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 Over 8,100 USGS Gages reporting 
current stream conditions in NWIS 
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Flood Inundation Maps can 
translate a hydrograph into 
operational maps that 
communicate risk and 
consequences 



A Flood Inundation Map is: 

 a map with a line where 
one side is wet and the 
other is dry under one 
defined situation. 
 Modeled, 
 Measured, 
 Or Both! 



FIM becomes a tool for flood…  
 Preparedness 
 “What-if” scenarios 

 Response 
 Tied to gage & forecast data 

 Recovery 
 Damage assessment 

 
 

 Mitigation & planning 
 Flood risk analyses 

 Environmental & ecological 
assessments 



Environmental Assessments and Support 

 Ecological studies of 
floodplains 
 Such as frequency of inundation 

 Riparian habitat 
 7-day inundation areas 

 Hazardous substance spills 
 Kalamazoo River Oil Spill 



Types of Flood Inundation Maps 

 Modeled Flood Inundation Map Libraries 
 Probabilistic Flows (i.e. 1% chance flood) 
 Deterministic Flows 
 Stage Intervals (i.e. every 2 feet in stage) 
 Critical stages (i.e. Moderate and Major flood stages) 

 Flood Documentation Studies 
 Measured 
 Interpolated from measurements 
 Remotely Sensed 
 Satellite 
 Aerial (manned or unmanned) 

 



Hydraulic Modeled Flood Inundation Map Libraries 

1. Stream Selection 
2. Model Flood Heights 
3. Delineate Flood Extents 
4. Compute Flood Depths 
5. Process Map Library 
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Probabilistic Flood Inundation Map Libraries 

 Most common example are 
FEMA’s Flood Insurance 
Rate Maps (FIRM) 
 Typically several are created 
 20%, 10%, 5%, 1%, 02% 

Exceedance Probability Flows 
 

 Same modeling method 
 Different inputs and purpose 

 



Deterministic Flood Inundation Map Libraries 

 Based on even “slices” of 
stage or flow 
 Any hydraulic model 

(calibrated to a USGS gage 
rating curve) 
 Presents a full range of maps  
 Usually ~15 maps 
 From bankfull to peak of record 

 Robust as long as base 
conditions don’t change 

  



GIS Modeled Flood Inundation Map Libraries 

 Numerous methods are GIS 
only or have a loose 
hydrologic modeling 
component 
 GISFlood Tool, HAND, 

Bathtub, etc. 
 Can be flow, stage, or 

connectivity based 
 Scale is critical for 

interpretation 

10-meter    90-meter 
USGS GIS Flood Tool Sample Output 



Creation of Flood Documentation Maps 

1. Measure some aspect of the 
water level  

1. Streamgages or other sensors 
2. High-water marks 
3. Remote sensing 

2. Connect the dots 
1. GIS model with elevation data 
2. Literally connect the dots 

3. Delineate Flood Extents 
4. Compute Flood Depths 

Cedar River, IA 



High-Water-Mark Derived Flood Documentation Map 

 Use the High-Water Mark 
information with the DEM to 
extend the marks out on the 
landscape 
 Can be used for riverine or 

coastal flooded areas with 
some modifications 

Working map view 
Ouachita River Complex, LA 

Published map view 
Columbia, SC 

 



Remote-Sensing Derived Flood Documentation Map 
ALOS–2 Sentinel–1A COSMO-SkyMed RADARSAT–2  NOAA 

USGS 

NOAA 4-band  
Aerial Image 

Red Pixels: ARIA Flood Proxy Map 
Yellow Pushpins: USGS Water Edge 

Landsat 

Sentinel-1A 



USGS FIM Research 

 FIM Library Lifecycle 
 When should maps be 

reexamined?  
 Under what conditions should 

they be removed? 
 Expand RapidFIM testing 
 Develop standards for 

comparing FIM methods 
 Possibly F-Score (working with 

NWS LMRFC on this) 

 

 Communicating more varied 
quality of FIM libraries 
(uncertainty computations 
and display) 
 

EUSGS 
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Contact Information 

Marie C. Peppler 
USGS Office of Surface Water 
mpeppler@usgs.gov 

703.648.5314 
 

http://water.usgs.gov/osw/flood_inundation/ 

mailto:mpeppler@usgs.gov


General Steps for Creation of a Modeled Flood 
Inundation Map Library using a Hydraulic Model 
1. Stream Selection 
2. Model Flood Heights 
3. Delineate Flood Extents 
4. Compute Flood Depths 
5. Process Map Library 
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1. Stream Selection 

 Streamflow information 
 Flood Forecast 

information 
 Elevation data availability 
 Topography 
 Bathymetry 
 Structural  

surveys 

 Flood Impact Locations 
 Critical infrastructure 
 Routes of egress 
 Populations 



Gather Data 

 Real-time streamflow information from a gage within the 
selected reach 
 Historical flood levels at that gage 
 Current and historical rating curves at that gage 

 Short-term probabilistic forecasts at that gage 
 High-resolution elevation data (dictates the quality of the 

maps more than any other factor) 
 Existing hydraulic models (if available and recent) 

 

EUSGS 



2. Model Flood Heights 

 Hydraulic model 
calibrated to a USGS 
gage rating curve 
 Rating curve extensions 

possible 
 Can be any generally 

accepted appropriate 
model 



Hydraulic Modeling details 

2. Hydraulic Modeling 
 Calibrate model to 

streamgage record and 
current land cover 
 Well developed rating curves 

are crucial 
 Any appropriate model is 

accepted 
 USACE HEC-RAS is common 
 Model must be peer-reviewed 

and documented 

 Modeled flood scenarios are 
chosen to reflect local 
conditions (bridge conditions, 
levees, temporary structures, 
etc.) 

 In highly complex flow 
situations, a 2D model might 
be warranted 



3. Delineate Flood Extents 

Geospatial Processing 
 Create TIN models using 

cross sections and the 
modeled water surface profile 
 Intersect the TIN with the 

DEM to generate predicted 
inundated areas depth grids 
 Clean up and QA data 

 

 Repeat for all modeled 
water surface profiles to 
generate a library of maps 



4. Compute Flood Depths 

 Flood extents are processed with the topographic data 
to produce estimated depths across the floodplain  



5. Process Map Library 

 The hydraulic model, flood 
extents and flood depths 
are peer reviewed and 
documented 
 Maps are overlaid onto city 

maps to aid in planning and 
response 



Peer-Reviewed Documentation  

 Required: 
 Uncertainty and Use 

Limitations 
 Study area and scope 
 Hydrologic data 
 Hydraulic model calibration 

and performance 
 Accuracy assessment 
 Metadata 

 Recommended: 
 Technical Summary 

Notebook of the hydraulic 
model 
 Project QA/QC checklist 

completed by the project 
team 

 Published to a public 
website 

http://water.usgs.gov/osw/flood_inundation/toolbox/librarytools.html 

http://water.usgs.gov/osw/flood_inundation/toolbox/librarytools.html


FIM Mapper – more than just maps 

+ + 
USGS Real-time streamgage NWS Flood Forecast Flood Library 

Turns the modeled 
map data into an 
operational tool by 
combining data 
together with tools that 
enhance the utility and 
don’t require any 
Modeling or GIS 
software or skills 



EUSGS 
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WaterAlert form 
Site number, sent by mapper 

Threshold level, selected by mapper 

Personal info 
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Flood-Inundation Map for the Wabash River at Terre Haute, Indiana 
at the U.S. Geological Survey Streamgage Number 03341500 

UNCERTAINTY AND USE LIMITATIONS 
Atthough the rlood-mundatJon maps represent the 
bou:ndanes of 1n1.mdated areas with a dlst.,ct 1.,e, some 
t.flcerta,nty ,. assoaated with these maps. The llood 
boundoneo .i-n v.ere ostimatod ba>ed on gage he111hls 
at selected USGS streamgage,s. 'Nat.er-surface elevations 
abng the :r.tream readies were esbma~ bv steady-state 
hy(t"'ulle modeling, O$$uming uoo~stn.u;led How and u5ing 
cfach,irges and hydrolog,c condrtlons anbelpated at the 
UsGS streamgage(s) The h1draul1c model reflects lhe 
land-cover charactan.stlc:s of any bndge1 dam, levee, °' 
Olller hydraulic structure e,,ISbng In 2012. Unique 
rreteorolog1cal factors (t,rnng and distrmution ot 
predpitabon) may cause actual disc:harges a'IOng the 
mxleled reach to vaty from assumed conditions during a 
flood and lead tc ~isttons in the v.-ater-s.urface eleYations 
and lnunda~on boundaries sho,.,n, Addit10nal areas may 
be flooded due to unantiapa~ backwate, from maJO( 
tnbutanes along lh.e main stem or ftom locahted debns or 
lcO JOrn>, 

STUDY AREA 
The clyof lerre Haute, Indiana (Ind.), Is in central V,go 
C<IUnty and$ the county seat ol gove,n.,.,nL Ti,,, 
W.bash Rive, lorms the wesl&m boundary ol the 
ccrpa--rate llmtts of Terre Haute. The drainage area ls 12, 
263 squa1e miles at the Tel'le Haute strearngage The 
W.ba$h Rive, Md lr>t.tances ol ...... ,. IIOOding ,n 1913, 
1943, 1950, 1958, 1959, and 2005. 

PURPOSE AND SCOPE 

The purpose or th!S report Is to descnbe the 
develc>p,ment ot a series ol estimated flood-lnundatlDfl 
maps lor • 6.3-mllo reach of the W.bash River near Terr• 
Haute, Ind .. and ID mal<e these maps avallable to 
emergellC)' v.orkers and the publ ic by way ot the USGS 
Flood Inundation Mapping Soence W,,b Site at 
hltp:/lwatM usgs.gov/°""""lood_,nundat>on/, 

MAP SOURCES 
Detailed source datl r01 this ,nap series can be found m 
"Flood-inunde1Jon maps fol the Wabash Rtver at Terre 
Haute, Indiana (2013)" at http'I/P"bs,usgs.gov/s,m/32321 

SUgpvKI cu11m-
Ull'l"iblJd, P.J .. 2013, Aood-lr11111dlllon INlpa:for !hi t/!Mbrllll Rl,,,1t• hrrt 
tiall.e. lt!diMI. U.S Glci~I &Hwy Scifffl:ik ln,,Htllllai«II M:tl).3232, ZZ 
.hHb, l•p. paqihllll 

HYDROLOGIC DATA 
The study area hydrobgiC netM:lrk OCN1s.rs-ts of one &treamg:age,, 
W.bash River at Terre Houle (station numbef 03341SOO) ll>ot 
ha• been opor,,ted by the USGS con\lnuou,ly since 1927, 
although the actual strsmg.age klcaihon was moved ln 1985 
'!Miter level (itage) is measured! contlnuous.ly iilnd c:onUt'IUOU5 
recotds of streamflow are oomputed at thrs streamgage 
Steady.flow dilta consisted of flow regune, boundary condition$i. 
and peak discharge mformat,on, the latter obta11ed from field 
measurements and the stage-d.sd'large relabon that was 
developed l>y the USGS at the W.bo•h River otTerre Ii.lute 
otreamg•~• 

HYDRAULIC MODEL 
The nydraubc rn:xlel was callbratE!d to the most current st:age­
clischarge relatbn at the W3bash River at Terre Haute 
otreamgage Model calibratioo ws• accomp .. hed by adJuoting 
Marw,ing"s n values until the f,e$1.llts of the hydrautac 
computltlons closeli' agreed with lho known flood di<Chargo 
al'Ki st.age valu~. Dtft«&ne@S betwHln n'H!•agured and gJmu­
lated Y4ter levels for specified flow5 IM!tfe equsl to or less thiiJin 
0.1 loot (It) 

WATER-SURFACE PROFILES 
Profiles "Were developed for a total of 22 stages at 1-tt mterva1s 
betv.een and flclldlng 9 It (aCtlOn stage) and 30 ft (llood of 
record) as referenced lo the Wabash Rive< •t Terre Ho.-o 
streamgage (staoon numbe, 03341SOO) O,ocharges 
correspond'-11g to the 'w'ar .lous stages v.,,re obtained from the 
rn>St curront •1'1Qe-d$Charg6 relation (rating 55.1) at tho 
streamgago. Tho stroamgage is noar th<! rridpclnt of the 6-mile 
reach 

FLOOD-INUNDATION MAPS 

The inundotlon mop• were created in • g""IJ"'Phic in!ormotlon 
system (GIS) by combining the watet-surlace profil .. and d,gJtal 
elevation model (DEM) data The DEM data were domed from 
light deto<tion aod ranging (LrDAR) data 11,at had a honz0<1tal 
accuracy ol 1.02 ft and avert.cal aCQJracy 010.37 fl 

DISCLAIMER 
The fb)d map$ should not be used for rta'w'lgilt.Jon reguJatory 
permitting or other legal purposes The United Sta l!!5 

Geological &lrvey (USGS) provdes lM- maps as• qu,ck 
reference and emerger1C)' plann1011 tool but. l.55Unies no leg I 
li:ablhtyor re5P(ll'15bhtyfor in)' diriect, Indirect, mCJden'tilr, 
c:onsequen al, spec:1.al or exemptilry d.amages or lost profit 
rnultmg rrorn the UM, ot misuse of this n forrl'Blion 
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 Outline of FIM Science and 
library development 
processes 
 Toolbox 

 Information Sheet 
 Two page pdf  

 Mapper  
 Training 

Website Resources 



Surface Water Tech Memorandum 2015.03 

 At a USGS gage 
 Starts with NWS guidelines but 

with 10 exceptions/additions 
 Documentation 
 Peer-review 

USGS Flood-Inundation 
Map Development and 
Documentation 
Standards  



Surface Water Tech Memorandum 2015.04 

  USGS Furnished Flood-
Inundation Map Policy 
 

 First approved in Idaho, Dec, 2015 

 

 At a USGS gage 
 Meets USGS Requirements 
 Work with local USGS Water 

Science Center 
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