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Flood Inundation Maps can
translate a hydrograph into
operational maps that
communicate risk and
conseguences
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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!
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FIM becomes a tool for flood...

- Preparedness
“What-if” scenarios
Response

Tied to gage & forecast data
Recovery ety
R . | Damage assessment

Mitigation & planning
Flood risk analyses

Environmental & ecological
assessments
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Environmental Assessments and Support

Ecological studies of
floodplains

Such as frequency of inundation

Riparian habitat
/-day inundation areas

Hazardous substance spills
Kalamazoo River Oil Spill
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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 o)
Measured

Interpolated from measurements

Remotely Sensed
Satellite
Aerial (manned or unmanned)
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Hydraulic Modeled Flood Inundation Map Libraries

Stream Selection e BN N =

Model Flood Heights — —

. i tage ‘ ELEVATION |

Delineate Flood Extents | | »" )
| 25 ft.

Compute Flood Depths P
Process Map Library "

| B
|
Stage 20 ft. Water-surface elevation: 812.1 ft. abow \7\ 2

USGS streamgage
Flood depth for each grid cell . . ] l |
35 I 751, 1t 1t 251t Rivermile 25 2.0 1.5 1.0
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Probabilistic Flood Inundation Map Libraries

Most common example are R
FEMA'’s Flood Insurance
Rate Maps (FIRM) g :

Typically several are created | ..

20%, 10%, 5%, 1%, 02% O
Exceedance Probability Flows

Same modeling method ;
Different inputs and purpose
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Deterministic Flood Inundation Map Libraries

I
| Stage
| 30 ft.

| 25ft.
20t
| 15 ft.
10t

| 5.

I
|

WATER-SURFACE
ELEVATION
(in feet above sea level)

845 ft. |

830 ft.

800 ft. —

A'IUSGS streamgage

| ] | |
River mile 2.5 2.0 1.5 1.0 0.5 Rivermile0
(upstream) STREAM REACH (downstream)

a

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.

e ™ . | : | Can be flow, stage, or
10-meter 90-meter connectivity based
USGS GIS Flood Tool Sample Output Scale is critical for
Interpretation
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Creation of Flood Documentation Maps

I |
L ks 1 : .
o, % |
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Measure some aspect of the
water level
Streamgages or other sensors
High-water marks
Remote sensing

CO S eCt th € d OtS ?_ :: ﬁ - = -.-'. h-‘;"“ S = "' 1-_ Cedar River, IA
GIS model with elevation data |

Literally connect the dots S
Delineate Flood Extents '

Compute Flood Depths
2 USGS




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

a2 USGS

g Published map view
Columbia, SC



Remote-Sensing Derived Flood Documentation Map
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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
guality of FIM libraries
(uncertainty computations
and display)
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USGS Flnud Inundation Mapper
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Flood Tools Historical Flooding HAZUS Web Cam Services and Data
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USGS Flnod Inundation Mapper
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Contact Information

Marie C. Peppler

USGS Office of Surface Water
mpeppler@usgs.qgov
703.648.5314

http://water.usgs.gov/osw/flood inundation/
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General Steps for Creation of a Modeled Flood
Inundation Map Library using a Hydraulic Model

Stream Selection

Model Flood Heights
Delineate Flood Extents
Compute Flood Depths
Process Map Library

&

USGS



1. Stream Selection

Streamflow Information

Flood Forecast
Information

Elevation data availability
Topography
Bathymetry

Structural
surveys

a2 USGS

Flood Impact Locations
Critical infrastructure
Routes of egress
Populations

USGS streamgageA\
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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)



2. Model Flood Heights

Hydraulic model i oy NS T sl ,
calibrated to a USGS

gage rating curve . —
| Stage ELEVATION

Rating curve extensions 30t i feetabove sealeve)
possible i i

Can be any generally | 20t
accepted appropriate S !
mode B ———

i 785 1t.

| USGS streamgage
]

A

River mile 2.5 2.0 15 1.0 0.5 Rivermile0
L. A
é USGS (upstream) STREAM REACH (downstream)




Hydraulic Modeling detalils

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

a2 USGS

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

a2 USGS

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

Stage 20 ft.

uses L

sireamgage

A\
/-"l
[p=

} LA

River mile 2.5 River mile 0
(upstream) (downstream)
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4., Compute Flood Depths v

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

Stage 20 ft. Water-surface elevation: 812.1 ft. above sea level

Flood depth for each grid cell
751t 11ft. 11 ft. 251t

Stream bank Stream bank

\
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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

a2 USGS

Stage
25 ft.

Stage
201t 4

Stage

5% 48
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aft




Peer-Reviewed Documentation

Required: Recommended:
Uncertainty and Use Technical Summary
Limitations Notebook of the hydraulic
Study area and scope model
Hydr0|ogic data PrOjeCt QA/QC checklist

completed by the project

Hydraulic model calibration t
and performance eam

Accuracy assessment Pub|i§hed to a public
Metadata website

%USGS http://water.usgs.gov/osw/flood inundation/toolbox/librarytools.html



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

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

a2 USGS

USGS Real-time streamgage
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WaterAlert form
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science for a changing world

USGS WaterAlert

Subscription Form

Site Info:

Site Number:

Agency:

Transaction ID:

Send Notification To:

= My mobile phone

T My email address
Notification Frequency:
Hourly

Daily

Parameter:

undefined (undefined)
Threshold Condition:

Real-time value is:

Site number, sent by mapper

W USGS Home
/5 w Contact USGS

S Bu @ Search USGS

wversion 1.3 ]
[

04182000
UsSGS
mw 3Kc

|608-239-2702 AT&T =l

[
C

] Personal info

Greater than |12-UU ft

AN

¥ 1 have read and acknowledge the Provisional Data Staté] [it and Disclaimer.

Submit I Resetl Cancel |

*Email address is required for a one-time confirmation. Shortly after you submit| E form, you will receive an email to which you must reply, without

altering, in order to activate this SMS subscription.

Wl el el e

Threshold level, selected by mapper
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U.S. Department of the Interior
U.S. Geological Survey

Scientific Investigations Map 3232
Map Notes and Uses

Report accompanies map

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

UNCERTAINTY AND USE LIMITATIONS

Although the flood-inundation maps represent the
boundanes of inundated areas with a distinct line, some
uncertainty is associated with these maps. The flood
boundaries shown were estimated based on gage heights
at selected USGS streamgages. \Water-surface elevations
along the stream reaches were estimated by steady-state
hydraulic modeling, assuming uncbstructed flow and using
discharges and hydrologic cond o at the
USGS streamgage(s). The hydraulic model| reflects the
land-cover characteristics of any brdge, dam, levee, or
other hydraulic structure existing in 2012. Unique
meteorological factors (timing and distribution of
precipitation) may cause actual discharges along the
modeled reach to vary from assumed conditions during a
ficod and lead to deviations in the water-surface elevations
and inundation boundaries shown, Additional areas may
be flooded due to unanticipated backwater from major
tributanies along the main stem or from localized debris or
ice jams.

STUDY AREA

The city of Terre Haute, Indiana (Ind.), |s in central Vigo
County and is the county seat of government. The
Wabash River forms the western boundary of the
corpo-rate limits of Terre Haute, The drainage area is 12,
263 square miles at the Terre Haute streamgage. The
Wabash River had Instances of severe flooding in 1813,
1943, 1950, 1958, 1959, and 2005

PURPOSE AND SCOPE

The purpose of this report is to describe the
develop~ment of a series of estimated flood-inundation
maps for a 6.3-mile reach of the Wabash River near Terre
Haute, Ind., and to make these maps available to
emergancy workers and the public by way of the USGS
Flood Inundation Mapping Science Web site at
hitp:/Awater usgs govieswiflood_inundation/

MAP SOURCES

Detailed source data for this map series can be found in
"Flood-inundation maps for the Wabash River at Terre
Haute, Indiana (2013)" at: http:/fpubs usgs govisim/3232/

Suggested caation

Lombard, P.J, 2013, Flood-inundsticn maps for the Wabash River o Terre
Haute, Indiana: U S. Geclogicsl Survey Scientific Investigations Map 3232, 22
sheets, 7-p. pamphiet

HYDROLOGIC DATA

The study area hydrologic network consists of one streamgage,
Wabash River at Terre Haute (station number 03241500) that
has been op by the USGS cor since 1927,
although the actual streamgage location was maved in 1585
Water level (stage) is measured continuously and continuous
records of flow are ol at this gag
Steady-flow data conssted of flow regime, boundary conditions,
and peak discharge infarmation, the latter obtaned from fisld
measurements and the stage-discharge relation that was
developed by the USGS at the Wabash River at Terre Haute
streamgage

HYDRAULIC MODEL

The hydraulic model was calibrated to the most current stage-
discharge relaticn at the Wabash River at Terre Haute

gage. Model 1 was P d by adjusting
Manning's n values until the results of the hydraulic
computations closely agreed with the known flood discharge
and stage values. Differences between measured and simu-
lated water levels for specified flows were equal to or less than
0.1 foot (ft)

WATER-SURFACE PROFILES

Profiles were developed for a total of 22 stages at 1-ft intervals
between and including 9 it (action stage) and 30 it (flood of
record) as referenced to the Wabash River at Terre Haute
streamgage (staton number 03341500) Discharges
correspond-ing to the various stages were obtained from the
most current stage-discharge relation (rating 55.1) at the
streamgage. The wage is near the midpoint of the 6-mile
reach

FLOOD-NUNDATION MAPS

The inundation maps were created in a geographic information
systemn (GIS) by cambining the water-surface profiles and digttal
elevation model (DEM) data. The DEM data were derved from
light detection and ranging (LIDAR) data that had a horzontal
accuracy of 1.02 ft and a vertical accuracy of 0.37 ft

DISCLAIMER
The fiood maps should not be used for navigation, regulatory,
permitting, or other legal purposes. The United States
Geological Survey (USGS) provides these maps as a quick
reference and emergency planning tool but assumes no legal
liability or responsibility for any direct, indirect, incdental,
consequential, special, or exemplary damages or lost profit
resulting from the use or misuse of this information
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USGS Flood Inundation Mapping Science

Floods are the leading cause of natural-disaster losses in the United States. Mare than 73
percent of declared Faderal disasters are related to floods, and annual flood losses average
about $7.82 billion with 94 fatalities per year. Although the amount of fatalities has declined
due to improved early warning systems, economic losses have continued to rise with increased
urbanization in flood-hazard areas. The USGS Flood Inundation Mapping (FIM) Program helps
communities protect lives and property by providing tools and information to help them
understand their local flood risks and make cost-effective mitigation decisions.

The USGS Flood Inundation Mapping Program has two main functions:

1) Partner with local communities to assist with the development and validation of flood
inundation map libraries.

A flood inundation map library is a set of maps that shows where flooding may occur over a
range of water levels in the community’s local stream or river. The USGS works with communities
to identify an appropriate stream section, gather the necessary data to model where flooding will
likely ocecur, and verify that the maps produced are scientifically sound. To learn more about the

cience section.

scientific process of developing 2 map library, visit the FIM

Inundation maps can be used for:

Preparedness -

Z3rdous Spi

To help communities create 2 flood inundation map library, the USGS created the FIM Toolbosx,
which contains development rescurces and contact information.

2) Provide online access to flood inundation maps along with real-time streamflow data, flood
forecasts, and potential loss estimates.

Once a community’s map library is complete, it is uploaded to the USGS FIM Mapper, an online
public mapping application. The FIM Mapper allows users to explore the full set of inundation
maps that shows where flooding would occur given a2 selected stream condition. Users can also
=zccess historical flood information and potential loss estimates based on the severity of the
flood. The FIM Mapper helps communities visualize potentizal flooding scenarios, identify areas
and resources that may be at risk, and enhance their local response effort during a flooding
event.

The USGS works with the National Weather Service, the U.5. Army Corps of Engineers, and the
Federal Emergency Management Agency to connect communities with federal flood-related

Visit the Flood Inundation
Mapper to explore flood
inundaticn maps, streamflow
conditions, flood forecasts,
potential loss estimates, and
more.,

Visit the FIM Toolbax ta learn

more about developing a flood

inundation map library for your
community.

Download the FIM Information
Sheat ta sharz infarmatian
about the flood libraries and the
FIM Program with athers,




Surface Water Tech Memorandum 2015.03

USGS Flood-Inundation At a USGS gage

Map Development and Starts with NWS guidelines but
Documentation with 10 exceptions/additions

Standards Documentation
Peer-review

United States Department of the Interior
U.S. GEOLOGICAL SURVEY

Reston, Virginia 20192

In Reply Refer To: February 9, 2015
Mail Stop 415

OFFICE OF SURFACE WATER TECHNICAL MEMORANDUM 2015.03

SUBJECT: USGS Flood-Inundation Map Development and Documentation Standards

L A Introduction and Purpose
;'.4 | The U.S. Geological Survey (USGS) is a leader in flood-inundation modeling and

mapping. Flood-inundation maps (FIMs) show inundation extent, and in some cases inundation
depth, for a wide range of streamflows and are distinguished from Federal Emergency



Surface Water Tech Memorandum 2015.04

USGS Furnished Flood- At a USGS gage
Inundation Map Policy Meets USGS Requirements

Work with local USGS Water
First approved in Idaho, Dec, 2015 Science Center

TR United States Department of the Interior
LN
G e N U.S. GEOLOGICAL SURVEY

2 D Reston. Virginia 20192
ﬁ:"U?CH 5 A5

In Reply Refer To: February 9, 2015
Mail Stop 415

OFFICE OF SURFACE WATER TECHNICAL MEMORANDUM 2015.04
SUBJECT: USGS Furnished Flood-Inundation Map Policy

Introduction and Purpose

m The U.S. Geological Survey (USGS) is partnering through the Integrated Water Research
E Science an d Services (IWRSS) consortium with the National Weather Service and the U.S. Army
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