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Calibrate
To determine, check or rectify the graduation of any
instrument giving quantitative measurements

Webster’s Dictionary, 1996



Flood study requirements

3FEMA, 2017

18 unsteady 1D and/or 2D models



Calibrating peak flow for design storm events

4



Calibrating peak flow for design storm events
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It’s not just the peak flow…

6

Final flow depth

Shape

Volume
Peak



Same peak, 3X the volume
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Attenuation of flow hydrograph
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Affect on stage hydrograph
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Hydrograph volume
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USGS, 2017



Curve Numbers
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● Developed from plots of
rainfall versus runoff for
studies of 24 watersheds

● Never peer reviewed,
underlying data is no
longer available

● However, method seems
to work well in many
cases

NRCS, 2016

USDA, 1986



Horton Infiltration
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“Horton's model is empirical and is perhaps

the best known of the infiltration equations.

Many hydrologists have a "feel" for the best

values of its three parameters despite the

lack of published information.”

- XP-SWMM manual



Hydrograph shape
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XP-SWMM RUNOFF
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Manning’s equation:
Q = (1.49/n) × A × R2/3 × S1/2

Q = (1.49/n) × W × (D - Ds)5/3 × S1/2

D Ds = depression storage

evaporation

infiltration



XP-SWMM RUNOFF
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L

L

L L

W = A ÷ L

W = A ÷ (2 × L)

W = A ÷ L



Routing -Manning’s n reliability
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From USACE RD-26, “Accuracy of Computed Water Surface Profiles”, 1986
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Methods
Calibration/Verification/Comparison



Recording gage
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19,924 gage sites have current conditions data

USGS, 2017a



Crest stage gages or high water marks
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Finding a similar gaged area
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● Nearby location
● Similar land use
● Similar basin shape
● Similar level of development
● Instantaneous record for a significant flood



Nearby gages
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Quantitative factors
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Big Creek
41 sq mi.

Indian Creek
62.7 sq mi.

Sugar Creek
34 sq mi.

Study Site
60 sq mi



Qualitative factors
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Qualitative Factors
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Storm Event
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USGS, 2017a



Regression Hydrographs
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USGS, 1998



WRIR 97-4279 Process
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Delineate
drainage area

Compute peak
flow (regression)

Compute basin
lag time

(regression)

Apply volume
correction factor

(by region)

Select the
dimensionless
hydrograph (by

region)

Calculate the
coordinates of
the simulated
hydrograph



Other studies

28

● Different models should not get drastically different results
● Consistent peak flow in terms of cfs/acre
● Consistent runoff volumes
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Questions?

Contact:
laura.chap@atkinsglobal.com



References

30

FEMA, 2017. Numerical Models Meeting the Minimum Requirements of the National Flood Insurance Program.
Available at https://www.fema.gov/numerical-models-meeting-minimum-requirements-national-flood-insurance-
program

NRCS, 2016.  “NRCS Runoff Curve Number Hydrology, Development, Status and Updates,” presented by
Claudia Hoeft at the Subcommittee on Hydrology quarterly meeting, April 21, 2016. Available at:
https://acwi.gov/hydrology/minutes/nrcs_cn_method.pdf

USACE, 1986.  Accuracy of Computed Water Surface Profiles.  RD-26.

USDA, 1986.  Urban Hydrology for Small Watersheds. TR-55.

USGS, 1998.  Technique for simulating peak flow hydrographs in Maryland.  WRIR 97-4279.

USGS, 2017a.  National Water Information System. https://waterdata.usgs.gov/nwis/si

USGS, 2017b. StreamStats.  https://water.usgs.gov/osw/streamstats/

Webster’s Dictionary, 1996.  Random House.

XP-Solutions,  2017.  Webhelp, “Horton Infiltration”.  Available at
http://xpsolutions.com/webhelp/SECTION_11__GLOBALS/11_4_Infiltration/Horton_Infiltration.htm



Common ways infiltration is modeled
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● Curve number
● Horton
● Green-Ampt



Green-Ampt infiltration
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● Physically-based
● Measured properties of soils



Similar gages

33

● Hydrograph shape – look for DA with similar basin shape
(lag time) – pull Peoria example here

● Volume – similar rainfall characteristics, similar infiltration



Future needs?
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Summary


