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Human interventions 

❑ Flood risk assessment is an important non-structural flood management strategy that warrants global attention

❑ 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

(ii) 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)

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

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

Figure: Schematic of the interaction among the physical climate system, 
exposure, and vulnerability producing risk

Oppenheimer et al., 2014, AR 5

(although changing hazard patterns also play a role)

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

Conventional risk triplet 
of IPCC, AR5

New risk quadruplet integrating

‘response’ as a determinant of risk

Risk function: Triplet→ Quadruplet (derived 
from IPCC, 2022 and Simpson et al., 2021, 
One Earth)

Please remember:
Global Flood Modeling for effective Flood 
Hazard and Risk Mapping, not intended for 
precise flood forecasting.
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Flood Hazard Mapping: Global Scale

• Increasing demand for strategic global assessments of flood 
risks under current and future conditions.

• 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

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

• Over the last two decades, numerous data sets and models 
have been developed for global flood risk assessment 
(Yamazaki et al. 2009, 2018)

• Recent advancements have led to the refinement of these 
models, making them informative at national scales.

• National utilization of these data sets could yield significant 
benefits, particularly in regions lacking comprehensive flood 
risk information. • Inclusion of local 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

http://reliefweb.int/node/442608
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Frequency Analysis: Uncertainty Linked to Assumed Distributions

• Before performing 
frequency analysis, 
the best-fit 
distributions are 
determined at the 
grid scale

• Grids with flood 
depths below 0.2 m 
were excluded

Zoomed-in maps of the northern region of India showcasing the best-fit distribution at a 0.05-degree resolution



Various return levels flood depth maps are 

prepared for hazard classification

Maps Illustrating Flood Hazards Across Different Return Periods
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Population exposure could be determined which could significantly help the society and decision maker

Maps illustrating the co-occurrence of flood hazard area and population
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Parmar and Karmakar, 2024 (under review)
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• Implemented at a regional geographic scale (one 
or multiple watersheds).

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

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

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

• Used for preliminary land-use planning, hazard 
screening and prioritization, facilitating public 
awareness initiatives, Support emergency 
response planning, filling in gaps between 
detailed engineering flood hazard maps.

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.

Figure (d) represents a graphical table showing the 
transformation of FHCs from baseline to near-future.

Regional Flood Modeling for Flood Hazard Mapping 
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Regional Flood Modeling for a Comprehensive Flood Risk Mapping 

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

for census years 2001 (c) and 2011 (f) for Jagatsinghpur district, Odisha, India; The values

inside choropleth cells show the percentage of area under a particular class of risk

(Mohanty et al. 2018, Mohanty et al. 2020 a, b; Mohanty and Karmakar 2021) 
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Regional Flood Modeling for Identification of Flood Drivers

Multiple direct and indirect influencer of flood generation
Parmar and Karmakar, 2024 (under review)

Wasko and Nathan, 2019

Snowfall driven 

Soil moisture 

or

Rainfall driven

Groundwater driven 



ICFM Webinar No. 14: Subhankar Karmakar, IIT Bombay, Mumbai, India

Geomorphology

Manfreda et al., 2014

Samela et al., 2018

Flood susceptibility map Deroliya et al., 2022

=> Contributing area, Flow path distance, Elevation difference to nearest channel, Profile 
curvature, slope and many more.. 

Regional Flood Modeling for Deriving Flood Susceptibility Maps 
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• Community models complement traditional flood modeling by integrating
local knowledge and engagement, ultimately enhancing flood resilience at
the community level.

<usgs.gov/media>

Offers several advantages:

1. Collaborative Development

2. Resource Sharing

3. Transparency

4. Rapid Innovation and Updates

5. Standardization and Consistency

6. Wider Application and Testing

7. Capacity Building

8. Adaptability and Flexibility

9. Cost and Time Efficiency

10. Decision Support

Exploring the Community Modeling Concept
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