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ABSTRACT 
 

Joseph D. Countryman, PE, M. ASCE, D.WRE and Ben Tustison, PE, M. ASCE 
 
The design of flood control facilities is based on the utilization of design floods that (in most cases) are 
larger than any historic flood. Much effort has been expended in the estimation of 100-year, 200-year 
and now 500-year floods. Since many localities only have 50 to 100 years of record and that record has 
been subject to changing conditions (climate, reservoirs, levees, urban development, etc) it is 
problematic to assume that recorded data provide a clear indication of the magnitude of an extreme flood 
suitable for the use in design of flood protection works for an urban area. Although underestimation of 
the flood has obvious ramifications (high risk of failure of the structure), overestimation of the flood has 
significant consequences also (project feasibility, misallocation of public resources, environmental 
impacts, etc). 
 
This paper provides information on how not to extrapolate statistically derived frequency curves. In 
particular, careful evaluation of the federally approved methods described in the Bulletin 17B guidelines is 
given. A new/old method that considers the physical limitations of a watershed to produce runoff was 
utilized. A new Monte Carlo method of establishing uncertainty around the derived curve was employed. 
Specifically, an example of integrating the Probable Maximum Flood (PMF) into the process of frequency 
curve development and extrapolation is described. 
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ex·trap·o·late

infer (  k )1. to infer (an unknown) 
from something that is known; 
conjecture. 

2. Statistics. to estimate
(the value of a variable) outside
the tabulated or observed range. 
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Some Bad Examples

Using PDFs Without 
Understanding 

American River LP III
(Log Scale)

HEC_SSP
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American River LP III WRC
(Linear Scale)

PMF
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A Test
• Create a graphically derived flood flow 
Exceedance Frequency Curve (Mother Curve) 
b dbased on:

– Recorded Data (over 100 years of annual max)

– Extrapolation of Frequency Curves based on 
evaluation of PMF as a near Absolute Maximum

– SPF (50% PMF) as a Flood with a Exceedance 
Probability of between 1‐in‐200 and 1‐in‐500

Study Basin
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The Mother Curve

• The Mother Curve now Represents the “Real” 
l f h E d P b bilitvalues for each Exceedance Probability

• The Mother Curves Provide a Test Bed for the 
Performance of the PDF’s 

• The Mother Curve Development Provides aThe Mother Curve Development Provides a 
Possible Path Forward

Mother Curve (log scale)
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Create Data Records

• 100 sets of Record

• Each set with 100 years of annual Maximum 
Flood data

0 000 f d10,000 years of Record!!
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Use LP III PDF To Estimate

• 500‐Year Exceedance Interval Floods 

• 90% Confidence Intervals for Each Flood

• Compare Estimates to “Real” Values
5% 5%
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American River 1/500 AEP
Log Pearson Type III ‐ Cumulative
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What’s Next?

• Bulletin 17B is Not Doing the Job for    Extreme 
Fl d E tFlood Events

• Incorporate PMF and SPF Analysis for Frequency 
Curve Extrapolation

• Fundamentally Change UncertaintyFundamentally Change Uncertainty
Calculations…Goodbye Confidence Bounds!

No Regrets Option

Fit pdf to the limit of data (100 
years of data 100-year years of data 100 year 
Exceedance Interval maximum 
extrapolation)

Graphically extend Frequency 
curve to 100k-Year Exceedance curve to 100k-Year Exceedance 
Interval using PMF
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No Regrets Option

C l S liUse Monte Carlo Sampling to 
develop uncertainty Information 
Concerning the Next 50 Years

Utilize Atmospheric Models to 
Estimate Climate Change (No 
Stationarity)

Questions ????

American River 2005
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