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Map highlighting major reported disasters linked to weather, climate and water extremes
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WMO Report: Atlas of Mortality and Economic Losses from Weather, Climate and Water Extremes (1970 — 2012)
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Flood Damages in the U.S.

* Most damaging of all natural disasters
e - QOver half of the deaths (US: 140 deaths annually)
* - One-third of economic losses(US: S6 billion annually)

18
U.S. Total Flood Damage, 1934—2000
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Number of reported disasters by decade
by hazard type (1971-2010)
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What can we do?




Dealing with floods

OCT 3 2015, 7:47 PM ET: Flash Floods, 'Once in 200 Years Rainfall Event' Loom in
South Carolina

OCT 4 2015, 1:22 PM ET: East Coast Flooding: 'Once in 500 Years' Downpour
Threatens South Carolina

OCT 5 2015, 2:53 AM ET: 'Stay in Your House'": Officials Warn Residents During
Unprecedented '1,000-Year' Floods

Better flood prediction - Hydrology
Better flood inundation maps - Hydraulics

Better communication of flood risk — everything
else



Hydrology

e Data — availability,
access, spatial and
temporal resolution

 Modeling — spatial and
temporal resolution,
uncertainty

 Computational
Resources - access

Total Drainage Area = 490,000 km?
Draining through 11 states



Data availability - Challenge

Streamflow

1

700 stations

(1 per 700 km?) }; '
-- e

j 30,000 NHD
reaches and
catchments



700 hydrographs to 30,000 hydrographs

NHDPIlus
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Model Uncertainty - Challenge

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
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Remote Sensing Products - Opportunity

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

Sub-basin scale aggregation Auto-extraction of satellite data
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Large scale models - opportunity

High resolution gridded rainfall Land Surface-River Routing models Streamflow output at each reach node
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* Same weather input
* Same spatial resolution (NHDPIlus) p
* Simultaneous execution of models ]

Calibration
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Sharing, running and visualizing models on the web

View | Upload | Edit | Run | visualization |
Model Name: CedarShort2  Simulation Period: 20059 ~ 2009 Modeling Time-Step: Daily  Visualization Time-Step: Monthhy Visualization Type: Spatial Qutput File: output.sub

Step 2: Select variables Total Monthly Precipitation

Cutput variables

] PRECIP(mm: Precipitation 0 . . . I .

[] sSNOMELT{mm): Snow or ice melt 0 . - - -

] PETimm): Potential evapotranspiration s s ﬁgqﬂ 1 jos { : &8s 42U Em 1zins
[ ETimm): Actual evapotranspiration I': - \ 4825 —

] swimmi): Scil water content - o . . 9.00

[] PERCImm): Water that percolates past the root zon l a75

[+ surQimm): Surface runeff contribution to streamf]
8.50

[] aw_Qimm): Groundwater contribution to streamifl
] wyLD(mm): Water yield

[] syLD(t/ha): Sediment yield : : : : :
[] orGM(kg/ha): Organic N yield —926 -925 -924 -923 -922
[] orGPikg/ha): Organic P yield longitude

] wsuralkg/hal: Nitrate transported by the surface

[] soLPikg/ha): Soluble P yield Surface Runoff (2009-12)

[ ] sEDPikg/ha): Mineral P yield
[«]

Step 3 : Set datarange

Date range

[ oo |~ [z (/2000

Draw Flots
DounioadData IR Fiev ] SartAnimaion ] Next I




Flood Modeling/Mapping at Reach Scale

* Modeling —
uncertainty, type
of model and
computational
resources

 Data —inadequate
or poor quality

SWAT

Calibration || Streamflow output
at each reach end

DEM LISELOOD-EP Channel information

0 simulation control file

Flood Maps




High resolution flood simulation at
large scale

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

J

LISFLOOD-FP Model Setup

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

LISFLOOD-FP
IS run on
Linux Cluster




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

&1:4%.5.-&; il Sl b RO, 11,
'm‘w.mzme.mm lrigs, 2, B
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Fstat =0.7
Cstat=0.8

Deterministic
flood map from
3 LISFLOOD-FP and

Fstat=0.7
Cstat=0.9

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

Probabilistic
Flood Map

Red color shows

upper bound

* Brown color shows
lower bound

* Blue shows results by

using USGS flow



Role of topography

LiDAR
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Topography - Challenge

Digital Elevation Model
LIDAR 6 m

Flood Inundation Map
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DEM properties and Flood Model Output
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Flood inundation maps (WSE and Area) have linear relationships with DEM
resolution and accuracy
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Role of River Bathymetry
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Bathymetry - Opportunity
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DEM + Bathymetry Better Results
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Data + Models = More opportunities

High resolution aerial
imagery data

High resolution DEM with
bathymetry

Gridded rainfall
data and observed
streamflow data

High :
resolution High

’
& resolution
landuse ,
soil data
data



Hydrologic + Hydraulic Modeling
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Data + historical perspective—> Innovation

* Non engineering methods e T VA

— Physiography, Soil,
Vegetation...

e Cost effective

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

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



Using SSURGO Soil Data for Floodplain
Mapping
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SSURGO based Floodplain Map

SSURGO FIRM
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GSSURGO-based floodplain map for
the whole US




What does it take to create a floodplain

map for the entire U.S.?
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Data + I\/Iodelmg + Social I\/Iedla
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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
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Thank you!

Venkatesh Merwade
vmerwade@purdue.edu
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