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• Peak-flow frequency analysis is 
a statistical technique used to 
estimate annual exceedance 
probabilities associated with 
peak flows

• The federal guidelines for peak-
flow frequency analysis are 
defined in Bulletin 17C

Step 1: Updating peak flow quantile estimates at 
streamgages in Illinois

https://doi.org/10.3133/tm4B5

https://doi.org/10.3133/tm4B5


Regression equations are developed 
using observed peak flows from USGS 

streamgages as the dependent 
variable and basin characteristics 
(BCs) as the independent variable

𝑄𝑄𝑝𝑝 =  10𝑎𝑎0,𝑝𝑝(𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑)𝑎𝑎1,𝑝𝑝(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑑𝑑)𝑎𝑎2,𝑝𝑝

Step 2: Regional regression equations for estimating 
peak flow quantiles in ungaged basins



https://doi.org/10.36501/0197-9191/23-019

New 2023 report
Data through water year 2017

https://doi.org/10.36501/0197-9191/23-019


Regression equation coefficient values in Table DR-7

https://doi.org/10.36501/0197-9191/23-019

Q = discharge, p = annual exceedance probability, a = regression intercept or coefficient
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https://doi.org/10.36501/0197-9191/23-019


Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Publications
• Report

• Over, T.M., Marti, M.K., O'Shea, P.S., Sharpe, J.B., 2023, Estimating peak-flow quantiles for 
selected annual exceedance probabilities in Illinois (Report No. FHWA-ICT-23-014). Illinois Center 
for Transportation, https://doi.org/10.36501/0197-9191/23-019

• USGS data releases
1. Marti, M.K., Over, T.M., and O'Shea, P.S., 2023, Data for estimating peak-flow quantiles for selected annual 

exceedance probabilities in Illinois: U.S. Geological Survey data release, https://doi.org/10.5066/P9XPWUMI
2. O'Shea, P.S., 2023, Peak-flow frequency analysis for 464 U.S. Geological Survey streamgages in Illinois, 

Indiana, and Wisconsin, based on data through water year 2017: U.S. Geological Survey data release, 
https://doi.org/10.5066/P9XUH9SR

3. Schafer, L.A., Sharpe, J.B., Marti, M.K., 2023, Geographic Data for the Estimation of Peak Flow Statistics for 
Illinois: U.S. Geological Survey data release, https://doi.org/10.5066/P9ZAMASB

4. Schafer, L.A., and Sharpe, J.B., 2023, Elevation, Flow Accumulation, Flow Direction, and Stream Definition 
Data in Support of the Illinois StreamStats Upgrade to the Basin Delineation Database: U.S. Geological 
Survey data release, https://doi.org/10.5066/P9YIAUZQ

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2Fdoi.org%2F10.36501%2F0197-9191%2F23-019__%3B!!DZ3fjg!6TMZOi6sxcxTkGSMiGA2ay2XtgwnXJICrWWIQzzuMuVxf-z1y5O_1RJ0syua8-0l2YPElVKWMwD6Lf89kl_Wlt-nkykp%24&data=05%7C01%7Cmmarti%40usgs.gov%7C8f7dafeca3094a344d4508dbbabe3c44%7C0693b5ba4b184d7b9341f32f400a5494%7C0%7C0%7C638309098439303122%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=TV57keQAcTw5IJWyd%2Fm7OFpR3gI5wy%2FzaO3DOFUID1w%3D&reserved=0
https://doi.org/10.5066/P9XPWUMI
https://doi.org/10.5066/P9XUH9SR
https://doi.org/10.5066/P9ZAMASB
https://doi.org/10.5066/P9YIAUZQ


USGS data releases
1. Marti, M.K., Over, T.M., and O'Shea, P.S., 2023

• “Report data release”
• Streamgage information and basin characteristic values
• Regression equation coefficients and goodness-of-fit statistics
• At-site, regional regression, and weighted peak-flow estimates

2. O'Shea, P.S., 2023,
• “PeakFQ data release”
• Input and output data for the USGS PeakFQ software

3. Schafer, L.A., Sharpe, J.B., Marti, M.K., 2023
• Basin characteristics GIS grids used in StreamStats for running regression equations

4.  Schafer, L.A., and Sharpe, J.B., 2023
• StreamStats GIS high-resolution base layers





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



Illinois StreamStats 
(https://www.usgs.gov/streamstats/illinois-streamstats)



Illinois StreamStats Updates December 2023

• Updated base digital elevation model (DEM) from 30-meter to 10-meter 
DEM

• Updated streamlines from medium-resolution National Hydrography 
Dataset (NHD) to high-resolution NHD

• Added updated at-streamgage peak flow quantiles

• Added new regression equations for estimation of peak flow quantiles in 
ungaged basins



StreamStats Navigation



At-streamgage 
information



At-streamgage
Peak-flow  
Statistics



Hydrologic 
Regions of 
Illinois

https://doi.org/10.36501/0197-9191/23-019

https://doi.org/10.36501/0197-9191/23-019


Regression equation coefficient values in Table DR-7

https://doi.org/10.36501/0197-9191/23-019

Q = discharge, p = annual exceedance probability, a = regression intercept or coefficient

Final regression equations

https://doi.org/10.36501/0197-9191/23-019


Ungaged Location Region 2



Ungaged Location Region 2



Ungaged Location Outside Region 2 (Region 3)



Ungaged Location Region 3



Ungaged Location Region 3



1% Annual Exceedance Probability (AEP)
Unadjusted Peak Flow

𝑸𝑸𝑸𝟎𝟎.𝟎𝟎𝟎𝟎 = 𝟐𝟐,𝟎𝟎𝟎𝟎𝟎𝟎  cubic feet per second (cfs)

Ungaged Location Region 3 Adjustment

Q = discharge, p = annual exceedance probability, a = regression intercept or coefficient

DA = drainage area, DEM_Slope = land surface slope, TPI = texture permeability index



1% Annual Exceedance Probability (AEP)
Unadjusted Peak Flow
𝑸𝑸𝑸𝟎𝟎.𝟎𝟎𝟎𝟎 = 𝟐𝟐,𝟎𝟎𝟎𝟎𝟎𝟎 cfs

𝑈𝑈𝑑𝑑𝑈𝑈𝑑𝑑𝑑𝑑𝑑𝑑𝑈𝑈𝑑𝑑𝑈𝑈𝑑𝑑𝑠𝑠𝑑𝑑 𝐴𝐴𝑑𝑑𝐴𝐴𝐴𝐴𝑠𝑠𝑈𝑈𝑑𝑑𝑑𝑑 𝑃𝑃𝑑𝑑𝑑𝑑𝑃𝑃 𝐹𝐹𝑠𝑠𝑠𝑠𝐹𝐹
𝑠𝑠𝑠𝑠𝑑𝑑10𝑄𝑄0.01 = 𝑠𝑠𝑠𝑠𝑑𝑑10𝑸𝑸𝑸𝟎𝟎.𝟎𝟎𝟎𝟎 + (𝑈𝑈𝑈𝑈)0.01 𝑼𝑼 − 𝑼𝑼𝟎𝟎

*(𝑈𝑈𝑈𝑈)0.01 temporal urbanization coefficient (report Table 11)
* U present or hypothetical future urban fraction in basin
* 𝑈𝑈0 baseline urban fraction of the region 3 (report Table 12)

Ungaged Location Region 3 Adjustment

https://doi.org/10.36501/0197-9191/23-019

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2Fdoi.org%2F10.36501%2F0197-9191%2F23-019__%3B!!DZ3fjg!6TMZOi6sxcxTkGSMiGA2ay2XtgwnXJICrWWIQzzuMuVxf-z1y5O_1RJ0syua8-0l2YPElVKWMwD6Lf89kl_Wlt-nkykp%24&data=05%7C01%7Cmmarti%40usgs.gov%7C8f7dafeca3094a344d4508dbbabe3c44%7C0693b5ba4b184d7b9341f32f400a5494%7C0%7C0%7C638309098439303122%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=TV57keQAcTw5IJWyd%2Fm7OFpR3gI5wy%2FzaO3DOFUID1w%3D&reserved=0


1% Annual Exceedance Probability (AEP)
Unadjusted Peak Flow
𝑸𝑸𝑸𝟎𝟎.𝟎𝟎𝟎𝟎 = 𝟐𝟐,𝟎𝟎𝟎𝟎𝟎𝟎 cfs

𝑈𝑈𝑑𝑑𝑈𝑈𝑑𝑑𝑑𝑑𝑑𝑑𝑈𝑈𝑑𝑑𝑈𝑈𝑑𝑑𝑠𝑠𝑑𝑑 𝐴𝐴𝑑𝑑𝐴𝐴𝐴𝐴𝑠𝑠𝑈𝑈𝑑𝑑𝑑𝑑 𝑃𝑃𝑑𝑑𝑑𝑑𝑃𝑃 𝐹𝐹𝑠𝑠𝑠𝑠𝐹𝐹
𝑠𝑠𝑠𝑠𝑑𝑑10𝑄𝑄0.01 = 𝑠𝑠𝑠𝑠𝑑𝑑10𝑸𝑸𝑸𝟎𝟎.𝟎𝟎𝟎𝟎 + (𝑈𝑈𝑈𝑈)0.01 𝑼𝑼 − 𝑼𝑼𝟎𝟎

*(𝑈𝑈𝑈𝑈)0.01 temporal urbanization coefficient (report Table 11)
* U present or hypothetical future urban fraction in basin
* 𝑈𝑈0 baseline urban fraction of the region 3 (report Table 12)

𝑼𝑼𝟎𝟎= 0.01037 U = 0.471

Ungaged Location Region 3 Adjustment



Unadjusted 1% AEP
𝑄𝑄𝑸0.01 = 2,090 cfs

Urban-Adjusted 1% AEP
𝑄𝑄0.01 = 2,800 cfs

Ungaged Location Region 3Adjustment



Questions?
• https://streamstats.usgs.gov/ss/
• Thomas Over (tmover@usgs.gov)
• Mackenzie Marti (mmarti@usgs.gov)
• Padraic O’Shea (poshea@usgs.gov)

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