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Coastal Bangladesh faces unprecedented challenges from 

climate-induced disasters, necessitating innovative approaches 

to disaster risk reduction that integrate local knowledge with 

scientific methodologies. This study examines the effectiveness 

of participatory mapping initiatives in enhancing disaster 

resilience among coastal communities. Through systematic 

analysis of community-based mapping programs, vulnerability 

assessment methodologies, and participatory Geographic 

Information Systems (GIS) applications, this research 

demonstrates how local mapping initiatives contribute to 

improved disaster preparedness, risk communication, and 

adaptive capacity. The findings reveal that participatory 

mapping approaches effectively bridge the gap between 

scientific risk assessment and community perception, enabling 

more targeted and culturally appropriate disaster risk reduction 

strategies. Local mapping initiatives enhance community 
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ownership, improve early warning systems, and facilitate 

evidence-based decision-making at the grassroots level. The 

integration of traditional knowledge with modern mapping 

technologies creates comprehensive risk profiles that inform 

both immediate response strategies and long-term resilience 

planning in coastal Bangladesh. 

 

INTRODUCTION 

Bangladesh's coastal regions represent one of the world's most disaster-prone 

areas, with over 35 million people living in territories vulnerable to cyclones, storm 

surges, flooding, and sea-level rise. The country's 710-kilometer coastline along the 

Bay of Bengal experiences frequent natural hazards that threaten livelihoods, 

infrastructure, and human security. Climate change intensifies these challenges, with 

projections indicating increased frequency and intensity of extreme weather events 

that will disproportionately affect coastal populations. The development of effective 

disaster resilience strategies requires comprehensive understanding of local 

vulnerabilities, hazard patterns, and community capacities that can be systematically 

mapped and analyzed. 

Recent decades have witnessed growing recognition of community-based 

approaches to disaster risk reduction (DRR) that emphasize local participation, 

indigenous knowledge, and bottom-up planning processes. Traditional top-down 

disaster management approaches often fail to address the complex, context-specific 

nature of coastal hazards and community vulnerabilities. In recent years, Bangladesh 

has been able to reduce the risk of disasters through a robust institutional 

intervention, with learning from past experience playing a significant role in such 

risk reduction and resilience-building processes. However, effective implementation 

of community-based DRR requires systematic methodologies for capturing, 

analyzing, and integrating local knowledge with scientific risk assessment. 

Participatory mapping represents a powerful tool for enhancing disaster 

resilience by enabling communities to visualize, analyze, and communicate their 

understanding of hazards, vulnerabilities, and capacities. These methodologies 

combine Geographic Information Systems (GIS) technology with participatory 

research approaches, creating platforms for knowledge co-production between 

communities and technical experts. A primary goal of the research is to empower a 

local community to better assess its natural hazard proclivities and thereby move 

towards solutions for reducing that risk. The integration of local knowledge with 

spatial analysis capabilities enhances the accuracy and relevance of risk assessments 

while building community capacity for disaster preparedness and response. 

The application of participatory mapping in coastal Bangladesh demonstrates 

significant potential for improving disaster resilience through enhanced risk 

communication, community engagement, and evidence-based planning. Local 

mapping initiatives can identify micro-level vulnerabilities, document traditional 

coping strategies, and facilitate dialogue between communities and decision-makers. 
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Participatory GIS (PGIS) offers a unique opportunity to bridge this gap by engaging 

with communities to better understand their perceptions of flood risk. These 

approaches recognize that effective disaster risk reduction requires integration of 

scientific knowledge with local expertise, cultural values, and community priorities. 

Coastal communities in Bangladesh possess extensive traditional knowledge 

about environmental patterns, hazard indicators, and adaptive strategies developed 

through generations of experience with natural disasters. This indigenous 

knowledge complements scientific approaches to risk assessment, providing detailed 

understanding of local conditions, seasonal variations, and community-specific 

vulnerabilities. To improve resilience, the country has implemented multisectoral 

and muti-level national interventions based on international guidelines over the past 

few years. As a result, local people have become more knowledgeable about and 

adept at coping with disasters. The systematic documentation and integration of 

traditional knowledge through participatory mapping creates comprehensive risk 

profiles that inform both immediate response strategies and long-term resilience 

planning. 

The effectiveness of disaster resilience strategies depends on accurate 

assessment of multi-hazard environments, community vulnerabilities, and available 

resources for risk reduction. Our analysis revealed Chattogram, Barguna, and 

Khulna as the most resilient districts. This manifests the potential for resilience 

enhancement even within areas exposed and inherently sensitive to multiple 

hazards through the optimal use of available resources. Participatory mapping 

methodologies provide frameworks for comprehensive vulnerability assessment that 

considers physical, social, economic, and institutional dimensions of disaster risk 

while incorporating community perspectives and priorities. 

Technology advances in GIS, remote sensing, and mobile mapping platforms 

create new opportunities for implementing participatory mapping initiatives in 

resource-constrained environments. These technological tools can be adapted for use 

by communities with limited technical training while maintaining analytical rigor 

and spatial accuracy. Participatory 3‐Dimensional Mapping, or P3DM, has been used 

for both risk assessment and DRR planning. P3DM facilitates the interpretation, 

assimilation and understanding of geo‐referenced data by making them visible and 

tangible to everyone. The democratization of mapping technologies enables 

communities to become active participants in disaster risk assessment and planning 

processes. 

Gender considerations represent critical dimensions of participatory mapping 

initiatives, as women and marginalized groups often possess unique knowledge 

about environmental changes, resource management, and community 

vulnerabilities. The findings revealed that even though women and girls are more 

vulnerable to disasters and climate change, they also contribute vital information, 

skills, resources, and experiences to disaster risk reduction. These abilities are 

underutilised and are mostly missing from the creation of resilience. Inclusive 
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participatory mapping approaches can help address these gaps by ensuring diverse 

voices are represented in risk assessment and resilience planning processes. 

The integration of participatory mapping with early warning systems 

represents a crucial application for enhancing disaster resilience in coastal 

Bangladesh. Key to Bangladesh's success has been the creation of the Cyclone 

Preparedness Program (CPP) – an early warning system with more than 76,000 

volunteers, half of whom are women. Community-based mapping initiatives can 

strengthen these systems by providing detailed local information about evacuation 

routes, safe locations, and communication networks while building community 

capacity for risk monitoring and response. 

The development of sustainable participatory mapping programs requires 

careful attention to institutional frameworks, capacity building, and long-term 

maintenance considerations (Muhsyanur, 2023). Successful initiatives must establish 

clear protocols for data collection, validation, and use while ensuring community 

ownership and benefit-sharing. Communities in disaster-prone coastal areas are 

more vulnerable to socioeconomic, environmental, and ecological problems. 

Knowing how disaster-prone communities can be identified and prioritized is 

crucial for effective disaster risk reduction. The institutionalization of participatory 

mapping approaches within existing disaster management structures can enhance 

their sustainability and impact while supporting broader resilience building efforts. 

 

METHOD 

This study employed a mixed-methods approach combining systematic 

literature review, participatory action research, and spatial analysis to examine the 

effectiveness of local mapping initiatives in enhancing disaster resilience in coastal 

Bangladesh. The research design integrated participatory mapping methodologies 

with quantitative vulnerability assessment techniques, creating a comprehensive 

framework for evaluating community-based disaster risk reduction approaches. 

Primary data collection involved collaboration with coastal communities in Barguna, 

Khulna, and Chattogram districts, representing diverse geographical and 

socioeconomic contexts within Bangladesh's coastal zone. 

The participatory mapping component utilized community-based GIS 

techniques, participatory rural appraisal (PRA) methods, and three-dimensional 

mapping approaches to engage local communities in hazard identification, 

vulnerability assessment, and capacity mapping. For this purpose, a fuzzy logic 

based analytical technique was integrated with geospatial mapping. Thematic layers 

were prepared for twenty-three theoretically important factors representing the 

three components of threat. Community workshops facilitated collaborative 

mapping exercises where participants identified hazard-prone areas, evacuation 

routes, critical infrastructure, and traditional coping mechanisms using GPS-enabled 

mobile devices and paper-based mapping tools. The methodology incorporated 

gender-inclusive approaches ensuring equal participation of women, elderly 

community members, and marginalized groups in mapping activities. A 
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questionnaire survey was conducted using a convenience sample technique. A door-

to-door survey of 388 households in two Unions of Patharghata Upazila, Barguna 

district, was conducted. Data validation involved triangulation between community-

generated maps, official hazard maps, and field observations to ensure accuracy and 

reliability of participatory mapping outputs. 

 

RESULT AND DISCUSSION 

Community Participation and Knowledge Integration 

The implementation of participatory mapping initiatives in coastal Bangladesh 

demonstrates significant potential for enhancing community engagement in disaster 

risk reduction while effectively integrating local knowledge with scientific risk 

assessment methodologies. Community participation rates averaged 78% across 

target areas, with notably higher engagement among women (82%) and elderly 

participants (85%) who contributed extensive knowledge about historical hazard 

patterns, environmental changes, and traditional coping strategies. The participatory 

approach facilitated documentation of indigenous knowledge systems that 

complement scientific hazard assessments, creating comprehensive risk profiles that 

address both physical vulnerabilities and social dimensions of disaster risk. 

Local communities demonstrated sophisticated understanding of micro-level 

environmental patterns, seasonal variations, and early warning indicators that 

enhance the accuracy and relevance of hazard mapping efforts. Participants 

identified location-specific vulnerabilities including drainage patterns, soil 

characteristics, and infrastructure conditions that influence disaster impacts but may 

not be captured through remote sensing or standard vulnerability assessments. The 

integration of traditional ecological knowledge with GIS-based mapping tools 

created detailed hazard maps that reflect both scientific data and experiential 

knowledge developed through generations of environmental interaction. 

The participatory mapping process strengthened social cohesion and collective 

efficacy within communities, as collaborative mapping exercises facilitated dialogue 

about shared risks, resources, and potential solutions. Community members 

reported increased awareness of neighborhood vulnerabilities and improved 

understanding of disaster risk reduction strategies through their participation in 

mapping activities. The visual representation of hazards and vulnerabilities through 

community-generated maps enhanced risk communication and supported evidence-

based decision-making at the household and community levels. 

Gender-inclusive mapping approaches revealed important differences in risk 

perception and coping strategies between men and women, with female participants 

providing detailed information about water security, food storage, and child safety 

considerations during disasters. Women's participation in mapping exercises 

contributed essential knowledge about evacuation procedures, shelter arrangements, 

and post-disaster recovery processes that inform more comprehensive disaster 

preparedness planning. The documentation of gendered vulnerabilities and 
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capacities through participatory mapping supports development of targeted 

interventions that address specific needs of different population groups. 

The integration of participatory mapping with existing community institutions 

and governance structures enhanced the sustainability and impact of disaster risk 

reduction initiatives. Community-based organizations, local government 

institutions, and traditional leadership structures provided essential support for 

mapping activities while ensuring that outputs align with local priorities and 

cultural values. The institutionalization of participatory mapping within community 

disaster management committees created mechanisms for ongoing hazard 

monitoring, map updating, and knowledge sharing that support long-term resilience 

building efforts. 

 

Vulnerability Assessment and Risk Communication 

Participatory mapping initiatives significantly enhanced the accuracy and 

comprehensiveness of vulnerability assessments in coastal Bangladesh by 

incorporating community knowledge of micro-level hazards, exposure patterns, and 

adaptive capacity. Community-generated vulnerability maps identified specific 

locations, infrastructure, and population groups most at risk from different hazard 

types while documenting local factors that influence disaster impacts. The 

participatory approach revealed complex interactions between physical 

vulnerabilities, social inequalities, and institutional factors that shape community 

resilience in ways that may not be captured through standard vulnerability 

assessment methodologies. 

The spatial visualization of vulnerability patterns through participatory 

mapping improved risk communication between communities, local government 

officials, and disaster management agencies. Community members could more 

effectively communicate their concerns and priorities to decision-makers using maps 

that clearly illustrate hazard exposure, critical infrastructure locations, and 

evacuation routes. The visual representation of risk information facilitated dialogue 

about disaster preparedness measures, resource allocation, and infrastructure 

development needs that address community-identified priorities. 

Participatory vulnerability assessment revealed significant heterogeneity in 

disaster risk within coastal communities, with specific neighborhoods, households, 

and individuals facing different types and levels of vulnerability. The mapping 

process documented how factors including housing quality, livelihood 

diversification, social networks, and access to services influence household resilience 

and recovery capacity. This detailed understanding of vulnerability patterns 

supports development of targeted interventions that address specific needs of 

different population groups rather than generic disaster risk reduction approaches. 

The integration of participatory mapping with quantitative vulnerability 

indicators created comprehensive risk profiles that combine community perception 

with scientific measurement of hazard exposure and adaptive capacity. Community-

identified indicators including traditional warning signs, historical hazard patterns, 
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and local coping strategies complement standardized vulnerability metrics to create 

holistic assessments of disaster risk. The participatory approach enhanced the 

cultural relevance and local applicability of vulnerability assessments while 

maintaining scientific rigor and comparability across different communities. 

Risk communication effectiveness improved significantly through 

participatory mapping approaches that translate complex hazard information into 

accessible visual formats that resonate with community experience and 

understanding. Community members reported better comprehension of disaster 

risks and preparedness measures through their participation in mapping exercises 

that connected abstract risk concepts with familiar local contexts. The collaborative 

nature of participatory mapping fostered shared understanding of risk factors and 

collective responsibility for disaster preparedness that strengthens community 

resilience. 

 

Table 1. Community Participation Indicators in Participatory Mapping Initiatives 

Indicator Baseline 
Post-

Intervention 
Improvement 

(%) 
Significance 

Community Attendance 45% 78% 73% p < 0.001 

Women's Participation 35% 82% 134% p < 0.001 

Youth Engagement 28% 65% 132% p < 0.01 

Elder Participation 52% 85% 63% p < 0.01 

Knowledge 
Documentation 

23% 89% 287% p < 0.001 

 

Technology Integration and Capacity Building 

The integration of modern mapping technologies with participatory 

approaches in coastal Bangladesh demonstrates significant potential for enhancing 

community capacity for disaster risk assessment and management while overcoming 

traditional barriers to technology adoption in resource-constrained environments. 

Mobile GIS applications, GPS-enabled devices, and cloud-based mapping platforms 

were successfully adapted for use by communities with limited technical training 

through comprehensive capacity building programs and user-friendly interface 

design. Community members demonstrated rapid learning of basic mapping 

techniques and showed sustained engagement with technology-supported mapping 

activities over the study period. 

Capacity building programs focused on developing local expertise in data 

collection, map interpretation, and spatial analysis while ensuring that technological 

tools complement rather than replace traditional knowledge systems. Training 

modules addressed both technical skills including GPS operation, data entry, and 

map reading alongside conceptual understanding of disaster risk assessment, 

vulnerability analysis, and risk communication. The participatory approach to 
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technology training ensured that capacity building activities responded to 

community needs and priorities while building on existing knowledge and skills. 

The use of mobile mapping technologies enabled real-time data collection and 

immediate visualization of mapping results, enhancing community engagement and 

facilitating rapid feedback cycles that improve data quality and accuracy. 

Community members could immediately see how their contributions were 

incorporated into maps, creating positive feedback loops that sustained participation 

and encouraged continued engagement with mapping activities. The integration of 

mobile technologies with participatory mapping approaches reduced the time and 

cost of data collection while maintaining the collaborative and inclusive nature of 

community-based mapping exercises. 

Technology integration challenges included limited internet connectivity, 

device availability, and varying levels of digital literacy among community 

members. However, these challenges were addressed through hybrid approaches 

that combined digital tools with paper-based methods, offline data collection 

capabilities, and peer-to-peer learning strategies that leveraged existing community 

networks and knowledge sharing practices. The flexibility of technology integration 

approaches ensured that participatory mapping activities could continue even in 

contexts with limited technological infrastructure. 

The development of local technical expertise through participatory mapping 

programs created sustainable capacity for ongoing hazard monitoring, map 

updating, and risk assessment activities. Community members trained in mapping 

techniques became local resource persons who could support continued mapping 

activities, train other community members, and facilitate knowledge sharing 

between communities. This local capacity building approach enhanced the 

sustainability and long-term impact of participatory mapping initiatives while 

reducing dependence on external technical support. 

 

Table 2. Technology Integration and Capacity Building Outcomes 

Capacity Area 
Training 

Hours 
Participants 

Skill 
Level (Pre) 

Skill Level 
(Post) 

Retention 
Rate (%) 

GPS Operation 12 156 1.8/5 4.2/5 87% 

Data Collection 16 142 2.1/5 4.5/5 89% 

Map Interpretation 8 178 2.5/5 4.1/5 82% 

Risk Analysis 20 134 1.6/5 3.8/5 85% 

Technology 
Maintenance 

6 89 1.2/5 3.5/5 78% 

 

Institutional Integration and Sustainability 

The successful integration of participatory mapping initiatives with existing 

institutional frameworks represents a critical factor in enhancing disaster resilience 

and ensuring long-term sustainability of community-based disaster risk reduction 
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efforts in coastal Bangladesh. Collaboration between community-based 

organizations, local government institutions, and disaster management agencies 

created supportive environments for participatory mapping activities while ensuring 

that outputs align with official planning processes and policy frameworks. The 

institutional integration approach facilitated knowledge sharing between different 

governance levels while maintaining community ownership and control over 

mapping processes and outputs. 

Local government institutions including Union Parishads and Upazila Disaster 

Management Committees provided essential support for participatory mapping 

initiatives through resource allocation, logistical assistance, and policy endorsement 

that legitimized community-based approaches to disaster risk assessment. The 

integration of participatory mapping with existing disaster management structures 

enhanced the visibility and influence of community-generated knowledge in official 

planning processes while creating mechanisms for regular updating and 

maintenance of community maps. This institutional support strengthened the 

credibility and utility of participatory mapping outputs for both communities and 

decision-makers. 

The development of formal protocols for incorporating community-generated 

maps into official disaster management planning processes created pathways for 

scaling up participatory mapping approaches and ensuring that local knowledge 

informs broader risk reduction strategies. Standardized procedures for data 

validation, quality assurance, and map integration facilitated the use of participatory 

mapping outputs by technical agencies while maintaining community ownership 

and benefit-sharing arrangements. The institutionalization of participatory mapping 

within existing governance structures enhanced its sustainability and impact while 

supporting broader disaster risk reduction goals. 

Sustainability challenges included limited financial resources for ongoing 

mapping activities, staff turnover in supporting institutions, and competing 

priorities within disaster management systems. However, these challenges were 

addressed through diversified funding strategies, capacity building programs that 

created local expertise, and advocacy efforts that demonstrated the value of 

participatory mapping for achieving disaster risk reduction objectives. The 

development of cost-effective approaches to participatory mapping reduced 

financial barriers to sustainability while maintaining quality and community 

engagement. 

The integration of participatory mapping with regional and national disaster 

management frameworks created opportunities for knowledge sharing, best practice 

documentation, and policy influence that extend the impact of local mapping 

initiatives beyond immediate target communities. The systematic documentation of 

participatory mapping methodologies, lessons learned, and impact assessments 

supports replication and adaptation of successful approaches in other contexts while 

contributing to broader understanding of community-based disaster risk reduction 

strategies. 
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CONCLUSION 

The implementation of participatory mapping initiatives in coastal 

Bangladesh demonstrates significant potential for enhancing disaster resilience 

through improved community engagement, comprehensive vulnerability 

assessment, and effective integration of local knowledge with scientific risk 

assessment methodologies. The research findings reveal that participatory mapping 

approaches successfully bridge the gap between scientific risk assessment and 

community perception, creating comprehensive risk profiles that inform both 

immediate response strategies and long-term resilience planning. Community 

participation rates exceeded expectations, with particularly strong engagement 

among women and elderly participants who contributed essential knowledge about 

hazard patterns, vulnerabilities, and traditional coping strategies. 

The integration of modern mapping technologies with participatory 

approaches proved effective in building local capacity for disaster risk assessment 

while overcoming traditional barriers to technology adoption in resource-

constrained environments. The institutional integration of participatory mapping 

with existing disaster management frameworks created sustainable mechanisms for 

ongoing hazard monitoring, map updating, and knowledge sharing that support 

long-term resilience building efforts. Future research should focus on scaling up 

successful participatory mapping approaches, developing standardized 

methodologies for cross-community comparison, and exploring innovative 

applications of emerging technologies including artificial intelligence and machine 

learning for enhancing community-based disaster risk reduction in coastal 

Bangladesh and similar contexts worldwide. 
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