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USGS Flood Inundation Mapping
Stage-Based Deterministic Inundation Mapping

• Location Services
• Historic Flooding
• Flood Categories
• HAZUS Loss Estimation
• Backwater Considerations.https://fim.wim.usgs.gov/fim/



USGS Flood Inundation Mapping
State of Missouri National Weather Service (NWS) Prediction



USGS Flood Inundation Mapping
Local Evaluation

Photographs by the 
U.S. Geological Survey

Photographs by the U.S. Geological Survey

82 inches = 6.8 ft

https://pubs.er.usgs.gov/
publication/sir20205060



USGS Flood Inundation Mapping
Local Evaluation

Edge of water 
debris line

Photographs by the 
U.S. Geological Survey

https://pubs.er.usgs.gov/
publication/sir20205060



USGS Notifications – Decision / Regulatory Support
Enabling Text Message Alerts - Sensors and Data Dissemination

USGS
WaterAlert

https://www.usgs.gov/tools/wateralert



NWS Notifications – Decision / Regulatory Support
Enabling Text Message Alerts - Hydrology

• Flood Statements and Warnings
• Flash Flood Watches, Statements,

and Warnings

https://inws.ncep.noaa.gov/



USGS Flood Inundation Mapping
Precipitation-Based Deterministic Inundation Mapping

Duration 
(hr.)

Incremental Magnitude (in)

1 1.5 2.0 2.5 3.0 3.5

2 2.0 2.5 3.0 3.5 4.0 4.5

4 2.0 2.5 3.0 3.5 4.0 4.5 5.0

6 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

6.0

Photograph by the 
U.S. Geological 
Survey



USGS Flood Inundation Mapping
Precipitation-Based Deterministic Inundation Mapping

Streamgages
St. LouisPrecipitation

St. Louis
July 26th, 2022, Historic 
Flash Flooding in the St. 

Louis Metro Area

https://www.weather.gov/lsx/July262022Flooding
Multi-Radar Multi-Sensor (MRMS) 24hr Radar-Estimated Rainfall as 

of 12pm on July 26th.

Potential Application



USGS Flood Inundation Mapping
Linking Precipitation Forecasts to Inundation Mapping

Forecasting is in 1-hr or 6-hr 
increments. How the precipitation is 

distributed will affect peak water-
surface elevation.

https://www.wpc.ncep.noaa.gov/qpf/qpf2.shtml

https://forecast.weather.gov/product.php?site=NWS&issuedby=KRF&product=QPS



USGS Flood Inundation Mapping
Linking Precipitation Forecasts to Inundation Mapping

Maline 
Creek

Image taken from Google Earth version 7.3.6 

6-hour QPS

6 – Hour Subbasin EADM7URB

Streamgages
Precipitation Gages
Forecasting Subbasin Boundary

https://www.wpc.ncep.noaa.gov/qpf/qpf2.shtml



USGS Flood Inundation Mapping
Linking Precipitation Forecasts to Inundation Mapping

6 – Hour Subbasin EADM7URB

Response of 6-hr forecast values 
above threshold* are simulated 

and available for display

Hydrologic response determined for 1.2 
inches distributed over 30 min, 1hr, 2hr, 
3hr, 4hr, and 6 hr.

.E1   0.259/0.590/1.204/2.524/6.537/1.576/0.316/0.056

Example:
* Identified based on simulated effects 

of both magnitude and duration

6-hour QPS



USGS Flood Inundation Mapping
Linking Precipitation Forecasts to Inundation Mapping

6-hour QPS

6 – Hour Subbasin EADM7URB

Response of 6-hr forecast values 
above threshold* are simulated 

and available for display

Hydrologic response determined for 2.5 
inches distributed over 30 min, 1hr, 2hr, 
3hr, 4hr, and 6 hr.

.E1   0.259/0.590/1.204/2.524/6.537/1.576/0.316/0.056

Example:
* Identified based on simulated effects 

of both magnitude and duration



USGS Flood Inundation Mapping
Linking Precipitation Forecasts to Inundation Mapping

From 6-hour precipitation forecasts to 
1-hour precipitation forecasts

4:00AM

5:00AM

6:00AM

7:00AM

8:00AM

9:00AM…

Why?  How do we know where the 
bulk of the rain fell in 6 hours….

https://www.weather.gov/mdl/nbm_text
?ele=nbh,nbs&sta=klxt&download=yes



USGS Flood Inundation Mapping
Precipitation-based Visualization for Decision and Regulatory Support

https://fim.wim.usgs.gov/fim/



USGS Flood Inundation Mapping
Precipitation-based Visualization for Decision and Regulatory Support
Interactive and Automated

Precipitation Gages
Illustrative purposes only

National Weather Service 
(NWS) Forecast location 
KLXT “At a glance” 24-hr forecast with 

potential flooding in hours 9 and 10.

1-hour precipitation forecast 
updated every 6 hours

Conceptual



USGS Flood Inundation Mapping
Precipitation-based Visualization for Decision and Regulatory Support
Interactive and Automated

Precipitation Gages
Illustrative purposes only

National Weather Service 
(NWS) Forecast locations 

Conceptual

“At a glance” 24-hr forecast with 
potential flooding in hours 9 and 10.

1-hour precipitation forecast 
updated every 6 hours



USGS Flood Inundation Mapping
Precipitation-based Visualization for Decision and Regulatory Support
Value-added Data Analytics

https://fim.wim.usgs.gov/fim/






USGS Flood Inundation Mapping
USGS – FEMA Partnership Loss estimation

https://fim.wim.usgs.gov/fim/



USGS Flood Inundation Mapping
Visualization for Decision and Regulatory Support
People, Vehicles, and Buildings

Australian Rainfall and Runoff (ARR)
Flood Estimation Guide

https://arr.ga.gov.au/home



USGS Streamstats Core Function: Basin Characteristics => State-based Regional 
Regression Equations => Streamflow Statistics

Roark Creek

https://streamstats.usgs.gov/ss/



USGS Streamstats
Customizations: Bankfull Statistics

Bieger, Katrin; Rathjens, Hendrik; Allen, Peter M.; and Arnold, Jeffrey G.,2015, 
Development and Evaluation of Bankfull Hydraulic Geometry Relationships for the 
Physiographic Regions of the United States, Publications from USDA-ARS / UNL 
Faculty, 17p.

https://streamstats.usgs.gov/ss/

https://digitalcommons.unl.edu/usdaarsfacpub/1515?utm_source=digitalcommons.unl.edu%2Fusdaarsfacpub%2F1515&utm_medium=PDF&utm_campaign=PDFCoverPages


USGS Streamstats
Customizations: Bankfull Statistics

Missouri Nationwide Regional Permitting
Regional Conditions (2021)

https://www.mvs.usace.army.mil/Portals/
54/docs/regulatory/permits/2021MONW
PRC.pdf?ver=2GGFgQfT4aJgycG0OVU
4Ig%3d%3d



USGS Streamstats - Iowa
Customizations: Flow Anywhere – Flow Duration Curve Transfer

https://pubs.usgs.gov/sir/2012/
5232/sir2012-5232.pdf

https://streamstats.usgs.gov/ss/



USGS Streamstats - Colorado
Customizations: Peak flow for small basins/storm runoff tools

Implementation of TR-55 and Rational Methods

https://streamstats.usgs.gov/ss/



USGS Streamstats - Colorado
Customizations: Peak flow for small basins/storm runoff tools

Implementation of TR-55 and Rational Methods
https://streamstats.usgs.gov/ss/



USGS Streamstats
Massachusetts: Statewide Hydraulic Modeling Pilot

Goal:
To give communities the ability to create a preliminary design for a new or 
existing stream crossing replacement.

Proposed MA Statewide Hydraulic Modeling Tool:
Help communities facilitate permitting of replacement projects that will 
meet Wetlands Protection Act requirements while minimizing associated 
adverse impacts.
Provide preliminary evaluation of hydrology and hydraulics and ecological 
conditions for potential replacements projects.

guideoftheworld.com



USGS Streamstats
Massachusetts: Statewide Hydraulic Modeling Pilot

guideoftheworld.com

Develop elevation derived DEMs from Quality Level 2 (QL-2) lidar

Survey 16 culverts/bridges and associated stream channel elevations and complete 
stream crossing assessments

Complete NAACC stream crossing assessments in pilot watershed (UMass 
Amherst)

Compile a GIS aquatic habitat quality and connectivity restoration potential data 
layers for stream crossing locations (UMass Amherst)

Develop hydraulic model runs for a selected MassDOT hydraulic design flow(s) and 
to meet the Massachusetts Stream Crossing Standards

Integrate the hydraulic modeling tool developed for the pilot watershed into the 
USGS StreamStats web application



USGS Streamstats
Massachusetts: Statewide Hydraulic Modeling Pilot

guideoftheworld.com

Photograph by Paul Nguyen
University of Massachusetts, Amherst 

Open arch0.82 Openness ratio

Natural substrate

Comparable depth and velocity, up & downstream

Embedment

Large span, 1.2x bankfull width

Banks, dry passage



USGS Streamstats
Massachusetts: Statewide Hydraulic Modeling Pilot

Summary:
• Site location
• North Atlantic Aquatic Connectivity Collaborative 

(NAACC)
• Aquatic habitat quality, stream connectivity restoration 

potential, and Maximum Extent Practicable (MEP) 
scores

• MassDOT highway functional classification and 
hydraulic design flow

• USGS peak flow and bankfull channel geometry 
equations

• Preliminary box, arch, and pipe culvert dimensions and 
relation to MRSCS

https://dev.streamstats.usgs.gov/ma-culverts/

https://dev.streamstats.usgs.gov/ma-culverts/


Questions?
Thank you….

Paul Rydlund - prydlund@usgs.gov
Chief: Hydraulics and Hydrology

Supervisory Hydrologist
Jason High - jhigh@usgs.gov

Physical Scientist

USGS Presentation Photos
Teams Conference 

Circa 2007 

mailto:prydlund@usgs.gov
mailto:jhigh@usgs.gov
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