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Geographic Information System (GIS) Framework for 

Disaster Management 
 

Introduction Disaster management means the range of activities, prior to, during and after the 

disasters, designed to maintain control over disasters and to provide a framework for 

helping at-risk persons and/or communities to avoid, minimize or recover from the 

impact of the disasters. Disaster management organizations are government 

agencies at central, state, and local levels that are charged with reducing community 

vulnerability and establishing capabilities to manage and quickly recover from 

emergencies. Over the last several years, disaster management has become more 

complex. Large-scale emergencies seem to be more prevalent, and new threats exist. 

The need to plan for, prevent, and reduce the consequences of emergencies is 

greater than ever. Emergency managers have the responsibility to collaborate with 

and coordinate and facilitate multiple departments in planning, response, and 

recovery.  

 

The objective of this white paper is to illustrate how Geographic Information 

System (GIS) technology effectively improves the workflow in all phases of disaster 

management and defines an effective architecture to implement framework on the 

ground. 

 
 

GIS Support 

for Disaster 

Management

 

 
Disaster management activities as grouped under into four phases that are related in 

time and function to all types of emergencies and disasters i.e. Mitigation, 

Preparedness, Response and Recovery. 

 

Figure, Disaster Operations Lifecycle 



GIS Framework for Disaster Management 

 

Esri India Whitepaper Page 4 

 

Mitigation Mitigation efforts attempt to prevent hazards from developing into disasters 

altogether or reduce the effects of disasters when they occur. The mitigation phase 

differs from the other phases because it focuses on long-term measures for reducing 

or eliminating risk. Successful mitigation is a direct result of comprehensive 

planning and analysis. Disaster management planning is the process of analyzing a 

community's hazards, risks, and values to determine its vulnerabilities to natural, 

technological, and terrorist based disasters. A comprehensive risk and hazard 

analysis provides the foundation for the development of mitigation, preparedness, 

response, and recovery plans. Disaster management planning requires acquiring, 

integrating, and analyzing vast amounts of information and data in a variety of 

disparate formats to develop a comprehensive risk-based emergency management 

program. 
 
GIS technology provides the capability to map and analyze hazards of all types and 

visualize their potential impacts. When hazards are fused with critical infrastructure, 

population densities, and other community values, vulnerabilities can be observed, 

modeled, and better understood. Based on the potential impact of any particular 

hazard to critical values, priorities for mitigation can be established. Contingency 

and response plans can also be developed based on important values at risk. The risk 

and hazard assessment provides the foundation for the overall emergency 

management program. GIS optimizes the planning analysis process as follows: 

 

a. Identify and map, natural and technological hazards: 

 Natural hazards may include 

 Earthquake faults 

 Storm surge exposure 

 Flammable vegetation 

 Areas prone to severe weather events 

o Landslides 

o Floods 

 

 Technological hazards may include 

 Hazardous materials locations 

 Transportation corridors where hazardous materials are routinely 

shipped (rail, highway, etc.) 

 Nuclear power plants 

 Petroleum processing and storage facilities 

 

b. Identify and map critical values at risk: 

 Population densities 

 Critical infrastructure including government facilities, hospitals, utilities, 

and public assemblies 

 Natural resource concerns including scarce natural resources and plant and 

animal habitats 

 

c. Identify values at risk that reside within the impacted areas of natural and/or 

technological hazards. GIS is used to model potential events (plumes, 

explosions, floods, earthquakes, etc.) and display projected areas of extreme, 

moderate, and light damage that could be caused by the event. Casualties can 

also be projected. Priorities for mitigation and emergency contingency and 

response plan development are highlighted through the use of GIS. 
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d. Develop site-specific strategies for mitigation to reduce losses; mitigation 

includes activities that prevent an emergency, reduce the chance of an 

emergency, or reduce the damaging effects of unavoidable emergencies. 

Mitigation activities take place before and after emergencies. Other mitigation 

functions may include enforcing building and fire codes, designating specific 

routes for hazardous materials shipments, requiring tie-downs for mobile 

homes, and shipping regulations for hazardous materials. Evaluate and model 

alternative mitigation strategies. Determine the best strategy for protecting 

critical assets from catastrophic damage or loss and reduce casualties 

 

Mitigation encompasses the comprehensive steps taken to prevent emergencies, 

reduce loss, and provide a proactive approach to the overall emergency management 

program. The hazard and risk assessment within the planning process provides the 

framework for decisions that are made in the preparedness phase.  
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Preparedness Emergency managers develop plans of action for when disaster strikes. Priorities for 

action plan development are identified in the planning and analysis process. 

Common preparedness measures include some of the following: 

 

 Critical facility emergency contingency plans 

 

 Communication plans with easily understandable terminology and chain of 

command 

 

 Development and practice of multiagency coordination and incident command 

 

 Proper maintenance and training of emergency services 

 

 Development and exercise of emergency population warning methods 

combined with emergency shelters and evacuation plans and the stockpiling, 

inventory, and maintenance of supplies and equipment 

 

 Developing the facilities, staff, equipment, and tools necessary to plan, monitor, 

and facilitate emergency management decision making and information sharing 

 

GIS technology is utilized for preparedness as follows: 

 

 Site selection for adequate evacuation shelters with consideration of where and 

how extensively an emergency might occur  

 

 Selecting and modeling evacuation routes 

 Considerations for time of day 

 Considerations for road capacity versus population, direction of travel, 

etc. 

 

 Identification and mapping of key tactical and strategic facilities 

 Hospitals 

 Public safety facilities 

 Suppliers to support response (food, water, equipment, building 

supplies, etc.) 

 

 Training and exercises to test preparedness 

 Identify incident locations and impacts; map incident perimeters. 

 Model the incident (plumes, spread, etc.). 

 Collect damage assessment, identify casualties, and prioritize for 

allocation of public safety resources. 

 Develop and distribute incident action plans. 

 

 Providing a key capability for the command and control information system that 

enables situational awareness and incident management support. 

 

To achieve comprehensive preparedness, a great deal of information must be 

gathered and managed. When disasters strike, the right information must be 

available at the right place to support emergency decision requirements. 

 

GIS, in addition to supporting the preparedness workflow, is a powerful data 

management system. 
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GIS Platform for Data Management      
 

Data management is the development, execution, and supervision of plans, policies, programs, and 

practices that control, protect, deliver, and enhance the value of data and information assets. In the context 

of emergency operations, data management is gathering, managing, processing, and distributing 

information to users and across systems when and where needed. It is the capability to store, manage, 

update, and provide access to all of the unit's data through well-designed computer system architecture to 

meet the emergency management mission. 

 

GIS provides a platform for the management of geographic data and disparate documents (plans, 

photographs, etc.) necessary to meet the emergency management mission. GIS provides a capability to 

access information based on the geographic location to which it pertains, allowing users to get various 

types of information from the map display. This could include emergency response plans, mitigations 

plans, and contact lists. The management of resources is essential to support the emergency management 

mission. Resources include public safety resources, as well as civilian resources (and their locations), such 

as dump trucks, buses, dozers, hardware suppliers, and food and water resources. When these types of 

assets are inventoried and accessible through GIS, the appropriate resources (proximity to an emergency) 

can be contacted for timely response. One of the most complex challenges of incident management is 

managing the location, status, and capabilities of all of the resources needed to meet incident requirements. 

Managing resources requires current and accurate data. GIS provides the ability to visualize all types of 

resources and their current availability and location for effective incident management. 

 

In addition to managing existing data assets, GIS can access and display relevant dynamic data (camera 

feeds, weather, traffic, hospital status, automated vehicle location (AVL), incidents, sensors, etc.) to 

provide situational awareness for decision support.  Without comprehensive data management, it is 

difficult to achieve and maintain accurate situational awareness. 

 

 

GIS for Visualizing Situational Awareness  
 

Situational awareness is being aware of what is happening around you to understand how information, 

events, and actions will impact your goals and objectives both now and in the near future. This is 

especially important where information flows are high and poor decisions may lead to serious 

consequences. In the context of a Disaster/ Emergency Operations Center (EOC), achieving timely 

situational awareness is essential to maintain an understanding of events, incidents, and developments to 

anticipate, respond to, and manage actual or potential emergencies. GIS provides situational awareness 

through a common operating picture. A GIS map display with relevant GIS data (critical infrastructure, 

imagery, hazards, etc.) integrates dynamic event data (sensors, cameras, traffic, incidents, etc.) to represent 

the current situation throughout the jurisdiction, region, or nation. Comprehensive situational awareness 

provides the capability for emergency management personnel to make better decisions that can then be 

quickly displayed, shared, and understood by those who need to take action. The common operating 

picture can be enhanced when response plans, contingency plans, and other documents are linked to the 

location(s) for which they were developed. Rapid access to planning information through the common 

operating picture begins to "operationalize" the planning process.  

 

Continued to next page… 
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Examples of how GIS provides accurate situational awareness through a common operating picture 

include: 

 

 Maintaining and displaying the status of emergency and nonemergency events 

 

 Designating and mapping incident locations/perimeters 

 

 Site selection analysis for 

 Hot zones 

 Incident Command Post (ICP) locations 

 Additional evacuation sites 

 Staging areas 

 Logistical support and supply caches 

 Drop points 

 Division and branch boundaries 

 Heliports 

 Temporary medical facilities 

 

 Maintaining and displaying the status of public safety resources both locally and in adjoining 

jurisdictions 

 

 Modeling and displaying plumes, weather events, wildfires, floods, etc. 

 

 Analyzing consequences and losses 

 

 Determining intersections that should be closed (based on incident perimeter or plume) and 

transportation routes that avoid closures 

 

 Importing and displaying damage assessment from mobile devices 

 

 Displaying and printing appropriate incident command system (ICS) incident action plan maps 

 Operations maps 

 Logistics maps 

 Tactical maps 

 Air deployment maps 

 Transportation maps 

 Incident prediction maps 
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Response Emergency management assists in the mobilization of emergency services and 

resources to support first responders for complex emergencies. This can include 

specialist rescue teams, logistical support, public safety, volunteers, non-

governmental organizations (NGOs), and others. The Emergency Operations Center 

(EOC) is responsible to support incident management operation needs and maintain 

continuity of operations for the community. Acquiring, managing, and maintaining 

status of resources from various locations is an important function.  

 

GIS supports the response mission as follows: 

 

 Provide warnings and notifications to the public and others of pending, existing, 

or unfolding emergencies based on the location or areas to be impacted by the 

incident. Areas in harm's way can be identified on the map, and mass 

notification can be performed from a GIS 

 

 Determine appropriate shelter activations based on the incident location and 

optimum routing for affected populations to access appropriate shelters 

 

 Maintain shelter location continuity of operations: supply inventories, external 

power requirements, shelter population capacities, etc. 

 

 Identify the locations and capabilities of existing and mutual aid public safety 

resources 

 

 Provide facilities for the assembly of department heads to collaborate, make 

decisions, and develop priorities. Provide the capability to create remote 

connections to the command center for officials and others who need to 

participate but are unable to come to the command center 

 

 Establish the capability to collect and share information among department 

heads for emergency decision making to support emergency operations and 

sustain government operations 

 

 Establish the capability to share information and status with regional, state, and 

federal agencies 

 

 Support incident management operations and personnel, provide required 

resources, and exchange internal and external information 

 

 Maintain incident status and progress; facilitate damage assessment collection 

and analysis 

 

 Assure the continuity of government operations for the jurisdiction considering 

the impacts of the emergency 

 

 Prepare maps, briefs, and status reports for the executive leadership (elected 

officials) of the jurisdiction 

 



GIS Framework for Disaster Management 

 

Esri India Whitepaper Page 10 

 

Recovery The aim of the recovery phase is to restore the affected area to its original state. It 

differs from the response phase in its focus; recovery efforts are concerned with 

issues and decisions that must be made after immediate needs are addressed. Short-

term recovery is focused on restoring essential services and support. Long-term 

recovery efforts are concerned with actions that involve rebuilding destroyed 

property, reemployment, and the repair of essential infrastructure.  

 

GIS is integral for recovery by providing a central information repository for 

assessment of damage and losses that provides: 

 

 Identification of damage (triage based on degree of damage or complete loss). 

GIS allows inspectors to code parcels with the degree of damage in order to 

visualize specific problems as well as area trends. (GIS on mobile devices 

expedites the difficult damage assessment problem and can include photographs 

and damage reports linked to the specific geographic sites) 

 

 Overall damage costs and priorities for reconstruction efforts based on 

appropriate local criteria 

 

 Locations of business and supplies necessary to support reconstruction 

 

 Assess overall critical infrastructure damage and determine short-term actions 

for the following: 

 

 First aid and health 

 Additional shelter needs 

 Optimum locations for public assistance 

 Alternate locations for government operations if government facilities are 

damaged 

 Alternate transportation routes for continued operations 

 Monitoring progress by specific location of reconstruction efforts for both 

long-term and short-term needs 

 Publishing maps to share information with the public and other government 

organizations of progress toward recovery objectives 

 

 
 
 
 
 

Field Operations 

 

Both response and recovery require close coordination and information exchange between the field and EOC. 

These requirements are often needed under stressful, chaotic conditions, when good information is required to 

support critical operations. GIS provides the capability for rapid data exchange that is easy to assimilate, 

understand, and act on. This capability allows EOC to provide elected officials, department heads, and other 

stakeholders with accurate situation status and data about actual and potential impacts. Current and timely 

information is also essential in order to provide the public with information such as shelter locations, 

evacuation routes, road closures, and hazard areas.  

 

Continued to next page… 
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Mobile GIS data can be easily integrated into the common operating picture and visualized, shared, and 

acted on without delay. When the common operating picture is current, better decisions can be made. These 

capabilities are important during response but can play a very important role during recovery. Using mobile 

GIS in field recovery operations provides the EOC with a capability to rapidly integrate and display damage 

impacts from field inspectors in various locations. In non-emergency situations, mobile GIS benefits data 

collection for planning, analysis, mitigation, and response. Data collected using mobile GIS in the field can 

be downloaded wirelessly or with physical docking as required. Detailed geospatial and other data (pictures, 

forms, etc.) can be collected and added to EOC's enterprise GIS for use in planning, preparedness, response, 

and recovery. 

Figure, GIS Support for Emergency Management Workflow 
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GIS helps building a common operating environment 

 
GIS helps in collecting information from disparate sources, churns this information to create intelligence 

which can then be used to effectively manage Response & Recovery. 

 

 

 

 

Integrate
And Analyze

Turn into 

Actionable 

Intelligence

Geographic
Information
System

Share           Communicate    Collaborate

Creating The

Common Picture

Coordinated 

Action

Many Data Sources

Figure, GIS helps building a common operating environment 
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GIS 

Architecture 

for Disaster 

Management 
 

Overview of the 

GIS Framework

 

 
 
 
 

A robust GIS server that maintains the data from various sources, allows planning & 

analysis tasks and supports field worker is suitable for Disaster Management 

applications.  GIS technology from Esri is ideal for such type of mission-critical 

applications.   

 

An ArcGIS Server Advanced Enterprise will be deployed at the Data Centre. This 

Server shall have access to data pertaining to entire state infrastructure, utilities, 

important buildings, hospitals, transportation network, industrial centers, 

population/ demographics as well as administrative boundaries within the state etc. 

This server shall be administered by the respective State Disaster Management 

Authority.  Use of latest satellite imagery to understand the nature and extent of the 

disaster is of utmost importance.  Such imagery is uploaded in the Server so that this 

is available for immediate analysis to all concerned. 

 

GIS Analysts shall have ArcGIS desktops to perform various GIS analysis tasks as 

part of the overall planning process.   The overall plans prior to and during a disaster 

shall be updated on the Server so that these are available to all stake-holders. Plans 

shall be available on a pictorial form to prevent duplication and make the overall 

task of coordination much more transparent.  During a disaster, an Emergency 

Operations Room (EOC) shall be activated which have one or more terminals to get 

latest updates from the field to show the ‘Common Operating Picture’ to all decision 

makers.  All government and non-government organizations shall have terminals 

which they would be able to access the GIS Server to obtain the latest status of the 

hazard or calamity.  

 

Select Field Support workers shall have hand-held devices to forward updates and 

pictures from the affected area so that the EOC can take appropriate decisions on 

the relief and rescue efforts that need to be directed to various locations.  Movement 

of all important mobile vans containing relief material and those involved in law 

and order (police) are tracked on a continuous basis to get their latest position.  

Tracking such assets would ensure proper distribution of relief material and 

adequate response to the entire affected area. 
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Bill of Material 

(GIS Software 

Part only) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

# Item Qty Remarks 

1. ArcGIS Server 

Advance Enterprise 

2 Deployed at State Data Centre and DR site in 

an active-active configuration 

2. Arc GIS Desktop 

ArcEditor with DI, 

Spatial, 3D, ENVI 

and Network 

extensions 

10 Used for Administrator and GIS Analyst only  

(Qty 3) 

3.  Web GIS 

application  

1 This is a web-GIS application deployed on a 

centralized Server and accessed on a browser 

across all terminals 

4. ArcGIS Mobile 

Application 

1 This is mobile GIS application deployed on a 

centralized Server and accessed by hand-held 

devices available with field workers 

5. ArcGIS Explorer - Free Client application for visualization 

purposes and generic use 

Figure, GIS Architecture for Disaster Management 



GIS Framework for Disaster Management 

 

Esri India Whitepaper Page 15 

 

Conclusion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As the emergency management profession continues to be refined, the requirements 

to deal with complex issues across a variety of disciplines and stakeholders increase. 

Disaster events are increasing, populations are moving into more disaster-prone 

landscapes, and new threats exist. To meet the demands, professional tools and 

technology are required. GIS technology can serve a variety of purposes in 

supporting the workflows and mission of the emergency management profession. 

Comprehensive disaster management requires coordination and collaboration 

among main stakeholders—department heads, elected officials, privately held 

business, the community, and others. The collection of information, analysis of 

community vulnerabilities, development of mitigation strategies, and overall risk 

management preparedness is daunting. When emergencies occur, key stakeholders 

must share information on the scope of the event and collaborate on the most 

effective way to manage the incident and maintain government operations. 

Emergency Operations Centers activate their situation status rooms where various 

officials meet, share information, and provide their expert input for emergency 

decision support. GIS provides a platform for the common operating picture, where 

dynamic data can be integrated to create a picture of events; their relationship to 

critical infrastructure can be shared with remote locations, which reduces the need 

to have everyone in one location. GIS provides a platform for the storage and 

management of all types of data that can be easily accessed for emergency decision 

support. The advent of mobile GIS enables geographic updates from the field that 

are immediately posted to the common operating picture, creating actionable 

information. The use of GIS shall ultimately enhance how emergency management 

professionals do their work. 
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provides ArcFM Utilities solutions from Schneider Electric (Telvent), Network Engineer Telecom solutions 

from Ericsson (Telcordia), Cellular Expert from HNIT-Baltic, Cityworks from Azteca Systems and ENVI 
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We offer solutions across various industry verticals such as Land management, Utilities, Infrastructure, 

Disaster Management, Telecommunications, Urban / Municipal, Transportation, Defence and Natural 

resources. With more than 15 years of rich experience backed by robust quality processes, we have 

successfully delivered GIS solutions for more than 5000 customers (including leading Global Fortune 500 

companies) across various industries. 
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