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Traditional coastal settlements in Indonesian islands are among the world’s most climate-

vulnerable communities. Although these communities possess adaptive indigenous knowledge 

to mitigate disaster risks, rapid urbanization and ecological degradation increasingly disrupt 

their practices, heightening vulnerability. Addressing this challenge is urgent for governments 

to safeguard resilience under accelerating climate change. This study empirically identifies 

local disaster-mitigation practices of coastal communities in the Riau Islands and converts 

them into a prioritized set of adaptive strategies to inform sustainable coastal settlement policy. 

A mixed-methods design was employed, combining field observations, semi-structured 

interviews with 48 residents across four traditional coastal settlements, and focus group 

discussions with local stakeholders and five experts. Thematic analysis was used to triangulate 

qualitative data and generate adaptive capacity indicators, which were then weighted and 

prioritized using the Analytic Hierarchy Process. Sixteen adaptive-capacity indicators were 

identified. Early warning systems emerged as the highest-priority strategy (11.98%), followed 

by adaptive habitation (9.60%) and accommodative adaptation (8.76%). Social-capital 

indicators including sense of community and climatic pattern knowledge also ranked highly, 

highlighting the necessity for integrating indigenous knowledge with institutional support. The 

findings construct DPSIR-based framework of adaptive strategies, which shows potential for 

transferability to similar islands upon careful consideration of local socio-ecological 

conditions. 
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1. INTRODUCTION

The Djuanda Declaration in 1957 initially declared the 

Republic of Indonesia officially as an archipelagic state, a 

country comprising numerous islands and scattered isles. 

Indonesia is home to approximately 17,500 islands and 300 

ethnic groups, many of whom belong to traditional 

communities living in coastal areas. Coastal settlements across 

the islands form an essential social-ecological system, rich in 

biodiversity and cultural heritage. However, climate change 

presents a serious challenge to long-term sustainability, 

particularly for settlements located along the coast or at the 

outermost parts of islands, which are considered high-risk, 

disaster-prone areas. 

According to projections by the Intergovernmental Panel on 

Climate Change (IPCC), sea level rise is anticipated to range 

from 0.63 to 1.01 meters by the year 2100 [1], posing 

existential threats to coastal populations, especially those 

residing on low-lying islands [2-4]. The phenomena of coastal 

erosion, saltwater intrusion, elevated sea levels, and 

intensified storm surges driven by extreme weather conditions 

jeopardize physical infrastructure and exacerbate socio-

economic instability, particularly in archipelagic states such as 

Indonesia, Philippines, Maldives, the Southeast Asian states 

and the microstates of Micronesia and Polynesia [4, 5]. The 

adverse effects of climate change resulting from these 

challenges include local and global environmental degradation, 

loss of arable land due to salinization, and the deterioration of 

marine and coastal ecosystems [6]. 

Although the global hazards posed by climate change are 

daunting and hinder the pursuit of sustainability, many 

traditional coastal communities have historically 

demonstrated adaptive resilience through indigenous 

knowledge systems [6-8], including the construction of stilt or 

elevated houses, the implementation of tidal agriculture, and 

the conservation of mangroves. However, the impacts of 

globalization, rapid urbanization, and infrastructural 

modernization have disrupted these indigenous adaptive 

strategies, necessitating new approaches that blend local 

wisdom with scientific innovations to enhance resilience. 

Moreover, the sequential phenomena of industrialization have 

inflicted significant environmental impacts, including 

increased greenhouse gas emissions, alterations in climatic 

conditions, changes in land use patterns, declines in public 

health and quality of life, and widespread environmental 

degradation [9-11]. If these issues are not adequately 

addressed, they pose risks not only to the sustainability and 

quality of life of current communities but also to the erosion 
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of their cultural identity and indigenous practices [1]. 

While there have been numerous studies in Indonesia 

exploring indigenous knowledge and climate adaptation in 

regions such as Aceh, Bali, Lingga, and Sulawesi, there is still 

a notable lack of research focused specifically on climate risks 

and comprehensive assessments that integrate indigenous 

knowledge into prioritized adaptive strategies for vulnerable 

coastal communities on the islands of Indonesia [12-14]. This 

gap hinders the evidence base necessary for effective policy-

making in these susceptible areas. 

Moreover, the Meteorology, Climatology, and Geophysical 

Agency recently indicated that potential coastal flooding 

events are predicted for the coastal regions of the Riau Islands, 

reflecting the significant impacts of climate change 

experienced by most Indonesian provinces over the past three 

decades [15]. Although various disaster risk reduction 

strategies have been proposed by the National Agency for 

Disaster Management, there is a conspicuous absence of 

adaptation approaches informed by local indigenous 

knowledge, suggesting a predominant reliance on modernized 

methods distributed uniformly across Indonesian provinces. 

The existing literature predominantly employs qualitative 

and ethnographic methodologies to explore island or coastal 

communities within the Indonesian Archipelago. However, 

while studies regarding the Riau Islands exist, they often focus 

on a singular regency and a specific ethnic group, thereby 

limiting the generalizability of findings to represent the 

entirety of the Riau Islands. This study seeks to address these 

gaps by exploring the understudied traditional coastal 

settlements in the Riau Islands, empirically investigating their 

current coping mechanisms in mitigating disaster-related risks, 

and proposing these strategies to local governments as 

potential adaptive measures for enhancing the resilience of 

traditional coastal settlements. 

 

 

2. LITERATURE REVIEW 

 

2.1 Climate-related risks and vulnerability in coastal 

communities 

 

Coastal regions are rich in natural resources, which serve as 

critical assets for the survival and livelihoods of local 

communities. The primary occupations of individuals in these 

areas typically include land and livestock farming, aquaculture, 

fishing, and various roles in retail or employment sectors [6, 

16, 17]. However, the abundance of resources is juxtaposed 

with significant climate-related hazards that threaten the 

sustainability of these communities. 

In the context of climate change, vulnerability refers to the 

degree to which both human populations and the surrounding 

environment are susceptible to hazards, coupled with a lack of 

effective coping mechanisms for adaptation to the evolving 

environmental conditions [18, 19]. Vulnerability within 

coastal communities is multifaceted, encompassing various 

indicators that can be systematically identified and assessed. 

Fundamentally, it consists of three major components: 

physical, socioeconomic, and ecological aspects [19]. 

The impacts of climate change exacerbate the frequency and 

intensity of coastal hazards such as flooding, storm surges, and 

erosion, resulting in substantial damage to infrastructure and 

land use, which are vital for community survival. Furthermore, 

poor governance characterized by inadequate infrastructure 

and insufficient institutional support alongside challenging 

socioeconomic conditions, including poverty and limited 

income sources, acts as an external factor that amplify the 

vulnerabilities of individuals and communities [20-22]. This 

deterioration in socio-economic conditions further erodes the 

quality of life, thereby heightening community vulnerability. 

Additionally, the cultural identity of these communities, 

comprising both tangible assets and intangible elements, faces 

significant threats as climate-induced natural hazards become 

increasingly severe. This disruption can adversely affect 

traditional ways of life and cultural practices [23]. If these 

challenges remain unaddressed, the long-term ramifications 

for coastal communities may include loss of livelihoods, 

displacement, and erosion of cultural heritage, all of which 

pose serious threats to their existence. 

 

2.2 Resilience in insular coastal settlement against climatic 

hazards 

 

Coastal communities, particularly those situated on low-

lying islands, face significant vulnerabilities to natural hazards 

predominantly originating from marine environments. This 

heightened risk is exemplified by the gradual rise in sea levels, 

which poses existential threats to such populations [2, 3, 24]. 

To address these climatic challenges, the concept of resilience 

emerges as a crucial societal framework, designed to minimize 

vulnerabilities and ensure that communities can sustain their 

livelihoods using locally available resources in the face of 

climate-induced natural hazards [18, 25]. 

In contrast to large coastal cities that often harness advanced 

scientific knowledge and technology to bolster their resilience, 

local communities in traditional coastal settlement exhibit 

greater vulnerability, coupled with limited institutional 

support to counteract similar threats [26]. However, it is 

noteworthy that these high-risk communities possess an innate 

capacity for adaptation, largely derived from traditional 

techniques and knowledge that have been cultivated over 

centuries [8, 27]. 

The observations noted emphasize that resilience functions 

as a systemic societal construct aimed at diminishing the 

disaster risks associated with climate change [28, 29]. As with 

vulnerability, resilience within coastal communities 

encompasses various indicators that can be classified into four 

overarching dimensions: societal and economic factors, 

environmental and climate considerations, infrastructural 

elements, and governance and institutional frameworks [29]. 

Dronkers and colleagues, through IPCC in 1990, proposed an 

adaptive response strategy specifically designed to assist 

coastal communities in effectively addressing the challenges 

posed by rising sea levels [30]. This strategy encompasses 

three primary categories: accommodation, protection, and 

retreat, as illustrated in Figure 1. In the context of human 

settlement, accommodation refers to enhancing existing 

structural elements to mitigate risks associated with climate-

driven hazards; protection involves the implementation of 

supplementary structural measures to alleviate these risks; 

while retreat signifies the abandonment or relocation from 

vulnerable zones to minimize exposure to hazards. 

In summary, conceptualizing resilience as a 

multidimensional construct which integrates socio-economic, 

environmental, infrastructural, and governance dimensions 

provides a systematic basis for reducing vulnerability and 

enhancing adaptive capacity. Proposed by Dronkers and 

colleagues [30], the strategy comprising accommodation, 

protection, and retreat offers a robust and transferable model 
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for sustaining livelihoods and ensuring the long-term viability 

of both modern and traditional coastal settlements in 

addressing the global challenges posed by climate change. 

 

 
 

Figure 1. Accommodation, protection and retreat visualised 

in the coastal environmental settings [30] 

 

2.3 Indigenous knowledge as a coastal adaptation 

approach 

 

Urbanization and industrialization are accelerating climate 

change, significantly affecting vulnerable coastal communities 

[3, 10, 19]. Despite government efforts and disaster risk 

reduction strategies, many traditional groups within these 

communities continue to rely on their indigenous knowledge 

to adapt to worsening climatic conditions. This persistence is 

partly due to the lack of tangible benefits from government 

initiatives, which often fail to provide necessary disaster 

preparedness infrastructure [6, 16, 31]. 

Indigenous knowledge and practices vary significantly by 

geography, influenced by local topographies and 

environmental conditions [6]. For instance, in coastal areas, 

inhabitants often build homes on elevated terrain to reduce 

flooding risk [8, 17]. Agricultural practitioners place their 

farms on higher ground to avoid saline intrusion, while 

aquaculture farmers use nets to protect fish farms from 

floodwaters [17, 32]. Additionally, coastal communities 

employ their indigenous knowledge to develop salt-tolerant 

cultivars, creating localized solutions to environmental 

challenges [6, 27]. The socio-cultural elements exhibited by 

local communities may vary based on settlement locations 

[33] and can be integral to the indigenous knowledge systems 

that facilitate adaptation to coastal settings [14]. Examples 

include spiritual rituals during coastal flooding [34], 

communal prayers for protection from hazards [14, 27], and 

the forecasting of seasonal changes or coastal threats based on 

experiential climatic patterns [6, 12, 17, 27] and culture-

specific cosmic or astrological calendar [14, 35]. Additionally, 

strong kinship bonds and communal ties enhance resilience 

against climate change adversities [6, 27, 33]. 

These practices exemplify the adaptive and resilient nature 

of indigenous knowledge and traditions in the face of climate 

change. Historically, these distinct traditional practices have 

been maintained for generations, either as spontaneous 

responses to environmental challenges or as expressions of 

spiritual adherence to ancestral beliefs and claims. However, 

the alarming acceleration of climate change poses increasingly 

severe challenges to their habitats, compelling communities to 

adopt modern technologies, which may inadvertently lead to a 

loss of cultural identity and sense of belonging [36]. 

In summary, both technical and social practices derived 

from indigenous knowledge offer valuable adaptive and 

resilient strategies against climate change. By integrating these 

traditional practices with modern scientific technologies, there 

exists the potential to significantly enhance the capacity for 

mitigating climate-related hazards and to develop inclusive 

adaptation strategies specifically aimed at traditional coastal 

communities, which are among the most vulnerable to climate 

change impacts [8, 37]. Furthermore, a multifaceted approach 

to alleviating the adverse effects of climate change not only 

bolsters community resilience but also serves to protect and 

promote their cultural heritage and identity [38, 39]. 

 

2.4 Risk and vulnerability assessment 

 

Risk refers to the probability of adverse events affecting 

individuals or entities, manifesting universally or specifically, 

and can be frequent or episodic. It often relates to negative 

consequences, such as losses and damages suffered by 

vulnerable communities due to catastrophic events, especially 

those caused by climate change. The United Nations Office for 

Disaster Risk Reduction (UNISDR) succinctly encapsulates 

this relationship through the equation: “Risk = Hazard × 

Vulnerability” [40]. Vulnerability, as it pertains to existing 

settlements and their populations, is intricately connected to 

exposure, sensitivity, and adaptive capacity, as highlighted by 

the Intergovernmental Panel on Climate Change (IPCC) [1]. 

Furthermore, adaptive capacity is closely tied to resilience, 

which refers to the societal mechanisms employed to address 

risks stemming from hazards. This is characterized by the 

dynamic interplay between the impacts experienced during an 

event or in its aftermath, coping strategies, and long-term 

adaptive adjustments [18, 39]. 
Many studies focus on risk and vulnerability assessments in 

coastal environments, considering various variables based on 
different methodologies. A key approach is the Coastal 
Vulnerability Index (CVI) [41], a methodological framework 
introduced by Gornitz in 1991, which remains one of the most 
widely adopted methods in coastal risk assessments. The CVI 
encompasses seven fundamental coastal parameters: coastal 
relief (land elevation), coastal geomorphology (landform and 
topographic features), tidal range, wave height, shoreline 
displacement or change rate, relative sea-level rise, and coastal 
land subsidence. Another significant model is the Driver-
Pressure-State-Impact-Response (DPSIR) framework, 
proposed by the European Environment Agency in 1999 [42]. 
The DPSIR framework is particularly effective for identifying 
climate-induced environmental challenges and devising 
adaptive responses, especially pertinent for communities 
situated in vulnerable contexts [43]. It is noteworthy that a key 
distinction between the CVI and DPSIR frameworks lies in 
their methodological orientations: CVI predominantly 
employs a quantitative approach, whereas DPSIR generally 
adopts a qualitative lens. 
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3. METHODOLOGY 

 

This study employs an exploratory research design 

grounded in a post-positivistic paradigm, which facilitates an 

objective examination of natural phenomena through the lens 

of empirical findings and precise measurements [44, 45]. The 

research framework integrates both qualitative and 

quantitative methodologies. Specifically, a qualitative 

descriptive approach is adopted to elucidate the current 

mitigation strategies employed by communities in response to 

various disaster-related phenomena. Simultaneously, the 

quantitative aspect includes spatial data collected using a GIS-

based risk assessment approach, along with the application of 

multi-criteria decision-making technique known as the 

Analytic Hierarchy Process (AHP) [46]. 

Data collection for this research involves a combination of 

fieldwork observation, semi-structured interviews, and 

archival research methodologies to gather both primary and 

secondary data. The study focuses on four traditional coastal 

settlement within the Riau Islands, selected as case studies for 

observation and for conducting interviews with residents. The 

chosen settlements include Batu Besar and Batu Merah on 

Batam Island, Buluh on Buluh Island, and Malang Rapat on 

Bintan Island. Field observations and interviews were 

executed to scrutinize the phenomena present at the research 

sites under current conditions, thereby obtaining 

comprehensive and empirical qualitative data. Outcomes from 

these observations and interviews will be subjected to 

triangulation via thematic analysis to discern prominent 

keywords that signify key elements or criteria contributing to 

the resilience of coastal settlements [47]. 

For data analysis, ATLAS.ti software was employed, and 

subsequent criteria will be validated through AHP analysis. 

The AHP paradigm necessitates the solicitation of expert 

opinions from professionals during the focus group 

discussions (FGDs). This step is imperative to mitigate biases 

and subjectivities and to quantitatively assess the criteria of 

highest priority, which will be instrumental in formulating 

recommendations for local adaptive strategies. During the 

expert judgment phase, professionals will evaluate the 

provided criteria and their pairwise comparisons using AHP 

scale, which ranges from 1 to 9, namely: 1 = Equal importance, 

3 = Moderate importance, 5 = Strong importance, 7 = Very 

vital importance, and 9 = Extreme importance with 2, 4, 6 and 

8 representing in-between values. 

The AHP measurement process in this research is conducted 

with the involvement of five experts in architecture, urban 

planning, and disaster management. Selection criteria for 

experts in this research require a minimum of 20 years of 

professional experience in these disciplines, ensuring credible 

and reliable results [48]. 

The number is within the commonly accepted range of three 

to seven experts for multi-criteria decision-making, striking a 

balance between diverse expertise and manageable pairwise 

comparisons. Subsequently, the aggregated judgments 

resulted in a consistency ratio (CR) of 0.0946 (≤ 0.1), 

indicating an acceptable level of reliability in the findings. 

 

 

 
 

Figure 2. Hazard maps of traditional coastal settlements 
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Figure 3. Adaptive capacity maps of traditional coastal settlements 

 

 
 

Figure 4. Vulnerability maps of traditional coastal settlements 
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Figure 5. Risk maps of traditional coastal settlements 

 

 

4. FINDING AND DISCUSSION 

 

4.1 GIS-based climate change risk assessment in coastal 

settlements 

 

4.1.1 Hazard, adaptive capacity, and vulnerability assessments 

To comprehensively assess risk and develop associated 

cartographic representations, it is imperative to evaluate the 

impacts of hazards on traditional coastal settlements, as well 

as their inherent vulnerabilities and adaptive capacities. 

Interviews conducted within these communities indicate the 

prevalence of various natural hazards, including storm surges 

(typically occurring with low intensity), flash floods 

(attributable to heavy rainfall), and coastal flooding (which, 

despite its periodic nature, poses the most significant threat). 

Figure 2 illustrates hazard mapping of selected traditional 

coastal settlements within the Riau Islands of Indonesia, 

specifically Batu Besar, Batam island (a), Batu Merah, Batam 

island (b), Malang Rapat, Bintan island (c), and Buluh, Buluh 

island (d). 

Figures 3 and 4 highlight the adaptive capacities and 

vulnerability of coastal communities in these traditional 

settlements concerning disaster events, with red shading 

indicating higher risk areas and green representing safer zones. 

The maps also use green and red tones to distinguish between 

resilient and vulnerable categories. Analysis shows that 

clusters in Batu Merah and Buluh are particularly vulnerable 

due to their location closer to shorelines, making them more 

susceptible to coastal flooding and erosion from tidal waves. 

Despite these challenges, communities have developed 

adaptive capacities through local initiatives and government 

support as seen in Table 1, resulting in improved risk-reducing 

infrastructure and social assets. 

 

Table 1. Observational data on local adaptive capacities 

 
Forms / Elements Criteria 

On-ground houses 

Houses are structurally permanent 
Permanent habitation 

On-stilt houses 

Houses are structurally semi-permanent 
Adaptive habitation 

Houses and residential platforms were built 

elevated 

Accommodative 

adaptation 

A house utilizes tires around the land 

boundaries 

Seawall exists along the shore 

Protective adaptation 

Mangrove trees grow in certain areas along 

the shore; some of them were found 

damaged 

Wild grasses and fruit trees are plentiful 

around the settlement 

Ecological preservation; 

Ecological conservation; 

Protective adaptation 

Abundance of public and semi-public 

buildings, as well as open spaces to 

accommodate daily societal needs 

Infrastructural facilities; 

Public spaces 

 

4.1.2 Risk assessment 

Mitigating damage from natural disasters requires societal 

capacities that enable communities to respond effectively. Key 

elements, particularly health-related infrastructure, enhance 

adaptive capacity and resilience, reducing risks associated 

with climate-related challenges. 

Figure 5 delineates the potential risks facing each coastal 

settlement when confronted with natural hazards that may 
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escalate into local disasters. While Batu Merah and Buluh are 

identified as more vulnerable due to their proximity to the 

open sea, it is noteworthy that these areas possess a significant 

number of public or semi-public structures that could be 

repurposed as temporary evacuation centers, ultimately 

augmenting community resilience. However, the pronounced 

red shading within the risk maps underscores the insufficient 

presence of risk-reducing physical infrastructures, such as 

mangroves and seawalls, along with a sizeable population 

directly impacted by climatic changes. Governmental 

authorities must prioritize addressing these critical issues to 

safeguard the welfare of residents within these coastal 

settlements. 

 

 
 

Figure 6. Condition of houses in selected coastal settlements 

 

Moreover, it is noteworthy that a significant proportion of 

residences, irrespective of their proximity to the shoreline, are 

constructed using ephemeral materials such as fiber boards for 

wall construction, wooden planks for flooring, and wooden 

poles as structural supports (see Figure 6). In terms of recent 

coastal resilience measures, there exists an abundance of 

vegetation, particularly mangrove trees, in certain traditional 

coastal settlements. However, Batu Merah traditional coastal 

settlement is characterized by a marked scarcity or total 

absence of such vegetation and mangrove forests. 

In addition to these structural considerations, various 

households have implemented the strategic use of tires around 

their properties, which may function as protective barriers 

during flooding events, effectively helping to contain debris 

transported by aquatic currents. The field survey also 

highlighted the presence of non-residential structures. Among 

the four settlements analyzed, only two are equipped with 

nearby community health centers, necessitating that residents 

of the remaining two settlements travel considerable distances 

to access healthcare services in the event of injury during 

disasters. 

Furthermore, the presence of numerous public 

infrastructures, including educational facilities, places of 

worship, and multipurpose halls, as well as open spaces that 

can be utilized as gathering or evacuation points, exemplifies 

the architectural and planning strategies employed to enhance 

disaster resilience within these communities. These 

observations underscore the critical intersection of 

architectural design and community planning in fostering 

resilience against natural hazards. 

 

4.1.2 Interview data analysis 

Semi-structured interviews were conducted with 48 

residents from four traditional coastal settlements in the Riau 

Islands, Indonesia: Malang Rapat, Batu Merah, Batu Besar, 

and Buluh. Each settlement contributed approximately 12 

participants, aged between 21 and 72, representing a variety of 

occupations, including housewives, fishermen, and laborers. 

This interview phase followed an initial round of direct 

observation in each settlement, which informed the 

development of context-specific questions. Unlike the analysis 

of observational findings, this interview data analysis 

specifically focuses on the dimension of adaptive capacity, 

with particular attention to the role of indigenous knowledge 

in shaping community responses. This emphasis is crucial for 

uncovering and understanding the locally rooted coping 

mechanisms employed by the communities to mitigate the 

impacts of disasters. Examples include the use of traditional 

stilt-house architecture, which can be elevated to adapt to 

rising sea levels, and the inherited wisdom of interpreting 

natural signs and climatic patterns as early warning indicators. 

Some settlements maintain abundant mangrove vegetation, 

though Batu Merah is notable for its scarcity. Additionally, 

residents strategically utilize tires as protective barriers during 

floods to manage debris. 

 

Table 2. Locals’ coping mechanisms interview data 

 
Coping Mechanisms Criteria 

Help the nearest, most at-risk neighbours in evacuating to the safe place 

Cleans up surrounding settlement after the disaster 

Prepare themselves whenever the potential disaster is approaching (relocating goods, evacuating, and so on) 

Remain in their residence despite the surrounding environment getting more intense 

Sense of community; Individual 

awareness; Community resilience 

Houses nowadays were constructed with permanent structural design 

Several houses constructed along the shores are semi-permanent in structure 

Permanent habitation; Adaptive 

habitation 

Hoping local government to install and/or widen the greywater drainage canals 

Hoping local government to construct seawalls 

Hoping disaster-related agency to provide disaster mitigation physical gears (inflatable boats, warning 

sirens, and so on) 

Hoping disaster-related agency to be more responsive to help or rescue affected communities 

Government physical assistance; 

Government engagement 

Experience and memorize how natural hazards work seasonally 

Receive information on potential hazards or impending disasters 

Climatic pattern knowledge; 

Early warning system 

Preserves tree or plant endangered by climate-induced hazards 

Replanting mangroves for coastal-related disaster risk reduction 

Ecological preservation; 

Ecological conservation 

Searching alternative jobs because their main livelihood is disrupted by climatic impacts in specific months Job availability 

 

Table 2 outlines the actions that local communities have 

undertaken or should take before, during, and after a disaster 

in their area. The interview results indicate that these 

communities frequently encounter natural disasters. As a 
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result of the recurrent nature of these disasters, residents have 

learned to recognize patterns in climate variations, which aids 

them in predicting and preparing for similar hazards in the 

future. Locally, this pattern is referred to as musim angin utara 

or the north wind season, which typically occurs from 

December through February or March. During this period, 

maritime conditions can become quite perilous, compelling 

fishermen to pause their activities and heightening the risk of 

disastrous climatic events for nearby settlements. 

If a potential disaster is detected, early warning information 

from BNPB or related disaster agencies will be communicated 

to neighborhood heads, who will then relay this information to 

residents through social media group chats. This strategy is 

further enhanced by the establishment of a temporary 

community task force dedicated to assisting with the rescue 

and evacuation of affected individuals, prioritizing those most 

at risk, such as the elderly. Once the immediate impacts of the 

hazard have subsided, the community engages in collective 

cleaning efforts in their settlement, embodying the spirit of 

gotong royong, a local term for cooperation. 

In terms of vegetation, Buluh still maintains a healthy 

mangrove forest according to observations. However, 

representatives from Batu Besar report a decline in mangrove 

trees, attributed to logging for the development of beaches and 

commercial properties related to tourism. The other two 

settlements exhibit the least growth of mangrove trees in their 

vicinity. Community representatives advocate for the 

replanting of mangroves, emphasizing their potential to 

naturally and traditionally mitigate the impacts of disasters. 

 

4.2 Adaptive capacity of the coastal traditional community 

 

The adaptation initiatives to climate change among coastal 

traditional communities generally manifest through the 

interplay of human capital, social capital, and physical assets. 

Within the scope of this study, human capital is characterized 

by the community's collective knowledge regarding climate 

change and environmental sensitivity, as well as their 

competencies in spatial adaptation concerning their residential 

environments. Physical assets encompass essential facilities 

and public spaces, augmented by government-funded 

infrastructures designed to mitigate risks posed by ongoing 

disasters. The adaptive capacity of these communities is 

further bolstered by social capital, which includes the 

involvement of institutions be they governmental or local 

organizations in disseminating early warning information and 

providing counseling on disaster mitigation strategies to local 

populations. 

Figure 7 delineates the frequency of keywords derived from 

a comprehensive analysis of data gathered through 48 

interviews and four targeted field observations. These 

keywords signify the potential criteria for adaptive capacity 

that are commonly practiced by local communities residing in 

traditional coastal settlements within the Riau Islands. Notably, 

the construction of houses utilizing permanent and adaptive 

architectural designs emerges as a salient element from the 

real-time data collection. Observational findings affirm that 

settlement planning reflected in building designs, ecological 

restoration efforts (such as preservation and conservation), and 

institutional support (both physical and non-physical) plays a 

pivotal role in enhancing the resilience of existing settlements 

against climatic fluctuations, particularly those situated in 

coastal areas. 

Conversely, interviews conducted with residents regarding 

their response strategies during natural disasters revealed that 

a strong sense of community, individual awareness and a 

determined inclination to remain in their residences are the 

most frequently cited factors. These elements underscore the 

significance of communal-scale social capital in fostering the 

community’s resilience. 

 

 
 

Figure 7. Adaptive capacity tree map 
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Table 3. Indicators of adaptive capacity 

 
No. Indicators Key References 

1 Permanent habitation [20, 49] 

2 Adaptive habitation [20, 49] 

3 Accommodative adaptation [17, 49, 50] 

4 Protective adaptation [17, 20, 50] 

5 Ecological preservation [20] 

6 Ecological conservation [20, 51, 52] 

7 Infrastructural facilities [50, 51] 

8 Public spaces [53] 

9 Sense of community [20, 50, 51, 53] 

10 Individual awareness [20, 51, 53] 

11 Community resilience [50, 51, 53] 

12 Climatic pattern knowledge [17, 20, 50, 51] 

13 Job availability [20, 50-52] 

14 Government engagement [20, 50, 51, 53] 

15 Government physical assistance [20, 50, 51] 

16 Early warning system [20] 

 

The adaptive capacity of local communities inhabiting 

coastal settlements was empirically assessed through the 

aforementioned observational and interview phases. By 

triangulating the collected observational and interview data via 

thematic analysis, 16 indicators of adaptive capacity were 

identified, as outlined in Table 3. These indicators will 

subsequently serve as criteria for evaluation through the 

Analytic Hierarchy Process (AHP) analysis. 

 

4.3 Local adaptive strategies for coastal community and 

settlement resilience 

 

The indicators of adaptive capacity have been meticulously 

identified for analysis. The Analytic Hierarchy Process (AHP) 

was employed, engaging a panel of five experts to prioritize 

these indicators effectively. The identified indicators are 

coded as follows: 1 = Permanent habitation; 2 = Adaptive 

habitation; 3 = Accommodative adaptation; 4 = Protective 

adaptation; 5 = Ecological preservation; 6 = Ecological 

conservation; 7 = Infrastructural facilities; 8 = Public spaces; 

9 = Sense of community; 10=Individual awareness; 11 = 

Community resilience; 12 = Climatic pattern knowledge; 13 = 

Job availability; 14 = Government engagement; 15 = 

Government physical assistance; and 16 = Early warning 

system. 

As noted, the 16 generated indicators will undergo rigorous 

pairwise comparisons, resulting in 120 evaluations aimed at 

establishing the relative priority of each indicator based on the 

experts' assessments. Figure 8 illustrates the mean outcomes 

of the AHP results with a principal eigenvalue (λ) of 18.2694 

and a consistency ratio (CR) of 9.46% (0.0946). Notably, a CR 

value of ≤ 0.1 or 10% indicates that the judgments made are 

consistent, validating their acceptability for subsequent 

analyses. Once expert judgments have been rendered and 

deemed consistent, weight values for each parameter will be 

computed to determine the highest priorities. The results of 

this computation are detailed in Table 4. 

 

 
 

Figure 8. AHP results 

 

Table 4 outlines the weights assigned to each criterion, 

thereby facilitating a comprehensive understanding of the 

priority strength in the context of adaptive capacity indicators. 

The results of the priority calculation indicate that the early 

warning system is regarded as the most crucial indicator for 

implementing strategies tailored to the needs of traditional 

communities inhabiting coastal regions. Conversely, 

government engagement emerges as the least significant 

indicator. The low priority value of it reflects two 

interconnected factors, namely the community’s long-standing 

reliance on internal social capital and self-organized coping 

mechanisms, and the perception that government involvement 

tends to be reactive and limited to post-disaster assistance 

rather than continuous engagement. These findings align with 

interview data showing that residents often depend more on 

communal support networks than institutional presence during 

disaster events. 

While all aspects or indicators should be considered, it is 

essential to identify relevant indicators within a context-

specific framework to guide prioritization efforts for 

communities. The Analytic Hierarchy Process (AHP) has been 

rigorously applied to minimize biases, allowing for the 
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extraction of the ten most critical indicators from a total of 

sixteen. This focuses on the development of adaptive strategies 

for these communities. 

 

Table 4. Priority of adaptive capacity indicators 

 
No. Criteria (Indicators) Weight (Priority) 

1 Permanent habitation 5.92% 

2 Adaptive habitation 9.60% 

3 Accommodative adaptation 8.76% 

4 Protective adaptation 7.52% 

5 Ecological preservation 2.98% 

6 Ecological conservation 5.94% 

7 Infrastructural facilities 4.38% 

8 Public spaces 4.90% 

9 Sense of community 5.94% 

10 Individual awareness 5.70% 

11 Community resilience 4.90% 

12 Climatic pattern knowledge 6.00% 

13 Job availability 6.26% 

14 Government engagement 2.96% 

15 Government physical assistance 6.32% 

16 Early warning system 11.98% 

 

Table 5. Adaptive strategy priority strength 

 
Strategies Priority Rank 

Early warning system 11.98% 1 

Adaptive habitation 9.60% 2 

Accommodative adaptation 8.76% 3 

Protective adaptation 7.52% 4 

Government physical assistance 6.32% 5 

Job availability 6.26% 6 

Climatic pattern knowledge 6.00% 7 

Ecological conservation 5.94% 8 

Sense of community 5.94% 9 

Permanent habitation 5.92% 10 

 

Table 5 outlines the ten adaptive capacity indicators that 

have been prioritized for developing effective strategies to 

enhance the resilience of traditional coastal settlements. The 

early warning system emerges as the most crucial strategy for 

adapting to disaster-prone environments, particularly in 

coastal regions. This system can be efficiently implemented by 

disseminating precautionary announcements from relevant 

agencies to local communities through various channels, 

including online news platforms, social media group chats, 

megaphones, and direct interpersonal communication [20]. 

The adaptive capacity of architecture involves two key 

indicators: adaptive habitation and permanent habitation. 

Coastal houses are particularly vulnerable to climate impacts, 

leading to the deterioration of specific architectural features. 

To address this, a semi-permanent architectural approach 

using modular components is recommended for easy repairs. 

In contrast, permanent habitation relies on durable materials 

but is often located farther from the coast, indicating a retreat 

response rather than true adaptability. Collaboration between 

local communities and government entities is essential to 

promote adaptive strategies, especially as coastal climates 

grow more hostile over time. 

The other two are adaptation responses within traditional 

coastal communities, encompassing structural approaches 

manifested through accommodation and protection. 

Accommodative adaptation, characterized as an adaptive 

strategy predominantly employed by local inhabitants, entails 

the structural renovation exemplified by the construction of 

stilted buildings. Conversely, the protective adaptation 

strategy involves the implementation of external 

infrastructures, such as the installation of seawalls (a man-

made intervention) and the reforestation of mangroves (a 

natural and traditional practice). Both accommodative and 

protective responses play a pivotal role in mitigating the 

impacts of disasters, particularly in terms of preventing 

floodwater ingress into homes and alleviating the detrimental 

effects of tidal waves, including structural erosion and 

property damage, as underscored by the findings of this study. 

While traditional communities demonstrate resilience 

through long-standing practices, enhancing adaptive capacity 

necessitates robust institutional support. Governmental 

assistance is a critical component in the effective deployment 

of adaptive strategies. The support should predominantly 

focus on the establishment of risk-reducing and essential 

facilities, as there exists a plethora of public spaces that could 

be repurposed as disaster shelters for those affected by 

disasters [53]. Within a coastal geographical context, risk-

reducing facilities may consist of seawalls and the provision 

of disaster preparedness equipment, including inflatable boats, 

first aid kits, emergency rations, and other pertinent 

emergency apparatus. In tandem, critical facilities would 

encompass community health centers and evacuation shelters. 

Furthermore, ecological restoration emerges as a 

fundamental approach in operationalizing a resilient social-

ecological system. To ensure the sustainability of coastal 

settlements, it is imperative to encourage the conservation of 

locally available ecological resources. The preceding analysis 

posits ecological conservation as a more significant adaptive 

strategy than mere ecological preservation. This emphasis 

arises from the understanding that ecological conservation not 

only promotes the safeguarding of existing natural resources 

but also fosters the utilization of these resources to stabilize 

ecosystem services and mitigate disastrous impacts on 

settlements. Strategies such as sustainable agricultural 

practices and mangrove reforestation exemplify this duality of 

conservation and active resource management [20, 51, 52]. 

Job availability serves as a critical indicator in the 

implementation of adaptive strategies for traditional coastal 

communities. It is widely recognized that the rate of climate 

change is escalating over time, resulting in increasingly hostile 

environmental conditions. This climatic extremity 

significantly undermines the economic activities of 

community members, particularly affecting fishermen in 

coastal regions who face disruptions from December to 

February due to intense tidal waves. Potential adaptive 

solutions to these challenges include cultivating crops within 

residential zones and pursuing alternative sources of income, 

such as labor, trade, or employment related to tourism, 

irrespective of gender [51, 52]. However, for these solutions 

to be effectively realized, responsive cooperation between 

communities, especially affected individuals and relevant 

stakeholders, is essential to ensure knowledge mastery and job 

availability. 

The emphasis on understanding climatic patterns as a high-

priority adaptive strategy for enhancing the resilience of 

coastal settlements underscores the importance of knowledge 

in identifying and predicting natural hazards. Findings from 

this study indicate that coastal communities possess an 

intimate understanding of the climatic patterns of their 

environment, locally referring to the seasonal phenomenon of 

rising sea levels as musim angin utara, which typically occurs 

from early December to late February. In coastal settlements 

that are geographically isolated from urban centers and subject 
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to minimal institutional oversight, it is imperative to preserve 

and transmit this local knowledge to younger generations. 

Such preservation is critical for ensuring their safety through 

early disaster mitigation preparations, particularly for 

vulnerable groups such as fishermen and the elderly. 

Moreover, the sense of community constitutes an essential 

adaptive strategy linked to social capital. Interview outcomes 

reveal that coastal communities exhibit robust communal 

relationships before, during, and after disasters. For example, 

neighbors help one another evacuate during natural hazards, 

assist in relocation during coastal flooding, and engage in 

collective clean-up efforts following disasters. This high-

priority indicator aligns with several global studies that 

emphasize the significance of social capital in shaping the 

resilience of both settlements and their communities [50, 51, 

53]. Accordingly, the government must prioritize the social 

capital of existing coastal settlements to enhance their 

resilience and strengthen the relationships between local 

communities and governing bodies. 

Figure 9 illustrates the causal relationships associated with 

challenges faced by selected traditional coastal settlements 

through the DPSIR (Driving Forces-Pressures-State-Impacts-

Responses). In summary, climate change is an ongoing 

phenomenon characterized by an accelerating rate of impacts. 

Many of the selected traditional coastal settlements are 

deficient in physical infrastructure and assets necessary for 

mitigating disaster risks. Furthermore, community 

representatives have indicated that mangrove deforestation has 

occurred during the developmental phases of these settlements, 

thereby undermining regional biodiversity and diminishing 

both community and settlement resilience. 

 

 
 

Figure 9. DPSIR framework as adaptive strategy of traditional coastal settlements 

 

To address these complex challenges, affected communities 

and local governments need to implement adaptive strategies. 

Strengthening cohesive social relationships, along with other 

adaptive measures such as the integration of collective 

knowledge, technological innovations, sustainable ecological 

conservation practices, and timely notifications from relevant 

governmental agencies regarding potential natural hazards, 

will significantly enhance local adaptability to the coastal 

environment. This enhancement is vital, given the intrinsic 

risks associated with residing in such vulnerable areas. 
 
 

5. CONCLUSIONS 
 

The findings underscore the profound and imminent threats 

posed by climate change to societies globally, with particular 

emphasis on traditional coastal settlements. These 

communities demonstrate a remarkable capacity to utilize 

indigenous knowledge to mitigate the adverse effects of 

climatic shifts. While they have relied on traditional practices 

for generations, it is evident that a significant number of these 

communities are increasingly integrating contemporary 

scientific knowledge and technologies with their traditional 

frameworks. This integration enhances both individual and 

communal resilience, bolstering the stability of their 

settlements and the surrounding coastal ecosystems. 

This study highlights that communities in traditional coastal 

settlements of the Riau Islands, Indonesia, are integrating 

modern technology into their practices and showing robust 

social networks and collective action against disaster risks. 

However, insufficient institutional support and ongoing 

mangrove deforestation threaten their resilience. To tackle 

these challenges, the authors have developed a climate change-

related DPSIR framework that serves as an adaptive strategy 

for local or regional authorities. The framework aims to 

enhance the resilience of existing traditional coastal 

settlements. 

In summary, governmental bodies must focus on addressing 

these specific challenges with tailored strategies that are 

suitable for coastal environments, thereby ensuring the long-

term resilience of these settlements. The proposed adaptive 

strategies include: the establishment of an early warning 

system, adaptive habitation designs, both permanent and 

flexible retreat strategies, government-assisted infrastructure 

development, enhanced job opportunities, increased 

awareness of climatic patterns, ecological conservation efforts, 

and fostering a strong sense of community. 

This study offers valuable insights for local governance 

while contributing to the broader discourse on adaptive 

capacity in coastal settlements, which is relevant for both 

practitioners and researchers on a global scale. It is important 

to note the limitations of the study, as it centers on the domain 
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of adaptive capacity without conducting a rigorous 

quantitative geographic assessment of the islands, such as 

Coastal Vulnerability Index (CVI) evaluations. Future 

research should assess the vulnerability of these islands and 

specific settlements using more rigorous quantitative 

geographic data to implement essential adaptive strategies, 

thereby supporting a sustainable social-ecological system in 

coastal regions. 
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