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HAZARD

A process, phenomenon or human activity that
may cause loss of life, injury or other health
impacts, property damage, social and
economic disruption or environmental
degradation.
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Scenario 1 SN A e
Mega Earthquake near a City RN T
Likely to result in huge devastation as the origin . N 5
of the earthquake is very near the densely : ’_ » i |

populated city

Click to Generate
Earthquake

Scenario 2
Mega Earthquake in a Desert

May not cause any considerable damage as no

settlements are near the earthquake strong
earthquake shaking areas.

Image Courtesy: USGS



Scenario 1
Mega Earthquake near a City

Likely to result in huge devastation as the origin
of the earthquake is very near the densely
populated city
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Shaking
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Shaking
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Scenario 2
Mega Earthquake in a Desert

May not cause any considerable damage as no
settlements are near the earthquake strong
earthquake shaking areas.
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Vulnerability

The conditions determined by physical, social,
economic and environmental factors or
processes which increase the susceptibility of
an individual, a community, assets or systems
to the impacts of hazards.
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Hazard Same!
Damage Different!

Why??

Both houses are subjected to same hazard, but
one got destroyed, another experienced
moderate damage.

- Gorkha Earthquake, 2015
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Exposure

The situation of people, infrastructure,
housing, production capacities and other
tangible human assets located in hazard-
prone areas.
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Same Type of Houses Suffer Different
Damage Depending on its location

Different assets in the illustration experiences different flood water depth just
due to their location. With higher water depth, houses will experience more
content and structural damage

Animate
Flood




Same Type of Houses Suffer Different
Damage Depending on its location

Different assets in the illustration experiences different flood water depth just
due to their location. With higher water depth, houses will experience more
content and structural damage




Disaster Risk

The potential loss of life, injury, or destroyed or damaged assets which could
occur to a system, society or a community in a specific period of time,
determined probabilistically as a function of hazard, exposure, vulnerability
and capacity.

Vulnerability Exposure




Disaster risk reduction

Disaster risk reduction is aimed at preventing new and reducing existing
disaster risk and managing residual risk, all of which contribute to
strengthening resilience and therefore to the achievement of sustainable
development.

Vulnerability Exposure

Reduce Vulnerability & Exposure




Disaster risk reduction

Disaster risk reduction is aimed at preventing new and reducing existing
disaster risk and managing residual risk, all of which contribute to
strengthening resilience and therefore to the achievement of sustainable
development.

Vulnerability Exposure




UNDERSTANDING RISK
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Understanding Disaster Risk
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Understanding
Disaster Risk
Geospatially

65%

Risk Meter

Hazard Levels

- Violent Shaking IX
B stongshaking Vi
" Lignt shaking \

Vulnerability

a Concrete Building  Low Vulnerability

ey Brick Building High Vulnerability
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Hazard Assessment
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Hazard models estimate the probability of occurrence of a specific hazard, in a specific future time
period, as well as its intensity. Natural hazard models replicate the physics of natural processes,
including their propagation through the atmosphere (e.g. windstorm), the Earth's sub-surface (e.g.
earthquake) and surface (e.g. flood), or a combination of all three. Hazard is estimated in terms of

the occurrence, frequency and intensity of the event(s).

Develop Historical Hazard Catalogue

The most essential data define the date, geographical location and extent, and maximum intensity of historical events. A
collection of the spatial, intensity, and temporal characteristics for events in an event set is termed a hazard catalogue.

Develop Hazard Model

Deduct physical mechanism of hazards from historical hazard knowledge and setup computer based simulation model.

Define Probability of Events

Estimate probability of a hazard level occurring at a location with a specific intensity

“Effective disaster risk reduction requires the consideration of not just
what has occurred but of what could occur. Most disasters that could
happen have not yet happened” - UNISDR, 2013.
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Example: Flood Hazard Modeling

Depends on how water moves over/through landscape:
a Terrain
A Characteristics of land/environment/soil

Components of Runoff Precipitation

Evaporation

?

Depression ' Transpiration

Infiltration storage ~ )

R | < Overland ™™
Percolation flow

\ + Interflow N X

N = Stream flow
Groundwater N

Baseflow o =

©The COMET Program
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Challengel.: Hydrologic Modeling
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Elevation surface

Flow direction
Direction from each cell to its steepest downslope neighbor

The Flow Accumulation

Accumulated weight of all cells flowing into each downslope cell in the
output raster. If no weight raster is provided, a weight of 1 is applied to
each cell, and the value of cells in the output raster is the number of
cells that flow into each cell.

1. How a raindrop will flow on this surface elevation?
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Example: Historic

PGS -

Pixel Coordinates: Lat: 11.690673, Long: 105.279696

Monthly Water Recurrence
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“A4 '§ 4 Vulnerability Assessment

The methodology of developing the relationship between different intensity of hazard and probable
damage is defined for different structural, social, economic systems.

Vulnerability Curve
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Understandin
Vulnerability Curves

Vulnerability Curves are developed by
defining relationships between a
measurement parameter of the hazard (e.g.
water depth in case of flooding or the
spectral acceleration in the case of
earthquakes) to the likely damage of the
particular building class.

Vulnerability Curve
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Understandin
Vulnerability Curves

Vulnerability Curves are developed by
defining relationships between a

measurement parameter of the hazard (e.g.

water depth in case of flooding or the
spectral acceleration in the case of
earthquakes) to the likely damage of the
particular building class.
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Challenge 2 : Flood Vulnerability Assessment from Historical Damage Records

SURVEY BUILDING BUILDING FLOOD DAMAGE
ID TYPE OCCUPANY DEPTH (CM) RATIO
1 BRICK RESIDENTIAL 138 0.4
2 ADOBE RESIDENTIAL 129 0.8
3 BRICK RESIDENTIAL 52 0.1 » -
4 ADOBE RESIDENTIAL 104 0.6 \g
5 BRICK RESIDENTIAL 9 0 —
6 ADOBE COMMERCIAL 105 0.7 . /j
7 BRICK HOSPITAL 17 0 / /
8 ADOBE RESIDENTIAL 142 0.9 / //
9 BRICK INDUSTRIAL 81 0.2 - ,/ 7-
10 BRICK GOVERNMENT 15 0 / /
11 ADOBE RESIDENTIAL 99 0.6 / /
12 BRICK RESIDENTIAL 109 0.3 é -~
13 BRICK RESIDENTIAL 43 0.1
14 BRICK RESIDENTIAL 125 0.4
15 ADOBE RESIDENTIAL 127 0.8 I
16 BRICK HOSPITAL 6 o 1. Prepare the Vulnerability Curve
17 BRICK RESIDENTIAL 5
18 ADOBE SCHOOL 123 0.8
19 BRICK RESIDENTIAL 45 0.1
20 ADOBE GOVERNMENT 55 0.3
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Exposure Assessment

Process of creating a geospatial dataset of people, property, systems. Measures of exposure can
include the number of people or types of assets in an area. These can be combined with the
specific vulnerability of the exposed elements to any particular hazard to estimate the
quantitative risks associated with that hazard in the area of interest.

Vulnerability Category
Location
Cost

Human Exposure
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Exposure Data Aggregated at Admin Block Level: From Housing Census
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Application of Remote
Sensing and Earth
observation for Exposure
Data Development

Can be performed using a
combination of Earth or Aerial
observation and Field Survey.

Typical Steps Include

1. Acquire High Resolution Satellite
Image or UAV Survey

2. Digitization and extraction of Hi ;
) igh Resolution
elements at risk
3. Collection field data of attributes of
each stock
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Challenge 3 : Exposure Assessment from geospatial data

183400 182600 182800 188700 182800 188800 1700 00000 187100
1 1 1 1 1 1

1. Prepare Exposure
Estimates for Each Flood

Depth.

2. Can you calculate probable
damage?




REDUCING RISK



GIT for
Mitigation

The lessening or minimizing of the adverse impacts of a hazardous event.

Mitigation measures include engineering techniques and hazard-resistant
construction as well as improved environmental and social policies and public
awareness.

All mitigation measures can be justified by geospatial cost benefit analysis
for optimal solution.

UNDSHT Unit‘Ed‘Natlnn! Institut



Cost Benefit Analysis for Mitigation: Application of Geospatial Risk Maps

Current Risk
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Cost Benefit Analysis for Mitigation: Application of Geospatial Risk Maps

Reduced Risk: After Building Diversion Channel
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Cost Benefit Analysis for Mitigation: Application of Geospatial Risk Maps

» Fi

Reduced Risk: After Building Diversion Channel
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Courtesy: CIMA Foundation
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Cost Benefit Analysis for Mitigation: Application of Geospatial Risk Maps

Investment Breakeven in 50 Years and Human Suffering Lessened by
32,000 Affected People

MEASURES ECONOMIC ANNUAL SAVINGS INVESTMENT AVERAGE NUMBER
INVESTMENT( | AVERAGE (M€/YR) BREAKEVEN OF POTENTIALLY
M€) LOSS!? AFFECTED PEOPLE

(M€/YR)

NO 0 M€ 6.5 ME/YR - - 4 EVENTS X
MEASURES 11’000 PEOPLE
DIVERSION 251 M€ 1 ME/YR 5.5 ME€/YR ABOUT 50 YRS 4 EVENTS X
CHANNEL + 3’000 PEOPLE

NEW

CULVERT

Courtesy: CIMA Foundation
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Hazard Sensitive Landuse Zoning
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GIT for
Preparedness

The knowledge and capacities developed by governments, response and
recovery organizations, communities and individuals to effectively anticipate,
respond to and recover from the impacts of likely, imminent or current disasters.

Preparedness is based on a sound analysis of disaster risks and good linkages
with early warning systems, and includes such activities as contingency
planning, the stockpiling of equipment and supplies, the development of
arrangements for coordination, evacuation and public information, and
associated training and field exercises. All of these can be enhanced by the use
of Geospatial information technology.
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Flood-FINDER:

A Forecast-based INtegrated flood Detection system for Emergency response and disaster Risk reduction

Results

Weather forecast, linked to
hydrological and inundation
models provide early
warnings and simulated
inundation maps every day
at global scale.

How it works?

Download

Global Global Flood
Meteorological Early Warnings
Forecast up to
Weeks
Hydrologlcal model in advance

Simulated Flood
Scenarios

90 resolutlon

T T

Inundation model

Satellite applications

What is it for?

Alerts, bulletins, risk maps, assessments
and other analysis based on forecasts can
support the preparedness and planning
activities.

A Coupling Flood-FINDER with a
‘ - flood rapid mapping activity
ensures that all of the disaster
Q management phases are
supported by data ,thereby

Pr epa redness ﬂ offering assistance throughout the
Gectaion malgers disaster management cycle.
N’. can au:; ::l"a‘m::gt: E me rg en cy 0 @ ,
m monits;;e&ag::{sfﬂc; I ’
and plan -l
d y U
360 SLEY
9 Disaster Cycle Response : »
\\ In the early stage of a disaster,
satellite-based products like flood
maps are a precious support to
humanitarian relief planning and
coordination.
Planmng Damage Assessment

Increasing ftlood awareness Fllllng the tAhsslessingffzoam spaie
over a country : : e level of damage to
Flood-FINDER can be customized at infor matlon gap infrastructures and
different scales (country, regional and in the °°m";‘“';'t3af?°'l't!es
local) and used for flood risk planning pre-disaster o i
purpose (urban planning, camps ph ase Eililation and

4 population’s needs

location, ect.) I a
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GIT for
Emergency
Response

Information is the foundation on which decision-making for a
coordinated and effective response is based.

Objective:

To ensure that right information of the humanitarian emergency is
provided to the right person at the right time in a usable form to
facilitate situational understanding and decision-making.
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Extraction of water extent from pre and post event satellite image

Before Flooding After Flooding Extent




Geo- spatial Methodology for exposure/impact and damage analysis

Preliminary Exposure/Impact Analysis

Vector Flood =
' ... )« Baseline Data Water
' 'J; Extent

s

% Population

aaaaaaa

PA KISTAN

e b

Combination of data allows for detailed
and comprehensive preliminary
exposure analysis

SUMMARY OF FLOOD-AFFECTED POPULATED PLACES
AND INFRASTRUCTURE
KHYBER

PROVINCE BarocHrs , KHYBER — punia siND oTHER L1,

TAN B H s

wa

VILLAGE
giriac 174 808 4,037 2,463 10 7,492
TOWNS /
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HEALTH
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BRIDGES 11 183 139 95 1 429
ROADS (KM) 313 772 1,613 2,331 21 5,051 gr
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Geo- spatial Methodology for exposure/impact and damage analysis

Visual Interpretation of level of building damage from Pre and Post VHR Image

Pre Event Satellite Image ( \
Resolution: 50cm ’l.\" ( )
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" Satellite Derived Building

' Damage Assessment

% 9
D’amages in Muisne

Damage Level Count

Destroyed 139 .

Severe Damage 206 a

Moderate Damage 105

Total 450

Post Event Satellite Image

Resolution: 50cm

Destroyed
Severe Damage

Moderate Damage
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GIT for Building
Back Better

Recovery planning
Monitor recovery progress

Cost Estimation

Time & Resource allocation




GIT for Building Back Better

Properties with
Above Floor Inundation

Gauge Height

below 5.0 metres

5.0 10 6.0 metres
® 6.0t0 6.5 metres
6.510 7.0 metres
above 7.0 metres

Risk Aware Recovery Plans
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Cost of DRM

Return of Investment in Disaster Risk Management

Reduced losses

Reduced losses
Reduced losses
Build Back Better Reduced losses

Reduced losses

Preparedness

Reduced losses

Mitigation Measures Reduced losses

Reduced losses

Understanding Risk Reduced losses

Return from DRM
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