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Mr. Robert R. Mason 
Chief, Office of Surface Water and Delaware River Master 
U.S. Geological Survey 
12201 Sunrise Valley Drive 
415 National Center 
Reston, VA 20192 
 
Dear Robert: 
 
 On behalf of the authors, I submit to you an overview perspective of comments 
received from the USGS Peer Reviewers on Bulletin 17C and our responses. A 
complete record of comments and responses to each of the peer reviewers is attached. 
We also include copies of the USGS Peer Review Checklist submitted by each 
reviewer. 
 
 Peer review comments were solicited from five reviewers: Reviewer I, Reviewer II, 
Reviewer III, Reviewer IV, and Reviewer V. The draft Bulletin 17C was provided to reviewers 
on August 30, 2016; a 30-day review period was requested. 

 
 We have received comments from four of the reviewers. Reviewer 5 did not submit 
a review. Overall, the reviews were very positive and supportive of the Bulletin 17C 
draft. Reviewers all gave consistent, high marks on Bulletin 17C as noted on the USGS 
Peer Review Checklist. All reviewers indicated yes to the question “should the 
Subcommittee on Hydrology recommend adoption of the proposed new guidelines for 
use by all Federal agencies for determination of flood frequencies”? 
 
 We made minor changes and numerous editorial corrections to Bulletin 17C to 
address the peer reviewers’ comments. A revised draft and a marked-up version that 
shows the revisions are also attached. Some of the reviewers’ comments focused on 
additional information and guidance that may be needed so that Bulletin 17C is 
successfully applied. Based on these comments, we are planning additional materials 
that will be provided on the Hydrologic Frequency Work Group web page under SOH. 
 
 We trust that these responses and revisions to the draft Bulletin 17C are complete 
and fully address the comments made as part of the USGS Peer Review process. We 
look forward to working with the USGS editorial staff to finalize this report. 
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 14. Does this section identify potential problems and associated limitations of flood  
data? 

    

15. Does this section provide clear and sufficient information regarding the  
conceptual definition and use of “interval information”?  (NOTE:  Examples of 
use and specification of thresholds is provided in Appendix 9. 
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 Determination of the Flood Flow Frequency Curve (pages 22-28): 
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Is the selection of the Hirsch and Stedinger plotting-position formula sufficiently  
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for the users to understand the process? 

    

19. Is the recommendation in the section “Zeros and Identifying Potentially- 
Influential Low Floods” to use the Multiple-Grubbs Beck (MGB) test well  
explained and justified?  (Note:  Detailed information regarding the MGB is  

  provided in Appendix 5). 

    

20. When paired with EMA, is the MGB test too aggressive in identifying  
potentially influential low floods, such that it degrades the estimates of the  
largest flood quantiles?  (Monte Carlo results are provided in the citations and  
particularly Cohn et al. (2013), Lamontagne et al. (2013), and Lamontagne et al.  
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21. Is the recommendation to use the expected-moments algorithm (EMA) well  
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22. Is the recommendation to use “Record Extension with Nearby Sites” well  
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23. Is the recommendation to use Bayesian Weighted least squares/Bayesian  
generalized least squares method (B-WLS/B-GLS) for computing the regional  
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            Comparison of Frequency Curves (pages 30-31)     
 24. Is the recommendation to use weighted flood-frequency estimates sufficiently  

clear?  (Note: Additional information regarding weighting computations is  
provided in Appendix 8). 

    

 Comments: 

 Future Studies (pages 32-33) 
  25. In your estimation, does this section of the report include the most important 

and promising areas for future development of flood-frequency analysis? 
    

 Applicability of these Guidelines (pages 33-35) 
  26. Does this section provide a reasonably complete discussion of major limitations  

and restrictions regarding the use of the guidelines? 
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28. Are the appendices sufficiently compete and accessible for their intended use?     

 Appendix 1 – Membership of the SOH and work group        
 
 

Appendix 2 -  Data Sources 
 

    
 
 

Appendix 3 – Initial data analysis 
 

    
 Appendix 4 – Threshold exceedance plotting positions     
 Appendix 5 – Potentially influential low floods     
 Appendix 6 – Expected moments algorithm     
 Appendix 7 – Record extension with nearby sites     
 Appendix 8 – Weighting of independent estimates     
 Appendix 9 – Examples     

 Figures and Tables: 
29. Are figures and maps introduced appropriately in the text?     
30. Is the number of figures adequate for this report?     
31. Is there too much information in the figures or maps?     
32. Is there insufficient information in the figures or maps?     
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Review of “Guidelines for Determining Flood Flow Frequency – Bulletin 17C 

By  Reviewer I, Tufts University,  June 2015 

Responses by Authors 

John England, USACE 03-November-2015 

 

General Comments 

Overall this revision to Bulletin 17B is impressive, especially for the new guidance based on 

rigorous recent research relating to the use of EMA for accommodating censored, interval and binomial 

censored data, as well as for the introduction of confidence interval formulas for accounting for 

historical and paleoflood information and the introduction of the multiple Grubbs Beck test for low 

outliers.  Those innovations appear to be a gross improvement over the previous bulletin and thus I have 

few constructive comments concerning those issues.  However, I found that revisions and/or additions 

to several other sections of the Bulletin were not nearly as rigorous as the above mentioned revisions, 

so it is those sections which my comments concentrate on.  Overall, it is my opinion that the Bulletin will 

make a fundamental and enduring contribution to the practice of flood frequency analysis and provide 

guidance for future developments. 

Responses by Authors 

We sincerely thank the reviewer for these positive general comments. As noted below, we have 

made improvements and revised the document to strengthen the weaker sections, and provide 

further insight on subsequent revisions. 

One major concern relates to the addition of the multiple Grubbs-Beck test for low outlers.   An 

even more significant issue may be the detection and treatment  of a particularly  severe or 

extraordinary high outlier.  One can expect, from time to time, to obtain a record of AMS flood 

observations over a period of n years which contains a record flood observation with an average return 

period T>>n (n = systematic record length).  When such conditions arise, the fitted flood frequency curve 

will be heavily influenced by this large observation (with certainty)  and  to a much greater extent than 

say, the new corrections applied for ‘potentially influential’  low outliers.  In other words, such outliers 

are not ‘potentially influential’ but are ‘influential with certainty’.  When such an extraordinary flood has 

been witnessed, the hydrologist should consider refitting the frequency distribution without that 

observation, and then using the resulting fitted frequency curve to report the average return period (or 

AEP) associated with the extraordinary flood.  Alternatively, the hydrologist should be encouraged to 

research the particular event of interest using paleoflood records, and or other sources of historical 

flood information.  In addition, several standard outlier tests are available for indentifying high outliers 

including the Grubbs Beck test.  Envelope curves are also available for identification of high outliers so 

that it should not be too difficult to identify situations in which the largest flood on record has a return 



period T>>n.  Any flood observation very close to the envelope curve for a region should be considered 

an outlier.   Note that   Vogel et al. (2007) provide a method for estimating the average return period 

associated with a regional envelope curve, which could be included in future editions of the bulletin (i.e. 

Bulletin 17D). (Vogel, R.M., N. C. Matalas, J.F. England and A. Castellarin (2007), An assessment of 

exceedance probabilities of envelope curves, Water Resour. Res., 43, W07403, 

doi:10.1029/2006WR005586.) 

Responses by Authors 

We have added a new section, titled “Extraordinary Floods” to address the issues raised here on 

the largest floods and their influence on the fitted frequency curve. This new section is located 

immediately before the section “ Zero Flows and Potentially-Influential Low Floods”, and 

includes a clear definition of extraordinary floods and examples of these floods. Their influence 

on the frequency curve is described. We recommend identifying such floods with flood peak 

ratios, time series plots, and regional envelope curves, and provide appropriate references. It is 

recommended to collect historical flood and paleoflood information to estimate perception 

thresholds and expand the record length. We do not recommend using a statistical test to 

identify these events, and note that all extraordinary flood observations are to be retained and 

used in frequency analysis. Probabilistic envelope curves can be considered to assess frequency 

estimates. 

When one attempts to fit a theoretical frequency distribution to a flood series with an 

extraordinary high outlier, hydrologists often argue that another more complex theoretical model is 

needed, when often the real reason may simply be due to the fact that we have observed a flood with 

an average return period T>>n.  The Bulletin should help clarify such situations and issues, in an effort to 

minimize such forms of confusion which often lead to misleading arguments and of course resulting 

infrastructure and/or flood damage costs.  Importantly, there are many situations in which hydrologists 

debate that there is no suitable theoretical pdf to fit a flood series ,when in fact, the actual situation at 

hand is that a record flood has been witnessed with a return period T>>n. 

 

Responses by Authors 

As suggested by the reviewer, we highlight this issue and provide clear guidance in the new 

section titled “Extraordinary Floods”, as follows. “The recommended procedures, described in 

the section Determination of the Flood Flow Frequency Curve, are appropriate for analyzing 

extraordinary floods at gaging stations. The use of other frequency distributions, estimation 

procedures, or more complex models for extraordinary floods is not warranted.”  

 



Another fundamental concern with Bulletin 17C relates to the inconsistency between the 

recommendations based on statistical methods and deterministic methods. Recommendations on pages 

33-34 are given to hydrologists to run rainfall runoff models under current land use conditions to reflect 

changes in flood magnitudes which result from changes in urbanization (i.e. impervious cover).  Such an 

analysis amounts to ‘updating the frequency curve to reflect current land use conditions’.  However, no 

such advice is given using statistical methods. In situations in which a record of floods exists which is 

known to have been subject to changes in land use, it would be very easy to update the moments of the 

floods to reflect current land use conditions. The updated moments could then be used to estimate the 

design event, which would better reflect current land use conditions.  Given the widespread 

nonstationarity witnessed, it seems appropriate for the Bulletin to provide some very basic guidance on 

this issue, without resorting to use of climate or any other forms of forecasting.  I am simply 

recommending using knowledge of the physical conditions (i.e. urbanizing basin or denuded basin, etc.) 

associated with flood observations, combined with a simple model of the conditional  moments of the 

flood observations (conditioned on time, urbanization, land use, etc), to simply update the moments to 

reflect current conditions. Hydrologists should become accustomed to reporting a date along with a 

design event, so that the Bulletin would recommend reporting say “The frequency curve for this site is 

given for the conditions in this watershed as of the year 2009”.  Such guidance would go a long way to 

helping the new generation of hydrologist deal with nonstationarity associated with the past.  Note that 

for the LP3 pdf, a simple conditional model of the logarithm of the annual maximum floods would lead 

to updated  estimates of both  the mean and variance of the annual maximum floods.  That is, a model 

of the logs of the AMS is all that is needed to reflect future changes in both the mean and variance in 

real space, for the LP3 distribution. 

Responses by Authors 

We agree that there is inconsistency – uneven treatment – between the recommended 

procedures (LP-III with EMA and weighted skew) and deterministic methods (rainfall-runoff), as 

described in the “Comparisons” section and “Future Studies” section.  

 

The reviewer interpreted the text on pages 33-34 also as “recommended procedures”. 

Unfortunately, this is a mistake. The content within the sections titled “Ungaged Sites”, 

“Regulated Flow Frequency”, and “Urbanization” are not recommended procedures. These 

sections all fall under the larger heading “Future Studies”. We failed to clearly demark this 

section and make it clear to the reader that these subsections simply mention some possible 

approaches but do not provide recommended guidance. 

 

We sincerely thank the reviewer for these comments and sharing the ideas on using updated 

moments to reflect current watershed state (condititioned on time, land use, urbanization, etc). 



These ideas and suggested changes are certainly welcomed and could be implemented in a 

future revision to Bulletin 17C. There are challenges and details to work out in implementing 

these suggested ideas, and the HFAWG did not address them as part of this revision. At present, 

we are unsure how to specify the simple model of the conditional moments in general terms, 

appropriate for broad guidance. 

 

We also thank the reviewer for the idea about reporting the date of the watershed state for 

frequency analysis. We will consider adding that idea to future revisions of the Bulletin, after the 

HFAWG has addressed the issues and can provide clear guidance on hydrologic change and 

nonstationarity. 

 

Based on these comments, and comments from the other reviewers, the sections titled 

“Ungaged Sites”, “Regulated Flow Frequency”, and “Urbanization” have been significantly 

revised and shortened to address these comments. We have revised them in order to clearly 

point out the unsolved problems where future work is needed. We have eliminated much of the 

text (shortened to some options) with less detail, so that readers are not confused on 

recommended approaches. 

 

Detailed Comments 

The following comments are organized by section heading: 

Risk Accumulates:  pg 4, The discussion is good because it emphasizes the importance of computing the 

risk over planning horizon as in equation (1) versus a sole focus on AEP or average return period. It may 

also  be useful to add a figure which illustrates the relationship in (1) and perhaps includes T=1/p as 

average return period as well on legend because T is so widely used in flood frequency analysis.   

Perhaps it would be instructive to also introduce “Reliability over planning horizon” = 1-pn, and to 

mention common values of such reliaiblities in other areas of natural hazard planning such as 

earthquake planning?  Such modifications are not essential, but might be helpful in assisting engineers 

in their quest to communicate flood risk.  In short, it is essential that the reader of Bulletin 17B is fully 

aware that the risk over planning  horizon  reflects actual  flood risk for structures in flood prone areas, 

in a way that is much more effective than either AEP or the average return period. 

Responses by Authors 

We appreciate these ideas. Due to the complexities of communicating risk, and the ongoing 

debate in the water resources literature on the use of return period and AEP (especially under 



nonstationary conditions), we made no modifications to this section. A previous draft of Bulletin 

17C had included an appendix on risk and nonstationary risk definitions (from Salas and 

Obeysekera, J. Hydrologic Engineering, ASCE). However, the authors and HFAWG could not 

achieve consensus on the usefulness of the material and it was discarded.  Future versions of the 

Bulletin should address this point. 

Use of Annual Maximum Series:   pg 5, It is important to add a sentence or two which summarizes the 

research which led to widespread use of AMS over PDS.  Sensible guidance is given to use PDS only 

when estimating minor flood quantiles, however, the reader might benefit from a citation to research 

which proves why this is so. 

Responses by Authors 

As suggested, we have added a sentence on widespread use of AMS. We have also added a 

sentence on guidance using PDS for minor floods. The reasons for widespread use of AMS over 

PDS are not described in the research literature or proved by research, but are practical. The 

main reasons are: widespread availability and extended length of annual flood peaks and 

limited PDS records; challenges in defining the PDS threshold(s); and the choice by HFAWG to 

retain the LP-III/MOM tradition used since Bulletin 15 (1967). 

Flood Estimates from Precipitation: pg 13, The lack of rigor of this section on the use of deterministic 

rainfall runoff models  is in direct contrast to the highly detailed and rigorous  guidance corresponding 

to the purely statistical methods covered in other sections.  This is of increasing concern, given that 

rainfall runoff models are used increasingly for flood control, planning and design, particularly in 

situations in which corrections for changes in flood risk due to climate and land use are needed.   Some 

mention should be made that the output of all such watershed models provides only an estimate of the 

mean value of the design event, conditioned upon various antecedent and other rainfall conditions.  

Such conditional mean estimates of design events will generally exhibit downward bias if model errors 

are not properly accounted for, and this issue becomes more and more important as model error 

increases, which is often the case at ungagged sites.      At the very least, the bulletin should provide 

some guidance and a recommendation to perform an uncertainty analysis to better reflect the range of 

variability associated with resulting design flood estimates, which better reflect the impact of model 

error.  Such guidance is routinely given by the EPA for environmental assessments and modeling studies, 

and could easily be adapted for use in the revised bulletin.  Mention could also be made of such 

approaches as the “Schaake Shuffle” which accommodates this issue for flood forecasting issues. See:  

Clark, M., S. Gangopadhyay, L. Hay, B. Rajagopalan, and R. Wilby, (2004). The Schaake Shuffle: A Method 

for Reconstructing Space–Time Variability in Forecasted Precipitation and Temperature Fields, Journal of 

Hydrometeorology, 5, 243-262. 

Responses by Authors 



We sincererly appreciate these comments on this section. We have substantially revised this 

section to address these points and concerns. As mentioned below, under the comments on the 

section “Comparisons with Flood Estimates from Precipitation” we have moved most of the 

material from that section and combined it with this section. We have added the Clark et al 

citation – thanks for the suggestion. We have also added citations to perform uncertainty 

analysis and estimate prediction uncertainty from rainfall-runoff models. 

Randomness of Events:  pg 15, The following statement needs revision: “The peak flow time series is 

assumed to be a representative sample of the population of future floods”.   The reader should be 

cautioned that such an assumption should only be made contingent upon further physical knowledge of 

the system.  The reader should be referred to a section (see comments below on Appendix 3) which 

enables them to update flood frequency estimates to ‘current conditions’, as is often done when using 

rainfall runoff models.  For example, when a rainfall runoff model is used on an urbanized catchment, an 

effort is made to update the model to reflect current urbanized conditions.  A similar effort could be 

made using a trend model fit to the observed AMS series and the resulting model could then be used to 

update the design event to reflect current urbanization conditions.  It is difficult to understand why the 

revised bulletin would not recommend ‘updating frequency curves to reflect current conditions’ when 

using statistical methods, since that recommendation appears to be implicitly made when using rainfall 

runoff models to develop a flow frequency curve. 

Responses by Authors 

As suggested, we have revised the statement to point out the need for exploratory data analysis 

and further physical knowledge of the system. Recommendations to update the frequency curve 

to reflect ‘current conditions’ is deferred to future versions of the Bulletin. Statements that 

implied rainfall-runoff models were updated to reflect current conditions have been deleted. 

Zeros and Identifying Potentially-Influential Low Floods:  See above comments (under general 

comments) concerning the addition of a test for identifying and removing extraordinary high floods. 

Note that such floods will not be ‘potentially influential’ but rather they will be ‘influential’ with 

certainty. 

Responses by Authors 

As discussed earlier, we have added a new section titled “Extraordinary Floods”, and provide 

guidance in that section to address this comment. We do not agree with and do not recommend 

adding a test to identify and remove extraordinary high floods. Instead, these peaks can be 

identified with other tools (as mentioned above), and expanding the record length with 

historical and/or paleoflood information. 

Record Extension with Nearby Sites: pg 24-25, This section could be reduced significantly and made 

more comprehensible by only introducing MOVE1 and MOVE4.  I do not see any reason for introducing 

four MOVE methods, when MOVE4 is a slight improvement over both MOVE2 and MOVE3. MOVE1 is 



important to introduce because it is the easiest to understand and implement.  See further comments 

on Appendix  6.  I do not see the need to introduce the term’ two station comparison’.  Instead, I suggest 

that beginning  this section by mentioning the distinction between record augmentation and record 

extension. Record augmentation involves using the nearby long record site to update the moments of 

the short record. Record extension involves using the nearby long record to extend the short record.  

Responses by Authors 

We substantially revised the presentation and focus solely on record extension with MOVE3.  

Comparisons with Flood Estimates from Precipitation pg 28-29, This section is poorly written and  

seems to give conflicting statements and could  (should) be combined with the previous section 

mentioned above titled “Flood Estimates from Preciptation”.  The first paragraph  on page 29 suggests 

that flood frequency curves can be estimated from various event based  rainfall-runoff models.  Then in 

paragraph 2 the bulletin advises the analyst to evaluate model performance and to plot the frequency 

curve.  Then in the last paragraph, it states that “because of the many variables, no specific procedures 

are recommended at this time.”    I suggest that the paragraph 2 beginning with “Analysts making use of 

such procedures …” be dropped.  Also the following two sentences do not make sense and should be 

dropped: “The variance of flood quantile stimates from rainfall runoff models is also needed for 

weighting the estimate  (of what and why?). Otherwise estimates from these models are potentially 

useful in extrapolating  frequency curves. (Why is this? How?).  Again, the guidance in this section is not 

nearly as comprehensive or understandable as in other sections describing statistical methods. 

Response by Authors 

We have rewritten this section to address these concerns. As suggested, most of the technical 

text on rainfall-runoff models has been moved from here to the section “Flood Estimates from 

Precipitation”. We have also made it clear that flood frequency estimates from rainfall-runoff 

models can be combined using quantile weighting of independent estimates. 

Weighting of Independent Frequency Estimates pg 29, Again some unclear statements are made which 

should be either clarified or dropped.  The three  sentences starting with “in some situations, highly-

variable estimates (for example, from rainfall runoff models) may in fact degrade the at-site estimate 

and should not be weighted.  In other cases, models might provide ….”  Are you recommending some 

sort of weighting scheme in certain situations?  You say that “in other cases, models might provide a 

reduction in variance”. What do you mean by this?  Variance of what? Why? What type of model? 

Responses by Authors 

We have revised and clarified the statements, and deleted some sentences, to address these 

concerns.  



Future Studies pg 30, This section could be improved considerably. One obvious improvement would be 

to move the paragraph on page 35, starting with “Bulletin 17C goes a long  way towards addressing 

known concerns with Bulletin 17B …”, to this section.   

Responses by Authors 

We have significantly revised this section to address the concerns that are mentioned below on 

regulated flood frequency and urbanization. We have retained the paragraph in the section on 

“Applicability of These Guidelines” and have moved it within that section, as suggested below. 

In addition, future work should consider a redefinition  of risk, relia bility and return periods under 

nonstationary conditions, including some discussion of these issues.  For example, the classic  formula 

which states the average time to the next flood  is equal to the inverse of its AEP, or E[T]=1/p, no longer 

holds under nonstationary conditions.  In addition, there are clearly situation s in which changes have 

occurred during the historical period of re cord due to say, urbanization, and there are very sensible 

approaches which could be recommended for updating the design flood  to reflect current conditions as 

of the date of the analysis. Such analyses should be incorporated into future editions of the Bulletin. For 

example, FEMA maps are routinely published which delineate the 100 year flood boundaries. It would 

make sense to recommend periodic updates of such maps using methods which simply use historical 

flood information, to update the flood frequency curve to reflect current conditions. Thus flood 

delineations and design events should always be constrained by their date of relevance. Such analyses 

are easily accomplished without the need for extrapolations or climate projections or the myriad of 

hydrologic forecasts which are possible.  All that is needed is to ‘update to current conditions’ reflecting 

the known changes which have occurred over the period of gaged record.  

Responses by Authors 

We appreciate the suggestion, and have included the suggestion on “a redefinition of risk, 

reliability and return periods under nonstationary conditions, including some discussion of these 

issues “ in the list of future work. A recommendation to “update the design flood estimates to 

reflect current conditions” is appreciated, and may be included in future revisions of the Bulletin. 

For the Bulletin 17C revision, no recommendation is made on this as additional work is required.  

Regulated Flow Frequency pg 31, This section is rather long-winded and not nearly as rigorous or clear 

as some of the other sections.  It might be difficult for a hydrologist to know how to proceed on the 

basis of this section. Could more clear guidance be given?  Is there a report which describes procedures 

which could be referred to, in lieu of some of these vague statements? 

Responses by Authors 

As mentioned previously, this section was intended to provide some general options and 

indicate the need for future work, rather than giving specific guidance. As suggested, the section 



has been dramatically shortened. References have been added that point the reader to 

regulated flood frequency options for consideration. 

Urbanization, pg 33, Again this section is not nearly as rigorous or clear as other sections. In particular 

the paragraph starting with “In the first of these methods, a rainfall-runoff model is needed having a set 

of calibrations consistent …” is not very claear..  What is a ‘ balanced hypothetical precipitation event”?  

How does one scale such an event to range of magnitudes?  Why are you recommending several 

different calibrations?  What is a homogeneous annual maximum flow record, a statement mentioned in 

several places in this section.   I doubt a hydrologist could follow this guidance, or find its very useful, as 

in other sections of the bulletin. Again, a warning should be given that the output of such watershed 

models only provides an estimate of the conditional mean of the design event, which will always be 

downward biased due to the lack of an accounting for model error. Of course there are other sources of 

bias, which could lead to either upward or downward bias. .  To alleviate these  issues, hydrologists 

should be encouraged to perform an uncertainty analysis to reflect the range of values of the design 

event which are possible from such models.  Some guidance on how to perform such uncertainty 

analysis should be given.  Is there a report which provides a good example, or perhaps model, of the 

type of approach you envision? Such a citation would be more useful than all of these words, together! 

Responses by Authors 

As mentioned previously, this section was intended to provide some general options and 

indicate the need for future work, rather than giving specific guidance. As suggested, the section 

has been dramatically shortened, with references added on urbanization and hydrologic change. 

 

Applicability of these Guidelines, pg 34-36,  On page 35, the bulletin states that “time invariance was 

assumed in the development of this guide. “  That is not always true. In several places the user is given 

guidance about updating hydrologic conditions using current land use conditions.  There seems to be a 

mismatch between guidance given using deterministic  rainfall runoff models and statistical models. If 

the bulletin recommends running rainfall runoff models using design storm approach, using current land 

use  conditions, wouldn’t it be consistent to do the same thing when recommending statistical 

approaches?   The paragraph on page  starting with “Bulletin 17C goes a long way toward addressing 

known concerns with Bulletin 17B” is a very nicely written paragraph and serves a model for how to 

communicate these concerns. 

Responses by Authors 

We revised the sections on deterministic rainfall-runoff modeling so that there is no 

recommendation to use a rainfall-runoff model with desigh storms and current land use. We 

have revised the section on watershed change to state that the recommended statistical 

methods can be used with flows of sufficient length that reflect current land use. The 

assumption of “time invariance” is retained for this version of the Bulletin.  



Perhaps this section should begin with that important paragraph. 

Responses by Authors 

As suggested, we have moved the paragraph to the beginning of the section. 

 

Potentially Influential Low Floods, pg 69.  This is a great addition to the bulletin, but shouldn’t the 

hydrologist be aware and concerned about situations in which the flood or floods of record, (FOR) is 

near the envelope curve, in which case, it probably has an average return period  T which is much 

greater than the period of record, n. Perhaps  a section addressing this issue is needed to help 

hydrologists deal with situations in which the upper  tail of the distribution is poorly fit FOR GOOD 

REASON.   Envelope curves are instrumental for this situation, because they alert the hydrologist to 

situations in which the FOR may in fact be anomalous and should be handed differently.  That is, if a FOR 

is near the envelope, and only a short record exists, it may make good sense to simply ignore this event 

when fitting the frequency curve, or  to use paleoflood or other ‘historical flood’ methods to research 

how long it has been since a flood of this magnitude has been experienced.  In the absence of such 

information, it may make very good sense to simply omit the particular FOR from the historical record.   

Such an approach would only be recommended for extraordinary floods, which could be defined as 

floods which are within say, 10% of the envelope curve for the region.    Of course a rigorous statistical 

method could be developed to achieve this same purpose as was accomplished in this section using the 

multiple Grubbs Beck test.  Importantly, there are many situations in which hydrologists debate that 

there is no suitable theoretical pdf to fit a flood series ,when in fact, the actual situation at hand is that a 

FOR has been witnessed with a return period T>>n.  Addressing this concern would go a long way to 

avoiding these situations and associated long winded discussions and arguments as to which return 

period to assign to the FOR. 

Responses by Authors 

We have made modifications to the main text and included a new section called “Extraordinary 

Floods”. That new section addresses these concerns.  

Record Extension  With Nearby Sites, Appendix 6.  I have had some discussions with Wil Thomas on this 

section, so my comments here are very brief.  First of all it is much too long and  could easily be 

shortened by only covering MOVE1 and MOVE4 and by illustrating only a single example of both 



methods.  It is important to provide an introductory section which clarifies distinction between 

augmentation and extension as mentioned earlier.   What is currently described as MOVE3 is really 

MOVE4. 

Responses by Authors 

We substantially revised this appendix to recommend MOVE3, and include a single example.  
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USGS Peer Review comments on Bulletin 17C 

by Reviewer II, received 28 October 2016 

 

Responses by Bulletin 17C Authors 

10 February 2017 

 

I believe that the public comments and suggestions were satisfactorily addressed. 

We sincerely thank Reviewer II for this comment. We address each comment below. 

 
- In several instances, the text exceeds the column with (e.g., pg. 2 line 69; pg. 14 line 63). 

We have corrected many instances; remaining ones will be corrected as part of final editorial 
review. 

- Pg. 2, line 79” “guidelines is the elimination” 

Corrected. 

- Pg. 3, line 24: explain “GLS” acronym 

Corrected. 

- Pg. 3, line 29: “taking together”  

Corrected 

- Pg. 3, line 31: “permits the development” 

Corrected. 

- Pg. 3, line 43: I would remove “recent” given that some papers were from 2007-2008 and 
given that this document may not change for the next 30 years. The same comment about 
the use of the adjective “recent” applies to the rest of the draft. 

We appreciate the suggestion and have removed ‘recent’ in most locations. 

- Pg. 3, line 45: for consistency, either “England Jr” or “England” throughout. 

Corrected. 

- Pg. 4, line 2: for the determination” 

Corrected. 

- Pg. 4, line 43: “many elements of the” 

We retained the existing phrase. 



- Pg. 4, line 48: “AEP ranging from” 

Corrected. 

- Pg. 4, lines 54-56: is it possible to provide some suggestions on what “adequate” may 
mean? If not, I understand the decision on how to proceed can be nuanced. It may be 
useful to at least mention the need to detail the steps taken. 

The text discussed here is from Bulletin 17B, and the decision is nuanced. We retain this text, 
and note that the paragraphs above give hints to later portions of the Guidelines that define 
‘adequate’. 

- Pg. 5, line 62: it would be useful to clarify what “less” refer to (i.e., flood or AEP). 

Clarification added. 

- Pg. 12, line 21: “that have the” 

We retained the existing phrase. 

- Pg. 14, lines 20-21: the acronym was already explained. 

Retained to remind the reader here, rather than searching glossary that includes acronyms. 

- As far as PILFs, one comment I have is that they are identified as such from a statistical 
perspective. I would add some text in the section on mixtures to highlight that PILFs and 
outliers may be identified as such because of different flood generating mechanisms.  

This point on mixtures is explained in the draft submitted for review on lies 22-30, where it is 
explicitly stated “The result is that the series of annual peaks appears to be generated from a 
mixed distribution.”. 

- Pg. 14, line 70: “values, include those from” 

Corrected. 

- Figure 12: the blue lines look purple in the hard copy I was provided with. The same 
comment applies to the other figures as well. It may just be a printing issue. 

This is a printing issue. Final colors and clarity will be addressed during editorial review. 

- For consistency, either “flood frequency” or “flood-frequency” 

Adjusted throughout for consistency; may be revised as part of USGS editorial review. 

- Pg. 18, line 28: what about “addition” instead of “adjunct”? 

Revised as suggested. 

- Pg. 19, line 22: explain the acronym “ENSO” 

Acronym defined; added to Glossary. 



- Pg. 20 and Appendix 3: I am not sure I fully embrace the discussion on the serial 
correlation as it can be a circular argument: if you generate an i.i.d. time series, then you 
superimpose a trend or a changepoint, and then estimate the autocorrelation function, 
you’ll find a strong autocorrelation despite the fact that the series you started with was 
actually independent. 

The simple improvement in Bulletin 17C is to require basic exploratory data analysis. This 
includes recommendations to do three things: (1) plot the data; (2) estimate serial correlation; 
and (3) investigate monotonic trends and abrupt shifts. While we agree that serial correlation 
tests can (and may be) affected by trends or changepoints, the goal remains the same – examine 
the flood time series to ensure that it is a representative sample of future flood behavior. These 
three steps are appropriate and help users identify those flood time series that may not be 
independent and identically distributed. 

- In terms of mixtures, the following reference may be useful: Villarini, G., On the 
seasonality of flooding across the continental United States, Advances in Water 
Resources, 87, 80-91, 2016. 

We appreciate the seasonality reference and may consider adding it in a future update, when 
additional progress and guidance on mixtures is completed. Additional needs are ways to clearly 
separate populations by physical process (Atmospheric Rivers, snowmelt) beyond seasons or 
month, and demonstration of improvements in bias and variance of flood quantile estimates.  

- Pg. 24, line 10: either “understood” or “described” 

Corrected. 

- Pg. 24, line 12: “the skewness coefficient  is” 

Corrected. 

- Pg. 24, line 15: “of the” 

Corrected. 

- Pg. 30, line 70-71: you can combine the reference as “Merz and Blöschl (2008a,b)” 

References combined as suggested. 

- Pg. 31, line 30: “1962a,b” 

References combined as suggested. 

- Pg. 34, line 54: “land use” 

Term revised as suggested. 

- In terms of urbanization, the following reference may be useful: Villarini, G., J.A. Smith, 
F. Serinaldi, J. Bales, P.D. Bates, and W.F. Krajewski, Flood frequency analysis for 



nonstationary annual peak records in an urban drainage basin, Advances in Water 
Resources, 32(8), 1255-1266, 2009. 

Reference added as suggested. 

- Pg. 57, line 17: please put the url in parenthesis. 

Added ‘at’ before url instead of parenthesis. 

- For consistency, either “data base” or “database” 

Corrected for consistency. 

- Pg. 58, line 38: “and impacts to” 

Corrected. 

- Pg. 66, line 9: it seems to me that you are describing Spearman’s rho, given that 
Kendall’s tau works with concordant/discordant pairs, rather than ranks. 

This language was directly from Helsel and Hirsch (1992, p. 212). Rewritten to clarify using 
discordant pairs. 

- Pg. 66, lines 16-19: I do not agree with this statement. Mann-Kendall is for monotonic 
patterns in general. If the idea is that there is a linear dependence, there is no need to use 
Mann-Kendall and use directly Sen’s estimator (and obtain the significance from the 
Sen’s estimator). 

Here, we are using the results of the Kendall’s Tau - if significant – to then estimate the rate of 
change (slope) of the monotonic trend. Sen’s estimator of the slope you recommend is the same 
one we are using based on Theil – as the term Kendall-Theil slope means the same thing. We 
clarify the text to describe this using the Kendall-Theil robust line to obtain a nonparametric 
estimate of the slope, as in Helsel and Hirsch (1992, Section 10.1 p. 266). 

- Pg. 66: the following reference may be useful for the Pettitt test: Mallakpour, I., and G. 
Villarini, A simulation study to examine the sensitivity of the Pettitt test to detect abrupt 
changes in mean, Hydrological Sciences Journal, 61(2), 245-254, 2016. 

Reference added as suggested. 

- Pg. 66: the following reference may be useful for the Lombard test: Nayak, M., and G. 
Villarini, Evaluation of the capability of the Lombard test in detecting abrupt changes in 
variance, Journal of Hydrology, 534, 451-465, 2016. 

Reference added as suggested. 

- Pg. 66, line 37: this is the only instance where you use km^2 rather than mi^2 

Revised to square miles for consistency in English units through the report. 

- Pg. 76, line 28: what does “swamping” mean in this context? 



Text modified to clarify that in this case, we exclude the suspected k outlier(s), with k going from 
the median to 1, to prevent swamping – which is the unfortunate situation where too many 
outliers are specified, such as in a block test (Cohn et al., 2013 p. 5049). 

- Pg. 82, second line after line 9: I would use “logarithm” rather than “logarithms”. The 
same holds in throughout. 

Logarithms is retained; usage may be addressed during USGS Editorial reviews. 

- Equation 6.9: I would remove the dot at the end to avoid confusion 

Retained to signify the end of the sentence. Readers should realize by inspection that there is no 
missing term. 

- Pg. 84, after equation 6.13: You already explained what “~” stands for and it can be 
removed. 

Agreed – removed. 

- Pg. 91, line 28: “estimators (Matalas and Jacobs 1964) for” 

Corrected. 

- Pg. 92, line after equation 7.4: “are the Matalas and Jacobs unbiased” 

Corrected. 

- Pg. 114, Figure 9.1: the quality of the figure is not good and it looks grainy (maybe only 
when printed). The same is for Figures 9.2, 9.3, 9.4, 9.7, 9.10, 9.11. 

The quality of several figures is being improved to address this comment. 

- Appendix 9: many of the acronyms are explained multiple times. I would only do so at 
the beginning of the appendix. Also, for consistency “EMA” should either be italic or 
not.  

Acronyms are explained multiple times because each of the seven examples is designed to be a 
‘stand-alone’ case. Terms in italics are corrected for consistency. 

- Pg. 134, line 31: “there are six censored” 

Corrected. 

- Caption of Figure 9.10: here it is specified that the circles are “open” but not in the 
previous figures.  

Noted; figures may be adjusted for consistency. 

- Pg. 142, line 30: “all ten annual” 

Corrected. 

- For consistency, either “peak-flow” or “peak flow” 



Corrected; usage may be addressed during USGS Editorial reviews. 
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USGS Peer Review comments on Bulletin 17C 

by Reviewer III, PE, received 26 January 2017 

 

Responses by Bulletin 17C Authors 

14 February 2017 

 

Comments and Responses 

 

I have attached the comment response form with my overall comments, which reflects my 
overall impression that the document is well organized and written and provides a thorough 
explanation of the new methods (EMA & the expanded low-outlier/PILF procedure).  

We sincerely thank you for this impression and perspective. 

 

In addition, I have a few expanded comments from the comment form, which are present below: 

  

#3 – In general I find the methods in B17C to be an improvement over the B17B methods, 
especially for more complex flow records such as those that 1) contain multiple historic records 
over an extend period or have  non-specific historic peak (ie, greater than some threshold rather 
than a specific discharge); or 2) have long periods of record with zero flows or near zero flows 
along with multiple events that reflect the extreme flood behavior.  Both of the type records are 
difficult to deal with under the 17B methods;  the use of EMA with the discharge thresholds and 
the ability to screen or censor multiple low flow events (using the MGB/PILP procedures) makes 
analysis of this records more defined and more standard.  The new methods, on the other hand, 
do add a level of complexity to the setting the correct analysis parameters and require a better 
understanding of the principles behind the analyses.  These may be step back in some ways, but 
actually is an improvement as well because in my mind it discourages the a simplistic approach 
to performing the frequency analyses. 

We appreciate these comments, your support of the methods in Bulletin 17C, and the noted 
improvements over 17B. 

 

#5 – See above;  application of new methods, primarily the setting of the discharge thresholds, 
require a better understanding of the theory behind the analyses. This make proper application of 
the methods more detailed and involved, which may discourage what I see as an generally 

kimmartz
Typewritten Text

kimmartz
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uniformed use of the Bull17B methods—the PeakFQ software allows the user to use default’s for 
most gage records and often results in improper application of the methods. 

We are developing additional guidance – supplemental to Bulletin 17C – on setting perception 
thresholds and flow intervals. 

 

Overall, I found the document to provide more detailed and thorough explanation of the flood 
frequency analysis concept in general and of the details of the methods in specific.  The 
appendices and examples therein are more diverse and better explained than found in B17B. 

We appreciate these comments. 
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USGS Peer Review comments on Bulletin 17C 

by Reviewer IV, received 18 November 2016 

 

Responses by Bulletin 17C Authors 

15 March 2017 

 

Comments and Responses 

 

Review  of  Guidelines  for  Determining  Flood  Flow  Frequency  Bulletin  17C   

   

I  commend  the  authors  of  this  document  for  their  efforts  to  update  Bulletin  17B,  which  
is  long  overdue.    Overall  I  believe  this  is  an  excellent  document  with  useful  information  
and  justified  guidelines  for  practitioners.    In  addition,  I  have  reviewed  past  review  
comments  and  responses,  which  appear  adequate.   

We sincerely thank you for these positive comments in support of this revision. 

My  primary  concerns  are  less  about  content  and  more  about  structure.    Some  of  the  
document  is  difficult  to  completely  understand,  and  I  think  a  reader  who  does  not  have  
a  strong  statistical  background  may  get  lost.    Perhaps  my  biggest  concern  is  with  the  
lack  of  clear  recommendations  for  practitioners  to  follow/understand.    This  document  
would  benefit  greatly  from  a  new  appendix  that  provides  either  a  "step-by-step"  sequence  
of  recommendations  or  a  flow  chart  of  recommendations  for  the  user.       

   

Below  are  my  comments.    Many  are  editorial  in  nature.    Those  of  greater  importance  
are  in  bold.       

Our responses are shown in blue italic font beneath each comment. 

Comments:   

   

While  I  know  it  is  not  USGS  protocol,  having  section  numbers  would  make  this  
document  easier  to  read  and  help  the  reader  find  sections  that  are  being  referred  to.   

We appreciate the comment, but retain the USGS protocol. We anticipate most users will rely on 
the pdf version that includes extensive hyperlinks between table of contents, sections, references, 
figures, tables, etc. The electronic version with hyperlinks addresses this issue. 



Page  1,  line  2:    "estimates"  should  be  "estimators"   

We retain ‘estimates’. The goal is accurate estimates, rather than estimators or accurate 
procedures to make such estimates. 

2nd  sentence  of  1st  paragraph:    I  think  there  are  other  reasons  for  flood  risk  to  be  
"uniformly  and  consistently  applied"  other  than  collaborative  efforts  and  multiple  actors.    
Given  the  multiple  uses  of  these  estimators  (floodplain  delineation,  culvert  and  spillway  
design,  etc.),  having  uniform  and  consistent  guidelines  helps  to  avoid  conflict  of  interest  
and  the  bias  of  the  flood  risk  developers.   

Suggestion appreciated, we retain brevity at this location in the document, and address usage 
and purpose elsewhere. 

Page  2,  line  39:    "is"  might  be  changed  to  "was"   

Revised as suggested. 

Page  4,  line  27:    "estimate"  should  be  "estimator"   

We retain the word estimate. 

Page  5,  paragraph  starting  at  line  5:  I  think  this  is  an  awesome  paragraph  to  include.    
This  should  help  the  reader  better  understand  flood  risk.   

We appreciate this comment and aimed to achieve this goal with the revision. 

Page  6  and  7:    There  is  some  inconsistency  with  terminology.    The  term  "systematic  
record"  is  sometimes  used  (page  6  line  23)  and  sometimes  "gaging  station  record"  (page  
7,  line  42),  and  sometimes  just  gaging  record  (page  7,  line  44).    I  assume  these  are  the  
same  thing.    I  would  suggest  trying  to  keep  terminology  as  consistent  as  possible.     

We address this with these terms and others that are defined in the Glossary.   

Page  10,  line  11:    Silt  lines  are  mentioned  as  a  paleostage  indicator  (PSI),  yet  this  is  
the  only  PSI  not  indicated  in  Figure  7.    It  might  be  included.   

We have added a USGS Techniques and Methods reference (Koening et al., 2016) that contains 
clear pictures of silt lines and other high-water marks to address this. 

Page  10,  line  54:    It  probably  makes  sense  to  start  the  next  paragraph  with  the  last  line  
of  the  previous  paragraph  (i.e.  start  with  "Scars  are  the  most  easily  .  .  .  ").    It  might  
flow  better.   

We retain the paragraph break as is.  

Page  12,  lines  9  and  10:    I'd  probably  make  the  gap  between  these  lines  consistent  with  
other  paragraph  gaps  and  put  the  gap  at  the  end  of  the  column.   

Agreed; this will be adjusted.  



Page  13,  line  27:    I'd  remove  ",  in  order".    I'm  a  big  fan  of  always  removing  the  term  
"in  order",  but  understand  that  some  writers  prefer  this.    Typically  the  sentence  meaning  
does  not  change  removing  "in  order".   

Change made as suggested. 

Section  starting  on  page  14,  line  60:    While  I  understand  the  importance  of  a  

generalized  data  representation,  I  found  this  section  difficult  to  read  and  

understand.    There  is  a  lot  of  terminology,  some  of  which  seems  to  duplicate  itself  

(why  have  Th2,upper  and  Th2U,  couldn't  you  just  use  one  of  these  terms?).      In  

addition,  some  things  that  could  be  included  in  Figure  12  aren't  (such  as  QY,lower  =  

0,  page  15,  line  38)  for  the  1891-1909  data).    I  also  don't  understand  how  Th2U  

could  somehow  be  less  than  Ts,upper  (which  is  infinite).    During  that  historical  period,  

couldn't  the  perceived  flow  be  as  large  as  that  during  the  systematic  record?    In  

the  end,  I  think  this  section  is  more  confusing  than  helpful.    For  someone  who  is  

just  using  the  systematic  record  to  estimate  a  flood  quantile,  I  think  they'd  get  

confused  here.   

The section is meant to introduce key concepts, terms, and definitions for users to understand the 
generalized input to EMA. This is needed and instructive even for systematic records, which may 
include multiple perception thresholds (such as a crest-stage gage) and/or flow estimates within 
a range. The figure and surrounding text has been revised to eliminate duplicate terms and 
provide clarity. We have eliminated the duplicate Th2U and related terms, and expanded some 
definitions and notations in the glossary. For the historical period, QY,lower = 0 is not shown as it 
is represented by the lower limit of each black bar (described in the caption). There are several 
situations where Th2,upper may be less than the systematic record. This may be due to a canyon 
environment with few people, or a downtown area with buildings or houses, and the flood marks 
or stages may not be preserved at higher levels. In the paleoflood situation, when flood water 
levels exceed cave openings, the flood records may not be preserved. As the figure is meant to 
show this, we add some clarifying text to describe what both historical thresholds might 
represent. A table of typical values for perception thresholds and flow intervals has been added 
to Appendix 2 to help clarify the potential confusion if one just had a systematic record. We also 
point the reader to Appendix 9 where examples are shown. Lastly, supplementary materials will 
be developed and placed on the HFAWG webpage. 
Page  17,  line  5:    Why  use  Qb  here?    Why  not  QY  or  QY,  lower?   

Qb is the base discharge; it was defined previously on page 15 (line 44), and in the Glossary. 

Page  17,  line  19:    Why  isn't  TY,lower  =  0?    Isn't  this  the  lowest  possible  perceived  
threshold?   

This situation deals with missing data and a broken record -  TY,lower is not zero and is set to 
infinity.  

Page  18,  lines  30-35:    It  would  be  helpful  to  have  a  citation  or  two  for  each  of  these.   



This specific text is directly from Bulletin 17B. The extensive reference listing and other citations 
within the document cover these cases. Supplemental materials and references, such as in a 
Bulletin 17C FAQ, may be provided to address user needs as they arise. 

Page  19,  line  46:    Absolute  errors  are  generally  greatest  during  flood  events;  not  relative  
errors  (relative  to  flow  magnitude).    This  might  be  clarified.   

Clarification made. 

Page  19,  line  74:    I  would  probably  change  the  word  "significant"  to  large,  unless  you  
are  referring  to  the  results  of  a  hypothesis  test.    Same  on  line  79  and  83,  and  other  
places  in  this  paragraph.    This  is  somewhat  semantics,  though.    The  word  "significant"  
is  used  throughout  the  document  with  no  particular  reference  to  hypothesis  testing.   

We retain the word significant here and in other places in the document. 

Page  20,  sentence  ending  on  line  78:    This  statement  should  be  supported  with  a  
citation.   

Citation added. 

Page  21,  lines  70  and  71:    This  use  of  citations  reads  awkwardly.   

Phrasing revised to eliminate awkwardness. 

Page  22,  line  14.    Add  "also"  before  "important"   

Revised as suggested. 

Page  23,  line  4.    Change  "ones"  to  "products"   

Revised as suggested. 

Page  23,  line  14.    I'm  not  sure  why  this  formula  is  included  here.    If  this  is  here,  
shouldn't  some  discussion  of  the  parameter  "a"  be  included  here  (and  not  in  Appendix  
4)?    I'm  surprised  no  guidance  is  provided  for  this  parameter  (such  as  recommending  
Weibull  or  Hazen).   

A plotting position formula is included here to demonstrate the simple case with complete data 
and introduce the concept to use empirical distributions to judge the goodness-of-fit of the LP-
III, as noted on page 23 lines 6-12. The recommendation for the parameter ‘a’ – Weibull - is 
presented in Appendix 4 (lines 3-5 page 71), where there is additional space to present Table 
4.1. These details are appropriate for the appendix rather than within the main body of the 
report. 

Page  23,  line  12.    While  the  plotting  position  is  symmetric,  the  distributions  these  are  
used  for  are  not  necessarily  symmetrical  (e.g.  LP-III).    I  suggest  removing  this  word.   

Revised as suggested. 



Page  24,  lines  10  and  11:    Change  to  ".  .  .  be  understood  using  the  skewness  
coefficient  rather  than  parameters."   

Phrase revised using ‘described’ instead of ‘understood’. 

Page  24,  lines  12  and  13:    Change  to  "(  >  0;    >  0)"   

Revised as suggested. 

Page  24,  line  14:    Change  to    "  >  0  (  >  0),"   

Revised as suggested. 

Page  24,  lines  21  and  22:    Change  to  ".  .  .  to  estimate  the  parameters  of  the  P-III  
distribution."   

Revised as suggested. 

Page  24,  line  34.    I'm  surprised  there  is  no  additional  unbiasing  factor  is  included  

for  the  coef  of  skew  (such  as  those  presented  in  Tasker  and  Stedinger  (WRB,  1986)  

or  Griffis  and  Stedinger  (J  Hydro  Eng,  2009).    While  I  understand  you  are  

recommending  EMA  and  regional  skew,  what  about  the  person  who  just  tries  to  use  

the  systematic  record  with  no  regional  skew  estimate?    While  I  know  this  is  not  

recommended,  some  practitioners  may  do  this.    Having  no  unbiasing  factor  

presented,  someone  may  use  the  at-site  skew  coefficient.      If  this  isn't  going  to  be  

included  (I  could  understand  that  by  including  it  there  may  be  a  perceived  notion  

that  this  is  recommended  in  the  Guidelines),  then  at  least  the  implications  of  using  

this  should  be  presented.      I  would  probably  also  show  the  common  Wilson-Hilferty  

transformation  as  well  to  get  the  frequency  factor  of  the  P-III  distribution.   

Skew coefficient unbiasing factors are not included for two reasons. First it is recommended to 
use EMA and regional skew. Unbiasing factors for skew are inappropriate for the censored data 
cases with single or multiple perception thresholds that EMA addresses (PILFs, historical 
periods, etc.) Second, in the case of a straight systematic record, it is recommended to use a 
regional skew estimate weighted with the at-site estimate, and the unbiasing factor does not 
result in a substantially improved estimate. We exclude it so that the user does not perceive that 
an unbiasing factor is recommended. As these are guidelines, we cannot protect against 
potential misuse by practitioners who choose to neglect regional skew estimates. The frequency 
factor equation (using the Wilson-Hilferty transformation Kp) is added. 

Page  25,  line  5.    It  is  unclear  what  recommendations  are  being  made  for  differences  in  
regional  and  station  skew  more  than  0.5  other  than  "careful  examination".    Does  a  
practitioner  have  the  knowledge  or  experience  to  make  such  an  assessment?   

The recommendation (page 25, lines 20-23) is to potentially give greater weight to the station 
skew, after considering data and flood characteristics. It is expected that a practitioner has 
knowledge to make such an assessment. 

Page  25,  line  15.    Change  "determined  by"  to  "is  a  function  of"   



Revised as suggested. 

Page  25,  section  starting  on  line  24.    A  lot  of  attention  has  been  put  on  PILFs.    It  
seems  like  this  has  been  justified  multiple  times  in  this  document,  including  once  again  
here  and  in  Appendix  5.    Couldn't  much  of  this  section  be  put  in  the  appendix?     

A lot of attention has been placed on PILFs because this is a new concept. The HFAWG had 
extensive discussions and work efforts to develop the MGBT from 2009 through 2013. This new 
concept is important enough to present multiple times and in multiple places – here and in 
Appendix 5. We retain the material here, rather than moving it to Appendix 5. Previous review 
comments received on drafts circulated through HFAWG, SOH, and the Public though the 
Federal register indicate it is appropriate to retain this material here. 

Page  26,  line  52.    It  should  be  stated  that  if  the  systematic  record  is  used  (no  historical  
information),  then  EMA  returns  the  MOM  estimators.    This  is  important  for  the  reader  
to  understand.    The  way  EMA  is  presented,  it  almost  seems  like  it's  a  totally  separate  
technique.   

Text revised in this section to clarify this important point – thanks for bringing this to our 
attention. We also point back to page 24 – the section “Parameter Estimation – Simple Case” to 
highlight this. 

Page  27,  Table  1:    If  a  ">"  is  provided,  is  a  "<"  also  needed?    If  so,  you  probably  
should  also  include  {XS<}.    I  would  also  include  Xh  and  Xl  in  this  table.   

The greater than “>” and less than “<” indicators are described in Table 1 and equations 13 
and 14. The Xs< is defined in equation 14 and is not needed in Table 1. The Xh and Xl terms are 
defined in the table for both > and <. 

Pages  27  and  28:    Similar  to  the  PILF  section,  the  EMA  is  described  here,  but  not  fully  
described.    Why  not  just  refer  the  reader  to  Appendix  6  and  shorten  this  section?    The  
next  section  (Record  Extension)  is  a  good  example  of  what  I'm  referring  to,  where  the  
technique  is  briefly  described  and  then  the  reader  is  told  there  is  additional  
implementation  information  in  the  appendix.   

We retain the length and presentation of PILF and EMA here because of their critical 
importance in at-site estimation, and the fact that these are the new concepts in Bulletin 17C. 
Record extension is not a new concept; only minor improvements are recommended (MOVE.3) 
to the existing material in 17B (Matalas-Jacobs). The length of each section, level of detail, and 
the amount of equations presented in the main text versus in Appendices were subject to much 
discussion and debate among the authors and HFAWG members. The length within the main 
document is the result of those discussions and compromises. 

Page  28,  line  66:    Is  "accuracy"  important?    How  do  you  measure  "accurate"?    It's  it  
more  important  that  it's  "representative"  (i.e.  wet  and  dry  years,  histograms  is  similar,  
etc.).     

This language was from Bulletin 17B. Replaced ‘accurate’ with ‘representative’ as suggested. 



Page  30,  paragraph  starting  on  line  12:    It  is  troubling  that  while  regional  skew  

coefficient  estimates  are  required,  there  is  little  help  provided  for  the  user  to  obtain  

these  other  than  to  consult  recent  studies  (which  ones?)  or  contact  the  USGS.    No  

advice  is  given  on  who  at  the  USGS  should  be  contacted  (line  20),  how  to  contact  

them,  etc.,  is  provided.      Since  this  is  such  an  important  issue,  I  think  a  USGS  

web  site  should  be  created  to  house  all  state/report  results  in  one  place  

(www.usgs.gov/regional_skew?).    This  might  even  have  contact  information  for  each  

state,  additional  guidance,  etc.   

 We completely agree with the importance of this issue. An existing web page does provide most 
of this information at https://acwi.gov/hydrology/Frequency/b17c/supplementary-
materials/reports.html.  We are moving this page and providing enhancements to it as suggested, 
including a status of all regional skew studies, links to reports, and contact information. This 
web page will be accessible from the main Bulletin 17C web page through the Hydrologic 
Frequency Work Group at https://acwi.gov/hydrology/Frequency/b17c/index.html so that users 
are aware of it. The language has been revised to provide clarity and help to users. 

Page  30,  section  starting  on  line  27:    It's  a  little  confusing  what  is  being  referred  to  

"when  making  flood  estimates  for  probabilities  more  rare  than  defined  by  the  

available  record."    Isn't  the  100-year  flood  "more  rare"  than  most  systematic  

records?    What  is  the  relationship  between  length  of  systematic  record  and  

exceedance  probability  that  triggers  this  concern?    While  some  discussion  is  given  

previously  (i.e.  at  least  10  years  with  an  informative  regional  skew  (page  2,  line  1)),  

it  is  difficult  for  this  reader  to  understand  when  the  exceedance  probability  of  the  

quantile  in  question  is  too  small  compared  to  the  record  length.    Related  to  this,  on  

lines  78-80,  it  says  "all  types  of  analyses  should  be  incorporated  .  .  .  exceedance  

probabilities  less  than  0.01  AEP."    Shouldn't  all  types  of  analyses  be  always  

considered?    Will  comparing  to  other  watershed  make  sense  when  those  watersheds  

already  have  limited  systematic  records?    The  following  section  which  describe  some  

of  these  techniques  do  not  provide  much  guidance  to  the  practitioner  and  are  

somewhat  vague  ("can  be  useful",  "informative",  "comparisons  can  be  made",  etc.).    

This  is  reiterated  on  page  32,  line  86-88.    Providing  some  guidance  might  help  

practioners.   

Appendix 9 has been revised to include general guidance to address this need. In most cases, 
when the purpose of the frequency analysis is to estimate quantiles with AEPs greater than or 
equal to about 0.01 (1 in 100), the systematic records, regional skew estimates, and published 
quantile estimates are sufficient. When records are particularly short (less than 30 years), 
record extension or quantile weighting is recommended. When extrapolating frequency curves 
and estimating probabilities with AEPs less than about 0.01, all types of analysis are 
recommended. Additional research and future studies that are described on pages 33-35 
(particularly items 3 and 4) are needed prior to providing more guidance.  The HFAWG did not 
study these methods in sufficient detail to provide guidance for this version. However, many 
references are provided to literature with methods that may be considered by users. We 

https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
https://acwi.gov/hydrology/Frequency/b17c/index.html


anticipate providing such guidance as part of future activities. One interesting challenge is to 
reconcile the different distributions and their shapes, as flood estimates from rainfall-runoff 
models may not be LP3, and have different tail behaviors. Estimates of quantile variance from 
rainfall-runoff models are also needed and not routinely available in practice. 

Page  32,  line  5:  If  the  model  is  calibrated  to  flows  in  the  systematic  record,  then  the  
these  "estimators"  will  not  necessarily  be  independent,  correct?    In  this  sentence,  should  
"estimate"  be  "estimators"?   

When the model is calibrated to individual flood events in the systematic record, or a continuous 
time series of floods, quantiles from the model can be assumed to be independent of flood 
frequency estimates using the recommended procedures. If the rainfall-runoff model quantile 
estimates are calibrated to a flow frequency curve, they are not independent. This paragraph is 
intended to address the case of independent estimates. The term ‘estimates’ is appropriate. 

Page  32,  line  24:    I  would  remove  "recently"  from  this  sentence.    2007  is  almost  10  
years  ago.   

Revised as suggested. 

Page  32,  line  36:  I  think  this  method  should  be  discussed  in  more  detail.    Regional  
regression  estimators  are  often  available  throughout  the  country  (e.g.  via  StreamStats).    If  
weighting  at-site  estimators  with  regional  regression  estimators  provides  an  improvement,  
shouldn't  this  be  considered?   

The recommended procedure in this paragraph is quantile weighting of a regional regression 
estimate with an at-site estimate. Details and an example are provided in Appendix 8, and cover 
the need for discussion in more detail. The StreamStats information is described in the Section 
“Regional Information and Nearby Sites”, with appropriate references. 

Page  32:    There  are  some  formatting  issues  with  the  right  margin  of  the  2nd  column  
("FEMA"  and  "regional").   

Agreed; issue will be corrected as part of the USGS editorial review process. 

Appendix  3:    I  think  this  is  a  great  addition  to  this  document.    It  is  well  motivated  and  
clear.   

We thank you for this positive comment in support of this revision. 

Appendix  4:    I  think  the  Guidelines  should  recommend  an  "a"  parameter  in  the  plotting  
position.    Table  4-1  adds  more  confusion  than  help.    Why  even  include  Blom's  or  other  
plotting  position  that  shouldn't  be  considered?       

As noted in a previous response, the recommendation for the parameter ‘a’ – Weibull - is 
presented in Appendix 4 (lines 3-5 page 71). Table 4 has been modified to reflect alternate 
values that may be considered. 



Appendix  7:    It  is  not  clear  when  you  should  use  MOVE.3.    You  mention  that  you  
need  at  least  a  10  year  record  for  MOVE.3  (page  91  line  40),  and  a  10  year  record  to  
perform  a  frequency  analysis  (page  2  line  1).    When  should  you  use  MOVE?    This  
should  also  be  discussed  on  page  28.   

Clarifying text has been added to both Appendix 7 and on page 28, as suggested. 

Appendix  8:    Some  discussion  is  warranted  regarding  the  situation  where  the  site  of  
interest  was  used  to  develop  the  regional  regression  model.    In  this  situation,  Xsite,i    
and  Xreg,i  may  not  be  independent.    How  should  someone  handle  this?    In  the  ideal  
world,  the  site  would  be  removed  when  developing  the  regional  regression  model.    As  
similar  problem  could  occur  with  estimating  weighted  skew.   

We have revised the text in Appendix 8 to specifically address this situation – if the at-site 
estimate is used to develop the regression model, quantile weighting is inappropriate as the 
estimates are not independent. 

Appendix  8:    Again,  it  is  unclear  when  someone  should  or  shouldn't  do  this  weighting.    
Perhaps you should recommend comparing Vsite,i and Vweighted, i and choosing the estimator 
with the smaller variance? 

The guidance is provided in the current draft on page 32, lines 16-19. Appendix 8 is revised to 
provide guidance based on record length.  

Appensix 9, Table 9.2: I went to NWIS and examined the flows from this site. For 2 years, the 
code "# 2 ... Gage height not the maximum for the year" is used. Some discussion of this code 
should be included in this analysis. 

These gage height codes are not used in estimating perception thresholds or flow intervals for 
this site. Appendix 2 Data Sources is modified to address this issue by reminding users to be 
familiar with codes in the USGS NWIS database and providing a link to the code definitions. 

Appendix  9,  Table  9.3:    It's  a  little  weird  for  QY,lower  =  QY,upper  for  every  data  
point.  Won't  this  always  be  the  case  for  the  systematic  record?    If  so,  is  this  table  even  
needed?   

All the examples presented in Appendix 9 use a common presentation with identical table that 
show data, flow intervals, and perception thresholds. The tables show the data and estimates 
used in frequency analysis so that the results are reproducible. For a systematic record, QY,lower 
is not always equal to QY,upper.  

 

Appendix  9,  Page  114,  line  8:    Why  is  the  at-site  skew  skew  used  as  the  station  

skew?    You  have  the  at-site  skew  and  the  regional  skew,  and  the  estimated  MSE  of  

these  estimators.    Shouldn't  a  weighted  skew  be  used?   

Yes – text corrected to note the weighted skew value shown in Figure 9.2. 



Appendix  9,  1st  case  study:  I'm  disappointed  that  more  information  isn't  given  for  the  
practitioner  to  estimate  the  flood  quantiles  on  their  own.    It  seems  like  there  is  an  
expectation  that  everyone  will  use  the  software  for  this.    I  would  prefer  that  you  showed  
the  standard  Qp  =  exp(uy  +  Kpsigy)  and  how  the  Wilson-Hilferty  transformation  can  be  
used  to  get  Kp.   

The examples focus on and encourage the use of software, because the full inclusion of flow 
intervals, perception thresholds, and iterative EMA calculations with regional skew and 
confidence intervals are not amenable to hand calculations. A quantile frequency factor equation 
with the Wilson-Hilferty transformation has been added to the main text (Section Parameter 
Estimation: Simple Case). The tables of K values (Appendix 3 in Bulletin 17B) has been 
eliminated in this edition. 

 




