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INTRODUCTION 
• ‘Understanding Disaster Risk’ has been set as key priority by the Sendai

Framework of Disaster Risk Reduction.

• Disaster Risk is expressed as the likelihood of loss of life, injury or

destruction and damage of property, environment and resources due to

impact of a disaster in a given period of time, as per UNISDR Global

Assessment Report, 2015.

• Disaster risk mapping is the process of identifying attributes and the

spatial and temporal distribution of risk combining information on

probability and consequences.

• Risk mapping requires integrated maps of hazards, exposure, and

vulnerability functions.

• The results of risk mapping are usually presented in the form of maps

that show the magnitude and nature of the risk in order to develop

resilience building for Disaster Risk Reduction.



Linkages: Exposure, Vulnerability and Risk 

The Sendai Framework for DRR highlights

that: “Policies and practices for disaster risk

management should be based on an

understanding of disaster risk in all its

dimensions of vulnerability, capacity,

exposure of persons and assets, hazard

characteristics and the environment. Such

knowledge can be leveraged for the purpose

of pre-disaster risk assessment...”



Uses for Disaster Risk Mapping

Disaster  Risk  

Mapping 

Communication

Early Warning System

Emergency Responders

(Disaster Response Forces)

Hazard Identifications

Relief & Rehabilitation 

Recovery

Evacuation Plan

Institutions

Local Govt.

Health Livelihoods



Spatial Dimensions of Disaster Risk Mapping

• The impacts of disasters depend strongly on the level of

exposure and spatial aspects of risk in the affected area.

• Both risk, exposure and vulnerability are dynamic, vary across

temporal and spatial scales, and depend on economic, social,

geographic, demographic, governance, and resource and

environmental factors.

• Measuring risk and exposure requires an integrated

understanding of components and how these factors combine to

contribute to the resilience of communities?

• Use of predominantly statistical data gathered from satellites,

published sources, and approaches which involve local

knowledge are integral to risk mapping and assessment using

GIS.



Developing and Providing Topographic Information Useful for 

Disaster Emergency

Data for Vulnerable Topography

Urban Area Active Fault Maps Digital Elevation Topographic Map

Hazard Map Portal Site: BHUVAN



Aerial Photographs for Disaster Risk Mapping

Chennai Flood Kedarnath Flood

Unmanned Aircraft Offer New Tools for the 

Disaster Response

• Unmanned aerial vehicles can be safely launched.

• The unmanned aircraft can be equipped with thermal imaging or infrared capabilities.

• Automated flight patterns and transmit valuable "real-time" data.

• Potential expansion may occur, public and property value risks and the data may

offer intelligence that allows for cost effective mitigation options.

• Drones can efficiently provide aerial images of selected areas.



Elements for effective Risk, Exposure and 

Disaster Mapping

• Identify the linkages between social, biophysical, and built-

environment systems that produce risk.

• Identify need for local models for community resilience.

• Identify exposure databases and exposure models, incorporating

issues of scale, data access, types of data and integrated analysis

assessments.

• Strengthening of baselines, and periodically assess disaster risks,

vulnerability, capacity, exposure, hazard characteristics and their

possible effects on society.

• Incorporate GIS technology for updating and disseminating

location-sensitive vulnerability and exposure information to

decision makers, the general public and communities at risk.



Land Use and Land Cover 



Disaster Data: A Participatory Approach 

The participatory approach for data collection and use

by communities can fill gaps in scientific data in

identifying exposure elements, assessing vulnerability

and therefore risk. Specific examples of new approaches

include: community-based/crowd-sourcing (bottom-up)

versus statistically-based (top-down) approaches;

hazard-specific vs. hazard independent vulnerability and

resilience; community engagement and ownership;

mapping of vulnerable groups.



Vulnerability Components Major Sub-components

Adaptive Capacity 1.Socio-demographic Profile

2. Livelihood Strategies

3. Social Network

4. Natural Capital

Sensitivity 1. Health

2. Food

3. Water

Exposure 1. People

2. Critical Infrastructure

3. Other elements

(That are present in hazard zones and are

subject to potential losses)

Vulnerability Data Collected from  Village Households



Exposure and Vulnerability Information to 

Develop Risk Indicators

•Vulnerability and exposure information are often used as

indicators of relative risk.

•Collection and analysis of vulnerability and exposure information

in order to inform risk indicators and the process of monitoring

risk over time and space.

•Several indicators require statistically robust information

regarding the nature of the built environment (e.g., building

stock, lifelines, critical facilities).

•The development of advanced models to predict the geographical

distribution, susceptibility to damage and loss, and value of the

elements exposed to the hazards.



Reported vulnerable issues 1998

Per cent of 

respondent

2002

Per cent of 

respondent

2012

Per cent of 

respondent

Agreed weighted 

index, (Index 

calculate by average 

76-100 HV 

51-75 MV 

26-50 LV

00-25 VLV

One time entire crop loss 80 67 84 76.8 HV

Three times entire standing crop loss 70 13 70 51.1 MV

Loss of stored seeds 80 70 83 77.7 HV

Seed bed erosion 87 67 85 79.5 HV

Sand deposition on the agriculture lands 53 47 57 52.1 MV

Occupational loss, primary 100 100 100 100 HV

Occupational loss, secondary 87 70 84 80.2 HV

Occupational loss, Tertiary 19 13 16 15.9 VLV

Cattle loss 100 80 87 88.8 HV

Chicken loss 100 80 100 93.3 HV

Goat loss 80 55 97 77.3 HV

Pond fish loss 53 50 80 61.3 MV

Poultry loss 17 17 15 16.16 LV

Plant loss 100 80 80 86.6 HV

Household damage related loss 100 80 95 91.5 HV

Livestock shed loss 80 70 87 78.8 HV

Storage place loss 60 52 60 57.3 MV

Latrine washed out/loss 57 57 37 50.4 LV

Tubewell washed out/  loss 27 19 23 22.8 VLV

Cropland loss due to erosion 92 70 80 80.6 HV

Agriculture input loss (Fertiliser) 100 80 100 93.3 HV

Calculation Based on Primary Survey



Anti- erosion work with wire-mesh of Stone

Using local adaptation method during flood

Lack of fodder due to flood

Drainage problem due to congestion  in 

Dibrugarh city



Vulnerability and Risk Assessment through 

Integrated and Comprehensive Assessment 

•Indices within the dimensions of social, physical, economic and

environmental vulnerability, developed by scientists from natural,

environmental and social sciences should be integrated into all-

hazard risk assessments and post-disaster assessments to provide

more comprehensive risk assessments.

•The assessment of vulnerability and exposure range from global

to local-scale participatory approaches, which need to be

integrated. The appropriateness of methods used for these

assessments depend on the purpose of the analysis, time and

geographic scale involved and the resources available.



Assessment of Bio-Physical Vulnerability in Rajasthan

1. Monsoon Rainfall Variability

2. Total Annual Rainfall Variability

3. Land use

4. Soil Fertility

5. Land Capability

6. Slope

7. Surface Water Availability

8. Ground Water Availability

9. Irrigation

10. Vegetation



Bio-Physical Vulnerability in Rajasthan

Region

Very 

Low 

(Below 

0.05)

Low 

(0.05 -

0.10)

Moderat

e (0.10 -

0.15)

High 

(0.15 -

0.20)

Very 

High 

(Above 

0.20)

IA 10.21 27.46 23.70 28.32 10.32

IB 14.19 31.86 14.99 15.80 23.16

IC 0.07 7.85 29.71 40.61 21.76

IIA 0.09 12.35 15.96 48.33 23.26

IIB 0.12 0.36 16.27 45.22 38.04

IIIA 17.52 15.33 33.71 25.52 7.90

IIIB 40.34 28.60 24.13 5.81 1.12

IVA 12.61 10.52 35.73 27.89 13.26

IVB 1.00 21.93 26.91 36.54 13.62

V 47.95 32.38 11.71 7.72 0.25



Land Use Modeling and Planning



Risk Assessment in the Himalayan Region



Precipitation Anomaly During 

Phailin, October 2013

Composites of precipitation anomaly during Phailin. Contour shows the intensity of high 

rainfall



Major flood affected areas include Indus, Ganga

and Brahmputra Plains along with cyclone

induced floods in east coast

During 2008, Kosi floods occurred

due to break of embankment and

drastic change in river course

Number of flash floods

increasing due to climatic

variability



Mapping Flood affected area



Area Afected By flood

Bareilly

30%Mirganj

33%

Aonla

16%
Faridpur

21%

Remote Sensing and GIS based Flood Monitoring

Flood zoning helps in efficient management of recurring flood disasters in India 



Glacial Lakes



Area/Year

1989 2011 Change

Area
(sq.km) 

Area 
in (%)

Area 
(sq.km) 

Area
(%)

Area 
(sq.km)

Area 

(%)

Snow area 9451 17 5250 9 -4201 -8

Non snow 

area

46219 83 50420 91 +4201 +8

Total area 55670 100 55670 100

Areal coverage and areal change of snow cover

• Altitudinal variations in the region has impact   

on decrease in snow area

Source: Calculated from Landsat TM

Western Himalaya

Note: The percentage change is in 

respect to the total geographical area.



(a) Between Sumdoh and Puh, (b)

Between section Puh to Kharo and (c)

From Kharo to Jhakri.

Mapping of Geohazards along river Spiti and Satluj after 

Paree Chu GLOF





• The multi-institutional programme has been initiated by the Department of Science and

Technology (DST), Govt. of India,

• Primarily to map the extent of devastation and damage associated with this extreme

rainfall event in Pilgrimage Sites-Char-Dham (Gangotri, Yamunotri, Badrinath and

Kedarnath) and Pinder Valley areas, covering about 8000 sq km. National Remote

Sensing Centre (NRSC) has played a pioneer role under this program for enabling

crowdsourcing /collaborative mapping through Bhuvan Portal and mobile mapping

application.

• Indian Institute of Remote Sensing (IIRS), Dehradun along with NRSC, Survey of India

has been instrumental in capacity building.

Mapping Neighborhood in Uttarakhand (MANU)



Multi-Hazard and Exposure Mapping 

• The process of multi-hazard mapping integrates different
hazard-related information for specific areas to convey a
composite picture of natural hazards in varying magnitude,
frequency and areas of effect.

• Combination of spatial analysis and local knowledge of
communities are essential inputs in producing multi-hazard
maps. Local knowledge of communities are gathered through
Participatory Capacity and Vulnerability Assessment (PCVA)
where community members develop community hazard and
resource maps.

• Mapping of population, livelihoods, critical facilities and
infrastructures that are subject to potential losses in case of any
disaster.



Urban Multi-hazard Risk Analysis Using GIS and Remote 

Sensing: A Case Study from Kohima Town, Nagaland, India

• The study was undertaken by Petevilie Khatsu and Cees J. van Westen.

• In their study they analyzed landslide, earthquake and fire hazards in three 
wards of Kohima town (New Market, Midland, Hospital Colony wards), based 
on historical analysis, mapping survey and questionnaire survey combined with 
elements at risk inventory to derive a multi-hazard risk map. 

• They used three methods for landslide mapping: interpretation of satellite 
imageries, walk-over survey, and analysis of historical data.

• In order to prepare a fire hazard map for the study area a multi criteria 
evaluation was carried out by using the following criteria: building typology, 
building material, space between buildings, distance from the road, distance 
from fire service stations, etc.

• In the study, three generic earthquake scenarios were assumed with earthquake 
intensities of VII, VIII and IX on the Modified Mercalli scale in order to assess 
the expected building damage.

• After deriving the individual hazards, they were combined into a Multi-Hazard 
Map The combination of the hazards was done using an ArcGIS spatial query 
operation.



Multi-Hazard Map of Kohima Town 

Source: Khatsu, P. and Van Westen, C.J.



Urban Risk Mapping Using LST, NDVI and NDBI in Delhi





Pollution Risk 

Mapping

Upper: Satellite derived surface temperature

(left) monitored by Landsat and (right) PM2.5

concentrations estimated by the recently

developed Data Integration Model for Air

Quality (DIMAQ) using ground monitoring

measurements, satellite data and chemical

transport model for New Delhi; Lower: The

same as Upper figure but for Tel-Aviv ( Source:

ISF- UGC Joint Research Program )



CONCLUSION
1. The particular locations and regions are exposed to multiple hazards.

Thus, multi-hazard mapping could play a great role in identifying the
level of disaster risk.

2. The generation of exposure and vulnerability data must go beyond the
physical aspects and incorporate key markers of socio-economic
vulnerability and resilience.

3. Identify mechanisms and opportunities to improve exposure databases and
models, emphasizing issues of scale, data access, types of data and
advanced GIS analysis approaches.

4. It is critical to establish uniform standards to collect, define and share
exposure and vulnerability data. Such standards should also comprise
quality assurance and be promoted by international organizations (e.g.
UNISDR, GFDRR, ICSU, IAP).

5. It is vital to encourage cross disciplinary, cross-organizational, cross-
governmental and the private sector partnerships to provide a more
standardized system to develop and report on disaster data.

6. Data is not necessarily knowledge and knowledge may not represent
action. It is fundamental to convert exposure and vulnerability into
useful action.



Disaster Risk Mapping: An Approach Towards Science Policy Interface

Disaster Risk Mapping as a Tool for Enhancing Policy and Community Response 
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