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Flood-frequency estimation at gaged sites 
follows guidelines in Bulletin 17B 

History: 

• 1967 Bulletin 15 

• 1976 Bulletin 17 

• 1977 Bulletin 17A 

• 1981 Bulletin 17B 

• 201? Bulletin 17C 

http://water.usgs.gov/osw/bulletin17b/dl_flow.pdf 



Bulletin 17B [1982, p. ii] 

 Hydrologic Frequency Analysis Work Group 
(HFAWG) is tasked with examining and testing 
flood frequency methodology and providing 
guidance on revisions to Bulletin 17B 
http://acwi.gov/hydrology/Frequency/index.html 



June 2013 HFAWG studies recommend  
changes in four main areas 

1) Historical information and weighted-moments 
approach 

2) Low-outlier detection and treatment 
3) Procedures for estimating 

generalized/regional skew 
4) Procedures for estimating confidence limits 

http://acwi.gov/hydrology/Frequency/index.html 



Key recommended revision to B17B 

 Adoption of the expected moments algorithm 
(EMA) framework for the analysis of data sets 
containing zeros, outliers, interval flow 
estimates, multiple thresholds, or historical 
and/or paleoflood information as the 
appropriate generalization of the method-of-
moments to address such situations 

http://acwi.gov/hydrology/Frequency/index.html 



EMA advantages 
 Extension of B17B LP3 method-of-moments approach, 

which includes a consistent statistical framework for 
ALL sources of information available 
• For simple cases with only a systematic record and a 

regional skew: EMA estimates = B17B estimates 
 EMA deals with interval and multiple threshold data 

that conditional probability adjustment and historical 
weighted moments in B17B do not.   
• CSG and historic info are best described by intervals 

 Provides confidence intervals that include skew 
uncertainty and reflect interval observations 



Other recommended revisions to B17B 
 Update with the new multiple Grubbs-Beck (MGB) test 

for the identification of Potentially Influential Low 
Flows (PILFs) 

 Use of Bayesian Generalized Least Squares (BGLS) 
procedures for the derivation of regional skews for 
weighting with the at-site skews 

 Correct uncertainty computations and confidence 
intervals 

 Use of a multiple-threshold plotting position formula – 
compatible with EMA 
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HFAWG testing to show  
new methods work 

 Theoretical arguments 
• Analytical results 
• Monte Carlo results 

 Evaluation using real data 
• 82 test sites 
• Complicated situations 
• Judgment 

 Recommendations and testing report published on 
Advisory Committee on Water Information website: 
• http://acwi.gov/hydrology/Frequency/index.html 
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Bulletin 17B representation of peaks 

 SYSTEMATIC PEAKS–  
• Recorded during one or more periods of  regular 

data collection;  
• Can be from the continuous record or from a crest- 

stage gage 
 HISTORIC  PEAKS-  

• Records of floods that occurred outside the period 
of regular streamgaging 
Discharge measurement during a flood event 
 Indirect measurement after a flood event 

 Peaks represented as a point or single value  



EMA representation of peaks 
 Peaks are represented as intervals 
 HISTORICAL – (systematic + historic peaks) 

• For every year Y, it is assumed that there was a peak discharge 
QY, regardless of whether the discharge was recorded 

 FLOW  INTERVALS – (QY,lower, QY,upper) 
• Describes knowledge of peak flow QY for every Y 
• When peak is known with confidence, (QY,lower, QY,upper) = (QY, QY) 
• Censored peaks:  

 Flow greater than some value QY (Code G + X):  
 (QY,lower, QY,upper) = (QY, inf) 
 Flow less than some value QY  (Code L): (QY,lower, QY,upper) = 

(0,QY) 
• Interval peak: 

 Flow greater than some value and less than another value 

 



EMA representation of peaks (cont.) 
 PERCEPTION THRESHOLDS – (TY,lower, TY,upper) 

• Reflect range of flows that would have be measured/recorded 
had they occurred 

• Independent of actual peak discharges that have occurred 
 
• TY,lower = smallest peak that would result in a recorded flow 
• TY,upper = largest peak that would result in a documented flow 

 
• For periods of continuous, full-range streamgage record: 

 (TY,lower, TY,upper) = (0, inf) where TY,lower = 0 is the gage-base 
flow 

• Can adjust TY,lower to accommodate a changing gage-base 
flow 

 



EMA representation of data: 
continuous-record streamgage 

 From Peak Flow File:  
              Date          Peak   Code 
            1993-03-28     276            
 Flow Interval:  
    (Q1993,lower, Q1993,upper) = (276,276) 
 Perception Threshold: 

        (T1993,lower, T1993,upper) = (0, inf ) 

 
USGS 2011 Streamgaging Calendar, March, John A. Mazurek, 

April 20, 2009 http://water.usgs.gov/osw/calendar.html 



EMA representation of data: 
crest-stage gage 
 Gage base in 1980: 20 cfs 

• CSG cannot record flow < 20 cfs 
 

 From Peak Flow File (from USGS NWIS): 
             Date         Peak      Code 
        1980-10-20      20            4* 

*Code 4:  Discharge is less than indicated value, which is a                 
minimum recordable discharge at this site 

 Flow Interval:  
     (Q1980,lower, Q1980,upper) =(0, 20) 

 

 Perception Threshold: 
        (T1980,lower, T1980,upper) = (20, inf ) 

 

. 

Photo courtesy of Paul Rydlund. 
http://mo.water.usgs.gov/surfwat/CSGWeb/index.htm 



Types of interval data 



Estimating regional skew 
(1982 B17B) 



2010 Iowa regional skew study  
Bayesian WLS/GLS regression  

1982 (MSE = 0.302) 2010 (MSE = 0.160) 
ERL = 17 yrs ERL = 50 yrs 

Constant  

Regional 

Skew Value 

for Iowa = 

-0.400 240 streamgages 

http://pubs.usgs.gov/sir/2013/5086/ 



USGS PeakFQ flood-frequency 
analysis program (PKFQWin) 

Figure 5 
West Branch Floyd River near Struble 

PeakFQ updated to Version 7.1 and released to public in May 2014  
PeakFQ fact sheet: http://pubs.usgs.gov/fs/2013/3108/ 



EMA perception thresholds 
(missing years 1930-32, 1934-40 in historic period) 

Figure 5 
West Branch Floyd River near Struble 



PeakFQ output flood-frequency curve 

Figure 5 
West Branch Floyd River near Struble 

Station skew     = -0.022 
Regional skew  = -0.400 
Weighted skew = -0.214 

MGB threshold 
= 16,200 cfs 



Effects of including or 
censoring low outliers 

Figure 5 
West Branch Floyd River near Struble 

http://pubs.usgs.gov/sir/2013/5086/ 



PeakFQ output flood-frequency 
analysis results 

MGB 
Threshold: 
16,200 cfs 



PeakFQ output flood-frequency 
analysis results 



PeakFQ output flood-frequency 
analysis results (cont.) 



PeakFQ output flood-frequency 
analysis results (cont.) 



PeakFQ output flood-frequency 
analysis results (cont.) 

Historic Period 

PILF 

PILFs 

MGB  
threshold = 
16,200 cfs 



Relative % change between EMA/MGB 
& B17B/GB using new skew for Q1% 

 
283 Iowa streamgages – Q1% 

Figure 11 

RPchange = 100(Qnew-Qold/Qold) Mean 11.8 % 

Median 2.0 % 

http://pubs.usgs.gov/sir/2013/5086/ 



Final flood-frequency estimates for 
streamgages computed using WIE 

Weighted Independent Estimates from appendix 8 of Bulletin 17B 

WIE program uses the variance and estimate of the B17B/EMA  
flood-frequency analysis and the variance and estimate of the 

regional regression equation to compute a weighted flood-frequency 
estimate and variance at a streamgage 

B17B/EMA and regional regression equation 
estimates are considered independent estimates 
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WIE estimates for Cedar River at 
Waterloo streamgage 05464000 

EMA/MGB Q1% = 101,000 cfs  

RRE Q1% = 80,400 cfs 

variance of estimate = 0.0041 

variance of estimate = 0.0090 

WIE Q1% = 94,100 cfs  
variance of estimate = 0.0029 



QUESTIONS 
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