vulnerability of Krajan Sub-village, calls for immediate action from local authorities, disaster management agencies, and community stakeholders. Strengthening early warning systems, enhancing evacuation infrastructure, promoting community-based preparedness initiatives, and addressing the underlying attitudinal and resource mobilization barriers should form the core of a comprehensive strategy for building tsunami resilience in Tambakrejo Village. The community may greatly lessen its vulnerability and improve its ability to endure and recover from the terrible consequences of a possible tsunami occurrence by proactively addressing these issues and investing in evidence-based risk mitigation strategies. 
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