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Flood Damages in the U.S. 
•Most damaging of all natural disasters 

•   - Over half of the deaths (US: 140 deaths annually) 

•   - One-third of economic losses(US: $6 billion annually) 

 

 

 

 

 









What can we do? 
Stop it? 

Fight  it? 

Deal with   it? 



Dealing with floods 

• Better flood prediction - Hydrology 

• Better flood inundation maps - Hydraulics 

• Better communication of flood risk – everything 
else 



Total Drainage Area = 490,000 km2 

Draining through 11 states 

Hydrology 

• Data – availability, 
access, spatial and 
temporal resolution 

• Modeling – spatial and 
temporal resolution, 
uncertainty 

• Computational 
Resources - access 



Data availability - Challenge 

Streamflow 

700 stations    
(1 per 700 km2) 

30,000 NHD 
reaches and 
catchments 



DEM 

Land use 
SOIL 

700 hydrographs to 30,000 hydrographs 

NHDPlus 



Calibration: 
“Simultaneous” multi-gauge calibration: 9 USGS stations 
 
Validation: 
3 USGS stations (separate from calibration locations) 
 
Daily time-step 
80 year simulation 
Average NSE for the entire basin is 0.60 
 
“Moderate” performance considering the daily simulation, 
large scale and high spatial resolution 
 
 

0

2000

4000

6000

1/1/1935 1/1/1945 1/1/1955 1/1/1965 1/1/1975 1/1/1985 1/1/1995 1/1/2005

D
ai

ly
 M

e
an

 S
tr

e
am

fl
o

w
 (m

3 /s
)

Day (1935-2014) Observed Simulated

R² = 0.67

0

2000

4000

6000

0 2000 4000 6000

Si
m

u
la

ti
o

n

Observed

NSE =0.70, R2 =0.67 USGS 03340500

Model Uncertainty - Challenge 



Improving calibration performance with Remote Sensing applications  
Multi-objective Spatial Calibration: Streamflow (USGS) + AMSR-E surface moisture (NASA) 
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M1: Calibration only with streamflow

KGE = 0.81
PBIAS =  - 1
R2 = 0.73

M2: Calibration with streamflow +
remotely sensed soil moisture

Auto-extraction of satellite data Sub-basin scale aggregation 

Remote Sensing Products - Opportunity 



SWAT 

VIC-RAPID 

NoahMP-RAPID 

Calibration 

LISFLOOD 

AutoRoute 

High resolution gridded rainfall Land Surface-River Routing models 

• Same weather input 
• Same spatial resolution (NHDPlus) 
• Simultaneous execution of models  

Streamflow output at each reach node  

USGS gauge station 

Multi-model ensemble streamflow 

Hydraulic models 

Probabilistic flood map 

Large scale models - opportunity 



Sharing, running and visualizing models on the web 

SWATShare 



Flood Modeling/Mapping at Reach Scale 

• Modeling – 
uncertainty, type 
of model and 
computational 
resources 

• Data – inadequate 
or poor quality  



High resolution flood simulation at 
large scale 

LISFLOOD-FP Model Setup 

After calibration, the 
100 year flow is 
calculated for each 
reach based on the 
LP3 distribution 

The study area is 
divided into 6 sub 
regions to distribute 
the  computational 
load 

LISFLOOD-FP 
is run on 
Linux Cluster 

Hydrograph output with uncertainty 



Flood Inundation Maps at reach scale 

Black 
color 

show the 
flood 

extent 
generated 

by 
LISFLOOD

-FP 

Blue color 
shows 
100 year 
flood 
map from 
FEMA 

• Blue is fitted flood extent. 
• Red is LISFLOOD-FP flood 

area while FEMA is dry 
• Yellow is FEMA flood area 

while LISFLOOD-FP is dry 
 

• Red color shows 
upper bound 

• Brown color shows 
lower bound 

• Blue shows results by 
using USGS flow 

 

Deterministic 
flood map from 
LISFLOOD-FP and 
FEMA 
 

Probabilistic 
Flood Map 
 

Fstat = 0.7 
Cstat = 0.8 
 

Fstat = 0.7 
Cstat = 0 .9 

 



Role of topography 

DEM resolution and accuracy both 
affects the flood inundation 
modeling and mapping 



Topography - Challenge 
Digital Elevation Model Flood Inundation Map 



Flood inundation maps (WSE and Area) have linear relationships with DEM 
resolution and accuracy 

DEM properties and Flood Model Output 



Better results 
coarser DEM 



Role of River Bathymetry 

Best data we can get 

This is what we need 

Bathymetry 
Tools 



Bathymetry - Opportunity 

Tuscaloosa, Alabama,USA 



Inundated 
Area= 

3.61km2 

Inundated 
Area= 2.79 

km2 

Inundated 
Area= 2.54 

km2 

Surveyed 

cross-sections 

Interpolated 

mesh 

DEM + Bathymetry = Better Results 



High 
resolution 

landuse 
data 

High 
resolution 
soil data 

High resolution DEM with 
bathymetry 

High resolution aerial 
imagery data 2-D mesh 

Gridded rainfall 
data and observed 

streamflow data  

Data + Models  More opportunities 



Hydrologic + Hydraulic Modeling 



Data + historical perspective Innovation 

• Non engineering methods 

– Physiography, Soil, 
Vegetation… 

• Cost effective 

 

Cain & Beatty (1968), Wolman (1971), Leopold (1978) 

Integration of above approaches facilitated by 
advancements in technology (GIS) and data 

collection (SSURGO) 



Using SSURGO Soil Data for Floodplain 
Mapping 

taxsubgrp 
geomdesc  
floodfreqdc 
muname 



SSURGO FIRM 

SSURGO based Floodplain Map 



GSSURGO-based floodplain map for 

the whole US 

 



What does it take to create a floodplain 
map for the entire U.S.? 



Data + Modeling + Social Media 



Summary 
• Dealing with floods will require better 

prediction of hydrographs as well as inundation 
extents  

• There are opportunities to advance the science 
of hydrology and flood risk information by 
exploiting big data and computational 
resources 

• Developing low cost scalable technologies to 
map flood risk is the key to help the most 
needed communities 

 

 

 



Thank you! 
Venkatesh Merwade 

vmerwade@purdue.edu 
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