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Hydrologic Modeling for 
Floodplain Management:



Agenda

| Role of HEC-HMS in Floodplain 
Management

| Overview: Basic Model Components
| Data Development
| Model Development
| Model Validation

Breaks per ~45 min



Benefits of HEC-HMS

| Free: No cost to download or use
| Credible: Developed and 

supported by the US Army Corps 
of Engineers

| Versatile: Can model a wide range 
of hydrologic processes

| Accepted: Used by federal, state, 
and local agencies



Limitations of HEC-HMS

| Requires external:
– data collection
– data development
– processing tools

| Open channel only, with few 
exceptions



Model Components



Model Components - Basic

Model

1. Basin 
Model

4. Computation 
Plan

3. Control 
Specification

2. 
Meteorological 

Model



1. Basin Model

| Subbasins 
– Area
– Infiltration
– Transform

| Reaches 
– Channel profile 
– Length

| Reservoirs 
| Sources & Sinks



Basin Model: Study Area - Extent 

| Consider
– project location
– available 

studies



Basin Model: Study Area - Delineation 

Methods
| USGS StreamStats 

(approx.)
– No topo data

| HEC-HMS
| HEC-RAS
| GIS
| CAD



Basin Model: Study Area - Delineation
https://streamstats.usgs.gov/ss/

| StreamStats Method
– Quick delineation 

alone defined streams
– Does not directly 

delineate subbasins
| Other Methods

– Require topo data

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


Basin Model: Study Area - Topography

Sources:
– Inventory 
– USGS National Map
– NRCS
– State repositories 

(caution)
– Private drone (extra 

caution)
NOTE (federal sources): 

– .tif format
– Metric vertical units

https://coast.noaa.gov/inventory/

https://apps.nationalmap.gov/lidar-explorer/#/

https://datagateway.nrcs.usda.gov/

https://okmaps.org/ogi/search.aspx

https://coast.noaa.gov/inventory/
https://apps.nationalmap.gov/lidar-explorer/#/
https://datagateway.nrcs.usda.gov/
https://okmaps.org/ogi/search.aspx


Basin Model: Study Area - Delineation (2)

HEC-RAS Method:
| Create new project
| RasMapper:

– Define coordinate 
system

– Import terrain (.tif)
• Unit conversion option

– Plot terrain contours
– Create new feature 

layer



Basin Model: Study Area - Refinement 

| Automated Boundary 
Adjustments
– Culverts
– Building footprints 

(small/urban 
watersheds)



Basin Model: Subbasins

| Considerations
– Confluences

• Other channels
• Roads/bridges

– Sizing similarity
– Storage areas

• Reservoirs
• Detention ponds
• Elevated roads



Basin Model: Subbasins - Parameters

| Minimum Inputs
– Area
– Loss method (infiltration)
– Transform (hydrograph) 

method
| Lat/long

• Automatic with subbasin 
GIS file import

| Other Elements
– As information is available
– USGS/NRCS may provide



Basin Model: Subbasins - Loss Method

Common Methods
| SCS Curve Number (NRCS, TR-55)

– Event-based
– Widely used/useful
– Readily available soil + land cover data

| Initial & Constant
– Event-based
– Only initial abstraction + constant rate needed
– No rate change over time

| Green-Ampt
– More physically based
– More complex



Basin Model: Subbasins - Loss Method (2)

Curve Number Method
| Initial Ia = 0.2 if left blank
| CN typical includes impervious area
| Impervious area = 0 if already included in CN



Basin Model: Subbasins - Transform

Common Methods
| SCS Unit Hydrograph (NRCS)

– Small/med., more rural Watersheds (<200 sqmi)
– Developed from lag time and runoff rates (NRCS 

methods)

| Clark Unit Hydrograph
– Small to large, complex watersheds
– Single-event or foreasting
– Local physical data (base flow) required

| Snyder Hydrograph
– Med./large watersheds (incl. major rivers)
– Multiple versions req. different variables



Basin Model: Subbasins - Transform (2)

SCS Hydrograph Method
| Peak Rate Factor

– Typically left at default
– Reduce for flat terrain (plains)
– Increase for steep terrain (hills/mountains)



Basin Model: Reservoirs

“Storage” Elements
| Can include: 

– Dams
– Ponds
– Elevated road embankments

| Flow-through Modeling 
Requires:
– Elevation-storage curve
– Discharge rating curve or

spillway parameters



Basin Model: Reservoirs - Data Sources

| Storage Capacity Curve
– As-built drawings 

(dams/ponds)
– HEC-RAS
– GIS
– CAD

| Hydraulic Structure 
Parameters
– As-built drawings
– Survey 

| Discharge Rating Curve:
– As-built drawings
– HEC-RAS
– SITES
– HY-8



Basin Model: Reservoirs (2)

Specify Outflow Condition



Basin Model: Reservoirs (3)

Outflow Condition: Outflow Curve
| Specify receiving element
| Select storage method
| Link paired data



Basin Model: Reservoirs (3)

Outflow Condition: Outflow Structures
| Specify receiving 

element
| Select storage 

method
| Link paired data
| Add conveyance 

structures



Basin Model: Reservoirs (4)

Outflow Condition: Outflow Structures (2)
| Outlet

– Conduits
| Spillways

– Open channels
| Dam Tops

– embankment/weir
• Overtopping Road



Basin Model: Reaches

Common Methods
| Muskingum-Cunge

– Accounts for storage, attenuation, and 
backwater

– Requires detailed reach parameters (XS 
profile, slope, “n” values, etc)

| Modified Puls
– Accounts for reach storage
– Requires storage-discharge curve



Basin Model: Reaches (2)

Muskingum-Cunge Parameters



Basin Model: Sources & Sinks

Uses:
| Study Area Outlet (sources)
| Other Watershed Link

– Overtopping ridgeline 
embankments

– Multi-basin outfall system 
• Dams
• Interbasin transfers
• Ridgeline overtop



Basin Model: Junctions & Diversions

| Junctions:
– Sum flows from input sources
– Required to link >2 features to an 

element
– Only connect to 2 upstream and 1 

elements each
| Diversions:

– Route flows around downstream 
elements



2. Meteorological Model

| Rainfall Data
– Depths, durations, frequency
– Direct hyetograph as time-

series dataset
| Precipitation: 

– Frequency Storm method 
used for floodplains 

– Atlas 14 rainfall depths 
https://hdsc.nws.noaa.gov/pfds/

• Annual Maximum type

https://hdsc.nws.noaa.gov/pfds/


2. Meteorological Model - Frequency Storm

| Annual-Partial 
Conversion

– None if using annual 
– Direct hyetograph as 

time-series dataset
| Precipitation: 

– Atlas 14 rainfall depths
• Annual Maximum type



3. Control Specification

| Simulation window
| Computation time step



4 Computation Plan



Results

| View Results | View Report (html)



Validation

| USGS StreamStats
– Regression equations (rural area)
– USGS Gages

• Frequency flows
• Mean daily flows

| USGS Gage Webpage
– Linked in StreamStat
– Other Federal or local gages
– May require statistical analysis

| Historical flood damage records



HEC-HMS Summary

| Highly versatile
| Commonly used across govt. Agencies

– Primary hydrology software for regulatory floodplains
| Requires externally developed data

– Readily available federal data
– External tool options: USGS StreamStats, HEC-RAS, GIS, CAD

| Four main components to run
– Basin model + meteorology + control spec. + computation plan

Additional Note: Detailed instruction from the manual, tutorials, and guides  
from HEC can be obtained through web-based AI tools via prompts.



Questions?
Heather Rogers, PE, CFM
heather.rogers@wallace.design
Tulsa Office 

Gil Ceballos
gil.ceballos@wallace.design
Oklahoma City Office

Presentation Download
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