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Assessment of Flood-risk Across Different Scales - Global, Regional, and Local

O Flood risk assessment is an important non-structural flood management strategy that warrants global attention
O Flood risk (R) consists of two major components (Koks et al., 2015)
(i) Hazard (H) - Probability of occurrence of flood at a specific location in space and time
(i) Vulnerability (V) - Susceptibility and degree to which various physical, social, economic and environmental conditions
might be affected during floods(UNISDR, 2009; Boudou et al. 2016)

U It is expressed as the combination of H and V.

Oppenheimer et al., 2014, AR 5
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Figure: Schematic of the interaction among the physical climate system,

exposure, and vulnerability producing risk precise flood forecastlng.

Ghosh, M., Ghosh, S., Karmakar, S. Assessment of various socio-economic alternatives to alleviate flood risk at a catchment level (Urban Climate, 2024)



Flood Hazard Mapping: Global Scale

|Surface runoff observationsl

* Increasing demand for strategic global assessments of flood 1
risks under current and future conditions. CaMa-Flood model
MERIT DEM

(Yamazaki et al., 2017)

» Large-scale hydrological models (Kundzewicz et al. 2019, Nat.
Hazards Earth Syst. Sci.) i.e., Global hydrological models (GHMs)
+ Land surface models (LSMs) >> Global flood models >>
Inundation & velocity

MERIT Hydro
(Yamazaki et al., 2019)

Global River Width (GWD-LR)
(Yamazaki et al., 2017)

Global water map (G3WBM)
(Yamazaki et al., 2015)

Open Street Map Water Layer
(Yamazaki et al., 2019)

* Implementation of global flood hazard maps is vital across
various sectors such as (re)insurance, large-scale flood
preparedness, and climate change adaptation.

Flood inundation parameters |

River Channed FRiver Channel || Overdand Flood
Flood depth Flow velosity Depth

* QOver the last two decades, numerous data sets and models

have been developed for global flood risk assessment

Floodplain mapping

Floodplain mapsf

(Yamazaki et al. 2009, 2018) (esotion: Tkm * 14
* Recent advancements have led to the refinement of these B vater b | rm—

models, making them informative at national scales. _ o e

A Comprehensive Approach for Floodplain Mapping through
. o . . . .o LC\I;I; téf;ilaaté(;n of Hazard USing Publidy Available Data Sets Understanding dynamics of population flood exposure in Canada with

* National utilization of these data sets could yield significant mulple high-esaluion poption datsets

benefits, particularly in regions lacking comprehensive flood e i

risk information. « Inclusion of |ocal acceleration term in the diffusive wave approximation,

Upscaling of fine resolution flow maps to coarse resolution for correct
representation of river network
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A flood depth map generated for the flood event on August 22, 2011, using the CaMa-Flood model
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LUCKNOW: The flood situation remained grim in most of north India with Uttar
http://reI|efWeb.|nt/n0de/442608 Pradesh and Bihar being the worst affectsd. More than a hundred people have
died since the start of the monsoon and thousands of peaple rendersd
hameless. Standing crap has been damaged in several districts and livestock of
SITREP NO-83/2011
1700 hours
No.32-20/2011-NDM-I
Ministry of Home Affairs
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Dated, 22"¢ August, 2011
Subject: = 5 DEPLOYMENT OF NATIONAL DISASTER RESPONSE FORCE (NDRF)
SITUATION REPORT N 22" August, 2011
SUMMARY OF IMPORTANT EVENTS AS ON 22.08.2011 < In Assam, 06 teams consisting of 160 personnel in Kamrup(17),
Dhubri (29), Lakhimpur (24), Sonitpur (32), Jorhat (28) and D o
RAINFALL/FLOOD SITUATION IN THE COUNTRY Dhemaji (30) alongwith equipment have been deployed for I d St t B d ry
emergent response and rescue operations in case of any flood or n Ia a e ou n a
> Moderate to heavy rainfall with isolated very heavy falls have been any other disaster. n —
reported in some parts of Sikkim, Andhra Pradesh, Gujarat and < In West Bengal , 02 Teams consisting of 68 personnel in Howarh ‘—' "o-.
Assam. have been deployed alongwith equipment to provide emergency FI d D th
response during flood situation. 00 ep m
Indian M il 1 Major f weather < In Andhra Pradesh, 02 teams consisting of 66 personnel in
forecast) Vijayawada have been deployed alongwith equipment to provide 0 00 = o 20
5 3 - emergency response during flood situation. . .
” Farty widespread ron/rundershoers woud sccur over rrthesstem| g i arly 01 team- conisting of 38 persomel i Koahkode = 0.20 - 0.60
> Fairly widespread rain/thundershowers would occur over Gujarat state, gep.'wzd ;'°29‘”;.m equipment to provide emergency response . = V.
interior Maharashtra, Karnataka and Andhra Pradesh during next 24 " Iun’:g olg Ihs’l %a ol ay f 12 | deployed
hours and decrease thereafter. ¢ In New Delhi 01 team consisting of 12 personnel deployed at o 0.60 - 1.50 -
> Scattered rain/thundershowers would occur over Rajasthan and central _ Pariiament House, New Delhi for emergency response. - =)
India. However, rainfall activity would decrease over Rajasthan from % In Bihar, 05 teams consisting of 152 personnel in Saharsa (29),
tomorrow. Madhepura (22), Supaul (35), Khagaria (32) and Gopalganj (34) ‘ d - o
> Isolated rain/thundershowers would occur over remaining parts of the deployed alongwith equipment to provide emergency response
country. However, rainfall activity would increase over Indo Gangetic during flood situation. 0 - > 3 50
plains from tomorrow onwards. < In Uttar Pradesh, 03 team consisting of 103 personnel in .
MM, il level: Lucknow(44), Shahjahanpur (25) and Gorakpur (34) deployed T omm |
alongwith equipment to provide emergency response during flood

» There are 02 High flood situation sites (Bihar-01) , (Uttar Pradesh-01)
and 19 Moderate flood situation sites (Assam-01, Bihar-11,Uttar
Pradesh-05, Jharkhand-01, West Bengal -01 ) in the country on
22.08.2011.

situation.
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Frequency Analysis: Uncertainty Linked to Assumed Distributions
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Zoomed-in maps of the northern region of India showcasing the best-fit distribution at a 0.05-degree resolution
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Maps Illustrating Flood Hazards Across Different Return Periods
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Maps illustrating the co-occurrence of flood hazard area and population

Population exposure could be determined which could significantly help the society and decision maker
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Parmar and Karmakar, 2024 (under review)
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Regional Flood Modeling for Flood Hazard Mapping
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S Science of The Total Environment .
& SN Volume 726, 15 July 2020, 138600 -
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Capturing transformation of flood
hazard over a large River Basin under
changing climate using a top-down
approach

* Implemented at a regional geographic scale (one
or multiple watersheds).

* Involves nested hydrological and hydraulic
(hydrodynamic) modelling at a regional level.

A. Gusain ? M.P. Mohanty ?, S. Ghosh be d c. Chatterjee ©,

S. Karmakar?¢d o =

Flood hazard map for 1:100-year RP event
across Jagatsinghpur district (Odisha, India)
showing the spatial variation of different hazard
classes for (a) baseline period, (b) near-future,
and (c) direction of changes in the 2040s under
RCP4.5 scenario at the village level.

e Limited data on bathymetry and structures (with
hydrological approximations).

* Incorporate medium-resolution data inputs. Also,
Leverages remote sensing and artificial
intelligence (Al) methods.

e Used for preliminary land-use planning, hazard
screening and prioritization, facilitating public

awareness initiatives, Support emergency . —
. . . . Verylow Low Moderate High Very high <— 2@
response planning, filling in gaps between d e
. . . Hazard Classes & 0 Low Moderate
detailed engineering flood hazard maps. r 75 o e ...
2 Low 45 101 92 26 22 .
a Moderate 33 30 182 108 32 hazard
Figure (d) represents a graphical table showing the _ 17 28 38 72 53 448
transformation of FHCs from baseline to near-future. 2 29 20 — 43 35 89
Decrease in hazar 318 519
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Regional Flood Modeling for a Comprehensive Flood Risk Mapping
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Volume 288, 15 June 2021, 112456

Fig. Flood hazard maps for the census years 2001 (a) and 2011 (d), Socio-economic
vulnerability maps for the census years 2001 (b) and 2011 (e) and bivariate flood risk maps N
for census years 2001 (c) and 2011 (f) for Jagatsinghpur district, Odisha, India; The values WebFRIS: An efficient web-based decision support

inside choropleth cells show the percentage of area under a particular class of risk tool to disseminate end-to-end risk information
for flood management

(Mohanty et al. 2018, Mohanty et al. 2020 a, b; Mohanty and Karmakar 2021) rchit Prkash Miahanty =, Sublsankar Karakar 417,58
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Regional Flood Modeling for Identification of Flood Drivers
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Multiple direct and indirect influencer of flood generation

Parmar and Karmakar, 2024 (under review) Identification of flood seasonality and drivers across Canada

Jitendra Singh, Subimal Ghosh, Slobodan P. Simonovic, Subhankar Karmakar 5«
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Regional Flood Modeling for Deriving Flood Susceptibility Maps

Geomor P holo JY =>Contributing area, Flow path distance, Elevation difference to nearest channel, Profile
curvature, slope and many more..
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Exploring the Community Modeling Concept

- Community models complement traditional flood modeling by integrating
local knowledge and engagement, ultimately enhancing flood resilience at
the community level.

Offers several advantages: Global Scale

| Regional Scale

1. Collaborative Development Deep water wave generation and

propagation using climate change
influenced future winds.

Web-based tools for

Swell propagation, wave generation, e o data visualization and
storm surge, and astronomic tides. S 5
analysis

2. Resource Sharing

, High-resolution hydrodynamics:
nearshore waves, wave setup and
runup, storm surge, tides, overland
flow, fluvial discharge.

3. Transparency

o]

4. Rapid Innovation and Updates
5. Standardization and Consistency

Downscaled winds and

6. Wider Application and Testing atmospheric pressures

500meters =

7. CapaC|ty BUIldIﬂg Long-;e;geﬁgirigzzj:n and
8. Adaptability and Flexibility
9. Cost and Time Efficiency

10. Decision Support
<usgs.gov/media>
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