
 
Special session SS 3-2 

Debate – Flooding: A social issue? A natural science challenge? An 
engineering problem? 

Prof. S.P. Simonovic (Canada), Prof. X. Cheng (China) and Prof. S. Karmakar (India) 

Moderator:  Prof. Z. Cheng (China) 

IWRA XVIII World Water Congress 



“Flooding: A natural science challenge” 

Subhankar Karmakar, IIT Bombay, Mumbai, India 

(https://eos.org/articles) 

Not Your Childhood Water Cycle 
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Hydrodynamics  Coupled Flood Modeling  

(https://gateway.newton.ac.uk) 

Spatio-temporal 

modeling of  

-  Inundation  

-  Velocity  

-  Momentum 

Simonovic, 2009 



“Flooding: A natural science challenge” 

Subhankar Karmakar, IIT Bombay, Mumbai, India 

Numerical Weather Modeling – Nowcasting & Forecasting  

Ghosh et al., 2023 

Weather models use systems of differential 

equations based on the laws of physics, which are 

in detail fluid motion, thermodynamics, radiative 

transfer, and chemistry, and use a coordinate 

system which divides the planet into a 3D grid. 

Winds, heat transfer, solar radiation, relative 

humidity, phase changes of water and surface 

hydrology are calculated within each grid cell, and 

the interactions with neighboring cells are used to 

calculate atmospheric properties in the future. 

- Improved physics understanding 

- addressing the uncertainty of initial conditions 

- developing physical parametrization models or schemes 

- developing operational ensemble prediction systems 

is complex and not always accurate 
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Identification of Flood Drivers  

Multiple direct and indirect influencer of flood generation 

Wasko and Nathan, 2019 

Snowfall driven  

Soil moisture  

or 

Rainfall driven 

Groundwater driven  
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Geomorphology 

Manfreda et al., 2014 

Ho and Umitsu, 2011 

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..  
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Computational Science a discipline concerned with the design, implementation and use of 

mathematical models to analyze and solve scientific problems 

Advanced river flood monitoring, modelling and forecasting 

Merkuryeva et al., 2015 

AI, IoT, and big data  

for advancing flood analytics 
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The extent and severity of flooding are often quantified through 
scientific understanding of physical and mathematical sciences. 

 

• Hydrology and hydrodynamics 

• Physics-based and statistical forecasting  

• Identification of causes/ drivers of flooding 

• Geomorphological characteristics 

• Advancement of computational science 
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