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Errata Sheet for U.S. Geological Survey Water-Resources
Investigations Report 94-4002

The following errors or omissions were noted in U.S. Geological Survey Water-Resources Investigations Report 94-
4002 after is was printed. This errata sheet corrects those errors or omissions.

Page 20 - #7 - The National Flood Frequency (NFF) program allows the weighting of the logarithms of the estimated
and observed peak discharges using the equivalent years of record of the regression estimate and the number of
years of observed record as the weighting factors. When equivalent years of record are available for the regression
equations, the user is prompted to enter the number of years of observed record and the observed peak discharges.
NFF was changed to allow the user to enter observed values of the 500-year flood and to compute a weighted estimate
of the 500-year flood even if the 500-year regression equation is not available for a given State. The equivalent years
of record of the 100-year regression equation and the extrapolated 500-year flood are used in this calculation.

Page 124 - North Dakota - The regression constant for Q2 for Region C should be 4.08, not 7.08.

Page 127 - Ohio - The exponents for (13-BDF) in the statewide urban equations are incorrect. For completeness, the
correct equations are given below: -

UQ2 = 155 A0-68 (P_30)0.50 (13_BDF)-0.50
UQ5 = 200 A%7! (p-30)%63 (13-BDF) 04
UQ10 = 228 A%7* (P-30)°68 (13-BDF) 04!
UQ25 = 265A%7 (P-30)°72 (13-BDF)%7
UQs0 = 293 A%78 (p-30)%74 (13-BDF) 033
UQ100 = 321 A%7? (p-30)%76 (13-BDF) 033

Figure 2 showing the average (mean) annual precipitation for Ohio was inadvertently omitted from the
documentation. The necessary figure is given on the back of this page (Sherwood, 1993).

Page 176 - Wyoming - The Plains and High Desert Regions regression equations are shown correctly below (note
that A is raised to a power of A):

Q2 = 413A000A*-005Gp Q2 = 6.66A%59A**-003 pRO6D Gy
Qs = 63.7A060A**-0.05 gp0.09 ¢ Q5 = 10.6 A0-56A**-0.03 ppO81 ¢
Q10 =  769A059A**-0.05 gRO.14 G¢ QI0 = 13.8 A0S55A**-0.03 pROS0 Gf
Q25 = 94.2A0'59Am"'0-0S SBO.19 Gf Q25 = 194 A0.53 A**.0.03 PR0.98 Gf
Q50 = 112 AO.SSA“-O.OS SBO.23 Gf Q50 = 242 A0_52 A**.0.03 PR1'02 Gf
Q100 = 130 A038A**-0.05 gp0.25 3¢ Q100 = 30.1 AOS5!A**-0.03pRlLOS ¢
Q200 = 182 A0S7A**-0.05gp0.26 Gy Q200 = 360 AOSIA**-003pRlO7 Gy
Q500 = 245 A0'57A‘*‘0-05 SB0.27 Gf Q500 = 47.1 A0.50 A*+.0.03 PR109 Gf

Page 190 - The format of the output file for the flood-frequency curve ordinates was modified to appear as follows:
National Flood Frequency Program
Flood Peak Discharge, in cubic feet per second

Date: 09/21/1994 10:30

Basin: Hypothetical River near Example

Consult the log file for the input data.

Recurrence Interval, years 2 5 10 25 50 100 500
Rural 8120 13200 17400 22100 26700 29800 39900
National Urban 24000 32000 35000 40000 44000 47500 59800

Statewide Urban 19000 25100 29200 34500 38500 42100 55000
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Nationwide Summary of U.S. Geological Survey
Regional Regression Equations for Estimating
Magnitude and Frequency of Floods for

Ungaged Sites, 1993

Compiled by M.E. Jennings, W.O. Thomas, Jr., and H.C. Riggs

Abstract

For many years, the U.S. Geological Survey
(USGS) has been involved in the development of
regional regression equations for estimating flood
magnitude and frequency at ungaged sites. These
regression equations are used to transfer flood
characteristics from gaged to ungaged sites
through the use of watershed and climatic charac-
teristics as explanatory or predictor variables.
Generally these equations have been developed on
a statewide or metropolitan area basis as part of
cooperative study programs with specific State
Departments of Transportation or specific cities.

The USGS, in cooperation with the Federal
Highway Administration and the Federal Emer-
gency Management Agency, has compiled all the
current (as of September 1993) statewide and met-
ropolitan area regression equations into a micro-
computer program titled the National Flood
Frequency Program. This program includes
regression equations for estimating flood-peak dis-
charges and techniques for estimating a typical
flood hydrograph for a given recurrence interval
peak discharge for unregulated rural and urban
watersheds. These techniques should be useful to
engineers and hydrologists for planning and
design applications. This report summarizes the
statewide regression equations for rural water-
sheds in each State, summarizes the applicable
metropolitan area or statewide regression equa-
tions for urban watersheds, describes the National
Flood Frequency Program for making these com-
putations, and provides much of the reference

information on the extrapolation variables needed
to run the program.

INTRODUCTION

By W.O. Thomas, Jr., and M.E. Jennings

Estimates of the magnitude and frequency of
flood-peak discharges and flood hydrographs are used
for a variety of purposes, such as the design of bridges
and culverts, flood-control structures, and flood-plain
management. These estimates are often needed at
ungaged sites where no observed flood data are avail-
able for frequency analysis. Basically, two approaches
are used for estimating the frequency of flood-peak dis-
charges and flood hydrographs at ungaged sites--those
methods based on the statistical (regression) analysis of
data collected at gaging stations and those methods
based on rainfall characteristics and a deterministic
watershed model that uses equations and algorithms to
convert rainfall excess to flood runoff. This report
describes a microcomputer program, the National
Flood Frequency (NFF) Program, that provides esti-
mates of flood frequency based on the statistical
approach. A disk of the program is included at the back
of this report.

Support and justification for the applicability of
regression equations developed by the USGS for esti-
mating flood-peak discharges for rural watersheds is
given by the U.S. Water Resources Council (1981) and
by Newton and Herrin (1982). These reports summa-
rize a test of nine different procedures, statistical and
deterministic, for estimating flood-peak discharges for
rural watersheds. The results of this test indicate that
USGS-developed regression equations are unbiased,
reproducible, and easy to apply.



The USGS has traditionally been involved in the
development of statistical methods for estimating the
magnitude and frequency of floods at ungaged sites;
specifically, methods that relate flood characteristics at
gaging stations to watershed and climatic characteris-
tics through the use of regression analysis. These meth-
ods enable the transfer of flood characteristics from
gaging stations to ungaged sites simply by determining
the needed watershed and climatic characteristics for
the ungaged site. Since 1973, regression equations for
estimating flood-peak discharges for rural, unregulated
watersheds have been published, at least once, for
every State and the Commonwealth of Puerto Rico. For
some areas of the Nation, however, data are still inade-
quate to define flood-frequency characteristics. Regres-
sion equations for estimating urban flood-peak
discharges for several metropolitan areas in at least 13
States are also available. Typical flood hydrographs
corresponding to a given rural and (or) urban peak dis-
charge can also be estimated by procedures described
in this report. The statewide flood-frequency reports
were prepared by the USGS, generally in cooperation
with a given State Department of Transportation, and
were published either by the USGS or the State Depart-
ment of Transportation. The USGS, in cooperation
with the Federal Highway Administration and the Fed-
eral Management Emergency Agency, has compiled all
the current (September 1993) statewide or metropolitan
area regression equations in the NFF Program.

Purpose

The purpose of this report is to document and
describe the flood-frequency regression equations and
procedures in the NFF computer program, a program
that provides engineers and hydrologists easy-to-use
methods for estimating flood-peak discharges and flood
hydrographs for planning and design applications. This
report summarizes the current statewide regression
equations that have been approved for publication as of
September 30, 1993. The compilation of all USGS-
developed regression equations into a single report and
computer program, and the compilation of figures and
other needed input allows the analyst to quickly and
easily estimate flood-frequency characteristics for
ungaged stream sites throunghout the United States. It is
anticipated that this report and the NFF program will be
updated every couple of years as new statewide regres-
sion equations become available.

Report Format

This report is divided into two major parts. The
front sections give an overview of flood regionalization
methods, summarize the characteristics of the estimat-
ing techniques, and describe their applicability and lim-
itations. The latter sections summarize flood-
estimation methods in each State and provide refer-
ences to the applicable statewide or metropolitan area
flood-frequency reports. Many persons contributed to
the development of the computer program and this
associated documentation. Persons responsible for pre-
paring each section of this report are so noted.

Most maps or figures needed to make flood esti-
mates, such as maps delineating flood regions or maps
of climatic variables characteristics, are reproduced in
this report. However, the user will occasionally be
required to refer to the appropriate State reports to
obtain the input needed for the application of the
regression equations. Watershed characteristics needed
in application of the regression equations must be mea-
sured from the best-available topographic maps
obtained by the user.

Information on computer specifications and the
computer program are given in appendixes. Instruc-
tions for installing NFF on your own personal com-
puter are given in Appendix A. A description of the
NFF program and the associated data base of regres-
sion statistics is given in Appendix B.
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HISTORY AND OVERVIEW OF FLOOD
REGIONALIZATION METHODS

By W.O. Thomas, Jr.

INTRODUCTION

The USGS has been involved in the development
of flood-regionalization procedures for over 40 years.
These regionalization procedures are used to transfer
flood characteristics, such as the 100-year flood-peak
discharge, from gaged to ungaged sites. The USGS has
traditionally used regionalization procedures that relate
flood characteristics to watershed and climatic charac-
teristics through the use of correlation or regression
techniques. Herein, flood characteristics are defined as
flood-peak discharges for a selected T-year recurrence
interval (such as the 100-year flood). Because these
flood characteristics may vary substantially between
regions due to differences in climate, topography, and
geology, tests of regional homogeneity form an integral
part of flood regionalization procedures.

The evolution of fiood-peak discharge regional-
ization procedures within USGS is described by dis-
cussing the following three procedures: (1) index-
flood procedure used from the late 1940's to the 1960's,
(2) ordinary-least-squares regression procedure used in
the 1970's and 1980's and (3) generalized-least-squares
regression procedure that is being used today (1990's).

Index-Flood Procedures

Dalrymple (1949) states "The method of com-
puting flood frequencies that is presented in this paper
reflects the latest developments based on a continuing
study of the subject by engineers of the Water
Resources Division of the United States Geological
Survey. The method has been revised several times in
the last few years and probably will be again in the
future." This statement indicates that the index-flood
procedure was being used by the USGS in the 1940's.

The index-flood procedure consisted of two
major parts. The first was the development of basic,
dimensionless frequency curves representing the ratio
of flood discharges at selected recurrence intervals to

an index flood (mean annual flood). The second part
was the development of a relation between watershed
and climatic characteristics and the mean annual flood,
to enable the mean annual flood to be predicted at any
point in the region. The combination of the mean
annual flood with the basic frequency curve, expressed
as a ratio of the mean annual flood, provided a fre-
quency curve for any location (Dalrymple, 1960).

The determination of the dimensionless fre-
quency curve involved: (1) graphical determination of
the frequency curve for each station using the Weibull
plotting position, (2) determination of homogeneous
regions using a homogeneity test on the slopes of the
frequency curves, and (3) computation of the regional
dimensionless frequency curve based on the median
flood ratios for each recurrence interval for each station
in the region. The homogeneity test used the ratio of the
10-year flood to the mean annual flood to determine
whether the differences in slopes of frequency curves
for all stations in a given region are greater than those
attributed to chance. The 10-year flood discharge was
first estimated from the regional dimensionless fre-
quency curve. The 95-percent confidence interval for
the recurrence interval of this discharge, as determined
from the individual station frequency curves, was then
determined as a function of record length. If the recur-
rence interval for a given station was within the 95-
percent confidence bands, then this station was consid-
ered part of the homogeneous region. Otherwise, the
station was assumed to be in another region.

The mean annual flood, as used in the index-
flood procedure, was determined from the graphical
frequency curve to have a recurrence interval of 2.33
years. The mean annual flood for an ungaged location
was estimated from a relation that was determined by
relating the mean annual flood at gaging stations to
measurable watershed characteristics such as drainage
area, area of lakes and swamps, and mean altitude.

The index-flood procedure described above was
used to develop a nationwide series of flood-frequency
reports entitled "Magnitude and Frequency of Floods in
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the United States." Each report provided techniques for
estimating flood magnitude and frequency for a major
drainage basin or subbasin, such as the Lower
Mississippi River Basin. These reports were published
as USGS Water-Supply Papers 1671-1689 during the
period 1964-68. In three States, Alaska, Idaho, and
Rhode Island, the index-flood procedure (documented
in reports published since 1973) is still used to estimate
flood frequency.

Ordinary-Least-Squares Regression

Studies by Benson (1962a, 1962b, 1964) sug-
gested that T-year flood-peak discharges could be esti-
mated directly using watershed and climatic
characteristics based on multiple regression tech-
niques. As noted by Benson (1962a), the direct estima-
tion of T-year floodpeak discharges avoided the
following deficiencies in the index-flood procedure:
(1) the flood ratios for comparable streams may differ
because of large differences in the index flood, (2)
homogeneity of frequency curve slope can be estab-
lished at the 10-year level, but individual frequency
curves commonly show wide and sometimes system-
atic differences at the higher recurrence levels, and (3)
the slopes of the frequency curves generally vary
inversely with drainage area. Benson (1962b and 1964)
has also shown that the flood ratios vary not only with
drainage area but with main-channel slope and climatic
characteristics as well. On the basis of this early work
of Benson and later work by Thomas and Benson
(1970), direct regression on the T-year flood became
the standard approach of the USGS for regionalizing
flood characteristics in the 1970's.

The T-year flood-peak discharges for each gag-
ing station were estimated by fitting the Pearson Type
III distribution to the logarithms of the annual peak dis-
charges using guidelines in Bulletin 15 (U.S. Water
Resources Council, 1967) or some version of Bulletin
17 (U.S. Water Resources Council, 1976, 1977, 1981;
Interagency Advisory Committee on Water Data
(JACWD), 1982). The regression equations that related
the T-year flood-peak discharges to watershed and cli-
matic characteristics were computed using ordinary-
least-squares techniques. In ordinary-least-squares
regression, equal weight is given to all stations in the
analysis regardless of record length and the possible
correlation of flood estimates among stations.

In most statewide flood-frequency reports, the
analysts divided their States into separate hydrologic
regions. Regions of homogeneous flood characteristics
were generally defined on the basis of major watershed
boundaries and an analysis of the areal distribution of
regression residuals to identify regions of residuals
whose size and algebraic sign were similar within and
dissimilar between regions. In several instances, the
hydrologic regions were also defined on the basis of the
mean elevation of the watershed. Although this proce-
dure may improve the accuracy of the estimating tech-
nique, it is somewhat subjective. More objective
procedures are now being used for defining hydrologic
regions.

Generalized-Least-Squares Regression

Recent developments in the regionalization of
flood characteristics have centered on accounting for
the deficiencies in the assumptions of ordinary-least-
squares regression and on more accurate and objective
tests of regional homogeneity. Ordinary-least-squares
regression procedures do not account for variable
errors in flood characteristics that exist due to unequal
record lengths at gaging stations. Tasker (1980) pro-
posed the use of weighted-least-squares regression for
flood characteristics where the variance of the observed
flood characteristics was estimated as an inverse func-
tion of record length. Tasker and Stedinger (1986) used
weighted-least-squares regression to estimate regional
skew of annual peak discharges, and showed greater
accuracy in results as compared to using ordinary-
least-squares regression. Both ordinary-least-squares
and weighted-least-squares regression do not account
for the possible correlation of concurrent annual peak
flow records between sites. This problem may be par-
ticularly significant where gages are located on the
same stream, on similar and adjacent watersheds or
where flood-frequency estimates have been determined
from a rainfall-runoff model using the same long-term
rainfall record.

A new procedure, generalized-least-squares
regression, was proposed by Stedinger and Tasker
(1985, 1986). This procedure accounted for both the
unequal reliability and the correlation of flood charac-
teristics between sites. Stedinger and Tasker (1985)
showed, in a Monte Carlo simulation, that generalized-
least-squares regression procedures provided more
accurate estimates of regression coefficients, better
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estimates of the accuracy of the regression coefficients,
and better estimates of the model error than did
ordinary-least-squares procedures. Also, Tasker and
others (1986) showed that generalized-least-squares
procedures provided a smaller average variance of pre-
diction than ordinary-least-squares procedures for the
regional 100-year flood for streams in Pima County,

Arizona. Several of the State reports described in this
documentation are based on generalized or weighted-
least-squares regression. The estimation of T-year
flood-peak discharges at gaging stations is still accom-
plished through the use of Bulletin 17B procedures
(Interagency Advisory Committee on Water Data,
1982).
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RURAL FLOOD-FREQUENCY ESTIMATING

TECHNIQUES

By W.O. Thomas, Jr.

INTRODUCTION

The National Flood Frequency (NFF) Program
provides equations for estimating the magnitude and
frequency of flood characteristics for rural, unregulated
watersheds in the 50 States and the Commonwealth of
Puerto Rico. The most current regression equations for
each State are included in NFF. These equations are
taken from reports that were published between 1973
and September 1993. The purpose of this section is to
provide a brief overview of the rural regression equa-
tions that are presented in NFF. The regression equa-
tions for each State are documented later in the report
in the State summary section.

Watershed and Climatic Characteristics

The rural equations in NFF are based on water-
shed and climatic characteristics that can be obtained
from topographic maps or rainfall reports and atlases.
The USGS has published regression equations in many
States based on channel-geometry characteristics, such
as channel width, but these equations are not provided
in NFF because a site visit is required to obtain the
explanatory variables. The most frequently used water-
shed and climatic characteristics are drainage area,
main-channel slope, and mean annual precipitation.
The regression equations are generally reported in the
following form:

RQr=aAP S Pd

where
RQq is the T-year rural flood-peak discharge,
A is the drainage area,
S is the channel slope,
P is the mean annual precipitation, and
a,b,c,d are regression coefficients.

The regression coefficients are normally com-
puted by taking the logarithms of the above variables
and using linear multiple regression techniques. In
instances where a variable could equal zero (such as
percentage of drainage area covered by lakes and
ponds), a constant is added to the variable prior to tak-
ing the logarithms. The frequency of use of the various
watershed/climatic characteristics in the rural regres-
sion equations given in NFF is summarized below. The
table below does not summarize the use of watershed/
climatic characteristics for regional studies, such as the
one by Thomas and others (1993).

Number of States

Watershed or climatic characteristic (including

Puerto Rico)

Drainage area (square miles) 51
Main-channel slope (feet per mile) 27
Mean annual precipitation (inches) 19
Storage/area of lakes and ponds (percent) 16
Rainfall amount for a given duration (inches) 14
Elevation of watershed (feet) 13
Forest cover (percent) 8
Channel length (miles) 6
Minimum mean January temperature 4
(degrees F)
Basin shape ((length)2 per drainage area) 4
Soils characteristics 3
Mean basin slope (feet per foot or feet per 2
mile)
Mean annual snowfall 2
Area of stratified drift (percent) 1
High elevation index (percent basin above 1
6000 feet)
Relative relief (feet per mile) 1
Drainage frequency (number of first order 1

streams per square mile)

There were 6 States in which drainage area was the
only explanatory variable in the regression equations.
In many States, 3 to 4 explanatory variables were used
in the equations.
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Hydrologic Flood Regions

In most statewide flood-frequency reports, the
analysts divided their States into separate hydrologic
regions. Regions of homogeneous flood characteristics
were generally determined by using major watershed
boundaries and an analysis of the areal distribution of
the regression residuals (differences between regres-
sion and station (observed) T-year estimates). In some
instances, the hydrologic regions were also defined by
the mean elevation of the watershed or by statistical
tests such as the Wilcoxon signed-rank test. Regression
equations are defined for 210 hydrologic regions
throughout the Nation, indicating that, on average,
there are about four regions per State. Some areas of the
Nation, however, have inadequate data to define flood-
frequency regions. For example, there are regions of
undefined flood frequency in Florida, Georgia, Texas,
and Nevada. For the State of Hawaii, regression equa-
tions are only provided for the Island of Oahu. Regres-
sion equations for estimating flood-peak discharges for
the other islands were computed as part of a nationwide
network analysis (Yamanaga, 1972) but are not
included in NFF since that study was not specifically
oriented to flood-frequency analysis.

Measures of Accuracy

Every USGS regional flood report provides some
measure of accuracy of the regression equations. The
most frequently used measure of accuracy is the stan-
dard error of estimate, usually reported in percent. This
standard error is a measure of the variation between the

regression estimates and the station data for those sta-
tions used in deriving the regression equations. More
recently, analysts have begun reporting the standard
error of prediction, which is a measure of the accuracy
of the regression equations when predicting values for
watersheds not used in the analysis. The standard error
of prediction is generally slightly larger than the stan-
dard error of estimate. The standard error reported in
the individual statewide report is the standard error
given in NFF because that is the only estimate of error
that was available. Often, the standard errors of esti-
mate or prediction are converted to equivalent years of
record. The equivalent years of record are defined as
the number of years of actual streamflow record needed
to achieve the same accuracy as the regional regression
equations.

The standard errors of estimate or prediction
generally range from 30-60 percent, with 21 States and
the Commonwealth of Puerto Rico having standard
errors in this range. There are 14 States where there is
at least one hydrologic region within the State with a
standard error less than 30 percent. The remaining 15
States have at least one hydrologic region where the
standard error is in excess of 60 percent. The largest
standard errors generally are for equations developed
for the western portion of the Nation where the at-site
variability of the flood records is greater, where the net-
work of unregulated gaging stations is less dense and
there are more difficulties in regionalizing flood char-
acteristics, and the flood records are generally shorter.
The smallest standard errors are generally for equations
developed for the eastern portion of the Nation where
the converse of the above conditions are generally true.

RURAL FLOOD-FREQUENCY ESTIMATING TECHNIQUES 7



URBAN FLOOD-FREQUENCY ESTIMATING

TECHNIQUES

By V.B. Sauer

INTRODUCTION

The National Flood Frequency (NFF) Program
provides equations for estimating the magnitude and
recurrence intervals for floods in urbanized areas
throughout the conterminous United States and
Hawaii. The seven-parameter nationwide equations
described in USGS Water-Supply Paper (WSP) 2207,
by Sauer and others (1983), are based on urban runoff
data from 199 basins in 56 cities and 31 States. These
equations have been thoroughly tested and proven to
give reasonable estimates for floods having recurrence
intervals between 2 and 500 years. A later study by
Sauer (1985) of urban data at 78 additional sites in the
southeastern United States verified the seven-
parameter equations as unbiased and having standard
errors equal to or better than those reported in WSP
2207.

Additional equations for some urban areas in a
few States have been included in the NFF program as
optional methods to estimate and compare urban flood
frequency. These equations were developed for local
use within their designated urban area and should not
be used for other urban areas.

Nationwide Urban Equations

The following seven-parameter equations and
definitions are excerpted from Sauer and others (1983).
The equations are based on multiple regression analy-
sis of urban flood frequency data from 199 urbanized
basins.

UQ10 = 2.99 A32SL-15 (R12+3)175 (ST+8) %7
(13-BDF)301A-® RQ108
standard error of estimate is 38 percent
UQ25 = 2.78 A1 SL-13 (R12+3)1-76 (ST+8)
(13-BDF)~2? 1A-07 RQ25:%0
standard error of estimate is 40 percent
UQ50 = 2.67 A2 SL'13 (R12+3)1-74 (ST+8) 33
(13_BDF)-.28 IA.06 RQ5062
standard error of estimate is 42 percent
UQ100 = 2.50 A2% SL'15 (R12+3)1-76 (ST+8) 2
(13-BDF)~28 1A-%6 RQ10063
standard error of estimate is 44 percent
UQ500 = 2.27 A2% SL'16 (R12+3)1-86 (ST+8) 54
(13-BDF)%7 1A-0% RQ5009°
standard error of estimate is 49 percent

where

Q2, UQS,... UQS00 are the urban peak discharges, in
cubic feet per second (ft3/s), for the 2-, 5-, ... 500-year
recurrence intervals;

A is the contributing drainage area, in square
miles, as determined from the best available topo-
graphic maps; in urban areas, drainage systems some-
times cross topographic divides. Such drainage
changes should be accounted for when computing A;

SL is the main channel slope, in feet per
mile (ft/mi), measured between points which are 10
percent and 85 percent of the main channel length
upstream from the study site (for sites where SL is
greater than 70 ft/mi, 70 ft/mi is used in the equations);

RI2 is the rainfall, in inches (in) for the 2-hour,
2-year recurrence interval, determined from U.S.
Weather Bureau (USWB) Technical Paper 40 (1961)
(eastern USA), or from NOAA Atlas 2 (Miller and

UQ2 =235 A4 SL17 (R12+3)204 (ST+8) 95 others, 1973) (western USA);
(13-BDF)"3'2 AP RQ2Y ST is basin storage, the percentage of the drain-
standard error of estimate is 38 percent age basin occupied by lakes, reservoirs, swamps, and
35 «r 16 186 59 wetlands; in-channel storage of a temporary nature,
UQs =270A S3Li (512'*3) s (ST+8) resulting from detention ponds or roadway embank-
(13-BDF)*"" 1A RQ5 ments, should not be included in the computation of
standard error of estimate is 37 percent ST,
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BDF is the basin development factor, an index of
the prevalence of the urban drainage improvements;

IA is the percentage of the drainage basin occu-
pied by impervious surfaces, such as houses, buildings,
streets, and parking lots; and

RQT, are the peak discharges, in cubic feet per
second, for an equivalent rural drainage basin in the
same hydrologic area as the urban basin, for a recur-
rence interval of T years; equivalent rural peak dis-
charges are computed from the rural equations for the
appropriate State, in the NFF program, and are auto-
matically transferred to the urban computations.

The basin development factor (BDF) is a highly
significant variable in the equations, and provides a
measure of the efficiency of the drainage basin. It can
be easily determined from drainage maps and field
inspections of the drainage basin. The basin is first
divided into upper, middle, and lower thirds on a drain-
age map, as shown (fig. 1a-c). Each third should con-
tain about one-third of the contributing drainage area,
and stream lengths of two or more streams should be
approximately the same in each third. However, stream
lengths of different thirds can be different. For
instance, (fig. 1c), the stream distances of the lower
third are all about equal, but are longer than those in the
middle third. Precise definition of the basin thirds is not
considered necessary because it will not have much
effect on the final value of BDF. Therefore, the bound-
aries between basin thirds can be drawn by eye without
precise measurements.

Within each third of the basin, four characteris-
tics of the drainage system must be evaluated and
assigned a code of 0 or 1. Summation of the 12 codes
(four codes in each third of the basin) yields the BDFE.
The following guidelines should not be considered as
requiring precise measurements. A certain amount of
subjectivity will necessarily be involved, and field
checking should be performed to obtain the best esti-
mates.

1. Channel improvements.--If channel improve-
ments such as straightening, enlarging, deepen-
ing, and clearing are prevalent for the main
drainage channels and principal tributaries
(those that drain directly into the main chan-
nel), then a code of 1 is assigned. To be consid-
ered prevalent, at least 50 percent of the main
drainage channels and principal tributaries
must be improved to some degree over natural
conditions. If channel improvements are not
prevalent, then a code of zero is assigned.

2. Channel linings.--If more than 50 percent of the
length of the main channels and principal trib-
utaries has been lined with an impervious sur-
face, such as concrete, then a code of 1 is
assigned to this characteristic. Otherwise, a
code of zero is assigned. The presence of chan-
nel linings would obviously indicate the pres-
ence of channel improvements as well.
Therefore, this is an added factor and indicates
a more highly developed drainage system.

3. Storm drains or storm sewers.--Storm drains are
defined as those enclosed drainage structures
(usually pipes), frequently used on the second-
ary tributaries where the drainage is received
directly from streets or parking lots. Many of
these drains empty into open channels; how-
ever, in some basins they empty into channels
enclosed as box and pipe culverts. When more
than 50 percent of the secondary tributaries
within a subarea (third) consists of storm
drains, then a code of 1 is assigned to this
aspect, otherwise a code of zero is assigned.

4. Curb-and-gutter streets.--If more than 50 percent
of the subarea (third) is urbanized (covered
with residential, commercial, and/or industrial
development), and if more than 50 percent of
the streets and highways in the subarea are con-
structed with curbs and gutters, then a code of
1 would be assigned to this aspect. Otherwise,
a code of zero is assigned. Drainage from curb-
and-gutter streets frequently empties into storm
drains.

Estimates of urban flood frequency values
should not be made with the seven-variable equations
under certain conditions. For instance, the equations
should not be used for basins where flow is controlled
by reservoirs, or where detention storage is used to
reduce flood peaks. The equations should not be used if
any of the values of the seven variables are outside the
range of values used in the original regression study
(except for SL which is limited to 70 ft/mi). These
ranges are provided in the NFF program, and the user
is warned anytime a variable value exceeds the range.
The program will compute urban estimates even
though a parameter may be outside the range; however,
the standard error of estimate may be greater than the
value given for each equation.
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Figure 1. Schematic of typical drainage basin shapes and subdivision into basin thirds. (From Sauer and others,
1983.)
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Local Urban Equations

The NFF program includes additional equations
for some cities and metropolitan areas that were devel-
oped for local use in those designated areas only. These
local urban equations can be used in lieu of the nation-
wide urban equations, or they can be used for compar-
ative purposes. It would be highly coincidental for the
local equations and the nationwide equations to give
identical results. Therefore, the user is advised to com-
pare results of the two (or more) sets of urban equa-
tions, and to also compare the urban results to the
equivalent rural results. Ultimately, it is the user's deci-
sion as to which urban results to use.

A brief description of the local urban equations is
given in the section of this report which describes the
individual State equations. Local urban equations are
available in NFF for the following cities, metropolitan
areas, or States:

Alabama Statewide Urban
Florida Tampa Urban
Leon County Urban
Georgia Statewide Urban
Missouri Statewide Urban
North Carolina Piedmont Province Urban
Ohio Statewide Urban
Oregon Portland-Vancouver, Washington Urban
Tennessee Memphis Urban
Statewide Urban
Texas Austin Urban
Dallas-Ft. Worth Urban
Houston Urban
Wisconsin Statewide Urban

In addition, some of the rural reports contain estimation
techniques for urban watersheds. Several of the rural
reports suggest the use of the nationwide equations
given by Sauer and others (1983) and described above.
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FLOOD HYDROGRAPH ESTIMATION

By V.B. Sauer

The NFF Program contains a procedure for com-
puting a typical hydrograph that represents average
runoff for a specified peak discharge. It is emphasized
that this is an average hydrograph, and is not necessar-
ily representative of any particular rainfall distribution.
The average, or typical, hydrograph could be consid-
ered a design hydrograph for some applications.

The procedure used in NFF to compute the aver-
age hydrograph is known as the dimensionless hydro-
graph method. Stricker and Sauer (1982) developed the
method for urban basins using theoretical techniques.
Later, Inman (1987) used actual streamflow data for
both urban and rural streams in Georgia, and confirmed
the theoretical dimensionless hydrograph developed by
Stricker and Sauer. Other investigators have since
developed similar dimensionless hydrographs for
numerous other States (Sauer, 1989). Except in some
relatively flat-topography, slow-runoff areas, the same
dimensionless hydrograph seems to apply with reason-
able accuracy. The dimensionless hydrograph
approach, however, is not applicable to snowmelt run-
off or for estimating more complex double-peaked
hydrographs.

The dimensionless hydrograph method has three
essential parts: (1) the peak discharge for which a
hydrograph is desired, (2) the basin lagtime, and (3) the
dimensionless hydrograph ordinates. In order to com-
pute the av<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>