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FOREWORD 

An accurate estimate of the flood damage potential is a key element to 

an effective, nationwide flood damage abatement program. Further, there is 

an acute need for a consistent approach to such estimates because management 

of the nation's water and related land resources is shared among various 

levels of government and private enterprise. To obtain both a consistent 

and accurate estimate of flood losses requires development, acceptance, and 

widespread application of a uniform, consistent and accurate technique for 

determining flood-flow frequencies. 

In a pioneer attempt to promote a consistent approach to flood-flow 

frequency determination, the U.S. Water Resources Council in December 1967 

published Bulletin No. 15, "A Uniform Technique for Determining Flood Flow 

Frequencies." The technique presented therein was adopted by the Council 

for use in all Federal planning involving water and related land resources. 

The Council also recommended use of the technique by::State, local government, 

and private organizations. Adoption was based upon the clear understanding 

that efforts to develop methodological improvements in the technique would 

be continued and adopted when appropriate. 

An extension and update of Bulletin No. 15 was published in March 1976 

as Bulletin No. 17, "Guidelines for Determining Flood Flow Frequency." It 

presented the currently accepted methods for analyzing peak flow frequency 

data at gaging stations with sufficient detail to promote uniform applica- 

tion. The guide was a synthesis of studies undertaken to findmethod- 

ological improvements and a survey of existing literature on peak flood 

flow determinations. 

* The present guide is the second revision of the original publication 
* 
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* 
and improves the methodologies. It revises and expands some of the * 

techniques in the previous editions of this Bulletin and offers a further 

explanation of other techniques. It is the result of a continuing effort 

to develop a coherent set of procedures for accurately defining flood 

potentials. Much additional study is required before the two goals 

of accuracy and consistency will be fully attained. All who are interested 

in improving peak flood-flow frequency determinations are encouraged 

to submit comments, criticism and proposals to the Office of Water 

Data Coordination for consideration by the I-lydroloqv Subcommittee. 

Federal agencies are requested to use these guidelines in all planning 

activities involving water and related land resources. State, local 

and private organizations are encouraged to use these guidelines also 

to assure more uniformity, compatibility, and comparability in the frequency 

values that all concerned agencies and citizens must use for many vital 

decisions. 

This present revision is adopted with the knowledge and understanding 

T hat review of these procedures will continue. When warranted by experience 

and by examination and testing of new techniques, other revisions will 
* 

be publlshed. 
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I. Introduction 

In December 1967, Bulletin No. 15, 'A Uniform Technique for Determining 

Flood Flow Frequencies," was issued by the Hydrology Committee of the 

Water Resources Council, The report recommended use of the Pearson Type 

III distribution with log transformation of the data (log-Pearson Type 

III distribution) as a base method for flood flow frequency studies. 

As pointed out in that report, further studies were needed covering various 

aspects of flow frequency determinations. 

+ In March 1976, Bulletin 17, "Guidelines for Determining Flood Flow 

Frequency" was issued by the Water Resources Council. The guide was an 

extension and update of Bulletin No. 15. It provided a more complete 

guide for flood flow frequency analysis incorporating currently accepted 

technical methods with sufficient detail to promote uniform application. 

It was limited to defining flood potentials in terms of peak discharge 

and exceedance probability at locations where a systematic record of peak 

flood flows is available. The recommended set of procedures was selected 

from those used or described in the literature prior to 1976, based on 

studies conducted for this purpose at the Center for Research in Water 

Resources of the University of Texas at Austin (summarized in Appendix 

14) and on studies by the Work Group on Flood Flow Frequency. + 

=i% The "Guidelines" were revised and reissued in June 7977 as Bulletin 

17A. Bulletin 17B is the latest effort to improve and expand upon the 

earlier publications. Bulletin 17B provides revised procedures for weighting 

a station skew value with the results from a generalized skew study, detect- 

ing and treating outliers, making two station comparisons, and computing con- 

fidence limits about a frequency curve. The Work Group that prepared this 

revision did not address the suitability of the orlginal distribution 

or ,the generalized skew map. # 

Major problems are encountered when developing guides for flood flow 

frequency determinations. There is no procedure or set of procedures that 

can be adopted which, when rigidly applied to the available data, will 

accurately define the flood potential of any given watershed. Statistical 

analysis alone will not resolve all flood frequency problems. As discussed 



in subsequent sections of this guide, elements of risk and uncertainty 

are inherent in any flood frequency analysis. User decisions must be 

based on properly applied procedures and proper interpretation of results 

considering risk and uncertainty. Therefore, the judgment of a profes- 

sional experienced in hydrologic analysis will enhance the usefulness 

of a flood frequency analysis and promote appropriate application. 

It is possible to standarize many elements of flood frequency analysis, 

This guide describes each major element of the process of defining the . . ..-̂  . _ 
flood potential at a specific location in terms of peak discharge and 

exceedance probability. Use is confined to stations where available 

records are adequate to warrant statistical analysis of the data. Special 

situations may require other approaches. In those cases where the proce- 

dures of this guide are not followed, deviations must be supported by 

appropriate study and accompanied by a comparison of results using the 

recommended procedures. 

As a further means of achieving consistency and improving results, 

the Work Group recommends that studies be coordinated when more than 

one analyst is working currently on data for the same location. This 

recommendation holds particularly when defining exceedance probabilities 

for rare events, where this guide allows more latitude. 

Flood records are limited, As more years of record become available 

at each location, the determination of flood potential may change. 

Thus, an estimate may be outdated a few years after it is made. Additional 

flood data alone may be sufficient reason for a fresh assessment of 

the flood potential. When making a new assessment, the analyst should incor- 

porate in his study a review of earlier estimates. Where differences 

appear, they should be acknowledged and explained. 

I I. Summary 

This guide describes the data and procedures for computing flood 

flow frequency curves where systematic stream gaging records of sufficient 

length (at least 10 years) to warrant statistical analysis are available 

as the basis for determination. The procedures do not cover watersheds 
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where flood flows are appreciably altered by reservoir regulation or 

where the possibility of unusual events, such as dam failures, must be 

considered. The guide was specifically developed for the treatment of 

annual flood peak discharge. It is recognized that the same techniques 

‘could also be used to treat other hydrologic elements, such as flood 

volumes. Such applications, however, were not evaluated and are not 

intended. 

The guide is divided into six broad sections which are summarized 

below: 

A. Information to be Evaluated 

The following categories of flood data are recognized: systematic 

records, historic data, comparison with similar watersheds, and flood 

estimates from precipitation. Mow each can be used to define the flood 

potential is briefly described. 

13. Data Assumptions 

A brief discussion of basic data assumptions is presented as a reminder 

to those developing flood flow frequency curves to be aware of potential 

data errors. Natural trends, randomness of events, watershed changes, 

mixed populations , and reliability of flow estimates are briefly discussed. 

c. Determination of the Frequency Curve 

This section provides the basic guide for determination of the fre- 

quency curve. The main thrust is determination of the annual flood series. 

Procedures are also recommended to convert an annual to partial-duration 

flood series. 

The Pearson Type III distribution with log transformation of the 

flood data (log-Pearson Type III) is recommended as the basic distribution 

for defining the annual flood series. The method of moments is used to de- 

termine the statistical parameters of the distribution from station data. 

4Generalized relations are used to modify the station skew coefficient. -95 

Methods are proposed for treatment of most flood record problems encoun- 

‘%ered. Proce dures are described for refining the basic curve determined 

from statistical analysis of the systematic record and historic flood data 

to incorporate information gained from comparisons with similar watersheds ~ 

and flood estimates from precipitation. 
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uo Kellabl Ilt;y AppllCatlOnS 

Procedures for computing confidence limits to the frequency curve are 

provided along with those for calculating risk and for making expected prob- 

ability adjustments. 

E. Potpourri 

This section provides information of interest but not essential to the 

guide, including a discussion of non-conforming special situations, plotting 

positions, and suggested future studies. 

F. Appendix 

The appendix provides a list of references, a glossary and list of 

B 
ymbols, tables of K values, the computational details for treating most 

of the recommended procedures , information about how to obtain a computer 

program for handling the statistical analysis and treatment of data, and a c 

summary of the report ("Flood Flow Frequency Techniques") describing studies 

made at the University of Texas which guided selection of some of the pro- 

cedures proposed, 

III, Information to be Evaluated 

When developing a flood flow frequency curve, the ana7yst should con- 

sider all available information. The four general types of data which can 

be included in the flood flow frequency analysis are described in the follow- 

ing paragraphs. Specific applications are discussed in subsequent sections. 

A. Systematic Records 

Annual peak discharge information is observed systematically by many 

Federal and state agencies and private enterprises. Most annual peak 

records are obtained either from a continuous trace of river stages or from 

periodic observations of a crest-stage gage. Crest-stage records may provide 

information only on peaks above some preselected base. A major portion of 

these data are available in U.S. Geological Survey (USGS) Water Supply 

Papers and computer files, but additional information in published or 

unpublished form is available from other sources. 



A statistical analysis of these data 

determination of the flow frequency curve 

B. Historic Data 

is the primary basis for the 

for each station. 

At many locations, particularly where man has occupied the flood 

plain for an extended period, there is information about major floods 

which occurred either before or after the period of systematic data 

collection, This information can often be used to make estimates of 

peak discharge. It also often defines an extended period during which 

the largest floods, either recorded or historic, are known. The USGS 

includes some historic flood information in its published reports and 

computer files. Additional information can sometimes be obtained from 

the files of other agencies or extracted from newspaper files or by 

intensive inquiry and investigation near the site for which the flood 

frequency information is needed, 

Historic flood information should be obtained and documented 

whenever possible, particularly where the systematic record is relatively 

short. Use of historic data assures that estimates fit community experi- 

ence and improves the frequency determinations. 

C. Comparison With Similar Watersheds 

Comparisons between computed frequency curves and maximum flood 

data of the watershed being investigated and those in a hydrologically 

similar region are useful for identification of unusual events and for 

testing the reasonableness of flood flow frequency determinations. 

Studies have been made and published [e.g., (l), (2), (3), (4)1* which 

permit comparing flood frequency estimates at a site with generalized 

estimates for a homogeneous region. Comparisons with information at 

stations in the immediate region should be made, particularly at gaging 

stations upstream and downstream, to promote regional consistency and 

help prevent gross errors. 

*Numbers in parentheses refer to numbered references in Appendix 1. 
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D. Flood Estimates From Precipitation 

Flood discharges estimated from climatic data (rainfall and/or 

snowmelt) can be a useful adjunct to direct streamflow measurements. 

Such estimates, however, require at least adequate climatic data and a 

valid watershed model for converting precipitation to discharge. 

Unless such models are already calibrated to the watershed, considerable 

effort may be required to prepare such estimates. 

Whether or not such studies are made will depend upon the availabilit, 

of the information, the adequacy of the existing records, and the exceedar 

probability which is most important, 

IV. Data Assumptions 

Necessary assumptions for a statistical analysis are that the array 

of flood information is a reliable and representative time sample of 

random homogeneous events. Assessment of the adequacy and applicability 

of flood records is therefore a necessary first step in flood frequency 

analysis, This section discusses the effect of climatic trends, randomnes 

of events, watershed changes, mixed populations, and reliability of flow 

estimates on flood frequency analysis. 

A. Climatic Trends 

There is much speculation about climatic changes. Available 

evidence indicates that major changes occur in time scales involving 

thousands of years. In hydrologic analysis it is conventional to ._-. . 
assume flood flows are not affected by climatic trends or cycles. 

Climatic time invariance was assumed when -developing this guide. 

B. Randomness of Events 

In general, an array of annual maximum peak flow rates may be 

considered a sample of random and independent events, Even when statis- 

tical tests of the serial correlation coefficients indicate a significant 

deviation from this assumption, the annual peak data may define an unbiase 

estimation of future flood activity if other assumptions are attained. 

The nonrandomness of the peak series will, however, increase the degree 
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of uncertainty in the relation; that is, a relation based upon nonrandom 

data will have a degree of reliability attainable from a lesser sample 

of random data (5), (6). 

C. Watershed Changes 

It is becoming increasingly difficult to find watersheds in which 

the flow regime has not been altered by man's activity. Man's activities 

which can change flow conditions include urbanization, channelization, 

levees, the construction of reservoirs, diversions, and alteration of 

cover conditions. 

Watershed history and flood records should be carefully examined to 

assure that no major watershed changes have occurred during the period of 

record. documents which accompany flood records often list such changes. 

All watershed changes which affect record homogeneity, however, might 

not be listed; unlisted, for instance, might be the effects of urbaniza- 

tion and the construction of numerous small reservoirs over a period of 

several years. Such incremental changes may not significantly alter the 

flow regime from year to year but the cumulative effect can after several 

years. 

Special effort should be made to identify those records which are 

not homogeneous. Only records which represent relatively constant 

watershed conditions should be used for frequency analysis. 

13. Mixed Populations 

At some locations flooding is created by different types of events. 

For example, flooding in some watersheds is created by snowmelt, rainstorms, 

or by combinations of both snowmelt and rainstorms. Such a record may 

not be homogeneous and may require special treatment. 

E. Reliability of Flow Estimates 

Errors exist in streamflow records, as in all other measured 

values. Errors in flow estimates are generally greatest during maximum 

flood flows. Measurement errors are usually random3 and the variance 

introduced is usually small in comparison to the year-to-year variance 

in flood flows. The effects of measurement errors, therefore, may 
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normally be neglected in flood flow frequency analysis. Peak flow 

estimates of historic floods can be substantially in error because of the 

uncertainty in both stage and stage-discharge relationships. 

At times errors will be apparent or suspected. If substantial, the 

errors should be brought to the attention of the data collecting agency 

with supporting evidence and a request for a corrected value, A more 

complete discussion of sources of error in streamflow measurement is 

found in (7). 

V. Determination of Frequency Curve 

A. Series Selection 

Flood events can be analyzed using either annual or partial-duration 

series. The annual flood series is based on the maximum flood peak for 

each year. A partial-duration series is obtained by taking all flood 

peaks equal to or greater than a predefined base flood. 

If more than one flood per year must be considered, a partial- 

duration series may be appropriate. The base is selected to assure that 

all events of interest are evaluated including at least one event per 

time period. A major problem encountered when using a partial-duration 

series is to define flood events to ensure that all events are independent, 

It is common practice to establish an empirical basis for separating 

flood events. The basis for separation will depend upon the investigator 

and the intended use. No specific guidelines are recommended for defining 

flood events to be included in a partial series. 

A study (8) was made to determine if a consistent relationship 

existed between the annual and partial series which could be used&to 

convert from the annual to the partial-duration series. Based on this 

study as summarized in Appendix 14, the Work Group recommends that the 

partial-duration series be developed from observed data. An alternative 

but less desirable solution is to convert from the annual to the partial- 

duration series. For this, the first choice is to use a conversion 

factor specifically developed for the hydrologic region in which the 
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gage is located. The second choice is to use published relationships 

[e.g., WI l 

Except for the preceding discussion of the the partial-duration 

series, the procedures described in this guide apply to the annual flood 

series. 

6. Statistical Treatment 

1. The Distribution--Flood events are a succession of natural 

events which, as far as can be determined, do not fit any one specific 

known statistical distribution. To make the problem of defining flood 

probabilities tractable it is necessary, however, to assign a distribution. 

Therefore, a study was sponsored to find which of many possible distribu- 

tions and alternative fitting goods mr&l best m@t the purposes of this 

guide. This study is summarized in Appendix 14. The Work Group concluded 

from this and other studies that the Pearson Type III distribution with 

log transformation of the data (log-Pearson Type III distribution) 

should be the base method for analysis of annual series data using a 

generalized skew coefficient as described in the following section. 

2. Fitting the Distribution--The recommended technique for fitting 

a log-Pearson Type III distribution to observed annual peaks is to 

compute the base 10 logarithms of the discharge, Q, at selected exceedance 

probability, P, by the equation: 

Log Q=X+KS (1) 

where x and S are as defined below and K is a factor that is a function 

of the skew coefficient and selected exceedance probability. Values of 

K can be obtained from Appendix 3. 

The mean, standard deviation and skew coefficient of station data 

may be computed using the following equations: 



S = 

= [ (XX;; 1 fX)'/N ] 

G = NX(X-X 
13 

(N - l)(N - 2)S3 

(34 

0.5 

= N*( ZX3) - 3N(C X)(X X2) -I- 2Lr: Xl3 

N(N-l)(N-2)S3 

(W 

(44 

(4b) 

in which: 

X = logarithm of annual peak flow 

N = number of items in data set 

x = mean logarithm 

S = standard deviation of logarithms 

G = skew coefficient of logarithms 

Formulas for computing the standard errors for the statistics x, S, 

and G are given in Appendix 2. The precision of values computed with 

equations 3b and 4b is more sensitive than with equations 3a and 4a 

to the number of significant digits used in their calculation, When 

the available computation facilities only provide for a limited number 

of significant digits, equations 3a and 4a are preferable. 

* 3. Estimating Generalired Skew--The skew coefficient of the station 

record (station skew) is sensitive to extreme events; thus it is difficult 

to obtain accurate skew estimates from small samples. The accuracy of the 

estimated skew coefficient can be improved by weighting the station skew 

with generalized skew estimated by pooling information from nearby sites. 

The following guidelines are recommended for estimating generalized skew.& 
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Guidelines on weighting station and generalized skew are provided in the 

next section of this bulletin, 

The recommended procedure for developing generalized skew coefficients 

requires the use of at least 40 stations, or all stations within a JOO- 

mile radius. The stations used should have 25 or more years of record. 

It is recognized that in some locations a relaxation of these criteria 

may be necessary. The actual procedure includes analysis by three methods: 

1) skew isolines drawn on a map; 2) skew prediction equation; and 3) 

the mean of the station skew values. Each of the methods are discussed 

separately. 

To develop thecysoline map, plot each station skew value at the cen- -._- 
troid of its drainage basin and examine the plotted data for any geographic 

or topographic trends. If a pattern is evident, then isolines are drawn 

and the average of the squared differences between observed and isoline 

values, mean-square error (MSE), is computed. The MSE will be used in 

appraising the accuracy of the isoline map. If no pattern is evident, 

then an isoline map cannot be drawn and is therefore, not further considered. 

A, prediction equation should be developed that would relate either 

the station skew coefficients or the differences from the isoline map 

to predictor variables that affect the skew coefficient of the station 

record. These would include watershed and climatologic variables. The 

prediction equation should preferably be used for estimating the skew 

coefficient at stations with variables that are within the range of data 

used to calibrate the equation. The MSE (standard error of estimate 

squared) will be used to evaluatethe accuracy of the preciction equation. 

Determine the arithmetic mean and variance of the skew coefficients 

for all stations. In some cases the variability of the runoff regime 

may be so large as to preclude obtaining 40 stations with reasonably 

homogeneous hydrology. In these situations, the arithmetic mean and 

variance of about 20 stations may be used to estimate the generalized 

skew coefficient. The drainage areas and meteorologic, topographic, and 

geologic characteristics should be representative of the region around 

the station of interest. 

Select the method that provides the most accurate skew coefficient 
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* estimates. Compare the MSE from the isoline map to the MSE for the pre- 

diction equation. The smaller MSE should then be compared to the variance 

of the data. If the MSE is significantly smaller than the variance, the 

method with the smaller MSE should be used and that MSE used in equation 5 

for MSEc If the smaller MSE is not significantly smaller than the vari- 

ance, neither the isoline map nor the prediction equation provides a 

more accurdte estimate of the skew coefficient than does the mean Vale. 

The mean skew coefficient should be used aS 'it provides tne most accurate 

estimate and the variance should be used in equation 5 for aEgo 

In the absence of detailed studies the generalized skew (c) can be 

read from Plate I found in the flyleaf pocket of this guide. This map 

of generalized skew was developed when this bulletin was first introduced 

and has not been changed. The procedures used to develop the statistical 

analysis for the individual stations do not conform in all aspects to 

the procedures recommended in the current guide. However, Plate I is 

still considered an alternative for use with the guide for those who prefer 

not to develop their own generalized skew procedures. 

The accuracy of a regional generalized skew relationship is generally 

not comparable to Plate I accuracy. While the average accuracy of Plate I 

is given, the accuracy of subregions within the United States are not 

given. A comparison should only be made between relationships that cover 

approximately the same geographical area. Plate I accuracy would be 

directly comparable to other generalized skew relationships that are 

applicable to the entire country. 

4. Weighting the Skew Coefficient--The station and generalized 

skew coefficient can be combined to form a better estimate of skew for 

a given watershed. Under the assumption that the generalized skew is 

unbiased and independent of station skew, the mean-square error (MSE) 

of the weighted estimate is minimized by weighting the station and 

generalized skew in inverse proportion to their individual mean-square 

errors. This concept is expressed in the following equation adopted 

from Tasker (39) which should be used in computing a weighted skew co- 

efficient: 

Gw = 
MS+(G) + MSEC(Q 

MSEg + MSEC 

12 



i(- where Gw = weighted skew coefficient 

G = station skew 

% = generalized skew 

MSEc = mean-square error of generalized skew 

MSEG = mean-square error of station skew 

Equation 5 can be used to compute a weighted skew estimate regardless 

of the source of generalized skew, provided the MSE of the generalized 

skew can be estimated. When generalized skews are read from Plate I, 

the value of MSEc = 0.302 should be used in equation 5. The MSE of the 

station skew for log-Pearson Type III random variables can be obtained 

from the results of Monte Carlo experiments by Wallis, Matalas, and Slack 

(40). Their results show that the MSE of the logarithmic station skew 

is a function of record length and population skew. For use in calculat- 

ing Gwl this function (MSEG) can be approximated with sufficient 

accuracy by the equation: 

[A - B ~Lw10(W10)9] 
MSEG "-10 (6) 

Where A = -0.33 f O.OSlGl if IGI LO.90 

-0.52 f 0.3OlGI if IGi >0.90 

B = 0.94 - 0.26IGI if IGI 51.50 

0.55 if IGJ >I.50 

in which IGJ is the absolute value of the station skew (used as an 

estimate of population skew) and N is the record length in years. If 

the historic adjustment described in Appendix 6 has been applied, the 

historically adjusted skew,%, and historic period, H, are to be used 

for G and N, respectively, in equation 6. For convenience in manual 

computations, equation 6 was used to produce table 1 which shows MSEG 

values for selected record lengths and station skews. 
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TABLE 1, - SUbiMARY OF MEAN SQUARE ERROR OF STATION SKEW AS A FUNCTION OF RECORD LENGTH AND STATION SKEW. Jt 

0.6 
0.1 
3.2 

3 (3:; 0 

0 5 . 
0 l et 
0.7 
3-c 

it.9 
1 l 0 

1.1 

z 1-2 

I.3 

1.4 

1:; 1 F 

1.7 

1.E 
I.9 
2.0 
2. f 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2 .P 
2.9 
3.0 

* 



* Application of equation 6 and table 1 to stations with absolute skew 

values (logs) greater than 2 and long periods of record gives relatively 

little weight to the station value. Application of equation 5 may also 

give improper weight to the generalized skew if the generalized and station 

skews differ by more than 0.5. In these situations, an examination of 

the data and the flood-producing characteristics of the watershed should 

be made and possibly greater weight given to the station skewe * 

5. Broken Record--Annual peaks for certain years may be missing 

because of conditions not related to flood magnitude, such as gage 

removal. In this case, the different record segments are analyzed as 

a continuous record with length equal to the sum of both records, unless 

there is some physical change in the watershed between segments which may 

make the total record nonhomogeneous. 

6. Incomplete Record--An incomplete record refers to a streamflow 

record in which some peak flows are missing because they were too low 

or too high to record, or the gage was out of operation for a short 

period because of flooding. Missing high and low data require different 

treatment. 

When one or more high annual peaks during the period of systematic 

record have not been recorded, there is usually information available 

from which the peak discharge can be estimated. In most instances the 

data collecting agency routinely provides such estimates. If not, and 

such an estimate is made as part of the flood frequency analysis, it 

should be documented and the data collection agency advised. 

At some crest gage sites the bottom of the gage is not reached 

*in some years. For this situation use of the conditional probability 

adjustment is recommended as described in Appendix 5. 
+e 

7. Zero Flood Years--Some streams in arid regions have no flow 

for the entire year. Thus, the annual flood series for these streams 

will have one or more zero flood values. This precludes the normal 

statistical analysis of the data using the recommended log-Pearson Type III 

++distribution because the logarithm bf zero is minus infinity. The condi- 

tional probability adjustment is recommended for determining frequency 

curves for records with zero flood years as described in Appendix 5. # 

15 



8. Mixed Population--Floodin-g in some w,atersheds is created by 

different types of events. This results in flood frequency curves with 

abnormally large skew coefficients reflected by abnormal slope changes 

when plotted on logarithmic normal probability paper. In some situations 

the frequency curve of annual events can best be described by computing 

separate curves for each type of event. The curves are then combined. 

Two examples of combinations of different types of flood-producing 

events include: (1) rain with snowmelt and (2) intense tropical storms 

with general cyclonic storms. Hydrologic factors and relationships oper 

ating during general winter rain flood are usually quite different from 

those operating during spring snowmelt floods or during local summer 

cloudburst floods. One example of mixed population is in the Sierra 

Nevada region of California. Frequency studies there have been made 

separately for rain floods which occur principally during the months 

of November through March, and for snowmelt floods, which occur during 

the months of April through July. Peak flows were segregated by cause-- 

those predominately caused by snowmelt and those predominately caused 

by rain. Another example is along the Atlantic and Gulf Coasts, where 

in some instances floods from hurricane and nonhurricane events have 

been separated, thereby improving frequency estimates. 

When it can be shown that there are two or more distinct and genera 

independent causes of floods it may be more reliable to segregate the 

flood data by cause, analyze each set separately, and then to combine 

the data sets using procedures such as described in (11). Separation 

by calendar periods in lieu of separation by events is not considered 

hydrologically reasonable unless the events in the separate periods are 

clearly caused by different hydrometeorologic conditions. The fitting 

procedures of this guide can be used to fit each flood series separately 

with the exception that generallzed skew coefficients cannot be used 

unless developed for specific type events being examined. 

If the flood events that are believed to comprise two or more popul 

tions cannot be identified and separated by an objective and hydrologic- 

ally meaningful criterion, the record shall be treated as coming from 

one population. 
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-Ifi- 9. Outliers--Outliers are data points which depart significantly 

from the trend of the remaining data, The retention, modification, 

deletion of these outiiers can significantly affect the statistical 

parameters computed from the data, especially for small samples. All 

procedures for treating outliers ultimately require judgment involving 

both mathematical and hydrologic considerations. The detection and 

treatment of high and low outliers are described below, and are outlined 

on the flow chart in Appendix 12 (figure 12-3), 

If the station skew is greater than +0.4, tests for high outliers 

are considered first, If the station skew is less than -0.4 tests for 

low outliers are considered first. Where the station skew is between 

2 0.4, tests for both high and low outliers should be applied before 

eliminating any outliers from the data set, 

The following equation is used to detect high outliers: 

xH 
= x + KWS (7) 

where XH = high outlier threshold in log units 

x = mean logarithm of systematic peaks (X's) excluding zero flood 

events9 peaks below gage base, and outliers previously 

detected. 

S = standard deviation of X's 

KN 
= K value from Appendix 4 for sample size N 

If the logarithms of peaks in a sample are greater than XH in equation 

7 then they are considered high outliers. Flood peaks considered high 

outliers should be compared with historic flood data and flood information 

at nearby sites. If information is available which indicated a high 

outlier(s) is the maximum in an extended period of time, the outlier(s) 

is treated as historic flood data as described in Section V.B,lO. If 

useful hl'storic information is not available to adjust for high outliers, 

then they should be retained as part of the systematic record. The treat- 

ment of all historic flood data and high outliers should be well documented 

in the analysis. * 
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* The following equation is used to detect low outliers: 

XL = x - KNS h-4 

where XL = low outlier threshold in log units and the other terms are a: 

defined for equation 7. 

If an adjustment for historic flood dai;a has previously been made, 

then the following equation is used to detect low outliers: 

xL 
=x - KH: (8b) 

where XL = low outlier threshold in log units 

KH 
= K value from Appendix 4 for period used to compute% and? 

% = historically adjusted mean logarithm 

-Y = historically adjusted standard deviation 

If the logarithms of any annual peaks in a sample are less than XL in 

equation 8a or b, then they are considered low outliers. Flood peaks 

considered low outliers are deleted from the record and the conditional 

probability adjustment described in Appendix 5 is applied. 

If multiple values that have not been identified as outliers by th 

recommended procedure are very close to the threshold value, it may be 

desirable to test the sensitivity of the results to treating these valu 

as outliers. 

Use of the K values from Appendix 4 is equivalent to a one-sided t 

that detects outliers at the 10 percent level of significance (38). Th 

K values are based on a normal distribution for detection of single out 

liers. In this Bulletin, the test is applied once and all values above 

the equation 7 threshold or below that from equation 8a or b are consid 

outliers. The selection of this outlier detection procedure was based 

testing several procedures on simulated log-Pearson Type III and observ 

flood data and comparing results. The population skew coefficients for 

the simulated data were between 4 1.5, with skews for samples selected 

from these populations rangina between -3.67 and +3.25. The skew value 



'for the observed data were between -2.19 and t2.80. Other test procedures 

evaluated included use of station, generalized, weighted, and zero skew. 

The selected procedure performed as well or better than the other pro- 

cedures while at the same time being simple and easy to apply. Based on 

these results, this procedure is considered appropriate for use with the 

log-Pearson Type III distribution over the range of skews, 4 3. 

10. Historic Flood Data - Information which indicates that any flood 

peaks which occurred before, during, or after the systematic record 

are maximums in an extended period of time should be used in frequency 

computations. Before SUCII data are used, the reliability of the data, 

the peak discharge magnitude, changes in watershed conditions over the 

extended period of time, and the effects of thasc on the computed frequency 

curve must all be evaluated by the analyst. The adjustment described 

in Appendix 6 is recommended when historic data are used. The underlying 

assumption to this adjustment is that the data from the systematic record 

is representative of the intervening period between the systematic and 

historic record lengths. Comparison of results from systematic and 

historically adjusted analyses should be made. 

The hjstoric information should be used unless the comparison 

of the two analyses, the magnitude of the observed peaks, or other 

factors suggest that the historic data are not indicative of the ex- 

tended record. All decisions made should be thoroughly documented. 

C. Refinements to Frequency Curve 

The accuracy of flood probability estimates based upon statistical 

analysis of flood data deteriorates for probabilities more rare than 

those directly defined by the period of systematic record. This is 

partly because of the sampling error of the statistics from the station 

data and partly because the basic underlying distribution of flood 

data is not known exactly, 

Although other procedures0 for estimating floods on a watershed 

and flood data from adjoining watersheds can sometimes be used for evalu- 

ating flood levels at high flows and rare exceedance probabilities; 
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procedures for doing so cannot be standardized to the same extent as the 

procedures discussed thus far. The purpose for which the flood frequency 

information is needed will determine the amount of time and effort that 

can justifiably be spent to obtain and make comparisons with other water- 

sheds, and make and use flood estimates from precipitation. The remainder 

of the recommendations in this section are guides for use of these 

additional data to refine the flood frequency analysis. 

The analyses to include when determining the flood magnitudes with 

0.01 exceedance probability vary with length of systematic record as shown 

by an X in the following tabulation: 

* Analyses to Include 
Length of Record Available 

10 to 24 25 to 50 50 or more 

Statistical Analysis X X X 

Comparisons with Similar Watersheds X X -- 

Flood Estimates from Precipitation X -- -- 4 

All types of analyses should be incorporated when defining flood 

magnitudes for exceedance probabilities of less than 0.01. The following 

sections explain how to include the various types of flood information 

in the analysis. 

1. Comparisons with Similar Watersheds--A comparison between flood 

and storm records (see3 e.g., (12)) and flood flow frequency ana!yses at 

nearby hydrologically similar watersheds will often aid in evaluating 

and interpreting both unusual flood experience and the flood frequency 

analysis of a given watershed, The shorter the flood record and the more 

unusual a given flood event, the greater will be the need for such com- 

parisons, 

Use of the weighted skew coefficient recommended by this guide is 

one form of regional comparison. Additional comparisons may be helpful 

and are described in the following paragraphs. 
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Several mathematical procedures have been proposed for adjusting 

a short record to reflect experience at a nearby long-term station, 

Such procedures usually yield useful results only when the gaging stations 

are on the same stream or in watersheds with centers not more than 50 

miles apart. The recommended procedure for making such adjustments is 

given in Appendix 73 The use of such adjustments is confined to those 

situations where records are short and an improvement in accuracy of 

at least 10 percent can be demonstrated. 

Comparisons and adjustment of a frequency curve: based upon flood 

experience in nearby hydrologically similar watersheds can improve mc:st 

flood frequency determinations. Comparisons of statistical parameters 

of the distribution of flows with selected exceedance probabilities can 

be made using prediction equations [e.g., (13), (14), (15), (16)], the 

index flood method (17), or simple drainage area plots. As these estimates 

are independent of the station analysis, a weighted average of the two 

estimates will be more accurate than either alone. The weight given 

to each estimate should be inversely proportional to its variance as 

described in Appendix 8. Recommendations of specific procedures for 

regional comparisons or for appraising the accuracy of such estimates 

are beyond the scope of this guide. In the absence of an accuracy 

appraisal, the accuracy of a regional estimate of a flood with 0.01 

exceedance probability can be assumed equivalent to that from an analysis 

of a lo-year station record. 

2. Flood Estimates from Precipitation--Floods estimated from observed 

or estimated precipitation (rainfall and/or snowmelt) can be used in 

several ways to improve definition of watershed flood potential. Such 

estimates, however% require a procedure (e.g*) calibrated watershed 

model, unit hydrograph,rainfall-runoff relationships) for converting pre- 

cipitation to discharge. Unless such procedures are available, considerable 

effort may be required to make these flood estimates. Whether or not 

such effort is warranted depends upon the procedures and data available 

and on the use to be made of the estimate. 

Observed watershed precipitation can sometimes be used to estimate 

a missing maximum event in an incomplete flood record, 
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Observed watershed precipitation or precipitation observed at nearby 

stations in a meteorologically homogeneous region can be used to generate 

a synthetic record of floods for as many years as adequate precipitation 

records are available. Appraisal of the technique is outside the scope 

of this guide. Consequently, alternative procedures for making such 

studies, or criteria for deciding when available flood records should 

be extended by such procedures have not been evaluated. 

Floods developed from precipitation estimates can be used to adjust 

frequency curves, including extrapolation beyond experienced values. 

Because of the many variables, no specific procedure is recommended 

at this time. Analysts making use of such procedures should first stand- 

ardize methods for computing the flood to be used and then evaluate 

its probability of occurrence based upon flood and storm experience 

in a hydrologically and meteorologically homogeneous region. Plotting 

of the flood at the exceedance probability thus determined provides 

a guide for adjusting and extrapolating the frequency curve. Any adjust- 

ments must recognize the relative accuracy of the flood estimate and 

the other flood data. 

VI. Reliability Application 

The preceding sections have presented recommended procedures for 

determination of the flood frequency curve at a gaged location. When 

applying these curves to the solution of water resource problems, there 

are certain additional considerations which must be kept in mind. These 

are discussed in this section. 

It is useful to make a distinction in hydrology between the concepts 

of risk and uncertainty (18). 

Risk is a permanent population property of any random phenomenon 

such as floods. If the population distribution were known for floods, 

then the risk would be exactly known. The risk is stated as the probabil- 

ity that a specified flood magnitude will be exceeded in a specified 

period of years. Risk is inherent in the phenomenon itself and cannot 

be avoided. 
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Because use is made of data which are deficient, or biased, and 

because population properties must be estimated from these data by 

some technique, various errors and information losses are introduced 

into the flood frequency determination. Differences between the population 

properties and estimates of these properties derived from sample data 

constitute uncertainties. Risk can be decreased or minimized by various 

water resources developments and measures, while uncertainties can 

be decreased only by obtaining more or better data and by using better 

statistical techniques. 

The following sections outline procedures to use for (a) computing 

confidence limits which can be used to evaluate the uncertainties inherent 

in the frequency determination, (b) calculating risk for specific time 

periods, and (c) adjusting the frequency curve to obtain the expected 

probability estimate. The recommendations given are guides as to how 

the procedures should be applied rather than instruction on when to 

apply them. Decisions on when to use each of the methods depend on 

the purpose of the estimate. 

A, Confidence Limits 

The user of frequency curves should be aware that the curve is 

only an estimate of the population curve; it is not an exact representation. 

A streamflow record is only a sample. How well this sample will predict 

the total flood experience (population) depends upon the sample size, 

-its accuracy, and whether or not the underlying distribution is known. 

Confidence limits provide either a measure of the uncertainty of the 

estimated exceedance probability of a selected discharge or a measure of 

the uncertainty of the discharge at a selected exceedance probability. 

ConFidence limits on the discharge can be computed by the procedure 

described in Appendix 9. 

Application of confidence !iitilits in reaching water resource planning 

decision depends upon the needs of the user. This discussion is presented 

to emphasize that the frequency curve developed using this guide is 

only today's best estimate of the flood frequency distribution. As 

more data become available, the estimate will normally be improved 

and the confidence limits narrowed. 
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B. Risk 

As used in this guide, risk is defined as the probability that 

one or more events will exceed a given flood magnitude within a specifiec 

period of years. Accepting the flow frequency curve as accurately 

representing the flood exceedance probability, an estimate of risk 

may be computed for any selected time period. For a l-year period 

the probability of exceedance, which is the reciprocal of the recurrence 

interval T, expresses the risk. Thus, there is a 1 percent chance that 

the loo-year flood will be exceeded in a given year. This statement 

however, ignores the considerable risk that a rare event will occur 

during the lifetime of a structure. The frequency curve can also be 

used to estimate the probability of a flood exceedance during a specifiec 

time period. For instance, there is a 50 percent chance that the flood 

with annual exceedance probability of 1 percent will be exceeded one 

or more times in the next 70 years. 

Procedures for making these calculations are described in Appendix 

10 and can be found in most standard hydrology texts or in (19) and (20) 

C. Expected Probability 

The expected probability is defined as the average of the true 

probabilities of all magnitude estimates for any specified flood frequent 

that might be made from successive samples of a specified size [(B), 

(21)]. It represents a measure of the central tendency of the spread 

between the confidence limits. 

The study conducted for the Work Group (8) and summarized in 

Appendix 14 indicates that adjustments [(21),(Z)] for the normal distri- 

bution are approximately correct for frequency curves computed using 

the statistical procedures described in this guide. Therefore, the 

committee recommends that if an expected probability adjustment is made, 

published adjustments applicable to the normal distribution be used. 

It would be the final step in the frequency analysis. It must be docu- 

mented as to whether or not the expected probability adjustment is 

made. If curves are plotted, they must be appropriately labeled, 
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It should be recognized when using the expected probability adjust- 

ment that such adjustments are an attempt to incorporate the effects 

of uncertainty in application of the curve. The basic flood frequency 

curve without expected probability is the curve used in computation 

of confidence limits and risk and in obtaining weighted averages of 

independent estimates of flood frequency discharge. 

The decision about use of the expected probability adjustment is 

a policy decision beyond the scope of this guide. It is most often used 

in estimates of annual flood damages and in establishing design flood 

criteria. 

Appendix 11 provides precedures for computing the expected proba- 

bility and further description of the concept. 

VII. Potpourri 

The following sections provide information that is of interest 

but not essential to use of this guide, 

A, Non-conforming Special Situations 

This guide describes the set of procedures recommended for defining 

flood potential as expressed by a flood flow frequency curve. In the 

Introduction the point is made that special situations may require other 

approaches and that in those cases where the procedures of this guide 

are not followed, deviations must be supported by appropriate study, 

including a comparison of the results obtained with those obtained using 

the recommended procedures. 

It is not anticipated that'many special situations warranting other 

approaches will occur. Detailed and specific recommendations on analysis 

are limited to the treatment of the station data including records of 

historic events. These procedures should be followed unless there are 

compelling technical reasons for departing from the guide procedures. 

These deviations are to be documented and supported by appropriate study3 

including comparison of results. The Hydrology Subcommittee asks that 

these situations be called to its attention For consideration in 

future modifications of this guide. 
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The map of skew (Plate I) is a generalized estimate. Users are 

encouraged to make detailed studies for their region of interest using 

the procedures outlined in Section V.B.3. 

Major problems in flood frequency analysis at gaged locations are 

encountered when making flood estimates for probabilities more rare than 

defined by the available record. For these situations the guide described 

the information to incorporate in the analysis but allows considerable 

latitude in analysis. 

t3. Plotting Position 

Calculations specified in this guide do not require designation 

of a plotting position. Section V.B.TO., describing treatment of historic 

data, states that the results of the analysis should be shown graphically 

to permit an evaluation of the effect on the analysis of including historic 

data. The merits of alternative plotting position formulae were not 

studied and no recommendation is made. 

A general formula for computing plotting positions (23) is 

pJ!!xL- (9) 

(N-a-b+l) 

where 

* 

m = the orderedsequence of flood values with 

the largest equal to 1 

IJ = number of items in data set and a and b depend 

upon the distribution. For symmetrical * 

distributions a=b and the formula reduces to 

p=(m-_a) 

(IWa+l) 

(10) 
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The Weibull plotting position in which a in equation 10 equals 

0 was used to illustrate use of the historic adjustment of figure 6-3 

and has been incorporated in the computer program referenced in Appendix 

13, to facilitate data and analysis comparisons by the program user. 

This plotting position was used because it is analytically simple and 

intuitively easily understood (18, 24). 

Weibull Plotting Position formula: 

p=m 
N+f 

(11) 

C. Future Studies 

This guide is designed to meet a current, ever-pressing demand 

that the Federal Government develop a coherent set of procedures for 

accurately defining flood potentials as needed in programs of flood 

damage abatement. Much additional study and data are required before 

the twin goals of accuracy and consistency will be obtained. It is 

hoped that this guide contributes to this effort by defining the essential 

elements of a coherent set of proedures for flood frequency determination. 

Although selection of the analytical procedures to be used in each step 

or element of the analysis has been carefully made based upon a review 

of the literature, the considerable practical experience of Work Group 

members, and special studies conducted to aid in the selection process, 

the need for additional studies is recognized. Following is a list 

of some additional needed studies identified by the Work Group. 

1. Selection of distribution and fitting procedures 

(a) Continued study of alternative distributions and 

fitting procedures is believed warranted. 

(b) Initially the Work Group had expected to find that 

the proper distribution for a watershed would vary 

depending upon watershed and hydrometeorological 

conditions. Time did not permit exploration of 

this idea. 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

(c) More adequate criteria are needed for selection 

of a distribution. 

(d) Development of techniques for evaluating 

homogeneity of series is needed. 

The identification and treatment of mixed distributions. 

The treatment of outliers both as to identification and 

computational procedures. 

Alternative procedures for treating historic data. 

More adequate computation procedures for confidence limits 

to the Pearson III distribution. 

Procedures to incorporate flood estimates from precipitation 

into frequency analysis. 

Guides for defining flood potentials for ungaged watersheds 

and watersheds with limited gaging records. 

Guides for defining flood potentials for watersheds altered 

by urbanization and by reservoirs* 
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