The Sankalpa: International Journal of Management Decisions "SANKALPA
International Journal of

ISSN 2454-7425 Management Decisions
Volume 12, Issue 1 (January - June 2026) G

Assessing the Vulnerability of Coastal Communities to Tsunami Hazards: A
GIS-based Approach

Dr. Arjun R. Menon
Centre for Disaster Mitigation and Management
Indian Institute of Technology Roorkee
Roorkee, Uttarakhand, India

Abstract

Assessing the vulnerability of coastal communities to tsunami hazards is essential for effective
disaster preparedness and risk reduction efforts Geographic Information Systems (GIS)-based
approach to evaluate the vulnerability of coastal areas to tsunamis, integrating spatial data on
population density, land use, elevation, and tsunami inundation zones. By analyzing these
spatial variables, we identify areas with high population exposure, critical infrastructure, and
natural features susceptible to tsunami impact. Additionally, the GIS-based approach enables
the identification of evacuation routes, safe zones, and areas requiring priority interventions to
enhance community resilience. Case studies in vulnerable coastal regions demonstrate the
applicability and effectiveness of the proposed methodology for assessing tsunami
vulnerability and informing disaster management strategies. the advancement of GIS-based
tools for tsunami risk assessment and supports decision-making processes aimed at reducing
the impacts of tsunamis on coastal communities.

keywords Tsunami hazards, Vulnerability assessment, Coastal communities, Geographic
Information Systems (GIS)

Introduction

Coastal communities around the world are particularly vulnerable to natural hazards, including
tsunamis, which can result in devastating impacts on lives, property, and infrastructure.
Assessing the vulnerability of these communities to tsunami hazards is crucial for effective
disaster preparedness, risk reduction, and emergency response planning. Geographic
Information Systems (GIS) provide valuable tools for analyzing spatial data and evaluating the
vulnerability of coastal areas to tsunamis. This study proposes a GIS-based approach to assess
the vulnerability of coastal communities to tsunami hazards. By integrating spatial data on
population density, land use, elevation, and tsunami inundation zones, we aim to identify areas
at high risk of tsunami impact and prioritize interventions to enhance community resilience.
The GIS-based approach enables the visualization, analysis, and interpretation of spatial data,
facilitating the identification of vulnerable areas and critical infrastructure. The use of GIS
allows for the identification of evacuation routes, safe zones, and areas requiring priority
interventions in the event of a tsunami. By analyzing spatial variables such as population
exposure, infrastructure vulnerability, and natural features susceptible to tsunami impact, we
can develop comprehensive strategies for disaster management and emergency response. Case
studies in vulnerable coastal regions will demonstrate the applicability and effectiveness of the
proposed GIS-based methodology for assessing tsunami vulnerability. Through the integration
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of spatial analysis techniques and decision support tools, this research aims to support decision-
making processes and inform policy interventions aimed at reducing the impacts of tsunamis
on coastal communities.

Coastal Vulnerability to Tsunami Hazards

Coastal areas are inherently vulnerable to natural hazards, and tsunamis pose significant risks
to coastal communities worldwide. Tsunamis, often triggered by undersea earthquakes,
volcanic eruptions, or landslides, can unleash powerful waves that inundate coastal areas,
causing widespread destruction and loss of life. Understanding the vulnerability of coastal
regions to tsunami hazards is crucial for effective disaster preparedness, mitigation, and
resilience-building efforts. the coastal vulnerability to tsunami hazards. Coastal vulnerability
encompasses various factors, including geographic location, coastal topography, population
density, infrastructure exposure, and environmental sensitivity. Vulnerable coastal areas are
characterized by high population density, inadequate infrastructure, low-lying topography, and
limited evacuation routes, increasing the potential for catastrophic impacts in the event of a
tsunami. Assessing coastal vulnerability involves analyzing spatial data, such as elevation
models, population distribution, land use patterns, and tsunami inundation zones, to identify
areas at high risk of tsunami impact. Geographic Information Systems (GIS) play a crucial role
in integrating and analyzing these spatial data layers, enabling policymakers, emergency
managers, and researchers to visualize and assess coastal vulnerability -effectively.
Understanding coastal vulnerability to tsunami hazards informs risk reduction strategies,
evacuation planning, land use policies, and infrastructure investments aimed at enhancing
coastal resilience. By identifying vulnerable areas and prioritizing interventions, coastal
communities can better prepare for and mitigate the impacts of tsunamis, ultimately saving
lives and reducing the socio-economic losses associated with these catastrophic events.

Factors Contributing to Coastal Vulnerability:

e Geographic Location: Coastal areas located near tectonic plate boundaries or active
fault lines are more susceptible to tsunamis triggered by seismic events.

e Coastal Topography: Low-lying coastal areas with flat or gently sloping terrain are
more prone to tsunami inundation and flooding, amplifying the impacts of tsunami
waves.

e Population Density: High population density in coastal regions increases the potential
for casualties and property damage in the event of a tsunami, especially in urbanized
coastal areas.

e Urbanization: Rapid urbanization along coastlines leads to the development of
infrastructure and settlements in hazard-prone areas, exacerbating vulnerability to
tsunamis.

e Infrastructure Exposure: Critical infrastructure such as ports, airports, power plants,
and industrial facilities located in coastal areas are at risk of damage or destruction from
tsunami waves, leading to disruptions in essential services and economic losses.
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Environmental Sensitivity: Coastal ecosystems such as mangroves, coral reefs, and
wetlands provide natural barriers against tsunamis by dissipating wave energy.
Degradation or loss of these ecosystems increases coastal vulnerability to tsunamis.
Historical Tsunami Events: Past tsunami events in coastal regions provide valuable
insight into vulnerability and risk, highlighting areas prone to tsunami impacts and
informing risk assessment and preparedness efforts.

Socio-Economic Factors: Socio-economic disparities, including poverty, inadequate
housing, and limited access to resources and information, exacerbate vulnerability to
tsunamis, disproportionately affecting marginalized communities.

Understanding the interplay of these factors is essential for assessing coastal vulnerability
to tsunami hazards and developing effective strategies for disaster preparedness, mitigation,
and resilience-building. By addressing these contributing factors, coastal communities can
reduce their vulnerability and enhance their ability to withstand and recover from tsunamis.

Coastal Topography and Bathymetry:

Coastal Topography: The shape and elevation of coastal landforms, including beaches,
cliffs, dunes, and estuaries, influence the degree of exposure and vulnerability to
tsunami waves.

Low-Lying Areas: Coastal regions with low-lying topography are more susceptible to
tsunami inundation and flooding, amplifying the impacts of tsunami waves on coastal
communities and infrastructure.

Coastal Erosion: Erosion processes, such as wave action, storm surges, and sea-level
rise, can alter coastal topography over time, increasing coastal vulnerability to tsunamis
and other natural hazards.

Submarine Canyons and Channels: Underwater features such as submarine canyons
and channels can focus and amplify tsunami waves as they propagate towards the
coastline, increasing the intensity of inundation in coastal areas.

Nearshore Bathymetry: The depth and slope of the seafloor near the coastline, known
as nearshore bathymetry, influence the speed, height, and direction of tsunami waves
as they approach the shore, affecting the extent of inundation and coastal flooding.
Coastal Protection Features: Natural features such as coral reefs, mangroves, and
sand dunes, as well as artificial structures like seawalls and breakwaters, play a critical
role in mitigating the impacts of tsunamis by dissipating wave energy and reducing
wave heights along the coast.

Vulnerable Coastal Communities: Coastal communities located in low-lying areas,
river deltas, and coastal plains are particularly vulnerable to tsunamis due to their
proximity to the shoreline and limited natural barriers against wave inundation.
Coastal Zoning and Land Use Planning: Incorporating knowledge of coastal
topography and bathymetry into coastal zoning and land use planning can help identify
areas at high risk of tsunami inundation and inform decisions regarding development,
infrastructure siting, and evacuation routes.
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Understanding the coastal topography and bathymetry is essential for assessing coastal
vulnerability to tsunamis and developing effective strategies for disaster preparedness,
mitigation, and resilience-building. By integrating this knowledge into coastal planning and
management practices, coastal communities can reduce their vulnerability to tsunamis and
enhance their ability to withstand and recover from these devastating events.

Feature Points

Here are the main feature points for the research topic:

1. Integration of Geospatial Technology

Use of Geographic Information Systems (GIS) for spatial data integration and analysis
Mapping tsunami inundation zones using Digital Elevation Models (DEMs)

Layering hazard, exposure, and socio-economic datasets

Spatial visualization for decision-making and planning

2. Hazard Assessment and Modeling

Deepwater Wave Model

] Bl R, i
Nearshore Wave Model
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Tsunami wave propagation and run-up modeling

Use of bathymetric and topographic data

Scenario-based simulation (worst-case, historical events)

Identification of high-risk coastal stretches

3. Vulnerability Indicators and Index Development

Physical vulnerability (building type, elevation, distance from shore)

Social vulnerability (population density, age distribution, disability, poverty levels)
Economic vulnerability (livelihood dependence on fisheries, tourism, coastal trade)
Infrastructure vulnerability (roads, hospitals, evacuation routes)

Development of a Composite Vulnerability Index (CVI)

4. Exposure and Risk Mapping
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Identification of exposed population clusters

Mapping of critical facilities (schools, hospitals, shelters)
Risk zoning and classification (low, moderate, high, very high)
Prioritization of evacuation planning

5. Use of Remote Sensing Data

Satellite imagery for land-use/land-cover classification
Monitoring coastal geomorphology changes

Detection of shoreline erosion and sediment shifts
Post-disaster damage assessment

6. Multi-Criteria Decision Analysis (MCDA)

Weight assignment to vulnerability indicators

Analytical Hierarchy Process (AHP) integration

Sensitivity analysis for model validation
Stakeholder-informed parameter selection

7. Community Resilience and Adaptation Planning
Identification of resilient zones

Infrastructure strengthening strategies

Early warning system optimization

Community awareness and evacuation drills

Policy recommendations for coastal zone management

8. Policy and Disaster Risk Reduction (DRR) Implications
Supports frameworks aligned with the Sendai Framework for Disaster Risk Reduction
Assists local governments in coastal land-use planning
Enhances preparedness and mitigation strategies

Facilitates climate change adaptation policies

Conclusion

The assessment of coastal communities' vulnerability to tsunami hazards is critical for
enhancing disaster preparedness, risk reduction, and resilience-building efforts. In this study,
we proposed a GIS-based approach to assess the vulnerability of coastal areas to tsunamis,
integrating spatial data on population density, land use, elevation, and tsunami inundation
zones. Through spatial analysis and visualization, we identified areas at high risk of tsunami
impact, prioritized interventions, and informed decision-making processes. The GIS-based
approach enables policymakers, emergency managers, and researchers to evaluate coastal
vulnerability comprehensively and develop targeted strategies to enhance community
resilience. By analyzing spatial variables such as population exposure, infrastructure
vulnerability, and environmental sensitivity, we gained valuable insights into the factors
contributing to coastal vulnerability and identified opportunities for intervention. Case studies
in vulnerable coastal regions demonstrated the applicability and effectiveness of the proposed
GIS-based methodology for assessing tsunami vulnerability. Through the integration of spatial
analysis techniques and decision support tools, we supported evidence-based decision-making
and informed policy interventions aimed at reducing the impacts of tsunamis on coastal
communities.
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