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Flood inundation modelling 

2 

 A need to incorporate additional processes (hydrological) in addition to flood inundation. 

– Rainfall 

– Infiltration 

– Drainage  

  Traditionally we consider water coming from the river, 
coast, or point sources. 

– Well developed 

– Consider flood propagation in 2D 

– Typically 1D river flow coupled with 2D floodplain 
flow 

 Direct surface runoff induced flooding in urban areas 

appears to be increasing in recent years. 

– More intense and frequent rainfall; Climate-

related? Unclear 

– Land use change 

– Limited drainage capacity 

– Especially in developing nations 

 

 

→ Needs for considering “new” processes  



http://www.floodmap.org (Yu and Lane 2006a, b) 

An urban hydro-inundation model 
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→ Surface runoff – 2D inertial based (Bates et 

al. 2010) 

→ Infiltration: Green-Ampt equation 

𝑓 𝑡 = 𝐾𝑠(
𝜑𝑓 + ℎ𝑜

𝑧𝑓
+ 1) 

→ Evapotranspiration: Seasonal sine curve 

(Calder et al. 1983) 

𝐸𝑝 = 𝐸𝑝[1 + sin(
360𝑖

365
− 90)] 

→ Drainage capacity: distributed on a cell by 

cell basis. 
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→ Distributed rainfall 

http://www.floodmap.org/
http://www.floodmap.org/


Source: Xinhua News 

Application: modelling flood risks in Shanghai 

• A problem of great concern; occurs on an annual basis 

→ Surface water flooding in Shanghai 

• “More” intense rainfall at the city scale 

• Increased percentage of impermeable land due to urbanization 

• Limited urban drainage capacity – 1 in 0.5-3 year, or 27-49 mm/h in most places 
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Surface flood modelling: input data 

→  Study site and topography  

• Low-lying topography with a 
mild terrain 

• Therefore limited surcharge  

• 50m DEM interpolated from 5 
m contour lines 
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Huangpu Park

Jiangsu Road

→  The event  

• 12 August 2011 

•  6 hours rainfall 

•  in the morning rush hours 

→  Precipitation  

• Interpolated from rainfall 

records at 44 gauging 

stations 



Model validation: crowd-sourced data 
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→  Crowd-sourced data is available through a government 

information portal. 

– Location 

– Time 

– Nature 

– Over 500 incidents were reported 

– 298 points were kept 



Surface flood modelling: results 

August 2011 event 
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Validation: spatial evaluation 

→ Using crowd-sourced data 
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Validation: temporal evaluation 
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Time in the day 

Number of incidents reported during the course of the day. 

→  Temporal information is available from the crowd-sourced data 



Conclusions 
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→ We need to consider additional processes for surface water flood modelling in 

urban areas (may not come from the river) 

→ The model is simplified in nature; assumptions need to be observed 

→  Applicable for large-scale studies, as a first-stage evaluation of vulnerable 

areas 

→ Crowd-sourcing is an important source of data for model validation. 

→  Research is particularly required in the data front, to reduce the uncertainties in 

the input and validation data. 

→  e.g. topography 

→  drainage capacity 

→  soil/infiltration characteristics 

→  observation data 



Thanks for listening! 

Any questions? 
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