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Purpose

• Understand methods for improving estimates of streamflow 
frequency in data-poor environments



Outline

1. Record extension (in brief)

2. Routing frequency-based rainfall

3. Regional regression equations

4. Combining estimates (in brief)



Record Extension (in brief)



Record Extension

• If you have a little gauge data, but not enough to perform a 
frequency analysis, extend the record
• Record < 20 years, correlation > 0.8

• Add in other relevant methods to make the estimates more 
robust
• Combine estimates (see last section)

• Of these three scenarios, this is the most desirable

See Prior Record 
Extension 

Lecture/Workshop!





Requirements

• Some at-site gage data

• Enough evidence to suggest the extension is credible
• Long overlap length (minimum 10 years)

• Very high correlation (minimum 0.8)

• Strong physical evidence



Frequency-Based Rainfall-
Runoff Modeling



Frequency-Based Rainfall Routing

For a specific watershed:

• Estimate of watershed-average precipitation depth-duration-
frequency

• Hydrologic model

• Can be used in a true “no data” scenario



Rainfall-Runoff Modeling

• Strengths
• Precipitation frequency analyses are robust

• Quantification of uncertainty

• Weaknesses
• Requires calibrated hydrologic model

• Requires assumptions about antecedent conditions

• Assumptions required to take point precipitation to an area



Frequency-Based Rainfall

• Precipitation frequency uncertainty can be input from A14

• 1:1 precipitation-flood frequency relationship assumption
• Forced to assume the 1% rainfall will cause the 1% flood

• Storm duration vs. critical duration/time of concentration



NOAA Atlas 14

• Regional rainfall frequency analysis product
• Long equivalent record length

• Point precipitation for storms 5 min – 60 days

• Available for most of the US



Creating Atlas 14

• Regional frequency analysis with L-moments

• Many high-quality precipitation stations

• Estimate regional dimensionless frequency 
curve

• Frequency curve scaled “anywhere” using 
estimate for the mean annual maximum rainfall

Much more detail in the 
Statistical Methods class!



Regionalization

• Group together observations that are likely to be similar due to 
physical causes

• Test their similarity through a statistical lens
• “Create physically, check statistically.”

• Statistically we are usually most interested in extremes



Creating Physical Regions

• For hydrometeorological data, climate divisions are a great start

• Other refining variables:
• Location (lat/lon or planar coordinates)

• Elevation

• Climatology (annual or seasonal mean temperature, precipitation, etc.)

• Proximity to coasts, mountains, etc.





Atlas 14 Depth-Duration-Frequency



Atlas 14 – What do you get?



Atlas 14 – What do you get?



Rainfall to Runoff

• Hydrologic model must be set 
up to appropriately model 
flood events

• Details on Friday 
(lecture/workshop)



Peak Discharge Prediction 
Equations



Peak Discharge Prediction Equations

• Use linear regression from a large number of sites to predict flow 
quantiles

• Studies usually done on a state-by-state basis

• USGS StreamStats

• Can be used in a true “no data” scenario



Regression – overview in brief

• Find the slope and intercept of a line that minimizes the distance 
between that line and a series of observed points
• Measured using SSE (sum of squared errors)

• This minimization is called “least-squares”

• Add in predictors that reduce the error

• Transform the data to improve linearity and constant variance of 
residuals

Much more detail in the 
Statistical Methods class!



Getting the Line of Best Fit

• Goodness of fit is measured by the sum of squared errors (SSE)

• Line of best fit minimizes SSE

• 𝑆𝑆𝐸 = σ𝑖=1
𝑛 𝑟𝑖
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https://community.asdlib.org/imageandvideoexchangeforum/2013/07/19/240/



Regression Equations

• Strengths
• Regionalized prediction equations

• Theoretically works in completely ungauged areas without relying on 
hydrologic models

• Weaknesses
• Unique watersheds may be hard to predict

• Challenging to quantify uncertainty

• Result is not continuous, nor is it an analytical distribution



Peak Discharge Regression

• Qp = f(basin characteristics)

• Considering what creates floods in a watershed, what 
measurable quantity is a proxy for that mechanism?

• Drainage area (DA) is a predictor in almost every watershed



The Art of Choosing Predictors

• Many studies apply the kitchen sink principle
• Start with as many predictors as possible 

• Try many combinations of predictors

• Aim for a robust but parsimonious model

• Evaluation of fit should account for adding parameters
• Adjusted R2, AIC, BIC, etc.

• Penalize for adding parameters

• Increase in metric must overcome penalty to be “worth it”



Peak Discharge Regression

• Other variables worth considering:
• Mean annual temperature

• Mean annual precipitation

• Mean annual snowfall

• Elevation

• Mean channel slope/mean watershed slope

• Percent of watershed in a particular landform

• Percent of watershed urbanized

• Many more

The trick: pick predictors available everywhere



Example: Iowa

• “Techniques for Estimating Flood-Frequency Discharges for 
Streams in Iowa” (Eash, 2001) – WRI 00-4233

• There is a newer document (2013)
• If you’re doing a study in Iowa now, use that!









Creating Regression Equations

1. Estimate flow for frequencies of interest at all available sites in 
the region

2. Find homogeneous hydrologic subregions

3. Evaluate watershed characteristics as predictors for peak flow 
quantiles

4. Estimate predictive error of regression equations by comparing 
to results in #1



State Subregions for Regression



Residual
error

Error in 
ungauged sites











Regional Regression Examples



Example 1 – 1-Predictor Equation



Example 1 – 3-Predictor Equation



Example 2 – Watershed Spans Two 
Subregions



Example 2 – Watershed Spans Two 
Subregions (Continued)



Additional Uses for Regional Regression

• Weighted estimates on gauged streams
• Improve estimates for flow at important quantiles by combining 17C 

results with regional regression

• Weighted estimates for ungauged sites on gauged streams
• Combine regional regression with drainage area relationship to a gauged 

site on the same stream



Skew Isolines/Contours

Exponential 
Variogram
Kriging



USGS StreamStats

• If you’re not sure where to find your regional study reports, use 
USGS StreamStats (https://streamstats.usgs.gov)







Combining Estimates



Combining Estimates

• When data are sparse, combining methods may be your only hope

• When in doubt, reduce assumptions

• Treating assumptions as random variables instead of fixed values 
helps avoid too-conservative assumptions

• When results are different, try to identify the limitations in the 
methods



Weighting of Independent Frequency 
Estimates
• Bulletin 17C recommends quantile weighting

• If the variance for each quantile can be estimated, the curves can 
be pairwise combined

• Quantile estimate with more variance gets less weight



Quantile Variance

Frequency
Curve

AEP-1



The Final Word

Analysts are encouraged to include flood frequency information from all 

sources, as appropriate. In some cases, information from numerous 

sources can be combined.

-Bulletin 17C



Questions?


