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FORWARD

We are in a state that must live with risk. It shapes o
planning, policy, and development.

The need for good data and information to support t
planning is vital. With financial support from the World Ba
the Uttarakhand State Government has engagagerts to
complete a disaster risk assessment of the entire state )
that it can understand the threat from natural hazards a !
the exposure of communities and critical infrastructure. ‘

B

The project has assessed the threat and potential consequencesodfritp(both fluvial and flash
floods) earthquakes, landslides and industrial hazards in Uttarakhand. The project has developed
a comprehensive inventory of data for hazards and assessed the likelihood and consexjoén
these hazards in future. This isthirst attempt to develop an integrated disaster risk inventory for

the state and is an important step to support our future decisimaking and planning.

The key project outputs A Digital Risk Data Base, Risk Atlas, exposure maps and open source tools
- will benefit Uttarakhandas follows:

1. The DRDB will help each line department to update Annual District Disaster Management
Plans and State Disaster Management Plans;

2. The disaster risk zones can be demarcated based on the available data and maps;

3. The progct outputs will refine and realign the SOP (Standard Operational Procedures)
during disaster preparedness and disaster response;

4. The DRDB, hazard mapping, modeling will help integration and teaming up of all line
departments.

This isan important step in continuingourney for our administration. We are committed to
improving our capacity to reduce risk in the short, mid, and long t&kf@.are learning from the
pastto improve our risk based planning and development, and we are imgading technological
solutions to help predict threats, manage responsastigate risk in our communitiesand to
protect our citizens.

| am pleased t@ommit this final report to you.

Shri Trivendra Singh Ratwa
Chief Minister December2018
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EXECUTIVE SUMMMARY

THE PROJECT

The Disaster Risk Assessment of Uttarakhand was commissioned undétahekhand
Disaster Recovery Project in 2016 and concluded on tHe/&iuan2019

DHI Water & Environment (DHI) lead the team with key experts participating from ERN
Mexico and Asian Institute of Technology (AIT). The consortium also collaborated tightly
with the Earth Observatory SingaporéESRAENgineers and Architects (India), and
Prestels Engineers (India)

The project is the first attempt to quantify the risk and expected losses (economic and
human) associated with earthquakes and flooding across the entire state. In addition, the
project assessed the exposure of infrastructure aedple to landslides, flash floods, and
industrial hazards.

The results of the assessment are reported at state, district, and block level.

KEY OUTPUTS

The key outputs of the project include:

1. Data, including:
o Comprehensive data on hazards, exposure, @sidfor the entire state for
all hazard classes, and
o Improved inventories of infrastructure and demographic data.
2. State Atlas of Risk
3. Disaster Risk Assessment Toolkit, including
0 RCAPRA Probabilistic Risk Assessment Platform
0 Online Risk Database for datachange and reporting
o Hazard Modelling Softwaréncluding RCRISIS and MIKE Flood
4. Hotspot Risk Reduction Strategies:
0o 5 x Strategic Plans farbanwA &1 Gl 2GaLlRGacé
0o 5xStrategic Plansf®uralwA &1 &l 20alLl2Gaé
0 4 x Strategic Plans fdiourismw A & { a&alé2 G a L2 i
5. Comprehensive Training and Capacity Building Package

The report is submitted in four (4) volumes.
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VOLUME 4: Appendices

The content of each volume is summarised as follows:

VOLUME 1 il

Introduction to the Project

Methods for Modelling Hazards and Risk

Summary of Results

Introduction to Risk Hotspots

Overview of the Risk Tool Kit Deployed Under the Study

Recommendations for Improving Risk Assessment Over Tin

VOLUME 2 Fourteen standalone Hotspot Risk Reduction Strategies for

f
f
f

Five (5) Urban
Five (5) Rural, and

Four (4) Tarism

locations where the USDMA can focus mitigation and risk reduc
activities with a discernible positive impact.

VOLUME 3 Thecomprehensive statavide Atlas of Riskwhich is a product tha
the Joint Venture has developed to supplement the matndy
outputs and to help district level authorities understand th
exposure, vulnerability, and risk at District and Block Level.

VOLUME 4 Appendices with field and workshop report, training materials,
other important supporting material.

The full report set is available to download from the USDMA website
(www.usdma.uk.gov.in
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Our DRA JV experts view this as a strong first step towards embedding risk based planning
in to the disaster risk reduction in @itakhand. This collection of tools and resources will
now require a concerted effort on behalf of tli#ovUkto maintain them and to improve

them continuously.

RISK & EXPOSURE RESULTS

Anonline dashboard of ris&available via the USDMA webspeovidesa simmary of the
Average Annual Losses (AAR)pbable Maximum Loss (PML) and exposure for the
state and individual district and blocks for each portfolio.

This is an interactive a navigable dashboard. Graphs and tables are easily downloaded for

reporting

purposes.

/0‘\ Uttarakhand State Disaster Management Authority
w Government Of Uttarakharnd

HOME RISK ATLAS ¥ DOGUMENTS
DASHBOARD
RISK Das MAP DATA

| Loss due to Earthquakes in Uttarakhand State
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Earthquakes & Fluvial Floods

The combined Average Annual Losses (AAL) for specific infrastructure portfolios due to
probabilistic flood and earthquake events is shown here. This is an indication of the

expected losses in economic terms.

State Average Annual Loss (AAL)

Economic Losses in Uttarakhand due to
Earthquakes & Fluvial Floods

ws Earthguakes: Rs 2,479.7 cr
mm Fluvial floods: Rs 65.4 cr

Economic AAL:
Economic AAL due to Earthquakes

Rs 2,545 cr - Residential Auikdings: Rs 1,460.8 cr (57.4%)
+ Econamic Sectors: Rs 797.7 cr (31.3%)
+ Crivical Buildings: Rs 111.3 er (4.4%)
« Yransport! Rs 93.3 cr {3.7%)
Power: Rs 16.5 cr (0. 7%}

Economic AAL duwe to Fluvial Floods:
Economic Sectors Rs 356 cr (1 4%)
- Residential Buildings: As 14.2 ¢r (0.6%)
- Transport, Rs 9.4 cr (0 4%)
Critical Buildings: Rs 5.9 cr {0.2%)
« Power: Rs 0.3 cr (0.0%)

HOCE: Oy SEgmants IpresentalQ = 1% of SEATe AAL ave tabelied

WALOLICH

The combined expected human losses associated due to probabilistic flood
earthquake events is shown here.

State Average Annual Loss (AAL)

Human Losses in Uttarakhand due to
Earthquakes & Fluvial Floods

wew Earthquakes: 3,500 lives

Reé‘deﬂts . .
i 4l
mmm  Fluvial floods: 4 lives

Human AAL:

. EQ 99.9%
3,504 lives Q g
Human AAL due to Earthquakes:
: - Residents: 3,169 lives (90.4%)
couris™ - Tourists: 331 lives (9.5%)
Human AAL due to Fluvial Floods:
- Residents: 4 lives (0.10%)

- Tourists: 0 lives (0.00%)

Note: only segments representing = 1% of State AAL are labelled
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The top four districts contributing most to the total expected losses for the state are (in
order from highest to lowest): Dehradun, Haridwdidham Singh Nagar, and Nainital.

Earthquakes dominate the expected losses and the damage is, potentially, widespread.
The following diagram summarises the exposure of critical infrastructure and people to
earthquakes. It indicates that the portfolios mastposed to the Very Strong earthquakes
are Hydropower Stations, Health Centers, Educational Institutes (incl. Schools), and
Fire/Police Stations, and Transport Hubs.

Exposure to:

—_ Limited exposure Significant exposure
Earthquake Intensities ' i (Itersity = Viery Strong)
&‘ Residents 73% 27% lt;';,”', ,
Population Tourists 84% yotat:
ﬁ Katchcha Structures 63% 37% 1'“1: ’!.; L
Residential NA Total:
Buildings Pucca Structures 84% 16% 856 L
Educational Institutes 50%
. s ”
D Health Centres 42%
Critical
Buildings
Fire/Police Stations 48%
Unpaved Roads 69% Gt
S Paved Roads 51% ¢
Transport ]‘
Transport Hubs 50%
@ Substations 70%
Power Hydropower Stations 17% 3%
Agricultural Area 58%
Horticultural Area 70% 2
1
Economic Commercial Zones
Sectors

Industrial Estates 100% 0.2%{

Tourism Revenue 80%
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Flash Floods

oh @

The exposure of infrastructure to flash flood risk is summarised asviillo

Exposure to:

Flash Floods

Limited exposure
(Zone = Low)

Significant exposure
(Zone > Low)

. Total:
0,
}s Residents 92% 109,95 L
Population Tourists 99% 1%| L‘i‘j'l
Total
ﬁ Katchcha Structures 100% 0.5% 14.39 L
Residential 5 .| Total
Buildings Pucca Structures 100% 0.3%; 8.46 |
Educational Institutes 99% 0.9%| I?Igllq
. ' 4
jC_\ Health Centres 98% 2%I I,Oatf[b
Critical e
Buildings
Fire/Police Stations 99% l%l ‘Tjgrfl
Total:
Unpaved Roads 98% 2%| 2.425 km
S Paved Roads 99% l%I .T((""“;‘l(:
Transport 26,208 km
Transport Hubs 98% 2°/o| T;:rlal:
@ Substations 99% 0‘7%| I/c_}t;i:
lotal:
. i
Agricultural Area 99% 1 /ul 9.689 km’
Total:
1 0,
? Horticultural Area 99% 1 AI 16.540 km?
Total:
Economic Commercial Zones 100% 0.4%‘ 5.8 km?
Sectors
5 Total
Industrial Estates 100% 01% sz
59,1 km¢*
, Total:
Tourism Revenue 99% 1%I Rs 41.492 cr

Most infrastructure and people are not routinely exposed to flash flood risk under a 100yr
reoccurrence interval. However, flash floods can occur with localized and devastating
consequences. Zonation to reduce exposure and early warning systemdfecéve
mitigation measures.
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Landslides

The following figure simply summarises the exposure of all portfolios to landslides. Roads
and hydropower facilities are most exposed.

re to: 3 s
Exposure to: Limited exposure Significant exposure
Landslides (Zone = Nona) Zone > None)
Tota
“ Residents 83% m 110.02
Population Tourists 97% m I(.;.:rl
ﬁ Katchcha Structures 78% m I”N] 1
Residential Total:
Bulldings Pucca Structures 90% 8.46 L
Educational Institutes 70% “ I”,t:'w
. : ’
Critical
Buildings Total:
603
Unpaved Roads 73% 1% !J;I, kmn
Transport oy st
Transport Hubs 74% m Ir,"l
‘ : Total
a -
ftural Ar 75 Jo
Agricultural Area %o 9,688 km
Horticultural Area 17% “ I ?' :I,
D030 KM
< c 12 8 e
Econionic ommercial Zones 1% 5.8 km
Sectors
U Total
Industrial Estates 100% B3W o1 1o’
Tourlsm Revenue B4% ook
Rs 41,437 1

Industrial Hazards

1 Most industrial facilities in Uttarakhand are ligimdustry or pose no catastrophic
threat. However, chronic pollution and illegal dumping remain a concern outside the
scope of this assessment.

1 There are 3 districts that are assessed to have facilities that pose most threat from
potential industrial hazarst namely Udham Singh Nagar, Hardiwar and Dehradun.

1 23 industrial facilities are identified as hazardous in which 16 are in Udham Singh
Nagar District, 1 in Dehradun District and the remaining 6 in Haridwar District.
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7 Most of these hazardous industries doeated in the district of Udham Singh Nagar.
There were 9 industries (~12%) who denied giving the data required for this study and
it is unknown whether or not they use and/or store hazardous chemicals.

1 It has been noted that Haridwar District is alsoder high risk because the industries
present in these districts are situated in densely populated and constructed areas.

1 The facility HRD 2Indane Bottling Plant, is located Badrabadhindustrial Estate,
which is situated in a very densely populategiion thus some steps should be taken
for the communitiessafety.

KEY RECOMMENDATIONS

The state of Uttarakhand is rapidly changing and its risk profile is changing. Risk is dynamic.
Therefore, the Government of Uttarakhanghust invest in implementation of the
recommendations arising from this study, and in the continuous improvement of the
database and the upkeep of the Atlas in order that they remain relevant and useful for
risk based planning and risk reduction.

Recommendatins and strategies for risk reduction are grouped in to sei\/@rmpriority
areas.

1. Improvement of Capacity to Undertake and Apply Disaster Risk Assessment
Improvement of Disaster Risk Awareness & State Level Capacity for DRR
Enhancement of State Level DRMi& and Planning

Reduction of Seismi& LandslideThreasto People & Infrastructure

Reduction of Fluvial and Flash Flood Trséafeople & Infrastructure
Reduction of Social Vulnerability

Implementation of Strategies to Reduce Thisgat Tourism Secto

N o o koD

Several criticaland immediate steps are required in order to ensure successful
implementation of the recommendations and applications of risk assessment in the state
of Uttarakhand.

1. Implement a strong policy on disaster risk management and reduction,
incorporating strong mitigation and planning requirements for municipal and
district authorities.

2. Invest in Community Based Disaster Risk Management and amplify the activities
building risk aware and resilient communities.

3. Ensure there is an annual updatetbé Atlas and Risk Profile of the state.
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4. Secure commitments from line agencies to continually improve their asset
inventories and data about their asset portfolios.

5. Build the recommendations arising from this study in to the state level and district
level disaster risk management plans to strengthen the mid and long term
mitigation plans.

6. Enhance the technical capacity of USDMA and DMMC to understand and apply risk
assessments;

7. Continue to train line agencies and nodal officers in the application of askd
planning for mitigation of disaster risk;

8. Invest in the hotspot risk reduction strategies accompanying this report.
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1.1.1
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INTRODUCTION

/The content of this report is guided by the Terms of Reference (ToR) of the stud
captures the key outcomes of the project, whilst placing an emphasis on the h:
assessment methods as this is required under the ToR.

In this specific section diie report, we introduce the report structure, the project conte:
and objectives, and we describe the overall approach taken for the DRA study.

This section of the report also provides an introduction of the State of Uttarakhant
readers unfamiliar wh the project context. Since the focus of this report is on results
hazard assessment methods, the reader is referred to the Inception Report for fu
background information on the State. /

OVERVIEW OF THE BERDJ

Objectives and Scope
PGGFNY U KFYRQa adzadGrAylFofS RS@OSE2LIYSyd RSLISy
effective disaster risk reduction strategies and measures in the-termg. Without effective DRR

there can be no sustainable development, and Uttarakhand is a@llsadeveloping statewith
ambitious economic goals.

The Disaster Risk Assessment of Uttarakhand (DRA) was commissioned under the Uttarakhe
Disaster Recovery Project in 2016 and concluded on tHek8fuary 2019

The project has been funded by the VibBank and implemented under the Disaster Recovery
Programme of Uttarakhand (UDRP). The UDRP itself was established to facilitate rapid and strc
recovery after the devastating floods of 2013 and the DRA is one of several projects under th
programme.

The implementation of the study was coordinated by the ProjegtlementationUnit (PIU) under
UDRP and fully executed by a Joint Venture (DRA JV) comprising DHI Water & Environment (S)
Ltd, ERN International, and the Asian Institute of Tetbgy (AIT). The DRA JV has collaborated

1 Uttarakhand has naked consistently in the top 4 fastest growing states in India since 2014 and is presently ranked a
the second fastest growing state economy.
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with local and international counterparts, including the Earth Observatory Singapore, TESR
Prestels Engineers (India), Bindu Society, and Lime Agency Singapore to ensure the satisfactory
timely completion of his risk assessment.

The objective of this study has been to strengthen mid to long term planning and mitigation througt
helping theGovUkii 2 adzy RSNE Gl YR Ada NARal¢x F (Se 321}

The study was comprised of six (6) components authe&omponent has involved several key tasks.
All components were tightly interrelated.

Component Xollated, analysd and preparel all input data to facilitate hazard modelling executed
in later steps. Component 2 deliezt structural andsocioeconomic da used to derive the
vulnerability and exposure datasets required fioe risk modelling. Component 3 madse of the
collated data to deliver hazard related datasets generated by-bestass hazard modelling tools.
Component 4 dealwvith the risk modding andthe quantification of riskand exposure across the
state. In addition, Component hcluded the development of risk reduction strategies ébot-
spot€ A R Siyl WttarakhaSdrk Componentdeveloped and deliveedthe IT solution required to
store and share the data among agencies and puihich is the DRDB ¢eonym for disaster risk
database) Finally, Component Bas focused on capacity building, engagement, @athing of
GovUkstaff and the final project reporting

Figurel.1 depicts the study components and the tasks within each component.
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Figure 1.1: Components of the Disaster Risk Assessment Project
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The DRA has set out to quantify the risk and exposure from five (5) types of hazard:
1 Earthquakes;

1 FluvialFloods;

71 Flash Floods;

1 Landslides; and

1 Industrial catastroph&

For fluvial, or riverine, floods and for earthquakes, the exposure of infrastruetodepeople has
been estimated and the total risk has been assessed probabilistically. The results are reported
block, district, and state level.

For flash floods, landslides, and industrial hazards it is not feasible to model the risl
probabilisticaly. Instead, a deterministic approach has been taken and the exposure of
infrastructure and people to these hazards has been estimated. The results are reported at bloc!
district, and state level.

This overall approach is consistent with the terms of refiee for the study.

An important overall objective has been to ensure that the process of risk assessment is ongoir
and repeatable for USDMA and district level officers. Hence, the DRA JV has ensured the trans
of scalable and flexible tools that wiklp do this (for instance, CAPRA for risk computation and the
Online Risk Database for exchange and communication of exposure data and results).

The key questions we are seeking to answer through this work are as follows.
1 What hazards are most likely anevere?

1 Where are people and infrastructure most exposed?

1 Where and why are people and infrastructure most vulnerable?

1 What human activity is increasing the likelihood or intensity of a hazard?

1 What factors increase exposure and vulnerability?

1 What can bedone to manage these factors?

1 What strategies can be committed to reduce risk?

2 Chronic pollution in the vicityi of larger industrial facilities remains a concéuut it was not under thescope of the
DRA to assess this.
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The core project work components were delivered in a timeframe of 26 months with an additiona
2 months required for final contract closurféigurel.2 illustrates the schedule and the overlapping

1.1.2 Schedule of Delivery

components.
START END
May 2016 Maonth Oct 2016

(1]z2]s]als]e]7]s]o]uofuflu]ulis]ue]rfu]ofofafafafafasfoefarfanfan

MOBILISATION |
COMPORENT 1
;couaonstz
COMPONENT 3
COMPONENTA
COMPONENTS
COMPONENTG:

PROJECT CLOSURE ACTIVITIES

2016 2017 2018

Figure 1.2: The DRA Project Schedule

1.1.3 About ThiRReport

This report is the final output from the Disaster Risk Assessment of Uttarakhand (DRA) complete
in January 2019

It is written for risk management and planning practitioners in the Government of Uttarakhand
(GovUR and, specifically, the leadershopthe Uttarakhand Stake Disaster Management Authority
{5al 0 LG Fft&az2 gNRGOISY F2NIS5AAGNROG [ SOST

The report is submitted in four (4) volumes.

ARAKHAN

B
R

iD=
e

VOLUME 1: Final Report VOLUME 2 Hotspot Strateg VOLUME 3: State Risk Atlas VOLUME 4: Appendices

The content of each volume is summarised as fadtow

Uttarakhand Disaster Riskssessment Page4



DHI

VOLUME 1 1 Introduction to the Project
1 Methods for Modelling Hazards and Risk
1 Summary of Results
71 Introduction to Risk Hotspots
1 Overview of the Risk Tool Kit Deployed Under the Study

1 Recommendations for Improving Risk Assessment Over Time

VOLUME 2 Fourteen standalone Hotspot Risk Reduction Strategies for
1 Five (5) Urban
1  Five (5) Rural, and
1 Four (4) Tourism
locations where the USDMA can focus mitigation and risk reduc

activities with a discernible positive impact.

VOLUME 3 A comprehensive stateide Atlas of Riskwhich is a product that the Joir
Venture has developed to supplement the main study outputs and to |
district level authorities understand their exposure, vulnerability, and
at District and Block Level.

VOLUME 4 Appendices with field and workshop report, training materials, and of
important supporting material.

The report is available to download from the USDMA websitev(.usdma.uk.gov.n

-

Whilst this study is a key aspect of disaster risk reduction, it is only the first st

Disclaimer

a lengthy process of maturation of thetate level risk planning managemei
capacity. The outputs from this study facilitate letl@gm mitigation & planning
and are not for engineering design purposes, real time monitoongesponse

planning.
J
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1.1.4 Key Project Outputs

The key products arising from the project that are intended to have a lasting benefit in the state
are:

A comprehensive inventory of all input datasets for the hazard models.

Statewide hazard maps for the entire state and reusable modtguts.

Greatly improved inventories of infrastructure, communities, and social vulnerability.

| qli22f 02Eé 2F &2Fho6l NB AyOfdzRAYy3I /! tw
Statewide Atlas of Risk detailing exposure, vulnerability and rislottk Bevel.
C2dzNIISSy al 2GalLl2ié¢ NARa]l NBRdzOGA2Y adGNI
Training materials.

N o gk wNPRE

Our DRA JV experts view this as a strong first step towards embedding risk based planning in to
disaster risk reduction in Uttarakhand. This collection of tools and resowviteeow require a
concerted effort on behalf of th&ovUkio maintain them and to improve them continuously.

1.1.5 Strategies for Project Success

The process of completing a mtiazard risk assessment in a compressed timeframe has
presented many challengesiowever, the team adopted several strategies to ensure timely
completion and to facilitate a positive outcome to the project programme. These include:

1 Perform the components of the study in an overlapping and not in a truly lin@gramme.

1 Deliver additbnal tools and resources beyond the terms of reference to empoweGbeUk
to repeat and refine the analyses on an ongoing basis (for instance, CAPRA, the Atlas of R
and training in the use of the hazard modelling tools).

1 Engagement and awareness hetState (2 workshops), District (12 workshops), and Divisional
(2 workshops) levels to validate collated data, preliminary findings, and to raise awareness
risk based planning and effective disaster risk reductions across the state.

1 Engagement and alignent with Vetting Agency (IIT Roorkee) was essential to ertbatlocal
domain expertise was codified in the models and approach conducted for the study. It was vite
to ensure that the review process was collaborative and not adversarial, and weooéimm
that this has been auccessful aspect of the project.

1 Local recruitment to build capacity and bolster geospatial data management and risk modellin:
functions. Six (6) local staff were engaged hadedout of Dehradun

1 The DRA JV mainteed strong local presence with a local office and training facility.

1 To encourage effective handover of the tools and data, the DRA JV initiated Component 6 eat
and from the onset of the project. District Level workshaepare initiated in month4 and
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training of USDMA began 12 months before project conclusion. Additipriadiyning
opportunitieshavearisen given the local presence and we have capitalised on this opportunity
to provide additional training beyond the initial requirement.

POST PROJBETGIAD MAP

The state of Uttarakhand is rapidbhanging,and its risk profile is changin&isk is dynamic.
Therefore, he Government of Uttarakhandmust invest in implementation of the
recommendations arising from this study, and in the continuoysrovement of the database and

the upkeep of the Atlas in order that they remain relevant and useful for risk based planning anc
risk reduction.

Several critical steps are required in order to ensure successful implementation of the
recommendations andgplications of risk assessment in the state of Uttarakhand.

1. Implement a strong policy on disaster risk management and reduction, incorporating stronc
mitigation and planning requirements for municipal and district authorities.

2. Invest in Community Based Bster Risk Management andanalify the activitiesbuilding
risk aware and resilient communities.

3. Ensure there is an annual update of the Atlas and Risk Profile of the state.

4. Secure commitments from line agencies to continually improve their aggentories and
data about their asset portfolios.

5. Build the recommendations arising from this study in to the state level and district level
disaster risk management plans to strengthen the mid and long term mitigation plans.

6. Enhance the technical capaciof USDMA and DMMC to understand and apply risk
assessments;

7. Continue to train line agencies and nodal officers in the application of risk based plannin
for mitigation of disaster risk;

8. Invest in the hotspot risk reduction strategies accompanying ttpsnte

UNDERSTANDING RISBESSMENT AND REINCT

What is Risk?

The rislkposed bya specific hazard can be described as a function of the magnitude of the hazard
the vulnerability towards the hazaydnd the exposure (severity) of the pact:
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HAZARD X EXPOSURE X VULNERABILITY

All dimengons of risk are highly variable in both space and time.

1 HazardsQuantitatively defined by the likely frequency of occurrence of different intensities for
different areas, derived from historical data sets and covering events including earthquakes
landsldes, flash floods and industrial hazards

1 Exposure:People, property, systems, or other elements present in hazard zones that are
thereby subject to potential lossewith options for disaggregation of incidence by income level
(i.e. impact on the poor)geographic area (i.e. to identify areas for urgent intervention), and
sector (e.g. government/public, commercialdustrial, residential); and

1 Vulnerability:Quantitative and galitative (proxy) measuresf the damages and losses incurred
to the exposectlementsat-risk (e.g. people, property, systems) by different intensities of the
various hazards considered.

The relationship between these three aspects of understanding risk is illustrakggurel.3.

Natural / Environmental Factors Hazard Inventory Elements at Risk
/" Rainfall  Earthquakes
7 Wind Z__Landslides
7 Topography _Floods 5
drol /  Industrial
Goollgyctc.

[ spatiak-Temporal Probability (Damage-intensity Relationships |

Risk = f(Hazard, Exposure, Vulnerability)

1 3

Risk Assessment

Disaster Management
Mitigation (Risk Management)  Preparedness = Response Recovery

o anae’

Figure 1.3: Framework for risk assessment, illustrating the relationship between hazard, exposure and
vulnerability to derive risk

Uttarakhand Disaster Riskssessment Page8



1.3.2

1.3.3

Probabilistic vs DeterministRisk Assessment

Given the limitations in historic records, probabilisti \
risk assessment uses models underpinned by soundyyhijle historical losses can expla

scientific and engineering knowledge to simulate thope the past, they do not necessari

future catastrophes that are likely to occur. Probabilisfic provide a good guide to the

models recreate the intensity of a large number

synthetic events across a full spectrum of Ipabilities

of occurrence. Uncertainty is factored in to th
assessment and probabilistic models tend to produc
more realistic assessment of the over risk or expected
losses.

f future: most disasters that couls
happen havenot happened yet

UNISDR, 2013 j

In contrast, the deterministic approach typically models specific scenariasevthe input values
are known and the outcome is observed. Both approaches have value.

Risk Minagemen®& Reduction

Risk management is the process through which risk is evaluated before strategies are introduce
to manage and mitigate thtéhreat (Smith ad Petley, 2008

As Crozier (2005) noted, the key drivers for the successful management of risk must be ¢
awareness of threat, a sense of responsibility plus a belief that the threat can be managed or «
least reduced. In an ideal world, the risk managetprocedure follows a clear set of priorities in
which the highest levels of risk are addressed firsbrder to develop such a priority list, a detailed
guantitative risk assessment of all relevant factors and processes is required. This is atdiskcul
not least because of the need to balance the relative significance of losses from high and lo
frequency events.

Risk management itself is often considered to be focused upon the prevention, mitigation anc
preparedness elements of this cycle, altigh the other elements are also important. Prevention,
which forms part of this cycle, is only to a limited extent achievable.

The presentproject focuses on the aspect of pdesaster protection of the risk reduction cycle
However, this does not meame other half of the cycle will be completely neglected. Therefore,
the basis oh risk management system will be developed that, in a later stage, may be expanded t
act a basis for pogtfisaster recovery as well. For example, information generated ®d@aster
protection can be used (perhaps after adaptation) for pinpointing areas that most urgently require
post-disaster recovery and for selection of effective and efficient pesbvery measures. Besides,
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due to the modular approach of the system,ai@onmaking and action protocols for pisaster
protection can be supplemented with protocols for passaster recovery.

As can be seen ifigure 1.4, predisaster protection consists of risk assessment, mitigation,
preparedness and emergency plans.

Figure 1.4: The reduction of risk through pre-disaster protection and post-disaster recovery activities. The
time-scales needed for the activities shown may range from hours (emergency evacuation) to decades
(rebuilding damaged infrastructure) (Source: Smith and Petley, 2008).

As shown above, the primary elements of fulisaster protection are:

1 Rk assessment: Involves the identification of a hazard, the accumulation of data and tht
preparation of loss estimates;

1 Mitigation: Measures are taken in advance of disaster strikes, aimed at decreasing o
eliminating the loss. Various long term measurssch as the construction of engineering
works, insurance and land use planning are used,;

1 Preparedness: Reflects the extent to which a community is alert to disaster and covers shor
term emergency planning, hazard warning and temporary evaluation procedpits the
stockpiling of supplies.
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