BIHAR SHODH SAMAAGAM
Multidisciplinary, Multi-Lingual, Peer Reviewed Open Access Journal
issn : 3048-6971
Vol. 3, Issue 2, April-June, 2025

Available online : https:/www.biharshodhsamaagam.com/

Application of GIS in Disaster Risk Reduction and Management
Dr. Dharmendra Singh
Associate Professor
TASE (Deemed to be University), Sardarshahar, Churu
Abstract

Geographic Information System (GIS) technology has become an essential tool in disaster risk reduction
(DRR) and management, offering capabilities to collect, analyze, and visualize spatial data related to hazards,
vulnerabilities, and resources. This paper explores how GIS contributes to different phases of disaster management:
preparedness, response, mitigation, and recovery. Through case studies in India and around the world, the paper
demonstrates how GIS enhances early warning systems, risk mapping, evacuation planning, and resource allocation.
The integration of GIS into disaster management frameworks not only improves decision-making but also strengthens
community resilience.
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Introduction

Natural disasters—such as floods, earthquakes, cyclones, and droughts—pose significant risks to life,
infrastructure, and the environment. With increasing population density and climate change, the frequency and impact
of disasters are intensifyingl. Effective disaster risk reduction and management require timely, accurate, and spatially
referenced information.

Geographic Information System (GIS) offers a robust framework for collecting, storing, analyzing, and
displaying geographic data2. Its ability to integrate various datasets makes it indispensable for understanding the
spatial dimensions of disasters and implementing targeted responses. GIS enables decision-makers to visualize hazard-
prone zones, simulate disaster scenarios, and prioritize vulnerable communities for intervention. By facilitating real-
time monitoring and rapid dissemination of critical information, GIS enhances coordination among stakeholders and
supports informed decision-making at all levels. In both pre-disaster planning and post-disaster recovery, GIS proves
to be a valuable tool for building resilient communities and minimizing potential losses.

Objectives

e To examine the role of GIS in different phases of disaster management.

e To analyze case studies that illustrates GIS applications in DRR.

e To evaluate the challenges and opportunities of using GIS for disaster mitigation.
GIS and Disaster Management: Conceptual Framework

Disaster management is a comprehensive process that involves strategic planning and implementation to
reduce the adverse impacts of natural and human-induced disasters. It is commonly divided into four interrelated
stages: mitigation, preparedness, response, and recovery. Each stage is critical for reducing vulnerability and

ensuring rapid and effective intervention before, during, and after disasters.

volume 3(Issue 2| April-June 2025| Issn: 3048-6971 [
@2025 Bihar Shodh Samaagam


https://www.biharshodhsamaagam.com/

Geographic Information System (GIS) plays a crucial role across all these stages by offering tools for data

integration, spatial analysis, and visualization, thus enhancing the overall efficiency and effectiveness of disaster risk

reduction and management strategies.

1. Mitigation

Mitigation refers to efforts made to minimize the potential impact of disasters before they occur. GIS supports

this stage by:

Identifying hazard-prone areas through spatial mapping of terrain, land use, hydrology, and historical disaster
data.

Conducting vulnerability and risk assessments for infrastructure, population, and ecosystems.

Developing hazard zonation maps (e.g., flood risk zones, landslide-prone slopes, seismic zones).

Supporting land-use planning and policy formulation to avoid high-risk development.

For example, GIS can map floodplains and recommend buffer zones to prevent construction in vulnerable regions.

2. Preparedness

Preparedness includes actions taken in advance to ensure effective response in case a disaster strikes. GIS

contributes by:

Designing and simulating evacuation routes based on road networks, population density, and hazard
proximity.

Integrating meteorological and environmental data for early warning systems.

Creating disaster response scenarios to train emergency personnel and raise community awareness.

Locating emergency shelters and health care facilities relative to at-risk populations.

GIS allows authorities to pre-position resources and plan logistics effectively, ensuring a faster and more organized

response.

3. Response

This phase focuses on immediate actions taken during and right after a disaster to save lives and reduce further

losses. GIS enhances the response phase by:

Providing real-time maps showing the extent of damage, road blockages, and affected areas using satellite
imagery and drone data.

Assisting in search and rescue operations by identifying accessible routes and high-risk zones.

Monitoring disaster progression, such as flood spread or wildfire movement.

Enabling coordination among relief agencies through a shared geospatial platform.

Real-time GIS dashboards can help authorities allocate relief supplies and deploy rescue teams where they are needed

most.

4. Recovery

Recovery includes both short-term restoration and long-term rebuilding efforts after a disaster. GIS is used to:

Assess damage to infrastructure, agriculture, and settlements through post-event analysis.
Monitor reconstruction progress using time-series imagery.

Evaluate the effectiveness of previous mitigation efforts to inform future planning.
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e Document and archive spatial data for future disaster planning and research.

GIS ensures that recovery is both targeted and sustainable by helping identify areas that need priority attention and
guiding resource allocation.

Case Studies

Uttarakhand Floods, 2013 (India)

In June 2013, the Indian state of Uttarakhand experienced one of the worst natural disasters in its history.
Unprecedented torrential rainfall triggered massive flash floods and landslides, particularly in the districts of
Rudraprayag, Chamoli, and Uttarkashi. Thousands of people lost their lives, and widespread damage occurred to
infrastructure, homes, and pilgrimage routes, particularly around Kedarnath. The suddenness and scale of the disaster
posed a major challenge to rescue and relief operations.

Geographic Information System (GIS) played a vital role in understanding, assessing, and managing the
disaster effectively. The National Remote Sensing Centre (NRSC), under the Indian Space Research Organisation
(ISRO), swiftly activated its Disaster Management Support (DMS) program. Within days of the disaster, NRSC
utilized high-resolution satellite imagery from Indian and international sources to analyze the affected areas.

Key GIS applications during the Uttarakhand disaster included:

e Flood Mapping: Satellite images before and after the event were compared to assess the extent of inundation,
especially in river valleys and around towns like Kedarnath and Govindghat.

e Landslide Identification: The hilly terrain was scanned using optical and radar satellite data to detect
landslide scars and potential slope failures. This helped in identifying areas that remained at risk of further
instability.

o Infrastructure Damage Assessment: GIS was used to map damaged roads, bridges, buildings, and other
public infrastructure. These maps were shared with relief agencies for route planning and supply delivery.

e Accessibility Analysis: By overlaying road networks with landslide and flood layers, GIS helped determine
which areas were cut off and where helicopters or alternative means were required for rescue.

o Relief Planning: Based on population density, terrain, and damage assessment, GIS tools supported
decisions about setting up relief camps, deploying medical teams, and prioritizing resource distribution.

The rapid generation of damage assessment maps and real-time visualizations enabled central and state governments,
the Army, and disaster response forces to conduct targeted rescue and relief operations with greater precision.
This case stands as a powerful example of how GIS can drastically improve disaster response effectiveness, especially
in difficult and remote terrains like the Himalayas. It also led to increased recognition of the need for pre-disaster
spatial planning and enhanced monitoring in ecologically fragile regions.

Nepal Earthquake, 2015

On April 25, 2015, Nepal was struck by a devastating 7.8 magnitude earthquake, followed by several
powerful aftershocks. The disaster caused extensive loss of life and widespread destruction across the Kathmandu
Valley and surrounding regions. Thousands of homes, historical monuments, roads, and public infrastructure were

reduced to rubble, leaving millions in need of urgent aid.
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In the immediate aftermath, conventional mapping and communication systems were overwhelmed or non-functional.
In this crisis, Geographic Information System (GIS) tools and crowdsourced mapping platforms became crucial
for facilitating timely and coordinated relief efforts.
One of the most remarkable aspects of the response was the rapid mobilization of global volunteers through platforms
like:
e  OpenStreetMap (OSM)
e  Humanitarian OpenStreetMap Team (HOT)
e  Crisis Mappers Network
These platforms allowed thousands of volunteers from around the world to contribute to updating and refining maps
of affected areas using recent satellite imagery provided by organizations such as the United Nations, DigitalGlobe,
and Airbus Defence & Space.
Key GIS Contributions:
e  Mapping of Affected Infrastructure: Volunteers digitized and updated maps of roads, buildings, hospitals,
and other essential infrastructure in and around Kathmandu, Pokhara, and rural districts.
o Identification of Blocked Roads and Damaged Buildings: Using satellite data and field reports, GIS helped
identify inaccessible areas and determine alternative routes for rescue teams and supply delivery.
e Real-Time Data Sharing: These maps were made available in real-time to humanitarian organizations,
enabling Nepalese authorities, the UN, Red Cross, and international rescue teams to coordinate their
operations with better accuracy.
¢ Planning Temporary Shelters and Relief Distribution: GIS was used to locate open spaces, assess terrain
suitability, and map population densities to establish temporary shelters and distribute aid efficiently.
e Damage and Risk Assessment: Remote sensing data combined with GIS analysis enabled assessment of
structural damage and landslide risk, especially in hilly and mountainous regions prone to further
destabilization.
This event marked one of the largest and most successful applications of crowdsourced GIS mapping in a major
disaster. It showcased how community-based, volunteer-driven geospatial initiatives can fill critical data gaps
when time and access are limited.

The Nepal Earthquake response set a precedent for the use of participatory GIS in global disaster response
and demonstrated the power of open data and technology in saving lives and rebuilding communities.
Nepal Earthquake, 2015
Advantages of Using GIS in Disaster Management
Geographic Information System (GIS) has become an indispensable tool in modern disaster management due to its
powerful capabilities that enhance efficiency and accuracy throughout all phases of disaster risk reduction. The
following are key advantages of using GIS in disaster management:
1. Real-time Data Integration
GIS enables the seamless integration of diverse data sources such as satellites, drones, ground-based sensors, and

field surveys. This capability allows for the continuous collection and updating of critical information, facilitating
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immediate analysis of evolving disaster scenarios. Real-time data integration supports timely decision-making by
providing an up-to-date picture of hazards, damages, and response needs.
2. Scalability
One of the core strengths of GIS lies in its scalability. GIS technology can be applied effectively at various spatial
scales—from local communities and municipalities to regional and national levels. This flexibility allows disaster
managers to tailor interventions according to the specific requirements and geographic extents of different disaster
events.
3. Visualization
GIS transforms complex datasets into intuitive and interactive maps and visual models. These visualizations are
invaluable for decision-makers, emergency responders, and the general public, providing clear insights into hazard
zones, evacuation routes, resource locations, and damage extents. Effective visualization aids in communication,
planning, and raising public awareness about risks and safety measures.
4. Cost-Effective
By integrating multiple datasets and automating spatial analysis, GIS reduces redundancy in data collection and
planning processes. It helps optimize resource allocation by identifying priority areas for intervention, thus avoiding
unnecessary expenditure. The ability to rapidly generate accurate maps and scenario simulations also speeds up
decision-making, leading to faster and more efficient disaster response and recovery efforts, ultimately saving lives
and reducing economic losses.
Challenges in GIS Implementation

While Geographic Information Systems (GIS) offer tremendous benefits in disaster risk reduction and
management, several challenges can limit their effective application. Understanding these challenges is crucial for
improving GIS integration and maximizing its potential in disaster scenarios.
1. Data Limitations

One of the most significant challenges in GIS implementation is the availability and quality of data.
Inaccurate, incomplete, or outdated data can lead to flawed spatial analysis and misinformed decision-making. For
example, outdated maps or census data may fail to capture recent changes in land use or population distribution,
resulting in ineffective risk assessments and response plans. Additionally, obtaining high-resolution satellite imagery
or real-time data can be costly or restricted, particularly in remote or politically sensitive areas.
2. Technical Expertise

Effective use of GIS technology demands skilled personnel proficient in data collection, processing,
analysis, and interpretation. Many organizations, especially in developing countries, face shortages of trained GIS
professionals. The technical complexity of GIS software and the need for continuous training can create barriers to
adoption. Without adequate expertise, the potential of GIS tools may remain underutilized or lead to incorrect
conclusions.
3. Infrastructure Gaps

GIS implementation requires robust technological infrastructure including reliable computers, software

licenses, internet connectivity, and access to satellite data. In many developing regions, such infrastructure is either
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limited or absent, impeding the ability to deploy GIS solutions effectively. Power outages, poor network connectivity,
and lack of hardware maintenance further exacerbate these challenges.
4. Inter-agency Coordination
Disaster management often involves multiple government agencies, NGOs, and international organizations. However,
lack of coordination and data sharing among these entities can delay responses and reduce the effectiveness of
GIS applications. Siloed data systems, bureaucratic hurdles, and concerns over data privacy or security often prevent
seamless exchange of critical geospatial information. This fragmentation can result in duplication of efforts,
inconsistent maps, and slower decision-making during emergencies
Conclusion and Recommendations
Geographic Information System (GIS) has emerged as a transformative technology in the field of disaster
risk reduction and management. By enabling the spatial representation of hazards, vulnerabilities, and critical
resources, GIS provides a comprehensive framework for understanding and managing disasters more effectively. Its
ability to integrate and analyze diverse datasets supports timely and informed decision-making, which is essential for
reducing loss of life, minimizing economic damage, and enhancing community resilience.
Despite its clear advantages, the full potential of GIS can only be realized if there is adequate investment in
infrastructure, including modern hardware, software, and reliable data sources. Governments and disaster
management agencies must prioritize the development and maintenance of GIS platforms to ensure real-time data
availability and accessibility.
Furthermore, inter-agency collaboration is vital to overcome data silos and ensure a coordinated response during
disasters. Sharing geospatial information among government departments, emergency services, NGOs, and local
communities fosters a holistic approach to disaster preparedness and response. Encouraging the use of community-
based mapping initiatives empowers local populations by involving them in risk identification and resource planning,
making disaster management more inclusive and effective.
Recommendations:
1. Strengthen GIS Infrastructure: Invest in advanced technology, cloud-based GIS platforms, and high-
resolution data acquisition to improve real-time monitoring and analysis capabilities.
2. Capacity Building: Provide regular training programs to develop skilled GIS professionals and raise
awareness about GIS applications among decision-makers.
3. Promote Data Sharing and Collaboration: Establish protocols and frameworks for efficient data exchange
among stakeholders to facilitate coordinated disaster management.
4. Encourage Community Participation: Integrate participatory GIS approaches to harness local knowledge
and enhance grassroots-level preparedness.
5. Support Research and Innovation: Foster partnerships with academic institutions and technology providers

to advance GIS methodologies tailored for disaster risk management.
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