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The National Flood-Frequency Program—NMethods for Estimating
Flood Magnitude and Frequency in Rural and Urban Areas in Alabama

Introduction

Estimates of the magnitude and fre-
quency of flood-peak discharges and flood
hydrographs are used for a variety of pur-
poses, such as for the design of bridges,
culverts, and flood-control structures; and
for the management and regulation of
flood plains. To provide simple methods of
estimating flood-peak discharges, the U.S.
Geological Survey (USGS) has developed
and published equations for every State,
the Commonwealth of Puerto Rico, and a
number of metropolitan areas in the United
States. In 1993, the USGS, in cooperation
with the Federal Emergency Management
Agency and the Federal Highway Admin-
istration, compiled all current USGS state-
wide and metropolitan area equations into
a computer program, titled “The National
Flood-Frequency (NFF) Program”
(Jennings and others, 1994).

Since 1993, new or updated equations
have been developed by the USGS for var-
ious areas of the Nation. These new equa-
tions have been incorporated into an
updated version of the NFF Program.

Fact sheets that describe application
of the updated NFF Program to various
areas of the Nation are available. This fact
sheet describes the application of the
updated NFF Program to streams that drain
rural and urban areas in Alabama.

Rural Basins

Alabama is divided into four hydro-
logic regions (fig. 1) on the basis of geol-
ogy, physiography, and analyses of flood-
frequency distributions. Atkins (1996)
developed regression equations for esti-
mating peak discharges (Qr), in cubic feet
per second, that have recurrence intervals
(T) that range from 2 to 500 years for
ungaged, unregulated, rural streams. The
regression equations are not applicable to
streams in urban areas, which were defined
by Atkins (1996) as sites in which more

than 5 percent of the drainage area is cov-
ered by impervious surfaces, or regulated
or channelized streams.

Contributing drainage area (A) is the
most statistically significant explanatory
watershed variable and the only explana-
tory watershed variable that is used in the
regression equations. Contributing drain-
age area is the total area that contributes
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runoff upstream of the stream site of inter-
est. Contributing drainage areas were mea-
sured in square miles for the equations
determined by Atkins (1996), but the NFF
Program will accept input and report
results in either the inch-pound or metric
system of units.

The regression equations, the average
standard errors of prediction, the equiva-
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Figure 1. Hydrologic regions for Alabama.
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lent years of record, and the range of the
drainage area that is applicable for use in
the equations are shown in table 1. The
average standard error of prediction is a
measure of the average accuracy of a
regression equations when used to estimate
peak-discharge values for ungaged water-
sheds similar to those that were used to
derive the regression equations. The equiv-
alent years of record is the number of years
of streamflow record needed to achieve the
same accuracy as the regression equation.
The standard error of prediction increases
appreciably when drainage-area values
that are outside the quoted range of data
used to develop the equations are applied
in the equation.

When the drainage area of the site of
interest is in more than one region, a
weighted estimate of the peak discharge
should be computed. The equations for the
appropriate regions should be applied
independently using basinwide estimates
of the required explanatory variables as if
the entire basin was in each region. The
weighted estimate is then computed by
multiplying each regional estimate against
the fraction of the drainage area in that
region and summing the products. The
NFF Program provides an algorithm for
this computation.

The regression equations were devel-
oped by using peak-discharge data for
streamflow-gaging stations with at least 10
years of record collected through Septem-
ber 1991 at 198 locations in Alabama and
72 locations in Florida, Georgia, Missis-
sippi, and Tennessee. Atkins (1996) sum-
marized observed station-record, peak-
discharge estimates, and regression-
weighted estimates for 270 streamflow-
gaging stations in Alabama and parts of
adjacent States. Atkins (1996) also pre-
sented graphs of peak discharge as a func-
tion of drainage area for selected
recurrence intervals for the Alabama, the
Black Warrior, the Cahaba, the Choc-
tawhatchee, the Conecuh, and the Tombig-
bee Rivers.

Urban Basins

Olin and Bingham (1982) developed
regression equations for estimating urban
peak discharges (Qr) that have recurrence
intervals (T) that range from 2 to 100 years
(table 2). The explanatory basin variables
used in the equations are contributing

drainage area (A), in square miles, and the

Table 1. Flood-peak discharge regression equations and associated statistics for streams that
drain rural areas in Alabama (modified from Atkins, 1996)

[Qr, peak discharge for recurrence interval T, 2 to 500 years, in cubic feet per second; A, contributing drainage

area; Do., ditto]

Regression equation

Average standard error

of prediction,

Equivalent

years of record

Applicable range of

drainage area,

in percent in square miles
Region 1
Q, =227A0072 35 3 0.44-1,027
Qs = 374A0-669 34 4 Do.
Qo = 4824069 35 5 Do.
Q,5 = 627A0668 37 7 Do.
Qs = 739A0:667 39 7 Do.
Qj00 = 85549667 41 8 Do.
Qa0 = 97440066 43 9 Do.
Qs00 = 1,135A0-666 46 9 Do.
Region 2
Q, = 163A0664 40 3 0.13-831
Qs =295A0634 36 4 Do.
Qo = 406A0648 35 6 Do.
Q,5 = 573A0:640 35 9 Do.
Qs = 716A063 36 10 Do.
Qo0 = 877A%628 37 11 Do.
Qa0 = 1,057A0622 39 12 Do.
Qso0 = 1,327A0-614 43 12 Do.
Region 3
Q, = 347A0°73 37 3 0.44-1,097
Qs =517A0607 35 5 Do.
Qo = 638A06%6 34 7 Do.
Q,5 = 7960648 33 10 Do.
Qs = 914A%663 33 12 Do.
Qy00 = 1,032A0677 33 15 Do.
Qa0 = 1,148A068 34 17 Do.
Qs00 = 1,302A0-704 35 18 Do.
Region 4
Q, = 169A0016 38 3 1.44-1,344
Qs =313A0-608 33 6 Do.
Qo = 444A0-600 33 9 Do.
Q,5 = 650A%52 35 12 Do.
Qs = 831A03%7 38 13 Do.
Qy00 = 1,035A0383 42 13 Do.
Qa0 = 1,262A057 46 13 Do.
Qs00 = 1,601A%576 52 13 Do.

Table 2. Flood-peak discharge regression equations and associated statistics for streams that
drain urban areas in Alabama (from Olin and Bingham, 1982)

[QT. peak discharge for recurrence interval T, 2 to 100 years, in cubic feet per second; A, contributing drain-

age area; IA, impervious area; do., Do., ditto]

Average standard Applicable range of

Applicable range

Regression equation error of estimate, drainage area, of percent
in percent in square miles impervious area
Q, = 150A070 17036 26 0.16-83.5 8.3-42.9
Qs = 210A070 [A0-3 24 do. Do.
Qo = 266A%67 1037 24 do. Do.
Q,5 = 337A069 17037 24 do. Do.
Qs = 396A067 17038 25 do. Do.
Qg0 = 444A%99 1403 25 do. Do.




percentage of the basin that is covered by
impervious area (IA). These variables can
be estimated from topographic maps; IA
can also be estimated from aerial photo-
graphs. The applicable range of basin vari-
ables used to develop the equations and the
standard errors of estimate are summarized
in table 2. The standard error of estimate is
the standard deviation of the regression
residuals and is a measure of the accuracy
of a regression equation applied to the data
used to develop the regression.

The urban equations are not applica-
ble to region 3 (fig. 1), which is underlain
by impervious chalk and marl. Caution
should be used in estimating flood magni-
tudes in basins underlain by soluble lime-
stone and in basins with sinkholes,
quarries, or storage reservoirs. Such fea-
tures can be identified by study of geologic
and topographic maps or by reconnais-
sance of the basin. The equations do not
apply to urban streams that are subject to
temporary in-channel storage or overbank
storage. For basins that contain less than 5
percent impervious area, the rural equa-
tions should be used.

Prepared by Robert R. Mason, Jr., of the
U.S. Geological Survey; and Jeffrey N.
King and Wilbert O. Thomas, Jr., of
Michael Baker, Jr., Inc.
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For more information contact:

U.S. Geological Survey
Office of Surface Water
415 National Center
Reston, Virginia 20192
(703) 648-5301

USGS hydrologic analysis software is
available for electronic retrieval through
the World Wide Web (WWW) at
http://water.usgs.gov/software/

and through anonymous File Transfer Pro-
tocol (FTP) from water.usgs.gov
(directory: /pub/software). The WWW
page and anonymous FTP directory from
which the National Flood-Frequency soft-
ware and user documentation can be
retrieved are
http://water.usgs.gov/software/nff.html
and

/pub/software/surface_water/nff,
respectively.

Additional earth science information is
available from the USGS through the
WWW at http://www.usgs.gov/

or by calling 1-800-426-9000.
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