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31  Baseline Expostre Profile
A B

This section will summansa the state of Uttarakhand as a whole. in terms
of the baseline value (human and economic) which could potentially be
exposad to the hazards under consideration Uttarakhand's location s
shown in the inset map to the right. relative to India's other states and
internafional neighbours.

To illustrate the spatial distribution of this baseline exposurs value a series
of maps are presented in the following sections, grouping exposure into
five ‘portfolios” population {(Velume 3.1.1), residential buildings (Volume
312). critical buildings (Volume 3.13), transporation infrastructure
(Volume 3.1.4), power Infrastructurs (Volume 3 1.5), and various economic
sectors (Volume 3.1.6).

As an Initial summary, the figures below summariss partinent demographic

properties of the state of Ultarakhand. All figures are derived from the 2011 Census, noting that 2017

for population and number of households are bassd on the obsarved growth rates between the 2001 and 2011
Censubeas.

Frojecood populanon (2017 Propecten] bosebaids 12017 Sex mtio (2011)
|
S .
stats it P-*
(L85 jakhal e
State
Key dampgrapiag detnpamons in Uarassichand sfate. hased on we 1T Corsys
Wark - Weorking (3850 In:mm
Literaty - Literate {50%)  Mitacare (32%)
schedlitted otre
Caste - cupw (1694 l m
Scnedtuled
Tribes (%)

Figure 3 1. Baselina demographic sialistics extraciad from the 2011 Census for Utterakhamd

On the following page, & selection of basaline household statistics from the 2011 Census ara visualised for tha state
in Figure 3.2, providing Insight Into the condition and siza of lts bulldings. the most common bullding matarials (for
walls). and the general distribution of the population.

[Hisacier Ank Assessmant of Linarnihandg 2016-0015) Confract Mo 0WUIDERPIUT AMCHORMAPMWCDS 1
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Househeold summary for Uttarakhand state
Goad

How many people are How many dwelling roorms are
living in each housshold? there in each househald?
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g6 3y 8
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Percentage of all households (%)
b

Percentage of all households [%]

3 a4 5 68 8 _
. - . S

Whnat material is used for walls?

o | 3 4 5 =8

Tnatch/  Plastic Mud Wood Stone (no Stone  Matal  Burnt Cancrete Other
Rambioo mortarl {mortar) brick
Wall material

Figura 3 2 Basaline Nousehold statistice extracted from tha 2011 Canzig fal Uittarakhand

[ivauder Rmk Aasessment of UIarmkhang 2016-I018) Conract No MADREPPIUT ASCEORMPMCDS 2
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As discussed in detail in Volume 1, social vulnerabliity was assessed for the whole state, using a combination of indicators from the 2011 Census. These provide a comprehensive assessment of likely socfal vulnerability in each village and town in the
State, by looking at indicatars at three levels individual (e.g perceniage of population lliitarate ar not working), household (e.g percentage of households with access lo phone or indoor latrine) and community (e g distance to nearest clty ar hospital)
Figure 3.3 maps the results of this assessment across the whole state, In terms of the relative rankings of all setiements (lowns and villages)

Social Vulnerability of Urban and Rural Communities Disastér Risk Assessment of Utlarakhand (2016-2018)
State - Uttarakhand Magp fist: 050000000 ¥ 0000000000 SOV
WugE 1o B 1 & TS g S '

M

A

Figure 3. ¥ Basefine community socio-economic vuingrability, based on ranking of uthian and rural settiements

DOeaster Mgk Assesamen| of Lltarakiand 2016-2018) Contract No ﬂ'hmm_TW 3
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311  Population
Figure 3.4 shows the population dawywnmmﬁmnm based on data from the 2011 Census.

Resident population Disaster Risk Assessment of Uttarakhand (2016-2018)
State - UTTARAKHAND Manp Ref; 050000000_8_0000000000_POF
T e Iﬂ'ﬂ'l RTTEF

—. = i, = T . - H

i . A

|
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“manE

Diaster Rk Assessmen of Ullarakhand 2016-2018) Exinbeact Mo AR R AECRTAPMCE
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Figure 3.5 shows the distribution of annual teurist numbers across the state, as well as the primary areas of tourism activity (yellow polygans).

Tourists Disaster Risk Assessment of Uttarakhand (2016-2018)

State - UTTARAKHAND - _ - Map Rl 50000000 B 000UIG0000 TUR PO?
) ey e L. !

| A

Ut Mradmdl]

Flgure 3 5. Annual tourist population distribution In UtiarakRand

Diaster Rk Assessmen of Ullarakhand 2016-2018) Gantract No: Q1A SCRIAE A



pHID O]

312  Residential buildings
Figure 3.6 shows the residential buildings which have been digitised in Uttarakhand, as well the tofal expected number of bulldings (based on projections made using the two most recent Censuses)

Residential Buildings Disaster Risk Assessment of Uttarakhand (2016-2018)
State - UTTARAKHAND _ , Map Rt 050000000_F_0000A00000_8:D_RES
TR TIT ey (bhri-g]
N

A

A
i

I B i W W Fua (LR
i stace
:

!'.'_ 4 . ' =L piletiruy
- Dl eradl 3

IR no'shomi oo

Figurs 3.6 Digitisad resigential tallidings in Utiarakhand
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o

TN

IFOI"H




DHI &

Figure 3 7 shows the locations of various crifical bulidings in Utiarakhand (categorised into four classes). which are all of particular importance during disaster response and recovery.

Critical Buildings Disaster Risk Assessment of Uttarakhand (2016-2018)

State - UTTARAKHAND - ,_ Map fef- 050000000 (DOCONNBOD_BLO CAT

nuney

Dimaster Rigk Asssssmen! of Ultarakrand 20162018
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e

Figure 3.7 Critical bulldings in Utarakhand
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314  Transporiation infrastructure
Figure 3 & shows the transportation infrastructure avallable in Uttarakhand, covaring road. rail and air transport faciiities.

Transportation Disaster Risk Assessment of Uttarakhand (2016-2018)
State : Uttarakhand Map Ref: 050000000 _§ O00GO00000_TRS

A

L

Th ]

ol

Uttar Pradesh

Bigiigl - nreen

Figure 3.8 Transporiation infrastiuciure in Uttarakhane

Dimaster Riak Assessmen! of Ultarakfrand (20162015 Contract No: 01/UDREPIUTASCEDRAPMITS
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315 Powerinfrastructure
Figure 3.9 shows the power infrastructure present in Uttarakhand. covering transmission and distribution substations, hydropower stations. and dams.

Power Infrastructure Disaster Risk Assessment of Uttarakhand (2016-2018)

State - UTTARAKHAND _ ) Mag Ref: 050000000_B_G000G00000_ PWA
ﬂgﬂ"_‘ = m m MTTT

L™ | ! : | A

Litee #ractei

e i

Figurs 3.9 Power mirastructure in Uliarakhand
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316  Economic sectors
This section will present a range of maps showing the spatial distribution of value across Uttarakhand's various econamic sectors. mﬂinmmawmmmmammuﬁmmmﬂMwﬂm{m
invastment plus annual production) present in 2ach of the state’s blocks, aswnllmﬂmmmaﬂuﬂkmaﬁnammmmha-mmdw the entire state.

Agricultural Disaster Risk Assessment of Uttarakhand (2016-2018)
State - Uttarakhand , Map Rlef; G50000000_8_0000D00000_AGR
] i ST

At
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Feie]

Lol igneE

Figure 3,10, Baszline agricullural value in Uttzrakhand

Dimaster ik Assessment of Ultarakfiang 2016-2013) Cantract No. 01/UDREPNTTASCERRAPIMEITS 10
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Figure 3 11 visuafises the variation in bassline horticultural and livestock expesure within Uttarakhand, in terms of the sum of sach sector's annual production value in each of the stale's blocks.
Horticulture & Livestock

State - UTTARAKHAND

W'y

Disaster Risk Assessment of Uttarakhand (2016-2018)
Mag Reli 050000000 B 00000000 HOR_ 13
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Dimaster Rk Assessmenl of Ultarakhand 2016-2018)
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Figura 3 12 shows the distribution of baseline industrial, commercial and mining value across Uttarakhand, accounting for both capital investment and annual production value present in each of the stale’s blocks, as well as showing the locafions of
dedicated indusirial arsas. mmmudnmmﬂehlamasardmm

Industry, Commerce & Mining Disaster Risk Assessment of Uttarakhand (2016-2018)

State - UTTARAKHAND - n Map Ref: DS0000000 B 0HOC00DGOG 1ND mM
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i

Fiqure 312 Distribution of baseling industrial, commarcial and mining value (including capitst investment and annual production) sctass Utarakhand

Diaster Rk Assessmen of Ullarakhand 2016-2018) Contract No: 01/ DREFITAACERRWPMED i
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Figuite 3.13 ahoWs the distibyion o potential (snnual) tourian revenils acioss Untirskhand (By block), as Wall a5 indicating e stata:wide tatal in the map fabel.

Tourism Revenue
State - UTTARAKHAND

Disaster Risk Assessment of Uttarakhand (2016-2018)
Map Rief; 150000000 50000000000 TUR REV

Dimaster Rk Assessmenl of Ultarakhand 2016-2018)

Ut Mradmdl]

Figure 313 Potential tourism revenue in Uttarakhand

Contract No. 01/LDRPFITASCERRAPMCITS
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the probabilistic assessment of Earthquaks and Fluvial Flood risk. Following the summary, the exposurs and losses
are presented hgrmherdmﬂhreawh hezard

Figure 3 14 shows the breakdown of the combined Economic AAL, in terms of the hazard type (inner ring) and

parifollo (outer ring) It is clear that ai the Statz level, lusses dus lo sarthquakes are far more significant than thoss
due to fluvial fioods, over the long term.

State Average Annual Loss (AAL)

Econpmic Losses in Utarakbano due to
Earthgquakes & Fluvial Floods

= Farthauales: Re 2 A79.7 o
= Fluvial floods: NS 65%.4 o

Economic AAL:

] r Fidai@Brni] Bos el B0 W 7 i
As 2,545 ¢r - et g B3 3 BB £ (S 7.0
- EZpprene mtore Rs T80 o ALY
« Crcest DpiEege e 11T oo (oW
« B S 16 5 o 0 TR

Frmmamb ARL des ti Pl P
Ribniembii Shmchond e P 485 & or (-8%)

o Ml e fal Bl lddrggs. Mo 503 <r (B85S0

= Trarmget; fis 8.4 o 1@4%)
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Flgure 314, Breakdown of lota! Annuai Averags |ocs by hioard and portfiolio

Figure 3 15 mom:tﬁhgﬂﬂﬁmmmﬂmmmﬁm.hm of their total Average Annual
Loss (AAL). including lesses due to both earthquakes and fluvial floods

Divaater Rmk Aasessment of UImbhang 2016-I018) Conract Mo MAADREPPIUTASCHORMPMCOS 14
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The spafial distribution oF fhese combiried Average Aninual Lass (AAL) values are mapped in Figure 3.16, in terms of block totals across the stafe

Average Annual Loss (AAL) due to Earthquakes & Fluvial Floods - Economic Disaster Risk Assessment of Uttarakhand (2016-2018)

State - UTTARAKHAND Magp Ref: 050000000_R_MH_VALFIS
Wl MU il Linkal

N

wlhr

moTE TR WrToE

‘Figure 3.18- Spatial distibution of combined Average Annual Loss {AAL) of sconomic assels in Uttarsiand. sceounting for both sarthguakes and uvial fioods

Daster Rgk Assessmenl of Ultanakhand 2016-2015) Contract No. 01/UDRESNITASCEDRWPMODS
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Figure 3 17 shows the breakdown of the combined Average Annual Fatalities (lives fost), in terms of the hazard type
{inner ring) and the residency of the affected pupulation (auter ring),
State Average Annual Loss (AAL)

Human Lasses in Uttarakhand due to
~ Earthquakes & Fluvial Floods

. — _— E‘yﬁqma,ﬂnhm

Human AAL:
l 3,504 lives

ez AAL e 10 Derdieyraqims
= Pesichertn 3, 109 (e (T0.4%0
Tourhtn 331 Lves i2 5%

Hyueram AAL die ba Flusdal Piaddy.
Fiesdants: & byes () 10%)
Towatints: € Kves (1 00

bamly. e Wt D el bl ofie) B O Slaew AAL biw Wil

Fignre 3.17' Breakdown of estimated 1038 of ife. by hazard, Division and feman ype

Figure 3 18 presents a ranking of all Districts and Blocks within the State, in terms of their lotal combined Average
Annual Loss (AAL) of life, as a result of both sarthquakes and fluvial floods.

Disasier Ani Assessment of Utambhang @016-T018) Conract Mo MAADREPPIUTASCHORMPMCOS 17
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The spafial distribution of these Avarage Annual Fatalities across the state is ilustrated in Figure 3,19, in tems of block totals consideing both résidents and tourists.

Average Annual Loss (AAL) due to Earthquakes & Fluvial Floods - Human Disaster Risk Assessment of Uttarakhand (2016-2018)

State - UTTARAKHAN _ _ Map Ref: 050000000_R_MH_VALHUM
e wore v ATTE
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Figurs 310 Spatial distribution of combined Averaga Annual Loss (AAL) of human lives in Ultarakitand, sccounting for bolh sarthquakes and luvial floods

Dimaster Fisk Assassmen of Uiltarakhand (2016-2019) Contie! No: 01 DRSS TASCERRIAPMED
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lit close collaberalion with Earth Chservalory Sigapore

3.3  Earthquakes
& Hazard Profile

Seismicity along the Himalayan arc is a consequence of the ongoing continent-to-continent collision between the
Indian and Eurasian plates, with the state of Uttarakhand exposed to earthquakes occurring in the Himalayan Thrust
zone.

Al the time of writing, 96 historical earthquakes with epicenires within the state boundaries had so far been recorded
Table 3.1 summarises the larges! and the mosi recent of these. while the map in Volume 3.3 1 presents all historical
sarthquake events which have been recorded in the state of Uttarakhand.

Table 3.1° Summary of the argest and most recant esringuake @venis recorded in ins state

Most recent earthquake recorded 06122017 | 51

Based on the probabilistic salsmic hazard assessment carried out for Uttarakhand (see Volume 1, Chapter 2 for a
full dﬂﬁnfpihn of the mﬂﬁl#dﬂ*m} maps of the Ffﬁm salsmic intensity (in terms of Peak Ground Accelaration)
have been generated for the whole state, for nine different return periods. The ranges of PGA values estimated for
all of these return perdods are summarised in Flgure 3 20, while the following sections (Velumes 3 3.2- 3 3 5) present
the maps for four of the return periods (10, 100, 475 and 1,000 years)

Range of PGA values In Uttarakhand state

_ 1605y |
o -
B0 -
! 415y 0N
500
Em- 100y
o
% 2004 Sy
v ]
1 |
[ ; .
1! 104 107

Return penod (years) [og-scate]
Figure 320 Ranges of estimaled PGA walues {emis?) in Untarakhand, for all retum periods

For aach disttict and each black in the state, lhe madian PGA values (for the 475 year retum period) were used fo
develop ranking tables. These are presanted in Figura 3 21 (following page), with the district ranking on the lefl
and blocks on the right

Disasier Ank Aasessment of Ullarnkhandg 2016-T7019) Comract Mo MAIDERMPIUTAMCBORIMPMCDS 20
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These PGA values were also converted into intensity classes (in the Modified Mercalll intensity scale), based on the
equation developad by Ramalir mmulﬂﬂﬂﬂm&rmmﬁmgbnmmmﬂmnfmmhmm
across the state is presented in Figure 3 22 for all retum periods investigated, on the basis of eight classes ranging
from Very Low' 1o ‘Extreme’ intensibies. For example, the plol shows thai for the 5 year retum period, approximately
24% of the state is in the 'Low’ class. with the remaining 76% in the ‘Moderale' intensity class.

Varylow  low  Moderate  Strong | Verystrong [ severs [ viotect [ Extreme

Stala)

] 0 a0 B0 a8l H‘Iﬂ

Percentage
Figure 322 Sewsmic mtensity class disinbuion in the siie ot Utiarakhand
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331  Map of historical earihquakes
The map in Figure 323 shows the 96 histarical sarthquakes which had so far been recorded in the state of Uttarakhand at the time of writing,
Earthquake Historical Events Disaster Risk Assessment Uttarakhand, 2017

State - Untarakhand . Wiap fief; 050000000 H_EQHSTOR000
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Figure 323 Historica! eartheuake evente recorded in Uttarakhand

Disaster Rysk Assessmen! of Ultarakhand 2016-2018) P
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332  Sesismic hazard map: 10 year return period
Seismic hazard intensities with a 10 year retum period are mapped for Uttarakhand in Figure 224 showing a Peak Ground Acceleration ranging betwesn 294~ 67 4 cmis?

Earthquake: 10 year return period (99% chance of being equalled or exceeded in next 50 years) Disaster Risk Assessment Uttarakhand, 2017
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Figurs 3 24 Seismic hazard msp showing estimated PGA vakies (anis?) in Uftamkhand with & 10 year relum patiod
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333 Seismic hazard map: 100 year return period
Seismic hazard intensities with a 100 year return period are mapped for Uttarakhand in Figure 3.25. showing a Peak Ground Acceleration ranging between 844 - 260 2 cmis?

Earthquake: 100 year return period (40% chance of being equalled or exceeded in next 50 years) Disaster Risk Assessment Uttarakhand, 2017
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Figure 3.25, Seismic hazard map showing estimated PGA values (omiss) in Utarakhand with 3 100 year return period
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334  Sesismic hazard map 475 year return period
Seismic hazard intensities with a 475 year retumn period are mappad for Uttarakhand in Figure 3.26, showing a Peak Ground Acceleration ranging between 190 6 - 530 8 em/s?

Earthquake: 475 year return period (10% chance of being equalled or exceeded in next 50 years) Disaster Risk Assessment Uttarakhand, 2017
State - Uttarakhand Map fiet: 050000000 H_EQPGAGA7SY
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Figure 3.25, Seismic hazard map showing estimated PGA values (omiss) in Uarakhand with 3 475 year return period

Dmaster Fisk Assessment of Ultarakhand (20162019) Contract No. 01/UBREFITAACBORMPMCIDS
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335 Seismic hazard map: 1,000 yvear relurn period
Seismic hazard intensities with a 1,000 year ratun period are mapped for Uttarakhand in Figure 3 27, showing a Peak Ground Accéleration ranging between 302.5- 726 1 cm/s®

Earthquake: 1000 year return period (5% chance of being equalled or exceeded in next 50 years) Disaster Risk Assessment Uttarakhand, 2017
State - Uttarakhand Map Fet: 050000000 H_EQPGA1000Y
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Figure 3.77 Semic hazard map showing estimaled PGA values (omis?! in Utiarskhand wih 2 1,000 year relum period
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33  Eadhquakes
O/ A4 Exposure Profile

This section presents a summary of the staie's exposure 1o seismic hazards. Rather than estimating losses, the
expasure assessment only looks at the extant to which people and economic assets are exposad to different hazard
intensities, providing a usaful prefiminary indication of impact (which =01 subject to the uncertainties associated
with economic valuation and vulnerability funcions)

For this purpose, estimaled PGA values for the 100 year retumn period sarthquaks hazard map were classified into
felt inensity classes, using a conversion to the Modifiad Mercalli Intensity (MMI) classss previously proposad for the
Indlan context.’ These Intensity classes are bassd on observed effects, with lowsr classes defined by how
sarthquakes are felt by people and higher classes by cbsarved structural damage. and provide an Intuitive way to
describe selsmic inlensity,

As shown in Table 3.2, the sarthiquake hazard intensities estimated across the state with a 100 year return period
cover thres MMI classes Moderats, Strong and Very Strong In order 1o be able to visuafiss and assess sxposura
in mora detall, each of thesa classas has bean spiit ints five equally-spaced subclasses (such that the Modarata
class is made up of subclasses M1 - M5, and s6 on). As can be sean from the table, the fall intensity of the 100 year
return period hazard across tha state ranges from a low of M5 (the highest Moderate subclass) up 1o a high of VS3
(the middie Very Strong subelass). All subsequent maps and plots lllustrating exposura 1o hazards will usa this
classification system

Table 3.2 Summary bf MMI classification used for asessing the state’s exposure 10 the 100 year RP sarthauake hazstd

designad structures: some chimnays brokan.

._
M2
Felt by nearly everyong. many awaksned Some dishes.
Moderate | 240-467 cms® | windows broken Unstable objects overtumed. Pendulum M3
‘ciocks may stop.
M4
M5
51
52
Felt by &all, many frightaned. Soma heavy furmiture moved, 8
Strong 46.7 - 80 6 cmis? o of falien giastar D shight 83
54
S5
VE
_ Damage negligible in bulldings of good design and Va2
Very 006 - 1760 emifst ‘construction; sight to modarata in well-bullt ordinary Il
Strong ' © | structures, considerable damage in poorty bullt or badly b
Va4
vss

Y Ramalinptswars Ron, Prakasa Bao, TK.S and P SlapathiRso, 1982 A miafianany of indansiy, spcanfrsl dafanca focsl
gepth, magalivde and accaveniton Geophysical Research Bulletin 20 191-204
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Figure 3.24 visualises the exposure of all portiolios considersd. in terms of the percentages of each population group
of sconamic assal exposed to “limiled” (Moderate/Strong) as opposed fo “significant” (Very Strong) earthquaks
mtensities {(with reference 1o the 100 year return period earthquake infensities) In the sediions which follow, each
portfolio will be considered separately, showing the felt intensifies to which they are each likely to be exposed (in
each case based on the 100 year relum period intensities)
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Flgure 3.28 Vizual =ummary of the State's overall exposure 9 aadthquake intensilies with & 100 year rétum pennd
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336  Population exposure to earthguakes
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Int cloge collaboratien intll Earth Obessnsston; Singapors:

Figure 3.29 shows the exposure of the residant population to earthquake intensilies with a returm period of 100 years Note that a comparison of day-time versus night-time sxposure [s made. based on assumptions regarding the spatial distribution of the
population at different times (with more people fikely to be indoars at night and thus vulnerable to earthquakes) For an explanation of the intensity classes used, the reades is referred to Table 3.2 (at the beginning of the Exposure Profile section)
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Figure 3.30 shows the expasure of tourists to earthquake intensitizs with a return period of 100 years As for residents, a camparison of day-time versus night-time tourist exposure Is made, based on assumptions regarding the spatial distribution of the
population at differant limes (with more psople likely to be indoors at might and thus vulnsrable to earthquakes) (Note also tha! the map's colour seale is nol equally spaced. in order 1o visuslise the full range of values — care should be takan when
reading the highest class values). For an explanation of the intsnsily classes used, the reader Is referred to Table 3.2 (at the beginning of the Exposure Profile section).
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337  Residential bullding exposure 1o earthquakes
Figure 3.31 shows the exposure of residential buildings to earthquake intensities with a return period of 100 years. For an explanation of the intensity classes used_ the reader is referred to Table 3.2 (at the beginning of the Exposure Profile section)
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Critical buligdings | %) expased to earthguake Intensities of 'Very strang' or highar
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Critical building exposure (o earihquakes

Figure 3.32 shows the exposure of critical buildings to earthquake intensities with a return period of 100 years. As lllustrated in the plots. this portiglio Is comprised of health facilities. educational institutions. fire/police stations and other govemment
buildings. For an explanation of the intensity classes used. the reader is referred to Table 3 2 (al the beginning of the Exposurs Profile section)

Percentage of all critical buildings in each Block exposed to earthquake intensities of “Very strong’ or higher
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3.3.9 Transporiation infrastructure exposura to earthquakes

Figurs 3.33 shows the exposure of transportation infrastructure to earthquaks Intensities with a return period of 100 years As illustrated in the plots, this portfolio is comprised of road. rail and air infrastructure. Far an explanation of the intensity classas
used the reader isreferred to Table 3.2 (al the beginning of the Exposura Profile section]
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3310 Power infrastructure exposure to earthquakes

£

Figure 3 34 shows the exposure of power infrastructure to earthquake intensities with a return period of 100 years_ As iillustrated in the piots. this portfolio is comprised of substations (transmission and distribution), hydropower stations and dams. Foran

explanation of the intensity classes used, the reader is referred to Table 3 2 (at the beginning of the Expeosure Profile section)
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Fiaure 335 shows the exposure of agriculture (which Includes equipment and other forms of capital investmant) to earthquake intensities with a return period of 100 years For an explanation of the intensity classes used, the reader is referred to Table

3.2 (at the beginning of the Exposure Profile seciion)
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Figure 3.36 shows the exposure of horticulture (which includes aquipment and other forms of capital investment) lo earthquake intensities with a return period of 100 years. For an explanation of the Intensity classes used. the reader is referred to Table
32 (al the beginning of the Exposure Profile section)

Total horticultural area in each Block exposed to earthquake intensities of 'Very strong’ or higher
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Exposad area (%) by intensity zone
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Figure 3.37 shows the exposure of industry, commerce and mining lo earthquake intensities with a retum period of 100 years. For an explanation of the intensity classes used the reader is refarred to Table 3 2 (at the beginning of the Expasure Profile

114

section)
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Cammercial/industrialfmining footprint, by earthquake intensity
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Figure 3.38 shows the exposure of potential tourism revenue to earthquake infensifies with a return period of 100 years (Nole thal the map'’s colour scale 1s nol equally spaced, in order 1o visualise the full range of values — care should be taken when
reading the highest class values) For an explanation of the intensity classes used. the reader is referred to Table 3.2 (at fhe beginning of the Exposure Profile section).
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Tha.ﬂ.vwﬂg&ﬁﬂmal Loss (AAL) of econamic value in the State due o earthquakes is approximately Rs 2.480
crores. Figure 3.39 shows how this total is distributad betwaen the various portiolios and their individual compenents,

A 4 Average Annual Lass (AAL)
\ ' Economic Lesses due to E uakes
in Uttarakhand Stats
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Figure 3 38 Distritution of Economtic AAL due o sarifquskes, by portiolio and sup-portiofio

In Figure. 3.40. the total AAL of economic value In each district is displayed, as well as the distribution of each
district’s total AAL by portfolio.
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The sconamic losses preseniad above include both direct losses (those incurred at the time of the disasier, in tarms
of damagad assets that have to be repaired or replaced) and indirect losses (the loss of likely future income due fo
the disruption of revenue sirzams such as industrial produciion or tourism activities).

In the case of the latter. assumplions must be made as to the maximum period aver which revanus streams may be
impacted by a given disaster (with aciual lesses scaled propartionatsly according to the calculated damage
parcentage) Table 3 3 summarises thess assumptions for each sconemic portfolio/sub-postialia included in the risk
assessment, as well a5 providing a genaral overview of the direct and indirect losses considered It s notad that
cascading indiract losses (such as industrial losses due to disruption of power infrastructure) ar2 not within the scope
of the current assessment and therefors not accountsd for in the loss astimates.

Table 3 3 Crverview of dirse! and Indiree! ie=ses axcounted for, Including meamum distuphion perods for mared loses

; Katchecha
Rasidential
Buiidings Puccs Rephicemankent | (Ko A
Critical Heslth, Schools,
Auldings 8 il Rapiacemant cosl Nona NA
Transpot | Road, Rail, Alr eplacement None
Infrastrclure R oo - i
Powiic Power substabions Rapiazement cast Mons NA
INFBSUUCHILE | Hydropower stallons | Replacementcost | Loss of elechricity revenue | 1 year
Agricuture, Horticultre f m“"“‘“m“"' “uTm: Loss of future yiekds 1 year
Raplacemant cost Loss of lulure production
nausky (capital investmant) | revenus Tyear
Ecanomic . ' Loss of manufacturing & .
Sactors Sommery SBIANCES TeVEnLUEa Tew
Mining None Los= of production revenue - 1year
3 years (ramolei
Toursm Norme Lozs of toursm revanue. 2 years (modaraie)
| 1 year (accessibie)

Flgure 3 41 llustrates the distribution of direct and indirect losses within the stale's overall sconomic AAL dus o
earthquakes

Rs 1,793 cr Rs 686 cr

27l

n a0 A0 100

Rireck vs Indirech losses in Economic AAL due to Earthouakes (Uttarakhand State]

Flgurie 3.471. Distributioh babween direct and mdleet losses In he stale's Economic AAL dus to sarihauaksy

Figure 3 42 prasants the ranking of all Districts and Blocks within the State, in terms of their total Average Annual
Loss (AAL) of aconomic assets, as & result of both direct and indiract losses caused by sarthquakes.
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Ranking by District Ranking by Block
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Probable Maximum Loss (PML) curves show the maximum lossas that could ressonably be expeciad for exposad
assels. for a range of different retum periods Figure 2.43 presents the overall PAML curve for all economic assets
modelled in the state.

Proitahle Madimim Loss (PML) cures fol all seonomic sdpoaurs In Dttarskhand
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Figira 3 43 Probable Maxdmim Loss (PML) cunve for 2l economic a=sels in Uttarakhand due lo estthquakes
Figure 3.44 presents Individual PML curves for each of the mapped economic portfolios in the state
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Figure 3 44' Prababie Maumum Loss (FML) curviis for each economic assetin Uttarakiand due 1o sarthquakes
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As for human losses, the Average Annual Loss (AAL)in the State duete ea
Figure 345 summarises the distribution of this lotal, in terms ﬂmmwﬁmkhd{mmﬁ
tourists), the time of the earthquake (more people are inside buildings at night and therefore more exposed), and

the structural quality of the building they were in at the fime (in terms of Kaichcha/Pucca siructural types)

Average Annual Loss (AAL)
Human Losses due to Earthquakes in Uttarakhand State
By Residency ALy

Ml

Assrdents
0.5%

Human AAL:

3.500 lives

Tourists
3.5%

Flgure'3:45° Average Annual Loss [AAL) of hiuman Hves, by residancy, tima of earhquisie and bullding gualty

Figure 3 46 summarises the AAL of human lives in each of the State's districts, as well as the distribution of each
district's AAL in terms of the residency of those affected (state residents or tourists)

Average Annual Loss [AAL) Human Losses due to Farthguakes
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Figurs 3 48 Avarage Annuglt Lobs (AAL) of humah livas, by digtrict and rasidentcy (residantutourists)

Figure 3. 47 prasents the ranking of all Districts and Blocks within the State. in terms of their total Average Annual
Loss (AAL) of human life. as a result of earthquake hazards.
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Ranking by District Ranking by Block
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Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be expecied for exposed
assels, for a range of different retum periods Figure 3.48 presents the overall PML curve for all people {residents
and tourisis) in the state.

Pranable Masimiim Loss (PML) ciores for all tummm sxdpasurs in ttarmihand
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Figure 3 48 Probable Maomum Loss (PML) curve for all Human populations in Ultarakhand due 10 eanhouakes

Figure 3 49 presents individual PML curves exploring the Impact of earthquake timing on likzly fatalities, given very
differant spatial distributions of population at differant times of day

Prabunie Maimum Logss (FML] curves for ime-degandent human sepasums i L smshand
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Figure 3 40 Probable Maximum Loss (PWL) curve for &l human pepilations i Utaraknang due 1o sarthiuakes, &t dferant
timas of day (basoed on modalsd diferences in [he spatial distribution of the sxposad popllation)
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The human AAL discussed so far provides an sstimaie of the likely loss of fife directly stiributable fo sarthquakes
{primarily resulting from the collapse of buildings during or immediately following the earthquake) However, there
are likely to be longer-term morbidity impacts oo, depending on the extent to which fhe affected area’s capacity to
respond Lo the disaster has been compromised This will depend on fadiors such as

Size of displaced population to be housed In lemporary camps (whese diseass outbreaks mare likaly)
Capacity of local health facilifies (those still functional post-disaster)

Capacity of other government facilities to support responsairecoveary efforis

Transpon connectivity within the aifected area (particularly road and air iransport)

Pre-existing socio-ecanomic vulnerability of population in affected area

Fraction of affacted population made up of tourists (less local knowledge and thus more vulnerahlz)

Whila detailad modelling to quantify this risk is not possible, a qualitative assessment has been parformed, in order
to evaluate the likely significance of morbidity in the state (overall and also in terms of the individual factors listed
sbove). as a resull of the earthquake risks estimatad.

It should be clearly noted that this is a relative assessment only (each District is compared to all gther Districts in
the State, and lkewlse for Blocks) rather than being assessed against an external standard or reference. Thus it
can be stated with some confidence that ona District Is at a higher morbidity risk than another. but the actual level
of that risk remains unknown

A map showing the overall earthquake-dependent morbidity risk class estimated for each Block (left) and each

District (upper right) in Uttarakhand Is presentad in Figure 3.50. alang with a histogram of the class distribution for
blocks (lower right). Further details for each District and Block are available In the corespanding Allas volume.
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3312 Population losses due lo earthiguakes
Figure 351 shows the Average Annual Loss (AAL) of human fives (state residents) due to earthquake hazards.

Average Annual Loss (AAL) of Population due to Earthquakes Disaster Risk Assessment of Uttarakhand (2016-2018) 90.5% G Human AAL: Residents
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Figure 3.51 Average Annual Loss (AAL) of human fives (1esidents) due to earthquakes
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Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be sxpectad for exposad
assets; for a range of different return penods. Figure 3.52 presents the PML curve for human fives (residents) in the
slate:

Protable Maximum Lass (FME] curve far Residents in (ttarakband
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Figura:3 52° Probabia Masimum Loss (PML) cutve fof hunzan lives (residents) in Ultarakhand due to sarthquakes
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Figure 3 53 shows the Average Annual Loss (AAL) of human lives (tourists) due to earthquake hazards.

Average Annual Loss (AAL) of Tourists due to Earthquakes
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Frobable Maximum Loss (PML) curves show the maximum losses that could reasonably be expectad for exposad
assets. for & range of different return periods. Figure 3.54 presents the PML curve for human fives (tourist) in the
siate: '

Protiatile Maximim Loss (ML curve for Tourists m Uttarakiand

25000

A5G0

Lorss (yes)

10000

5000 1

0 200 400 e B0n 1000
Return plsiod lyeans)

Figura 1. 53. Probabia Maurnum Loss (PML ) curve for lumsan lives [toamsis) in Ultaraknand due o asfnguakss
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3313 Residential building losses due to earthquakes

Figure 3.55 shows the Average Annual Loss (AAL) of residential bulldings due to earthquake hazards.

Average Annual Loss (AAL) of Residential Buildings due to Earthquakes
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Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be sxpected for exposad
assets, for a rangs of different return perieds. Figure 3.56 presenis the PML curve for residential buildings in the
sigte.

Pristabis Maximum Lass (PML] curve for Aesidential Bulldings m Littarakhana
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Figure 3.58 Probabils Maximum Loss (PNL) curve for residantial buildings in Utiaraifiand gue 16 asrihguskes
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3314 Critical building losses due fo earthquakes
Figure 3:57 shows the Average Annual Loss (AAL) of critical buildings due to sarthquake hazards
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Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be expectad for expossd
assets: for a range of different refurn periods. Figure 3.58 presents the PML curve for critical boildings in the state.
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Figure 358 Probable Madimum Loss (PAL) corve for entical bulldings in Uftaraknand due (o eafhguskes
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3315 Transportation infrastructure losses due to earthquakes

Figure 3.59 shows the Average Annual Loss (AAL) of transportation infrastructure due to sarthquake hazards.

Average Annual Loss (AAL) of Transportation Infrastructure due to Earthquakes  Disaster Risk Assessment of Uttarakhand (2016-2018)
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Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be sxpectad for exposad

assets. for a range of different return perods Figure 3 60 presents the PML curve for transportation infrastructure
in the state '
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Floure 3.60. Probable Mawmuny Loss (PML) eurve for transponation mirasfruciure in Ultaraknand due o esrifiguakes
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3316 Powar infrastructure losses dus to sarthquakes
Figura 3.61 shows the Average Annual Loss (AAL) of power infrastructure due to sarthquaka hazards.
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Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be expectad for exposad

assets. for a range of different return periods. Figure 3.62 presents the PML curve for power infrastructure in the
siate: '
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Figure 3 62 Frobatils Maxmum Loes (PML) cutve for povear infrastiuciure in Uttarakhand guea 1o earihgiakes
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In cloge collaberabicn wih Earth Obsartor) Singapirs

3317 Economic sector losses due to earthquakes
#‘;gmuiiﬁishmmn'w Annual Loss (AAL) of agriculture (inrigation structures) due to earthquake hazards.
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Int cloge collaboratien il Earth Obsarvaton Singapdies-

Figure 3 64 shows the Average Annual Loss (AAL) of industry, commerce and mining due to sathquake hazards.

Average Annual Loss (AAL) of Commerce, Industry & Mining due to Earthquakes Disaster Risk Assessment of Uttarakhand (2016-2018)
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Fgure 3 64 Average Annual Loss (AAL) ofindiistry, commerce and mining due to santiquakes
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Int cloge collaboratien il Earth Obsarvaton Singapdies-

Figure 3.65 shows the Average Annual Loss (AAL) of patential future tourism revenue due to earthquake hazards.

Average Annual Loss (AAL) of Tourism Revenue due to Earthquakes Disaster Risk Assessment of Uttarakhand (2016-2018) o ‘J Efﬁg*;fgic AAL: Tourism Revenue
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lit elose colisboration with Eallh Observalogy Sinoapore

Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be expeciad for exposed
assels. fmarangevfdﬂfarmt return periods. Figure 366 presenis the PML curve for economic sectors in
Utiarakhand Siate, encompassing agriculture (imigation dams only), indusiry, commerce, mining and tourism
revenues.
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Figure 3. 66, Combihad Probabie Maximum Loss (PML) curve fof economic sactors n Uttarskhand due 1o sarthguakes
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‘=) Hazard Profile (Fluvial & Fiash Floods)

Assessing flood hazards for Uttarakhand required two modelling approaches in order to capiure the different types
of flood that may pose a threat to people and property in the state Fluvial (river) fleods were modslled using basin-
scale coupled 10 modals (hydrological and hydrodynamic), based on long-tesm time-series of daily rainfall data.
Flash floods and ponding due to short. intense, localisad rainfall events were medeifed using a 2D model, basad an
bh design rainfall events: Further details regarding the fluvial fiood and flash flood modelling approaches are
provided in Volume 1. Chaptar 2

In the following sections, Valume 3 4 1 presents a map showing which of these approaches was used for different
pans of the state The maln river natwork (modelled using the long-term basin-scale model) is indicaied by the green
and red flines (the different colours show the level of uncedainty In simulaied results along that stretch, which s
mostly a function of the underlying DEM quality) The remainder of the stale was covered by the short-term localised
model, capturing overland and gully flows, as well as rainfall-induced ponding. The map alsc shows digiised building
cluslers, as a simple Indication of exposure, as well as glacial lakes which have been assessed lo pose a threat
related to Glacial Lake Outburst Floods (GLOFs),

In Volume 3.4.2 & map of flood dapths which have a 100 year return pesiod Is presanted, combining outputs from
the two modelling approaches described above, in order to ansure the fullest possibla coverage of the antire state
Over any 50 year period, a flood of this magnitude (or greater) has a 40% chance of occurring al leasl once. It is
astimated that such a flood event would result in approximately 8 1% of the state baing inundated to a dapth of 0 Im
or greater. This is llustrated in the plot below, breaking it down Into six different inundation depth classes

Mux inundation: <0:dm az-tom 0 vo-zom [ 2o3om [ zosor oo
Stade
Uttarakhand -
0 s i0 15 20 P 0 35
Percentages

Figura 3 67 Proportions of siste n different inundalion capth rangas (besed ona 100 yaar etsm parod)

Based on the same analysis, the following page presents a ranking of all districts (left) and blocks (right) In the state
of Uttarakhand, In terms of the percantage of their area expectsd 1o be Inundated to & depth of 0. 3m ar higher during
the 100 year return perlod flood.

As well as Inundation depths, flow velocities are significant in evaluating the overall flood hazard. particularly in
terms of the risk to people and bulldings during flash flood events. The map in Volume 2 4 3 presents the flash flood
hazard zonas defined for Uttarakhand, based on both depth and flow velocity, following a widely used appraach to
hazard ratings developed by HR Wallingford et al {2012),

The plot below summarises the proportion (by area) of Uttarakhand in each hazard zona as a quick visual summary
of its flash flood hazard profile
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341  Flood hazard modelling overview map
The map below summarises flood model coverage and canfidence In Uttatakhand, as well as showing glacial lakes in the state which have been assessed as breach-prons.

Flood Hazard Modelling Overview Disaster Risk Assessment Uttarakhand, 2017
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Figure 3.70: Ovanviesv of fivod modeling approach for Ultarakhand aswell as olher periinent spatial features
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342  Flood hazard map {inundation depths) 100 year return penod

Simulated flood inundation depths with & retum pariod of 100 years are mapped helow for Uttarakhand. based on a combination of results from both hazard models describad above

&)

Flood Depths: 100 year return period (40% chance of being equalled or exceeded in next 50 years)
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343 Flash fiood hazard zones

&)

The map below presents flash flood hazard zones delineated for Uttarakhand, based on results from the short-term localised model and accounting for both flaod depths and flow velocities

Flash Flood Hazard Zones
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This section presents a summary of the state's exposure fo flood hazards. in terms of both fluvialiponding flood
depths and flash floods hazards (which are based on flow velocity as well as depth) Rather than estimating losses
the exposure assessment only looks at the extent to which people and economic asseis are exposad to different
hazard intensities. prowiding a useful prefimnary indication of impact (which 1snt subject to the uncertanbtes
associated with econemic valuation and vulnerability functions)

3.4  Floods
= | A4 Exposure Profile (Fluvial & Flash Floods)

Figure 373 visualises the exposurs of all portfolies to fluvialiponding flood depths, in terms of the percentages of
each population group or economic asset exposed to “imited” depths (<0 3m) as opposad to “significant” depths
{20.3m), with reference to 100 year return pencd flood depths.
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FTgmn3T4ﬁsaalma5ﬂ1aupmanfaﬂpurﬁuﬁwhﬁashﬂmdhmﬁmﬂﬁ in terms of the percentages of each
population group or ecanomic assel exposed to "limited” hazards (only the ‘Low zane) as oppesed to “snificant’
hmﬁs{ﬂtmﬂaﬁhmhwﬂmle wﬂm@matﬂﬂﬂywmﬂ:mmﬂﬂﬂdd&pﬂﬁmﬂﬂwm&
described in the Hazard Profile section of this Volume, flash fiood hazard zones were defined basad on both
maximum flood depths and flow velocities, following a widely used approach developed by HR Wallingford &i al
(2012)
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Figure 3.74. Visual summary of ine Btate's tverall exposure 10 flash food hazard Zones wilh @ 100 year relum pariod

In the sactions which follow, aach portfolio will b2 considetad separately, showing its axposure to floods in lerms
of both flood dapth ranges and flash flood hazard zones (in @ach case basad on the 100 year retum pesiod flood
depths and flow valocities)
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344  Population exposure to floods (fluvial and flash)

Figure 3.75 shows the exposure of the resident population ta flood depths with a retum period of 100 years. Note that a comparison of day-time versus night-time exposure is made, mmmmmaWMﬁmmm
at diffarent imes (with more people Ik mmmmﬂpmnmmmmw}
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Figure 3 76 shows the exposure of the resident pepulation lo flash flood hazards with a return period of 100 years. Note that a comparison of day-time versus night-ime axposure ls made, based on assumptions regarding the spatial distribution of the
population at different times {with more people likely to be in buil-up areas during the night).
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spaced, in order to visualise the full range of values — care should be taken when reading the highest class
distribution of lourists (some of whom are just day-trippers) at different times.
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Figure 3.78 shows the exposure of fourists to flash flood hazards with a retum period of 100 years. (Nole that the map's colour scale is not equally spaced, in order to visualise the full range of values — care should be taken when raading the highest
class values) As for the resident population, a comparison of day-time versus night-time exposure is made, based on assumplions regarding the spatial distribution of tourists (seme of whom are just day-trippers) at different times.
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Figure 3.80 shows the exposure of residential buildings to flash flaod hazards with a return period of 100 years

Residential buildings in mumwmwﬂmmmmat 'Law’ or higher
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Figure 3.84 shows the exposure of transportation infrastructure to flash flood hazards with a return period of 100 years As fllustrated in the plots, this portfalio Is comprised of road, rall and air Infrastructure
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MNumber of power stations (transmission, distribution & hydropower) exposed to fiuvial flood depths = 0.3m
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Power infrastruciure exposure to floods (fluvial and flash)
Figure 3.85 shows the expesure of powar infrastructure to flood depths with a return period of 100 years. As fllustrated in the plots, this portfolio is comprised of substations (transmission and distribution) and hydropower stations
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Transmission, distribution & hydropower stations, by depth class
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Figure 3.86 shows the exposure of power infrastructure 1o flash fload hazards with a return period of 100 years As lllustrated in the plois, this portiolio Is comprised of subsiations (iransmission and distribution) and hydropower stations
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Economic seclor exposure 1o fioods (fluvial and flash)
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agriculture to flash flood hazards with a return period of 100 years
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sure of horticulture (which includes equipment and ofher forms of capital investment) lo flood depths with a retum period of

horticultural area (3t), by dapth class
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Figure 3.99 shows the exposure of orticulture (which includes equipment and ofherorms of capital investment) to flash flood hazards with a retum period of 100 years.

Exposed horticultural area (%), by fiash fiood hazard zone
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Figure 3.92 shows the expeosure of industry,
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2.0

1.5

1.0

054

Cammercial, Industrial & mining footprint (ha] exposed to flash fiood hazard zones of 'Low' or higher

o.m

&)

commetce and mining to flash flood hazards with a retum period of 100 years,

footprint in each Block exposed to flash flood hazard 2ones of 'Low' or highear
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Figure 3.94 shows the exposure of potential tourism reveniie to flash fload hazards with a retum period of 100 years (Note that the map's colour stale is nat equally spaced, in order to visualise the full range of values — care should be taken when

reading the highest class values).
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= | A4 Loss Profile (Fluvial Floods Only)

The Average Annual Loss (AAL) of econamic value in the State due to fluvial flaods is approximately Rs 65 crores
Figure 3 95 shows how this fotal is distributed between the various portfolios and their individual components. Nota
that buildings and people have besn assumed to be protecied from higher-frequency events (up to the 100 year
event in urban areas and the 25 year event in rural areas), based on observations mads during field trips around
the state. This does not apply to agriculture; horticulture, roads or railways: which are considerad unprotected
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In Figure 396, tha total AAL of ecanomic value due to fluvial floods In each district of the state is displayed. as well
as the distribution of ach district's total AAL by portfobio.
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The economic losses presented above include both direct lesses (those incurred st the time of the disaster in tsrms
of damagad assets that have to be repaired or replaced) and indirect lnsses (the loss of likely futurs income due 1o
the disruption of revenue streams such as industrial production or tourism activities)

In the case of the latter. assumplions must be made as to the maximum period over which revenue streams may be
impacted by a given disaster (with actual losses scaled proporiionatsly according to the calculated damage
parcentage) Table 3 4 summarises thess assumptions for each economic portiolio/sub-postialia included in the risk
assessment, as well a5 providing a genaral overview of the direct and indirect losses considerad It is noted that
cascading indiract losses (such as industrial losses due to disruption of power infrastructure) ar2 not within the scope
of the current assessment and tharefore nat accounted for in the loss estimates

Table 3 4; Overview of dirsel and Indirest ie=ses accounted for, Including meamum distiphien periods for mefred losses

2 s

) . Katcheha
Reasidantial
mant cosl MNang NA
Buildings = Repiace
Critical Heslth, Schools,
Auldings Sovermant Rapiacemant cost Wona NA
Transport | poad. Rall, Alr eplacement Nane
Infrastruciure ML R cos! f HA
Powtir Powsr substations Raplacemant cost MNons MNA

InfraSlUCHUNE |y gropower stations | Replacement cost | Loss of electricity revenue 1 year

Rapiacameant cost

Agnculture, Horficulture (capttal tmant) Loss of fulure yelds 1 year
Replacement cost Loss of future production
oty {capttal investmant) | revenus Vyear
Economic : Loss of manufscturing &
Sacton Commerce Naone | 1 year
Mining Mona Loss of production revenus | 1year
18 monins (ramota)
Tourism Norme Loss of toursm revanue: 12 monihs (moderats)
& months (accessibie)

Figure 3 97 illustrates the distribution of direct and indirect losses within the state's overall economic AAL due to
fluvial floods

6 0 40 & ) 100
Chrect v Indirect losses in Economic AAL due (o Flivial Floods (Utbeakhand Stats)
Figute 3 97, Distribution betwean dirsst ang indirect iogses in the State's Econamic AAL tiue to vl loods

Figure 3 90 presants the ranking of all Districts and Blocks within the State. in terms of their total Average Annual
Loss (AAL) of economic assets, ms a resuit of both direct and indirect losses caused by fluvial fipods. Note that only
thuse blocks impactad by tha major rivers modelled far this study are shown hare.
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Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be expecizd for exposad
assels. for a range of different ratum periods. Figure 3.99 presents the overall PML curve for all economic assets
mndﬂladhthﬂsml&,fnrmmufa&ﬁummﬂs standard protection (buill exposure protected up to the 25 year
svant in villages and the 100 yzar event in towns) and no protection at all The reality is likely to be somewheiz in
betwaen

Prababiz Maximum Loss [PML) curve for sl sconomic exposurs in Uksssktand
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Figurs 3 99 Probatis MaEasmym Loss (PWML) cune for &l economic assets in Utsraknand oue to funal fioods

Figure 3 100 presents individual PML curves (based an the standard prolection assumption described above) for
gach of the mapped sconomic portfolios in the stale
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Figure 3.100. Probabile Madmum Loss (PML) curve for each economic pottfolio in Utarakhand due to fiuvial Noods
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As for human losses, the Average Annual Loss (AAL) in the State due to fiuvial fioods & estimated to be four (4)
lives Figure 3 101 summarises the distribution of this total, in terms of the residency of those killed (staiz residents
or tourists), the time of the flood event, and the land use (Rural / Urban) of the area they were in at the time.

Average Annual Loss (AAL)
‘Human Losses due to Fluvial Floods in Uttarakhand State

By Residency

Tourists
t T Hurman AAL: Residants

"l
4 lives I

Figure 3.101 Average Annuat Loss (AAL) of humpan Ives, by residancy, time of food svenl and land use type

Figure 3 102 summarises the AAL of human lives in each of the State's distncls. as well as the distnbution of each
district's AAL in terms of the residency of those affected (state residents or tounsts).

Average Annual Lass (AAL) Human Losses due to Fluvial Floods

Usahiractu
== |
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nn 03 0e o on 18
Human Aversae Aonual Losy (Tives lost) by District in Uttarskhand State

Flgure 3102 Avetage Annual Loss (AAL) of human lives._ by district dand racidency (residentenouristy)

Flnure-a.‘lﬁ:i.mm the ranking of afl Districts and Blocks within the State. in terms of their total Average Annual
Loss (AAL) of human lives, as a result of fluvial floods. Note that only those blocks impacted by the major rivers
modallad for this study are shown here.

Risaudar Rnk Assessmant of Ltamkhand (2096-T018) Coniract No MAADREPPIUTASCEBORAMPMCOS 9k



DHI

Ranking by District

Dakrasdun s
2 S
Pauri VLS

Tehrl ' ra Bvas
Hnnuw-;r- D30 e
3 = =
Chamgli— 024 e

&
Lietharm Singh Nagar

0.21 lives

7

Champawat

8

Almea™ 913 live

_q F 1 ¥
Lftarteast) ™ @34 ves

10

Fitharagarh ©

0. 10 ilveas

11
Maintal

Q.00 Tive=z

12
Ruariprayag =

13
Bageshowar ~

.08 Jiyven

Figure 3 103 Ranking of all Disncts and Blocks in the State, based on Averaga Annugl Loss (Human) duea fo fuvial Noods

[Pisavier Ank Assessmeant of LTamkhand (2095-1013)

10 lives

&

Ranking by Block
Elirmay
Naie ol arands -
Karsrjipar
Lak=us
raimcEslvan
Chhituiysal -
¥R
Thiuldrias
Eirtinagar « 1o
Mhatwarn 1] =
jmaTwnagnar L3 -
Dherprdyag - 13 +
Chamba - 14 -
Flmdpruyal - 15 =
Darsgrapas - 16 -
Chdigetniys « bF =
Rrangur - LR -
Adnputtsyumnl L9 =
Dasnor - 20 -

i

g RN TR R T P NN
]

e bl - 23
Bsdjpne - L&~
Hibpl Bagh ~ 23 =
gageshiwa - Jd4 -
Meplaprigar - J5 =
Rammnage - 4% -
Kakgl - FF=
josbmat e - 38 -
Paull - 24

Batafgnat - 30 -
Crakrety - 3] =
Brilmgana - 34 -
Dl - 33 =
Thamf - 34 -
Bhiloybeaier - 1Y -
g -
Chiriyblieair - 37 =
Pawmar - 30 -
Guanigoil Tt « 35 -
MG -4 -
Crmdricaal 41 =
Ko L-I o
Mougaom - 41 -
[upnal « dad -
Marayah Bager - 45 =
Suk - 4 -
Rortkjarn - 4T =
Lofizghst 48 -
Ealjid - 45 =
Eanmbd CHPong - S8 -
Kothbagh - 51 =
Rrakat - 3d =
Flinaket - 47 =
Tarsmet |
PP | 33
e CHhbamm - 56 =
Exethmbr - 57 =
Lrariia - 5% =
Jaiplr - 4G
Synirhey « ) =
PR i ¢ 22 -
fawtini &l =
Ohat - 63 =
i Thire o« el =
Mikheilbha « GY =
Engert
G - 67 =
Ehimatt 6h =
Calrsaiit - 59
Joilim ol s -
PolMare - P =
Poraita - 17
Laiegaha - 71 =
Bamlant - 74 =

Coniract Mo MAIDENPIUT ARCBORMAPMCTS




DA &

Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be expeciad for exposed
assets, for a range of different retum periods. Figure 3104 presents the oyerall PML curve for all people (residents
and tourists} in the state, for two sets of assumptiops: standard protection (people protected up to the 25 year event
in villages and the 100 year eventin towns) and no protection at all The reality & likely to be somewhere in between

Probabils Maxkmim Lioss (PML] corve forall Aumal expoesurs i Uttairaidhsnd
— Standard protection sscumead
= NG prokReRinn

Lods {Human |ves)
= e L] | X ad
¢ & & © =

.
1

5 n 2% 50 100 250 500 1000
‘Return pariod (years) [log-scole]

Figure-3 104 Probabie Maximum Loss (ML) carve for eman 2 in Ullsrakhand dus 1o Tovial Noods

Figure 3 105 prasenis individual PML curves (based on the standard prolection assumplion described above) for
gach of the mapped human groups in the state (residents and lourists)
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Figuie 3103 Probable Maximurm Loss (PML) curve tor &ach human graup In Utlsrakhand &us 10 Buvisl foods
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The human AAL discussed so far provides an estimate of the fikely loss of fife directiy atiributable to fluvial fioods
(primarily resulting from drowning and the impact of flood-borne debris} However, thers are likely 1o be longer-term
morbidity impacts to0. depending on the extent to which the affected area’s capacity 1o respond Io the disaster has
been compromised This will depend on factors such as:

Size of displaced population to be housed In lemporary camps (where disease outhraaks more likely)
Likelihood of significant standing water near population (increases risk of vecior-bome diseases)
Capacity of local health facilities (these still functional post-disaster)

Capacity of other government facilities to support rasponselracovery efforts

Transpon cannactivity within the affected arza (particularly road and air transport)

Pre-existing socig-ecanomic vulnerability of population in affected arsa

Fraction of affacted population made up of tourists (less local knowledge and thus more vuinarable)
Risk of vector- and waler-bome disease fransmissian due lo pondad waler aftar a flood

While detailad modelling to quantify this risk is not possible, a qualitative assessment has been parformed, in order
to avaluate the likely significance of morbidity in the state (overall and slso in terms of the individual factors listed
shove) due to fluvial fioods.

It should be clearly noled thatl this is & relzlive assessment only (each Disirict is compared o 2l other Districts in
the State, and likewise for Blocks) rather than being assessed agains! an extemal standard or reference Thus it
can be stated with some confidence that one District is at a higher morbidity risk than another, but the actual level
of that risk remains unknown

A 'map showing the overall fluvial flood-dependent morbidity risk class estimated for each Block (left) and each

District (upper right) in Uttarakhand iz presentad in Flgure 3 108, along with a histagram of the class distribution for
blocks (lower right). Further details for each District and Block are avallable In the comespanding Atlas volume.
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3410 Population losses due to fioods (fluvial)
Figure 3 107 shows the Average Annual Loss (AAL) of human flives {state residents) due to fluvial flood hazards.

Average Annual Loss (AAL) of Population due to Fluvial Floods Disaster Risk Assessment of Uttarakhand (2016-2018)
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Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be expectad for exposad
assets; for a range of different retum periods. Figure 3.108 presents the PML curve for human lives (residents) in
the stats, for twe sets of assumptions: standard protection (people protected up to the 25 year-event in villages and
the 100 year event in towns) and no protection at all. The reality is likely to be somewhers in betwean.
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Flgure 3.102 Probable Maximum Loss (PML) curve for human lves iresitents) in Littarskhang dus 1o fiuvial foods
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Figure 3-109'shews the Average Annual Loss (AARL) of human Ives (turisis) due to fluvial flood Nazands.

Average Annual Loss (AAL) of Tourists due to Fluvial Floods Disaster Risk Assessment of Uttarskhand (2016-2018) ° :ﬂ;an R Tatin
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Prabable Maximum Loss (PML) curves show the maximum fosses that could reasonably be expeciad for exposad
assets, for a range of different return periods: Figure 3. 110 presents the PML curve for human lives (tourists) in the
state. for two sets of assumptions: standard protection (people protected up to the 25 year svent in villages and tha
100 year event in towns} and ne protection at all. The reality is likely to be somewhers in betwesn.

Protiabie Maximum Loss (PML) curve Tor Toursss in Lrrtaraktantd

—— Standard pravection sesummsd
=== N prolection
£
1
e
)
>
LI%
:' pJ
/
,—'—-’I"’A
f = 2me m— = mmam 2 - 4
ﬂ_ T T T L T T T 3 r T
5 10 5 50 100 250 S 1000

Reyurry parod (ysars) og-scake]

Figure 3110 Probable Maarmim Loss (PML) curve for human Ives (tounsts) in Uttarekhand due 1o Buval fioods
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3411 Residential building losses due to floads (fiuvial)
Figure 3 111 shows the Average Annual Loss (AAL) of residential buildings due to fluvial flood hazards.
Average Annual Loss [AAL) of Residential Buildings due to Fluvial Floods Disaster Risk Assessment of Uttarakhand (2016-2018) 21.8% 9 ETF;T;: ::m Residential Buildings
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Probable Maximum Loss (PML) curves show the maximum osses that could reasonably be expected for exposad
assets. for a range of different return pariods Figurs 3 112 presents the PML curve for residential buildings in the
state, for two sets of assumptions: standard protection (built xpesurs protected up to the 25 year avent in villages
and the 100 year event in towns) and no protection at all. The reality is likely to be somewhers in batwesn.
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Figure 3 112 Frobabde Maxmum Loss (PML) curva for tesidantial buidings in Untaraichand due bo fivial Noods
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3412 Critical building lossss due to floods (fluvial)
Figure 3.113 shows the Average Annual Loss (AAL) of critical buildings due to fluvial flood hazards.

Econornic AAL: Critical Buildings
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Prabable Maximum Loss (PML) curves show the maximum losses that could reasonably be expeciad for exposad
assets, for a range of differant return periods: Figurs 3. 114 below presents the PML curva for critical buildings in the
state, for two sets of assumptions: standard protection (built xpesure protected up to the 25 year avent in villages
and the 100 year event in towns} and no protection at all. The reality is likely to be somewhers in betwesn.
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3413 Transportation infrastructure losses due to fioods (fluvial)
Figure 3115 shows the Average Annual Loss (AAL) of transportation infrastructure due to fluvial flood hazards.
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Probable Maximum Loss (PML) curves show the maximum fosses that could reasonably be expected for exposed
assets. for a range of different retumn periods: Figure 3. 116 presents the PML curve for transportation infrastructura
in the state. Note that only one varsion of the curve is presented for transportation infrastructure. basad on the
assumption of ne protection (given the wids spatial distribution of the exposure elements making up this portiolio)
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Figure 3.116 Probabla Maqgmum Loss (PML! curve for transportafion mfrastructire in Uttarakhand due fo fiuvial oods
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3414 Power infrastructure losses due o fioods (fiuvial)
if‘;gmuiéj 17 shows the Average Annual Loss (AAL) of power infrastructura due to fluvial finod hazards.
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Probable Maximum Loss (PML) curves show the maximum Josses that could reasonably be expectad for exposad
assets; for a range of different return periods Figure 3 118 presents the PML curve for power infrastructure in the
state, for two sets of assumptions: standard protection (built xpesure protected up to the 25 year avent in villages
and the 100 year event in fowns) and no protection at afl. The reality is likely to be somewhers in batwean.
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Fipure 3. 118 Probabile Maamum Loss (PML) curve for power iInfrastructure in Uitarakhand due to Tuvial foods
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3415 Economic seciors

Figure 3.119 shows the Average Annual Loss (AAL) of agriculture due to fluvial flood hazards.

Average Annual Loss (AAL) of Agriculture due to Fluvial Floods
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Probable Maximum Loss (PML) curves show the maximum fosses that could reasonably be expected for exposad
assets. for a range of different return periods. Figurs 3.120 presents the PML curve for agriculturs in the state. Note
that only one version of the curve is presented for agriculturs; based on the assumption of no protection (given the
wide spatial distribution of the exposure slemants making up this portiolio).

Probabie Maximim Loss (ML) curve for Agrizuimure in Ditarakhaon
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Figura 3 120, Protidbia Maxmum Loss (PML) anve for agricutiers in Ultsrakhand due to fuvial foods
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Frgure 3:121 shows the Average Annual Loss (ANL) of Rerlisulture:due to fluvial ided hazards.

Average Annual Loss (AAL) of Horticulture due to Fluvial Floods Disaster Risk Assessment of Uttarakhand (2016-2018) a0 Eﬂﬂﬂﬁgﬂf-m’d Horticulture
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Probable Maximum Loss (PML) curves show the maximum losses that could reasonably be expectad for exposad
assets. for a rangs of different return periods. Figurs 3 122 presents the PML curve for horticulturs in the stats. Note
that enly one version of the curve is presanted for horticulturs, based on the assumpfion of no protection (given the
wide spatial distribution of the exposurs slemants making up this portiolio).
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Figure 3,122 Probatie Maxmum Loss (PML) curve for horticuflure i Liftarakhand dus to fuvisl loods
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Figure 3:123 shows the Average Aninual Loss {AAL) o Industry, commierce and mining due'td fiyvial iood hazards.
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Probable Maximum Loss (PML) curves show the maximum fosses that could reasonably be expectad for exposad
assats, for a range of different return pariods Figure:3 124 presants the PML curve for commerce and industry in
the state. for two seis of assumptions: standard pretection (built expesure protected up to the 25 year-event in
villages and the 100 year event in fowns} and no protection at all The r=ality is likely to be somewhers in between.
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Figurs 3124 Probabla Maxmum Loss (PML) curvie for commarce ant! industry in Utarakhand due 1o fuvial floods
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Figure 3 125 shows the Average Annual Loss (AAL) of potential future tourism revenue due to fluvial flood hazards.
1.8 Economic AAL: Tourism Revenue

Average Annual Loss (AAL) of Tourism Revenue due to Fluvial Floods Disaster Risk Assessment of Uttarakhand (2016-2018)
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Probable Maximum Loss (FML) eurves show the maximumn losses that could reasonably be expected for exposad
assels, for a range of different return periods. Figurs 3.126 presents the PML curve for tourism revenue in the state,
for two sets of assumptions: standard protection (built exposure protected up to the 25 year event in vilages and
tive 100 year evenl in towns) and no protection at all. The resiity is ikely to be somewhare in betwesn.
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K: Hazard Profile

Landslide susceptibility modelling has been sxecuted wsing a series of district-Javel Maxent modsis (with the
exception of Udham Singh Nagar district. wheres no historical landsfides have yet been recorded and which could
therefore not be modelled) Further datails on the mud&ﬁtg. methodology are provided in Volume 1, Chaptar 2

In each of the district-level landslide susceptibllity sections. a brief summary of that district’'s Maxent model
preseniad, giving a useful inslght info which of the many input datasels proved to make Ihe largest coniributions 1o
the model in that particular district. All of these are summarised in Figure 3 127, showing clearly the significant
impact that road cuttings have, as well as topographical properties such as slope and aspect
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Figure 3 127 Ilustration of sach input dataseét's contribution ko the Anal solution, for the 12 distric models run

For each district model, model performance is assessed. quantifying the benefit the model provides over a random
prediction, with reference to a plot known as a Receiver Operating Characteristic (ROC) curve This plo! shows the
Area Under Curve (AUC), for which a value of 0.5 Is equivalent to a random prediction and & value of 1.0 would
indicate a parfectly predictive model For the district-level Maxant models run, the average Irain and tast scores
were 0.902 and 0.876, raspectively, indicating a significantly superior parformance over random pradiction

The results of these Maxent landslide models were reclassified nto five categories, ranging from ‘None' to Very
High', in terms of landslide susceptibility. In the case of Udham Singh Nagar (for which a Maxent model could not
be established) It was assumed that the district fell entrely in the ‘None' category {(given that no landshides have
ever been reported there) Figure 3 128 shows the distribution of these classes (by area) across the entire state

Landslide susceptibility: Nore [ | o Medium High IR very Hgh

Stote

Uttarakhand

0 20 a0 i 8 100
Percentage
Figure 3128 Proportians of state in 1he fiva Iandsiida suscaplibiily classes

For each district and block. these distributions were also used to calculale a weighted average of the proportions
covered by different classes (with higher susceptibility classas weighled more heavily) Thess weighted averages
were used to rank all diatricts and blocks In the state, the results of which are shown in Figure 3 129,
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Ranking by District
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3:21 Landslide susceptibility map
Figure 3 130 shows the modelled landslide susceptibility classes across the stale of Uttarakhand. as well as its major towns.

Landslide Susceptibility Disaster Risk Assassment of Uttarakhand (2016-2018)
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Figure 3.130. Landslide suscaptibiity map for ' tha siale of Utiaralfiznd
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K / M Exposure Profile

£

This section presents a summary of the state s exposure 10 landsfide suscaptibility zones. with zones defined based
on an equal intesval classification of the range of possible susceptibility scores predictzd by the Maxent models.

Rather than estimating losses, the exposure assessment only looks at the extant 1o which people and economic
assals are exposed to different hazard intensities, providing a useful preliminary indication of impact (which lsn't
subject to the uncerainties assoclaled with ecanomic valuation and vulnerability functions).

Figure 3.131 visualises the exposure of all portfolios considered, in terms of the parcantages of each population
group or aconomic assel exposed to “fimited” as opposed to “significant’ landshde susceptibility zones (basad on
the susceptibility zone classification indicated in the figure). In the sections which follow, sach portiolio will be
congidered separately. showing the susceptibility zones to which they are each likely 1o be exposed.
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352  Population exposure o landslides
Figure 3.132 shows the exposure of the resident population te the various landslide susceptibility zones.
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Figure 3 133 shows the expasure of tourisis to the various landslide susceptibility zones. (Note that the map’s colour scale is not equally spaced, in order fo visualise the full range of values — care should be taken when rsading the highest class values)
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Figure 3 133 Visual summary of fourist population exposed to landslide suscaptibility zones:
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354  Crilical building exposure to landslides
Figure 3 135 shows the exposure of aritical bulldings to the various landslide susceptibifity zones As illustrated in the plots. this porifolio Is comprised of health facilities educational institutions, fire/police stations and other governmant buildings
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Transporiation infrastructure exposure 1o landshdes

&)

Figure 3 136 shows the exposure of critical bulldings to the various landslide susceptibility zones As lllustrated in the plats. this portfolio is comprised of read, rall and air infrastructure
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Power infrastruciure exposure to landslides

&)

Figure 3 137 shows the exposure of power infrastructure to the various landslide suscepfibility zones As jllustrated in the plots, this porifolio is comprised of substations (transmission and distribution). hydropower stations and dams.
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357  Economic seclor exposure io landslides
Figure 3.138 shows the expasure of agriculture (which includes equipment and other forms of capital investment) to the various landslide susceptibility zones.
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Figure 3 139 shows the exposure of herticulture (which includes equipment and other farms of capital invesiment) to fhe various landslide susceptibility zones.
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Figure 3 140 shows the exposure of industry, commerce and mining to the various landslide susceplibllity zones

Total commercial, industrial & mining footprint in

each Block exposed to landslide susceptibllity zones of ‘Low' or higher
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Figure 3 141 shows the exposure of polential tourism revenue to the various landslide susceptibifity zones. (Note thal the map's colour scale is not equally spaced, in arder 1o visuzlise the full range of values — care should be taken when reading the

highest class values)
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