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CONVERSION FACTORS AND VERTICAL DATUM

CONVERSION FACTORS

Multiply By To Obtain
acre-foot (acre-ft) 1,233 cubic meters (m3)
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
cubic foot per second per 0.01093 cubic meter per second per
square mile [(£t3/s)/mi?] square kilometer [(m3/s)/km?]
foot (ft) 0.3048 meter (m)
inch (in.) 254 millimeter (mm)
mile (mi) 1.609 kilometer (km)
square mile (mi?) 2.590 square kilometer (km?)

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8

VERTICAL DATUM
Vertical Datum: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929

(NDVD of 1929)—a geodetic datum derived from a general adjustment for the first-order level nets of
the United States and Canada, formerly called Sea Level Datum of 1929.
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Estimating the Magnitude of Annual
Peak Discharges with Recurrence
Intervals between 1.1 and 3.0 Years for
Rural, Unregulated Streams in

West Virginia

By Jeffrey B. Wiley, John T. Atkins, Jr., and Dawn A. Newell

Abstract

Multiple and simple least-squares regression
models for the logjp-transformed 1.5- and 2-year
recurrence intervals of peak discharges with inde-
pendent variables describing the basin characteris-
tics (logjp-transformed and untransformed) for
236 streamflow-gaging stations were evaluated,
and the regression residuals were plotted as areal
distributions that defined three regions in West
Virginia designated as East, North, and South.
Regional equations for the 1.1-, 1.2-, 1.3-, 1.4-,
1.5-,1.6-,1.7-, 1.8-, 1.9-, 2.0-, 2.5-, and 3-year
recurrence intervals of peak discharges were deter-
mined by generalized least-squares regression.
Logio-transformed drainage area was the most
significant independent variable for all regions.

Equations developed in this study are appli-
cable only to rural, unregulated streams within the
boundaries of West Virginia. The accuracies of
estimating equations are quantified by measuring
the average prediction error (from 27.4 to 52.4
percent) and equivalent years of record (from 1.1
to 3.4 years).

INTRODUCTION

Engineers commonly use low-recurrence-
interval (between 1.1 and 3.0 years) peak discharges as
design components for developing stream-restoration
plans. Stream restoration is the moving or stabilizing of
the stream channel as a result of pre-existing or antici-
pated disturbance. Streams may be restored at locations
where the stream is not in equilibrium because of natu-
ral processes, such as catastrophic flooding and land-
slides, that affect stream-channel stability. Determining
discharge frequencies at locations where streamflow-
gaging stations have been present for more than 10
years can be accomplished by analyzing the stream-
flow record. Determining discharge frequencies at
stream locations where gaging stations are not present
can be more difficult. Generally, discharge frequencies
at an ungaged location are estimated from the stream-
flow records at nearby gaging stations. This estimating
procedure can become time-consuming and expensive.
A less expensive method for determining the discharge
frequencies at ungaged locations is using regionalized
equations. If desirable accuracies are not achievable
from regionalized equations, at least cursory estimates
are possible.
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The U.S. Geological Survey (USGS), in coopera-
tion with the West Virginia Department of Transporta-
tion, Division of Highways, the West Virginia Soil
Conservation Agency, and the West Virginia Geologi-
cal and Economic Survey, developed equations for esti-
mating low-recurrence-interval peak discharges for
rural, unregulated streams in West Virginia. This report
presents peak discharges at gaging stations and equa-
tions for estimating the peak discharges at ungaged
locations for the 1.1-, 1.2-, 1.3-, 1.4-, 1.5-, 1.6-, 1.7-,
1.8-, 1.9-, 2-, 2.5-, and 3-year recurrence intervals. The
statistical methods used in the analyses and the result-
ing uncertainties in peak discharges are described to
support the reliability of the application of the resulting
equations to West Virginia streams. This report uses the
same data as Wiley and others (2000), where equations
were determined for estimating the 2-, 5-, 10-, 25-, 50-,
100-, 200-, and 500-year peak discharges.

The equations should not be applied to urban
areas with paved surfaces, concrete channels, or cul-
verts. The equations should not be applied to streams
regulated by dams, or large lakes and ponds. Equations
are not applicable to heavily mined areas if excessive
runoff is diverted into or outside the basin, retained
along strip benches, or retained underground. Equa-
tions are not applicable to karst areas if excessive
runoff is diverted into, outside, or within the basin
through solution channels or other cavities in carbonate
(limestone and dolomite) rocks.

Description of Study Area

West Virginia is in the mid-Atlantic region of the
eastern United States (fig. 1), and can be differentiated
by three physiographic provinces and two climatic
regions. The three physiographic provinces are the
Appalachian Plateaus, Valley and Ridge, and Blue
Ridge. Air masses move across the State such that a
line defined in this report as the Climatic Divide can
identify two climatic regions.

Physiographic Provinces

Generally, the part of the State west of the
Climatic Divide is in the Appalachian Plateaus
Province, where elevations decrease northwestward
from about 3,000—4,860 ft (Spruce Knob) along the
Climatic Divide to about 500-700 ft along the Ohio

River. The part of West Virginia east of the Climatic
Divide is in the Valley and Ridge Province, except for
the extreme eastern tip of the State, which is in the Blue
Ridge Province. Elevations decrease from the Climatic
Divide to about 250 ft (at Harpers Ferry) in the eastern
panhandle (U.S. Geological Survey, 1990).

The Appalachian Plateaus Province consists of
consolidated, mostly noncarbonate sedimentary rocks
that have a gentle slope from southeast to northwest
near the Climatic Divide and are nearly flat-lying along
the Ohio River. The one exception to this rock type is
the northeastern area of the Province (west of the
Climatic Divide), where the rocks are gently folded and
some carbonate rock crops out (Fenneman, 1938). The
rocks in the Appalachian Plateaus Province have been
eroded by streams to form steep hills and deeply
incised valleys in dendritic patterns.

The Valley and Ridge Province in West Virginia
consists of consolidated carbonate and noncarbonate
sedimentary rocks that are folded sharply and exten-
sively faulted (Fenneman, 1938). Northeast-trending
valleys and ridges parallel the Climatic Divide in a
trellis pattern.

The Blue Ridge Province consists of metamor-
phic rocks. The Province has high relief between
mountains and wide valleys that parallel the Climatic
Divide. The rocks are predominantly metamorphosed
sandstone and shale within West Virginia (Fenneman,
1938).

Climate

The climate of West Virginia is primarily conti-
nental, with mild summers and cold winters. Major
weather systems generally approach from the west and
southwest, although polar continental air masses of
cold, dry air that approach from the north and north-
west are not unusual throughout the State. Air masses
from the Atlantic Ocean sometimes affect the area east
of the Climatic Divide. Generally, tropical continental
masses of hot, dry air from the southwest affect the cli-
mate west of the Climatic Divide. Tropical maritime
masses of warm, moist air from the Gulf of Mexico
affect the climate east of the Climatic Divide. Land-
recycled moisture through evaporation from local and-
upwind land surfaces, lakes, and reservoirs also affects
the climate of the State (U.S. Geological Survey, 1991).
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Figure 1. Physiographic provinces and Climatic Divide in West Virginia.
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Precipitation: Annual precipitation averages
42 in. statewide with about 60 percent received from
March through August. July is the wettest month, and
the months from September through November are the
driest. Annual precipitation in the State generally
decreases northwestward from about 50—60 in. along
the Climatic Divide to about 40 in. along the Ohio
River, and is about 40 in. east of the Climatic Divide.
Greater precipitation along and immediately west of
the Climatic Divide is a consequence of the higher ele-
vations along the Divide and the general movement of
weather systems approaching from the west and south-
west. Annual snowfall follows the general pattern of
annual precipitation, decreasing northwestward from
about 36-100 in. along the Climatic Divide to about
20-30 in. along the Ohio River. Annual snowfall is
about 24-36 in. east of the Climatic Divide (U.S.
Geological Survey, 1991; U.S. Department of
Commerce, 1960, 1968).

Background

The low-recurrence-interval peak discharges
used as design components for making stream-
restoration plans can be related to bankfull discharges.
There are various definitions of “bankfull” related to
both processes and field indicators, and there are many
estimates for the recurrence interval for bankfull dis-
charge. Every definition of bankfull can describe a
different elevation at each stream cross section
(Williams, 1978). Some definitions of bankfull related
to processes and field indicators follow.

1. Wolman and Leopold (1957): bankfull is at the
elevation of the active floodplain, and is the
average elevation of the highest surface of the
channel bars;

2. Nixon (1959): bankfull is at the highest elevation
of a river that can be contained within the chan-
nel without spilling water on the floodplain or
washlands;

3. Schumm (1960): bankfull is at the height of the
lower limit of perennial vegetation (primarily
trees), or is at the height of the low bench;

Wolman and Miller (1960): the bankfull discharge
represents the upper level of the range of chan-
nel-forming flows, which transport the bulk of
the available sediment over time;

Woodyer (1968): bankfull is at the elevation
of the middle bench for rivers with various
overflow surfaces;

Pickup and Warner (1976): bankfull is at the ele-
vation at which the width/depth ratio becomes a
minimum;

Dunne and Leopold (1978): bankfull stage corre-
sponds to the discharge at which channel main-
tenance is the most effective, that is, the
discharge at which moving sediment, forming
or removing bars, forming or changing bends
and meanders, and generally doing the work
that results in the average morphological char-
acteristics of channels. Bankfull discharge is
associated with a momentary maximum flow,
which on the average has a recurrence interval
of 1.5 years;

8. Leopold (1994): bankfull discharge is considered

to be the channel-forming or effective dis-
charge, with a recurrence interval of about 1.5
years, and occurs on 1 or 2 days each year.
Bankfull discharge forms and maintains the
channel, and over time, carries the most sedi-
ment. Little bedload is moved at discharges less
than bankfull. Bankfull stage can be indicated
by changes in channel cross-section slopes
(particularly at the back of a point bar), by
changes in vegetation types, by the highest
scour line, or by the top of the bank;

9. Rosgen (1996): bankfull stage originally was used

to describe incipient elevation on the bank
where flooding begins, and applies primarily
to stream types that have an observable flood-
plain feature. Often, this stage is associated
with the flow that just fills the channel to the
top of its banks and at a point where water
begins to overflow onto a floodplain. Bankfull
stage and discharge serve as consistent mor-
phological indices, which can be related to the
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formation, maintenance, and dimensions of the
channel under the modern climatic regime.
Dimension, pattern, and bed features generally
are a function of channel width measured at
bankfull stage. Bankfull is synonymous with
“ordinary high water,” a term used by the U.S.
Army Corp of Engineers, and is expressed as
momentary maximum or instantaneous peak
flow rather than a mean daily discharge;

10. The Federal Interagency Stream Restoration
Working Group (1998): bankfull discharge is
that which fills a stable alluvial channel up to
the elevation of the active floodplain. The
bankfull discharge is important morphologi-
cally because it represents the breakpoint
between the processes of channel and flood-
plain formation. In stable alluvial channels,
bankfull discharge corresponds closely with
effective discharge and channel-forming
discharge. There is no universally accepted def-
inition that can be consistently applied, has
general application, and integrates the pro-
cesses that create the bankfull dimensions of
the river, so spell out a clear definition of
indicators used to define bankfull for every
project;

11. Brunner (1999): bankfull discharge is the funda-
mental flow in any river that controls the evolu-
tion and stability of the dimension, pattern and
profile of the stream. This is the discharge that,
over time, transports the most sediment
throughout a stream, and is sometimes referred
to as the effective discharge or dominant dis-
charge. This discharge determines the cross-
sectional profile of a stream and could be
considered the morphologically forming flow;
and,

12. Harman and others (2001): bankfull is at the level
corresponding to the top of the channel banks
and at the level of the flat, frequently inundated
surface adjacent to the channel built under the
current hydrologic regime. For example, the

most consistent bankfull indicators in North
Carolina are the highest scour line and the back
of the point bar (it is rarely the top of the bank
or the lowest scour or bench).

The recurrence interval of bankfull discharge can
have a wide range of values partially because of the
different definitions of bankfull related to processes
and field indicators. Some of these values are: 1-to-2-
year frequency (Wolman and Leopold, 1957); 97 per-
cent of the 1.58-year frequency (Dury, 1973); 1.5-year
frequency (Hey, 1975); 4-to-10-year frequency (Pickup
and Warner, 1976); 1-year frequency (Richards, 1982);
1.4-to-2.0-year frequency (corresponding to flood-
plain levels in northern VA streams; Osterkamp and
Hupp, 1984); 1.5-to-1.7-year frequency (from 47 rivers
in Ontario, Canada; Annable, 1994); 1.0-to-2.5-year
frequency, and 1.5-year frequency is a reasonable aver-
age (Leopold, 1994; Dunne and Leopold, 1978); 1.01-
to-32-year frequency (Williams, 1978); 1.4-to-1.6-year
frequency (North American gaging stations with 10
years of record and related to field-determined bank-
full; Rosgen, 1996); 1.1-to-4.8-year frequency, and an
average of 2.0-year frequency (from 23 headwater
gravel-bed streams in snowmelt-dominated parts of
central and northern Idaho; Whiting and others, 1999);
and, 1.1-to-1.9-year frequency, and a mean of 1.4-year
frequency (for rural North Carolina gaging stations;
Harman and others, 2001).

Acknowledgments

The USGS; West Virginia Department of
Transportation, Division of Highways; West Virginia
Soil Conservation Agency; and West Virginia
Geological and Economic Survey would like to recog-
nize others that have contributed to the success of this
study. The Canaan Valley Institute (CVI) facilitated
cooperation for this project through stream-restoration
workshops and meetings, and creation of the West
Virginia Natural Stream Work Group. The West
Virginia Natural Stream Work Group is an association
of Federal and State agencies, academic institutions,
and others (including private consultants) that share an
interest in preserving and restoring stream-channel

Introduction 5



stability and stream habitats in West Virginia. Members
of the West Virginia Natural Stream Work Group, par-
ticularly the CVI; U.S. Department of Agriculture,
Natural Resource Conservation Service; and, the West
Virginia Department of Natural Resources contributed
to the development of the project objectives.

DEVELOPMENT OF
LOW-RECURRENCE-INTERVAL
PEAK-DISCHARGE ESTIMATING
EQUATIONS

Annual peak-discharge data and basin-
characteristics data for streamflow-gaging stations in
West Virginia were analyzed to determine the magni-
tude of low-recurrence-interval peak discharges. The
equations for the 2-year discharges were regionalized
by plotting the areal distribution of residuals from
application of multiple and simple least-squares regres-
sion models. Independent variables described basin
characteristics for each station location. Magnitudes for
the 2-year discharges at stations operated by surround-
ing States (Virginia, Maryland, Pennsylvania, Ohio,
and Kentucky) were incorporated into the modeling
and regionalization procedure. The low-recurrence-
interval peak-discharge estimating equations for all
recurrence intervals were computed from a generalized
least-squares regression model on the basis of the
regions and independent variables determined from the
analysis of the multiple and simple least-squares
regression models of the 2-year-frequency data.

Peak-Discharge Data

Peak discharges for 160 rural, unregulated West
Virginia streamflow-gaging stations with a minimum
of 10 years of record through the 1997 water year (the
period from October 1 of the previous year through
September 30 of the indicated year) were used for this
study. The peak data used in this study are identical to
those used by Wiley and others (2000), and additional

details about the generation and processing of these
data, such as quality assurance and peak estimates, can
be found in that report.

Annual peak-discharge data are maintained in
the USGS’s “Peak File” database available on the
World Wide Web from the USGS NWIS-WEB Data
Retrieval at http://waterdata.usgs.gov/. Multiple years
of peak data were published in USGS Water-Supply
Papers through the 1960 water year. Peak data have
been published annually in the “U.S. Geological
Survey Water Resources Data - West Virginia” series of
reports since the 1961 water year (series title has
changed several times since 1961).

Basin-Characteristics
Data

Eleven basin characteristics for 160 rural, unreg-
ulated West Virginia streamflow-gaging stations with a
minimum of 10 years of record through the 1997 water
year were used for this study (plate 1). Information for
stations operated by surrounding States was acquired to
augment West Virginia data. The basin-characteristics
data used in this study are identical to those used by
Wiley and others (2000), and additional details about
the generation and processing of these data, such as
quality assurance, can be found in that report.

The U.S. Geological Survey “Streamflow/Basin
Characteristics” database generally contains variables
that (1) quantify statistical summaries of daily-mean
discharges and peak discharges, and (2) describe the
basin at and upstream from a gaging station by quanti-
fying topographic map features and interpreting clima-
tological maps. These are variables that intuitively can
be assumed to affect streamflow (Thomas and Benson,
1969). This database is not maintained on an annual
basis and is not available on the World Wide Web.
Contents from this database for 160 gaging stations in
West Virginia and 113 gaging stations from surround-
ing States are presented in tables 2, 3, and 4 located at
the end of this report.
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Eleven basin characteristics were used to
describe the basins at and upstream from West Virginia
gaging stations. The following 11 basin characteristics

are listed in table 2 and were considered for the correla- 7.

tion and regression analyses:

1. Drainage area, in square miles (miz), deter-
mined by tracing basin boundaries on a U.S.
Geological Survey 1:24,000-scale topographic
map and measuring the enclosed area, or by
reading from a report of tabulated drainage
areas (Mathes, 1977; Wilson, 1979; Mathes
and others, 1982; Preston and Mathes, 1984,
Stewart and Mathes, 1995; Wiley and Hunt,

1995; Wiley, 1997); 8.

2. Main-channel slope, in feet per mile (ft/mi),
determined from a U.S. Geological Survey
1:24,000- or 1:62,500-scale topographic map as
the slope between the points along the main
stream channel at 10 and 85 percent of the

distance from the gaging station to the basin 9.

divide;

3. Stream length, in miles (mi), determined from a
U.S. Geological Survey 1:24,000- or 1:62,500-
scale topographic map as the length of the main
stream channel from the gaging station to the
basin divide;

10.

4. Mean basin elevation, in feet above sea level,
determined by averaging elevations read from a
U.S. Geological Survey 1:24,000- or 1:62,500-
scale topographic map at 20 to 80 grid cross-
ings selected from the placement of a square
grid superimposed on a delineated basin;

5. Forested area, in percent, determined by dividing

the number of grid crossings at forests (area 11.

shaded with green) shown on a U.S. Geological
Survey 1:24,000- or 1:62,500-scale topo-
graphic map by the total number of grid cross-
ings (20 to 80) selected from a square grid
superimposed on a delineated basin, then
multiplying by 100;

6. Mean annual precipitation, in inches, deter-
mined by visual integration of an isohyetal
map published by the U.S. Department of Com-

merce (1960) over the area of a delineated
basin (this map was reproduced by Wiley and
others, 2000, fig. 3, page 8);

Precipitation intensity, in inches per 24 hours
occurring on an average of once every 2 years,
determined by visual integration of an isohyetal
map modified from that published by the U.S.
Department of Commerce (1961) over the area
of a delineated basin. (This isohyetal map was
modified by interpolating isohyets for 2.6, 2.7,
2.8, and 2.9 in., and the modified map was
published by Wiley and others, 2000, fig. 4,
page 9.);

Mean annual snowfall, in inches, determined by
visually integrating an isohyetal map published
by the U.S. Department of Commerce (1968)
over the area of a delineated basin (this map
was reproduced by Wiley and others, 2000,
fig. 5, page 10);

Mean minimum January temperature, in
degrees Fahrenheit (°F), determined by visually
integrating an isothermal map published by the
U.S. Department of Commerce (1960) over
the area of a delineated basin (this map was
reproduced by Wiley and others, 2000, fig. 6,
page 11);

Local station slope, in feet per mile (ft/mi),
determined by measuring the distance between
topographic contour-line crossings along the
main channel upstream and downstream from a
gaging station located on a U.S. Geological
Survey 1:24,000-scale topographic map, and
dividing the difference in elevations between
the contour lines by that distance; and,

Streamflow variability index, determined either
(1) as the standard deviation of the logg trans-
formations of the 5-, 15-, 25-, 35-, 45-, 55-, 65-,
75-, 85-, and 95-percent flow durations for
gaging stations where daily mean discharges
already were computed, or (2) by visual inte-
gration of a variability-index boundary map
published by Friel and others (1989) over the
area of a delineated basin for gaging stations
with unknown daily mean discharges.

Development of Low-Recurrence-Interval Peak-Discharge Estimating Equations 7



Basin-characteristics data for stations operated
by surrounding States (table 2) were obtained from the
most recent U.S. Geological Survey flood-frequency
studies in these States (Bisese, 1995; Choquette,

1988; Dillow, 1996; Flippo, 1982; and Koltun and
Roberts, 1990), from the USGS “Streamflow/Basin
Characteristics” database, and other sources (K.J. Ruhl,
U.S. Geological Survey, Louisville, Kentucky, written
commun., 1997; J.A. Dillow, U.S. Geological Survey,
Baltimore, Maryland, written commun., 1997). Not all
selected basin-characteristics data were readily avail-
able for stations operated by surrounding States, and
these data were not determined for the correlation and
regression analyses.

Magnitude and Frequency
Analysis

The magnitudes and frequencies of peak dis-
charges at 160 streamflow-gaging stations on rural,
unregulated streams in West Virginia, for which a
minimum of 10 years of record through 1997 was
available (pl. 1 in pocket), were determined in accor-
dance with the guidelines (Bulletin 17B) established by
the Interagency Advisory Committee on Water Data,
Water Resources Council (1982). Discharges at stations
operated by surrounding States (85 out of an original
113 stations) were determined as representative of dis-
charges expected in West Virginia by Wiley and others
(2000), and were used to augment the West Virginia
data in this study. Additional details about
the generating and processing of the data from West
Virginia and surrounding States, including discussion
of stations omitted from consideration here, can be
found in Wiley and others (2000).

Recurrence intervals of peak discharges were
determined by fitting the Pearson Type III probability
curve to the logg transformed systematic annual-peak

series for a given gaging station. General skew for the
region was obtained from the national skew map pro-
vided in Bulletin 17B. General skew for the region was
weighted with station skew to adjust the probability
curve. Additionally, high-outlier, low-outlier, and his-
torical peak assessments were made to adjust the
annual-peak series. Mixed populations of annual peaks,
such as peaks from floods caused by snowmelt and
peaks caused by tropical storms or hurricanes, were not
analyzed separately.

The PEAKFQ computer program (Thomas,
W.0., Jr., Lumb, A.M., Flynn, K.M., and Kirby, W.H.,
1998, User's manual for program PEAKFQ, annual
flood-frequency analysis using Bulletin 17B guide-
lines, written commun., 89 p.) used by Wiley and
others (2000), does not output peak discharges for
all the recurrence intervals needed for this study. Sub-
routines within PEAKFQ (the HARTIV subroutine
with related subroutines and functions, originally
developed by Kirby, 1980), however, are used to calcu-
late all the peak discharges for the recurrence intervals
needed for this study. The identified subroutines within
PEAKFQ do not calculate discharge directly, but deter-
mine a frequency factor (K-value) that is used to calcu-
late the discharge. A short Fortran computer program
(listed in appendix 1) was used to calculate all the
frequency factors (the Bulletin-17B weighted skew
was input into the program for all stations used in this
study). The short computer program uses the current
versions of computer subroutines contained in a library
of USGS water-resources application programs (U.S.
Geological Survey, 2001), and the subroutines are iden-
tical to those used in PEAKFQ (version 4.0, revised
December 1, 2000). The frequency factors are used
to determine discharge by computing the antilog of
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discharge from the following equation (Interagency
Advisory Committee on Water Data, 1976, equation 1,
p. 9-10) given as

Logi0 Q = Xmean + KS,

where
Xmean 18 the mean of the logi( of annual peak flows
(Bulletin-17B adjusted), in cubic feet per
second = Y X/N,
where X is the logg of the annual peak flow,
in cubic feet per second; and
N is the number of items in the data set;
K is the frequency factor; and
S is the standard deviation of the logjg of annual
peak flows (Bulletin-17B adjusted), in cubic
feet per second = [X(X-Xmean)* / (N-1)]1%.

The 2-year peak discharges calculated using
PEAKFQ for this study at stations 01596000,
01600000, 01632000, 01632900, 01634000,
02014000, 03072000, and 03176500 operated by sur-
rounding States were not equal to the published 2-year
discharges (Bisese, 1995; Dillow, 1996; Flippo, 1982)
or revised 2-year discharges for stations 01596000 and
01600000 (J.A. Dillow, U.S. Geological Survey,
written commun., 1997). The inequality of the 2-year
discharges for these stations operated by surrounding
States is because insufficient information about the sta-
tion frequency computations was available from the
particular State report or basin-characteristics file to
exactly reproduce the 2-year discharge. The published
and revised 2-year discharges for these stations oper-
ated by surrounding States were accepted because the
discharges were less than 6 percent different than the
values calculated using PEAKFQ for this study. The
accepted 2-year discharges for these stations are
identical to those published by Wiley and others
(2000).

The 2-year discharge, 3,550 ft3/s, calculated
using PEAKFQ for this study at the station South Fork
South Branch Potomac River near Brandywine

(01607500) was not equal to the 2-year discharge pub-
lished by Wiley and others (2000), 5,550 ft3/s, because
of a typographical error in Wiley and others (2000).

Selected statistics from the magnitude and fre-
quency analyses for the 160 gaging stations in West
Virginia and 82 of the 113 gaging stations operated by
surrounding States are listed in table 3 (at the end of
this report). The 1.1-, 1.2-, 1.3-, 1.4-, 1.5-, 1.6-, 1.7-,
1.8-, 1.9-, 2-, 2.5-, and 3-year peak discharges for the
160 gaging stations in West Virginia are listed in table
4 (also at the end of this report). Only the 2-year peak
discharges for 82 of the 113 gaging stations operated
by surrounding States are presented so as not to estab-
lish or supersede other values for discharges that may
be determined for those locations (all discharges for the
82 stations were used to develop equations applicable
to West Virginia).

The randomness of the systematic annual-peak
series (excluding historical peaks) was tested statisti-
cally to detect a trend by means of Kendall’s test for
correlation (Kendall, 1975; Hirsch and others, 1982).
The computer program SWSTAT (Surface Water
STATistics), version 3.2, dated April 3, 1998 (Lumb
and others, 1990; A.M. Lumb, W.O. Thomas, Jr., and
K.M. Flynn, “Users manual for SWSTAT, a computer
program for interactive computation of surface-water
statistics,” written commun., 1995) was used to calcu-
late Kendall’s tau and the level of significance (the
probability or “p-value”). The hypothesis is that there
is no trend for the Kendall’s test for correlation. The
hypothesis of no trend is rejected if the hypothesis fails
to attain a particular level of significance. The particu-
lar level of significance was selected as 0.05 for this
study, so a trend is determined for an annual-peak
series if the level of significance is less than 0.05.
Kendall’s tau and the level of significance were deter-
mined for the annual-peak series for 160 gaging sta-
tions in West Virginia (table 3). The peak series for 10
gaging stations (6.25 percent of the 160 stations) indi-
cated a trend. By chance, 8 stations would be expected
to indicate a trend (5 percent of the 160 stations), so
there is little difference between the number of stations
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analyzed as having a trend and the number of stations
expected to show a trend by chance. Thus, no signifi-
cance could be determined for the trend indicated at the
10 gages, and all 10 gages were retained for consider-
ation in the data-correlation and regional regression
analysis.

Data Correlation

The 160 rural, unregulated West Virginia stream-
flow-gaging stations having a minimum of 10 years of
record through the 1997 water year were reduced to
154 for correlation and regional regression analysis.
Data from the following six gaging stations were not
used for correlation and regional regression analysis:
Elk River at Centralia (03195000) because the peak
record for this station was used to lengthen the record
for Elk River below Webster Springs (03194700);
Twelvepole Creek at Wayne (03207000) because the
peak record here was used to lengthen the record for
Twelvepole Creek below Wayne (03207020); Tug Fork
near Kermit (03214000) because the peak record here
was used to lengthen the record for Tug Fork at Kermit
(03214500); New River at Caperton (03185500)
because the peak record here was used to lengthen the
record for New River at Fayette (03186000); Cheat
River near Morgantown (03071500) because the peak
record for this station was used to lengthen the record
for Cheat River near Pisgah (03071000); and Tuscarora
Creek above Martinsburg (01617000) because the

station is located in a karst area of the State. Available
data for 113 gaging stations operated by surrounding
States augmented West Virginia data.

In order to identify correlated values, 11 basin
characteristics describing the basin at and upstream
from gaging stations (see Basin-Characteristics Data
section of this report) were logg transformed. Trans-
formed and untransformed data were evaluated for col-
linearity using a Pearson Coefficient correlation
matrix. Additionally, a shape factor, defined as the
drainage area divided by the squared basin length, was
log1o transformed, and then transformed and untrans-
formed values were evaluated for collinearity. High
correlations (absolute value of Pearson correlation
coefficient greater than 0.80) were detected among
logo transformed drainage area, main-channel slope,
and stream length. High correlations also were detected
among logjg transformed main-channel slope, stream
length, and local station slope. Additionally, high cor-
relations were detected between the untransformed
values of drainage area and main-channel slope, and
main-channel slope and local station slope. No high
correlations were determined between any logig trans-
formed and any untransformed value. Should a pair of
highly correlated values become part of a regression
equation in the regional regression analysis, consider-
ation will be given to eliminate one of the values from
the equation. (No pair of highly correlated values
became part of a regression equation.)
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Regional Regression
Analysis

Multiple and simple least-squares regression
models for the logjo-transformed 2-year recurrence-
interval discharge with independent variables that
describe the basin characteristics (both logg trans-
formed and untransformed values) for each gaging
station were evaluated, and residuals were plotted as
areal distributions to determine regional boundaries.
The final regional regression equations for the 1.1-,
1.2-,1.3-,1.4-,1.5-,1.6-, 1.7-, 1.8-, 1.9-, 2-, 2.5-, and
3-year peak discharges (table 1) were determined by
executing a generalized least-squares regression model
(Stedinger and Tasker, 1985; Tasker and Stedinger,
1989) (version 2.5) that used the independent
variables determined from application of the multiple
least-squares regression model.

Regional regression procedures for the 2-year
discharge were completed for the entire data set and
three regions (fig. 2) were delineated as East, North,
and South. A multiple least-squares regression model
for the logj-transformed 2-year discharge that used
basin characteristics (both logj transformed and
untransformed values) as the independent variables
was evaluated. The most significant independent vari-
able was determined as logjo-transformed drainage
area. Inclusion of additional independent variables did
not significantly increase the ability of the model to
account for the variation of the dependent variable (RZ)
and did not decrease the standard error by more than 5

percent. A simple least-squares regression model was
evaluated for the logjo-transformed 2-year discharge
with logjo-transformed drainage area as the only inde-
pendent variable. Residuals from the simple least-
squares regression analysis were plotted by latitude and
longitude of the gaging station. The residual plots indi-
cated areas of West Virginia with similar magnitudes of
residuals. The multiple and simple regression proce-
dures were repeated for each group of stations with a
similar magnitude of residuals (logjo-transformed
drainage area was the most significant independent
variable in all cases), and plots were analyzed until no
additional regional boundaries could be identified.
Regional analysis in the East Region indicated that
four stations with large drainage areas (greater than
2,000 mi?) leveraged the regression analysis. One of
the four stations was in West Virginia, Shenandoah
River at Millville (01636500), and the other three sta-
tions were in surrounding States (see Wiley and others,
2000, p.15). On the basis of these analyses, three
regions were delineated. These three regions are identi-
cal to those determined by Wiley and others (2000), for
which the 100-year discharges were used in the
regional regression procedures.

Regional regression procedures were conducted
for the 1.5-year discharge to determine if different
regional boundaries would be determined at a lower
discharge than the 2-year discharge. The same three
regions were delineated, and logjo-transformed drain-
age area remained the most significant independent
variable.
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Table 1. Equations and regression statistics determined in the regional regression analysis of peak discharges

[Q(n) is the discharge in cubic feet per second for the (n)-year recurrence interval; A is the drainage area in square miles]

Standard Average Average Equivalent Number of Range of
Regression error of the standard error prediction q rang
. - years of streamflow drainage area,
equation model, of sampling, error, R . .
. . . record stations in square miles
in percent in percent in percent
East Region
Q(1.1)=31.7 A 0834 51.1 10.1 52.4 1.3
Q(1.2)=37.9 A 0835 47.0 95 48.2 1.5
Q(1.3)=42.6 A 0836 44.7 9.2 459 1.7
Q(1.4) =46.5 A 0837 43.1 8.9 442 1.8
Q(1.5)=49.9 A 0838 41.9 8.9 43.0 1.9
Q(1.6)=53.0 A 0838 40.9 8.9 42.0 2.0 74 0.22-1,486
Q(1.7)=55.8 A 0839 40.2 8.6 412 2.0
Q(1.8) =58.4 A 0839 39.5 8.6 40.5 2.1
Q(1.9) = 60.9 A 0840 38.9 8.6 40.0 22
Q(2) = 62.6 A 0842 37.7 8.3 38.8 23
Q(2.5)=72.9 A 0842 36.8 8.3 37.8 24
Q(3)=80.2 A 0843 35.8 8.3 36.8 25
North Region
Q(1.1)=57.7 A 078 30.8 7.6 31.8 2.6
Q(1.2)=73.2 A 0771 28.8 7.3 29.8 3.0
Q(1.3)=853 A 075 27.8 73 28.8 3.1
Q(1.4)=95.5 A 0751 27.2 6.9 28.2 3.3
Q(1.5)=105 A 0744 26.9 6.9 27.9 3.3
Q(1.6)=113 A 0738 26.7 6.9 27.7 3.4 62 0.13-1,516
Q(1.7) =120 A 0733 26.6 6.9 27.6 3.4
Q(1.8)=127 A 0728 26.5 6.9 27.4 3.4
Q(1.9) =134 A 0725 26.5 6.9 27.4 3.4
Q(2) =138 A 0724 27.0 6.9 28.0 33
Q(2.5) = 166 A 0-708 26.6 6.9 27.6 34
Q(3) =188 A 0698 26.9 6.9 27.9 33
South Region
Q(1.1) = 46.9 A 0804 47.4 8.0 48.3 1.1
Q(1.2)=56.9 A 079 44.0 7.6 44.8 1.3
Q(1.3) = 64.4 A 079 423 7.6 43.1 1.4
Q(1.4)=70.5 A 0792 41.1 7.6 41.9 1.4
Q(1.5)=75.8 A 0790 40.3 7.3 41.1 15
Q(1.6) = 80.6 A 0-789 39.7 7.3 40.5 1.5 100 0.10-8,371
Q(1.7) = 84.8 A 0787 39.2 7.3 40.0 1.5
Q(1.8) = 88.8 A 0786 38.8 7.3 39.6 1.6
Q(1.9)=92.4 A 0785 38.5 7.3 39.3 1.6
Q(2)=95.4 A 0785 38.4 7.3 39.2 1.6
Q(2.5)=110 A 0781 37.6 7.3 38.4 1.7
Q(3)=121 A 0778 37.2 6.9 38.0 1.7
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Figure 2. Regional boundaries for the low-recurrence-interval peak-discharge estimating equations for rural, unregulated streams in

West Virginia.

ESTIMATING DISCHARGES FOR
GAGED AND UNGAGED
LOCATIONS

How discharge estimates are made depends on
whether the stream location of interest is at a stream-
flow-gaging station, on an ungaged stream, or on the
same stream as a nearby gaging station (where
“nearby” means that the drainage area for that location
is between 50 and 150 percent of the drainage area at
the gaged location). The estimating procedure is not
applicable on urbanized and regulated streams, and
caution should be used if the stream is heavily affected
by mining or located in a karst area.

Discharges at a gaging station are read directly
from table 4 (the appropriate equation and weighting
factors have been applied). No weighted value is pre-
sented in table 4 for one of the two stations on the same
stream that were combined into a single time-series
record. For this case, the station location listed without
a weighted value should be analyzed as “on the same
stream as a nearby gaging station.” Discharges on the
same stream as a nearby gaging station are determined
at the ungaged location from the desired regional
regression equation and then adjusted by a factor that
related differences between the ungaged and gaged
locations. No weighted value is presented in table 4
for Tuscarora Creek above Martinsburg (01617000).
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The frequency of the systematic record for Tuscarora
Creek (S) should be used directly because the station
is located in a karst area of the State. Discharge on
an ungaged stream is determined from the desired
regression equation for the appropriate region.

At a streamflow-gaging station. A discharge at
a gaging station is determined by reading the weighted
(W) value directly from table 4. For example, the
weighted 2-year discharge at the gaging station
Greenbrier River at Alderson (03183500) is given as
34,000 ft3/s. This discharge was calculated by weight-
ing (1) the discharge determined from the systematic
and historical record (S), on the basis of the guidelines
established by the Interagency Advisory Committee on
Water Data, Water Resources Council (1976; table 3),
and (2) the discharge determined by the appropriate
regional (R) regression equation (table 4). The weight-
ing technique considered (1) the number of years of
peak-discharge record (summation of the number of
years of systematic record, the number of historical
peaks, and the number of high-outlier peaks from
table 3 located at the end of this report), and (2) the
number of equivalent years of record (an estimate
given in table 1 of the number of systematic years of
record needed to calculate discharges with an accuracy
equal to that of the regional regression equation). The
following equation was used:

Qw=(QN +QE)/ (N +E),

where
Qw is the weighted discharge in cubic feet per
second;

Qg is the discharge in cubic feet per second
determined from the systematic and
historical record on the basis of the
guidelines established by the Water
Resources Council;

Q; is the discharge in cubic feet per second
determined by the regional regression
equation;

N is the number of years of peak-discharge
record; and
E is the equivalent years of record.

On an ungaged stream. A discharge on an
ungaged stream is determined by applying the desired
regional regression equation for the appropriate region
(table 1). For example, the 1.5-year discharge for
Fishing Creek just downstream from the confluence of
North and South Forks of Fishing Creek in Wetzel
County (Pine Grove 7!/,-minute U.S. Geological
Survey topographic map) can be calculated as follows:

1. The stream is located in the North Region as
determined from figure 2;

2. The 1.5-year regression equation for the North
Region is selected from table 1 as

Q(1.5) =105 A 0744,

where
Q(1.5) is the 1.5-year discharge in cubic feet
per second, and
A is the drainage area in square miles.

3. The drainage area is determined by measuring the
area on a topographic map or from the U.S.
Geological Survey drainage-area report (Wiley,
1997, page 30) as 113.92 mi%; and

4. The 1.5-year regression equation for the North
Region is evaluated as 3,560 ft3/s.

On the same stream as a nearby gaging
station. A discharge on the same stream as a nearby
gaging station is determined by adjusting the discharge
determined from the regional equation by a factor relat-
ing (1) drainage areas, and (2) weighted and regional
regression discharges (Hannum, 1976; Glatfelter,
1984). For example, the 3-year discharge for a site on
Coal River just downstream from the confluence of the
Little Coal and Big Coal Rivers in Kanawha County
(Alum Creek 7'/,-minute U.S. Geological Survey
topographic map) can be calculated as follows:

1. The drainage area is determined by measuring the
area on a topographic map or by reading from
the U.S. Geological Survey drainage-area
report (Mathes and others, 1982, page 196) as
830.02 miZ, which is 96 percent (between 50
and 150 percent) of the drainage area given in
table 3 (862 mi?) for the gaging station Coal
River at Tornado (03200500);
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2. The weighted 3-year discharge for Coal River at

Tornado (03200500) is read directly from table
4 as 24,400 ft3/s (see discussion above for cal-

culations at a gaging station), and the regional

3-year discharge is read directly from table 4 as
23,300 ft/s;

3. The 3-year discharge for the Coal River just

downstream from the confluence of the Little
Coal and Big Coal Rivers is determined from
the equation given in table 1 as 22,600 ft3/s
(South Region, drainage area of 830.02 mi?:
see discussion above for an ungaged stream);

4. The correction factor for the gaged location is

determined as 1.047 from the following
equation:

Cg =Qw/Qr,
where

C; is the correction factor for the gaging-
station location;

Qw 1is the weighted frequency discharge in
cubic feet per second read from
table 4; and

Q: 1is the regional regression discharge in
cubic feet per second read from
table 4;

5. The correction factor for the ungaged location

is determined as 1.044 from the following
equation:

Cu=Ce-[21Ag- Aul)/ Ag] (Cg - 1),
where

Cy 1s the correction factor for the
ungaged location;

C; is the correction factor for the
gaging station location (see
previous equation);

Ag is the drainage area in square miles
at the gaging station location read
from table 2;

Ay is the drainage area in square miles
at the ungaged location; and

|Ag - Ayl is the absolute value of the
difference between the drainage
area in square miles (mi?) at the
gaging station location and the
drainage area in square miles
(mi2) at the ungaged location;

6. The adjusted 3-year discharge for the Coal River
just downstream from the confluence of the
Little Coal and Big Coal Rivers is determined
as 23,600 ft3/s from the following equation:

Qa=CuQu s
where
Qa is the adjusted discharge in cubic feet
per second;

C, 1is the correction factor for the
ungaged location (see previous
equation); and

Qu is the regional regression discharge at
the ungaged location in cubic feet
per second.

ACCURACY OF LOW-RECURRENCE-
INTERVAL PEAK-DISCHARGE
ESTIMATING EQUATIONS

The accuracy of the estimating equations is
quantified by measuring the average prediction error
and equivalent years of record (Hardison, 1969, 1971).
The average prediction error ranged from 27.4 to 52.4
percent, and the equivalent years of record ranged from
1.1 to 3.4. These accuracy measurements are included
with the regression statistics summarized in table 1.

Average prediction error. Average prediction
error is the square root of the sum of the squared stan-
dard error of the model (the portion of the total error
due to an imperfect model) and average squared stan-
dard error of sampling (the portion of the total error
due to estimating model parameters from a sample) in
log units. The calculations involved in estimating the
average prediction error are explained in Tasker and
Stedinger (1989) and in appendix 2 of this report. The
average prediction error is within 1.3 percentage points
of the standard error of the model for all regression
equations presented in table 1. The near equivalence of
the average prediction error and the standard error of
the model indicate that addition of the average standard
error of sampling to the standard error of the model
accounts for very little additional unexplained variance
of the discharge estimate.
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The average prediction error is the square root of
the average of individual squared standard errors of
prediction. Individual standard errors of prediction for
the regression equations can be determined as
described in appendix 2 (Koltun and Roberts, 1990,
appendix A; and Hodge and Tasker, 1995, p. 37-42).
This method was applied to each regression equation
shown in table 1 to investigate the variation of the
individual standard errors of prediction and to compare
the individual standard errors of prediction to the aver-
age prediction error. The differences between the indi-
vidual standard errors of prediction and the average
prediction error were insignificant. Thus, computation
of individual standard errors of prediction is not neces-
sary when applying the equations.

The variation of the individual standard errors of
prediction over the range of drainage areas for the
regression equations was compared to the average pre-
diction error (fig. 3). The individual standard errors of
prediction increase for drainage areas less than and
greater than about 100 mi? (where the individual stan-
dard errors are less than 1.0 percentage points less than
average prediction error) for all regression equations.
The maximum individual standard errors of prediction
for the maximum drainage areas are within 0.5 percent-

age points of the average standard error of prediction
for all regression equations. The maximum individual
standard errors of prediction for the minimum drainage
areas are 5.4 percentage points greater than the average
prediction error for all regression equations. The indi-
vidual standard errors of prediction are less than 0.8
percentage points less than the average prediction error
for a drainage area of 10 mi? for all regression equa-
tions. In summary, the individual standard errors of
prediction are within 1.0 percentage point of the aver-
age prediction error for drainage areas greater than

10 mi?, and the individual standard errors of prediction
increase to a maximum of 2.7 percentage points greater
than the average standard error of prediction at the
minimum drainage areas.

Equivalent years of record. Equivalent years of
record (table 1) is an estimate of the number of system-
atic years of record needed to calculate discharges with
an accuracy equal to that of the regional regression
equation. Equivalent years of record is a weighting
factor that is applied when determining discharges at
gaging stations (see Estimating Procedure section of
this report).
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LIMITATIONS OF LOW-
RECURRENCE-INTERVAL
PEAK-DISCHARGE ESTIMATING
EQUATIONS

Equations developed in this study are only appli-
cable to rural, unregulated streams within the bound-
aries of West Virginia. The equations should not be
applied to urban areas with paved surfaces, concrete
channels, culverts, and other control structures. The
equations should not be applied to streams regulated by
dams, or large lakes and ponds. Equations are not
applicable to heavily mined areas if excessive runoff
is diverted into or outside the basin, retained along
strip benches, or retained underground. Equations are
not applicable to karst areas if excessive runoff is
diverted into, outside, or within the basin through
solution channels or other cavities in carbonate (lime-
stone and dolomite) rocks. Jones (1997) describes the
locations of karst areas in eastern counties of West
Virginia including Monongalia, Preston, Barbour,
Tucker, Grant, Mineral, Hardy, Hampshire, Morgan,
Berkeley, Jefferson, Randolph, Pendleton, Pocahontas,
Greenbrier, Summers, Monroe, and Mercer Counties
(counties are presented in fig. 2).

Equations developed in this study should not be
applied to stream locations with drainage areas outside
the range of values used in equation development
(table 1). The Potomac River, downstream from the
confluence of the North Branch and South Branch,
and the Shenandoah River have drainage areas outside
the range of values used to develop the East Region
equations. The equations should not be applied to these
stream locations, but gaging-station discharges
(table 4) may be used in making discharge estimates on
these rivers.

SUMMARY

Engineers commonly use low-recurrence-
interval (between 1.1 and 3.0 years) peak discharges as
design components for developing stream-restoration
plans. Determining discharges for various recurrence

intervals at stream locations where gaging stations are
not present using regional equations can be less expen-
sive and less difficult than determining discharge fre-
quencies by individually studying nearby streamflow-
gaging stations for each and every ungaged location.
Therefore, the U.S. Geological Survey (USGS), in
cooperation with the: West Virginia Department of
Transportation, Division of Highways; West Virginia
Soil Conservation Agency; and West Virginia Geologi-
cal and Economic Survey; developed equations for
estimating low-recurrence-interval peak discharges for
rural, unregulated streams in West Virginia.

The magnitudes of peak discharges with frequen-
cies of exceedences between 1 and 3 years were deter-
mined for 160 rural, unregulated West Virginia
streamflow-gaging stations with a minimum record of
10 years through the 1997 water year. The randomness
of the systematic annual-peak series was tested statisti-
cally by means of Kendall’s tau to detect monotonic
trends.

The 160 rural, unregulated West Virginia gaging
stations were reduced to 154 for correlation and
regional regression analysis; five gaging stations were
excluded from the analysis because peak data were
used to lengthen records for other nearby gaging sta-
tions, and one gaging station was excluded because it
was in a karst area.

Eleven basin characteristics, a shape factor, and
flood frequencies from 154 West Virginia gaging sta-
tions were considered for regression analysis. West
Virginia data were augmented with available basin
characteristics and flood-frequency data for 85 stations
operated by surrounding States.

Multiple and simple least-squares regression
models for the logjo-transformed 1.5- and 2-year
discharges with independent variables that describe the
basin characteristics (logjo-transformed and untrans-
formed) were evaluated for 236 streamflow-gaging
stations, and the regression residuals were plotted as
areal distributions that defined three regions, desig-
nated East, North, and South. Four stations with drain-
age areas greater than 200 mi? leveraged the East
Region equations and were eliminated from consider-
ation for the final equations. Regional equations for the

Limitations of Low-Recurrence-Interval Peak-Discharge Estimating Equations 17



1.1-,1.2-, 1.3-,1.4-, 1.5-, 1.6-, 1.7-, 1.8-, 1.9-, 2.0-,
2.5-, and 3-year peak discharges were determined
by generalized least-squares regression. Logjo-
transformed drainage area was the most significant
independent variable for all regions.

Examples of application of the regional regres-
sion equations were presented for three situations: at a
gaging station, on an ungaged stream, and on the same
stream as a nearby gaging station (where “nearby”
means that the drainage area for that location is
between 50 and 150 percent of the drainage area at
the gaged location).

Accuracies of estimating equations were quanti-
fied by measuring the average standard error of predic-
tion and equivalent years of record. The average
standard error of prediction ranged from 27.4 to 52.4
percent, and the equivalent years of record ranged from
1.1 to 3.4 years. Equations developed in this study are
applicable only to rural, unregulated streams within the
boundaries of West Virginia. Caution should be used if
equations are applied to heavily mined or karst areas in
the State.
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Appendix 1. Fortran program for
Calculating Frequency Factors







[ONONO NP

NN

10/29/2001 MAIN written by John Atkins, Charleston, WV
remainder is from LIB3.2 rev of 6-29-98

The input is a skew

The output is a list of frequency factors

Calls:

18
20

HHHHH

GAUSAB GAUSCF GAUSDY GAUSEX HARTIV HARTK HARTK1
HARTP HARTP1 HARTRG OUTKGB STUTP STUTX STVRSN
WILFRS WILFRT WILFRV

DIMENSION PROB1(31), PROB2(31), PD(31)
REAL NEXPR

DATA PROB2 / 0.00010,
0.00050, 0.00100, 0.00200, 0.00500, 0.01000, 0.02000,
0.02500, 0.04000, 0.05000, 0.10000, 0.20000, 0.30000,
0.40000, 0.429624, 0.50000, 0.570376, 0.60000, 0.70000,
0.80000, 0.90000, 0.95000, 0.96000, 0.97500, 0.98000,
0.99000, 0.99500, 0.99800, 0.99900, 0.99950, 0.99990 /

open (7,file='freqfactg')
WRITE(6,*) ' ENTER SKEW:'
READ (5, *) SKEW
CALL HARTIV (SKEW, PD)
WRITE(6,*) ' K-value REF: 17-B Appendix 3: ', HARTK (NEXPR, PD)
do 20 i=1,31
WRITE(7,18) (1 - PROB2(i)),PD(1i)

format (1h ,£20.7,£f15.5)
continue
EXPR = 1/1.1
NEXPR = 1. - EXPR

WRITE(7,18) EXPR,HARTK (NEXPR, PD)

EXPR = 1/1.2
NEXPR = 1. - EXPR
WRITE(7,18) EXPR,HARTK (NEXPR, PD)

EXPR = 1/1.3
NEXPR = 1. - EXPR
WRITE (7,18) EXPR,HARTK (NEXPR, PD)

EXPR = 1/1.4
NEXPR = 1. - EXPR
WRITE (7,18) EXPR,HARTK (NEXPR, PD)

EXPR = 1/1.5
NEXPR = 1. - EXPR
WRITE (7,18) EXPR,HARTK (NEXPR, PD)

EXPR = 1/1.6
NEXPR = 1. - EXPR
WRITE(7,18) EXPR,HARTK (NEXPR, PD)

EXPR = 1/1.7
NEXPR = 1. - EXPR
WRITE(7,18) EXPR,HARTK (NEXPR, PD)

EXPR = 1/1.8
NEXPR = 1. - EXPR
WRITE(7,18) EXPR,HARTK (NEXPR, PD)

EXPR = 1/1.9
NEXPR = 1. - EXPR
WRITE (7,18) EXPR,HARTK (NEXPR, PD)

EXPR = 1/3.0
NEXPR = 1. - EXPR
WRITE (7,18) EXPR,HARTK (NEXPR, PD)

END
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Appendix 2. Accuracy of
Estimating Equations







The uncertainty or error in a prediction at an ungaged site may be estimated by partitioning the mean square
error into the part due to having an imperfect model, y2, and the part due to sampling error, MSE (Tasker and Ste-
dinger, 1989). The values for the standard error of the model, v, are calculated in log (base 10) units. The standard
error of the model can be transformed from log (base 10) units to percent with the equation

2 0.5
SEmodel(in percent) = 1()()|:e(5'30197 ) 1i|

The values for SEpodel (in percent) for each regional equation are shown in table 1. The sampling mean
square error, MSEg, is the mean square error for a site due to estimating the true model parameters from observed
flows at gaging stations in a region. The MSE; value at a specific site can be estimated as described below. Denote
the column vector of n logarithms of observed peak-discharge characteristics at n sites in a region by Y. For exam-
ple,

logQs |
logQs -

logQs |

where, Q50 represents the observed 50-year peak at the ith gaging station in the region. Further, let X represent a

(n by p) matrix of p-1 basin characteristics augmented by a column of ones at n gaging stations in a region, and let
B represent a column vector of p regression coefficients. For example, in the North Region where drainage area, A,
was the significant explanatory variable,

1 log(4,)
1 log(4,)

X= and B =4
b
1 log(4,)

The linear model can be written in matrix notation as

Y =XB.
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The mean square sampling error, MSEg, for an ungaged site with basin characteristics given by the row vector xg
=[1 log(Ap)], for example, is calculated as

MSE; = xo{ XTA X} 1x,T,

where A is the (n by n) covariance matrix associated with Y. The diagonal elements of A are model error variance,
yz, plus the time sampling error for each site i, (i=1,2,3,...n), which is estimated as a function of a regional estimate
of the standard deviation of annual peaks at site i, the recurrence interval of the dependent variable, and the number
of years of record at site i. The off-diagonal elements of A are the sample covariance of the estimated T-year peaks
at sites i and j. These off-diagonal elements are estimated as a function of a regional estimate of the standard
deviation of annual peaks at sites i and j, the recurrence interval of the dependent variable, and the number of
concurrent years of record at sites i and j (Tasker and Stedinger, 1989). The p by p matrix {XTA'X}"!, along with
values of y2 for each equation in table 1, is shown in table 2A. The mean square error of a prediction, in square log
(base 10) units, at a specific ungaged site can be estimated as

MSE,, = v? + MSE;..

To estimate the average prediction error for a region, MSE;, is computed for each gage site as if it were an
ungaged site. An appropriate basin characteristic for x¢ is chosen, an average for all the gaged sites is computed
and its square root calculated. This result, APEjqgs, is in log (base 10) units. The average prediction error, APE, in
percent, can be calculated as

B

(53019MSE,) 7%
APEpercent = 100 [e - 1}

where MSE;, is (ASE1OgS)2. The values for APEpercent for each equation in each region are shown in table 1.
Consider the process of estimating error for a particular application of one of the regional equations in
table 4. Taking the example of the 2-year recurrence-interval matrix for the North Region in table 2A,

MSEs = [l 10gA0} 0.0020084 —0.00075628 1 |,
—0.00075628 0.00036696 | |log4,

the resulting estimate of mean square error of prediction is the scalar function of log Ag given as

MSE;, =0.013303 + 0.0020084 + 2(-0.00075628 log Ag) + 0.00036696 (log Ag )%

A value of the independent variable, Ag = 0.13 square mile, gives
MSE,, = 0.0169395,

resulting in

APEpercent = 30.7 .

This value differs from the average prediction error of 28.0 percent (table 1) by 2.7 percent. All prediction values
fall within the shaded area shown in figure 3.
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Table 2A. Matrix [y "A~! ]! and values of 2 for each flood
estimating equation by region and recurrence interval for
rural, unregulated streams in West Virginia

[These matrices and 'Y2 can be used to compute the standard error of a pre-
diction, MSEy, as explained in the text of this appendix. Numbers are given
in scientific notation; for example, 0.20007E-02 = 0.0020007. ’}/2 is the
model error variance]

North Region

1.1-year recurrence interval 'Y2=O. 17076E-01
0.22449E-02 -0.85898E-03
-0.85898E-03 0.42857E-03

1.2-year recurrence interval, 'y2=0. 14983E-01
0.21106E-02 -0.80042E-03

-0.80042E-03 0.39359E-03

1.3-year recurrence interval, 'y2=0. 14048E-01
0.20492E-02 -0.77365E-03

-0.77365E-03 0.37770E-03

1.4-year recurrence interval, ’Y2=0. 13531E-01
0.20148E-02 -0.75867E-03

-0.75867E-03 0.36884E-03

1.5-year recurrence interval, y2=0. 13217E-01
0.19936E-02 -0.74947E-03

-0.74947E-03 0.36341E-03

1.6-year recurrence interval y2=0. 13022E-01
0.19805E-02 -0.74376E-03
-0.74376E-03 0.36005E-03

1.7-year recurrence interval, 'Y2=O. 12903E-01
0.19724E-02 -0.74026E-03

-0.74026E-03 0.35799E-03

1.8-year recurrence interval, 'y2=0. 12829E-01
0.19674E-02 -0.73806E-03

-0.73806E-03 0.35669E-03

1.9-year recurrence interval, 'y2=0. 12789E-01
0.19646E-02 -0.73686E-03

-0.73686E-03 0.35599E-03

2-year recurrence interval, ’Y2=0. 13303E-01
0.20084E-02 -0.75628E-03

-0.75628E-03 0.36696E-03

2.5-year recurrence interval, y2=0. 12887E-01
0.19713E-02 -0.73977E-03

-0.73977E-03 0.35770E-03

3-year recurrence interval y2=0‘ 13207E-01
0.19930E-02 -0.74919E-03
-0.74919E-03 0.36325E-03
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Table 2A. Matrix [y "A~! 17! and values of y? for each flood
estimating equation by region and recurrence interval for
rural, unregulated streams in West Virginia—Continued

East Region
1.1-year recurrence interval y2=0.4383 1E-01

0.30460E-02 -0.11252E-02
-0.11252E-02 0.65451E-03

1.2-year recurrence interval y2=0.37710E-01
0.27721E-02 -0.10061E-02
-0.10061E-02 0.57903E-03

1.3-year recurrence interval 'Yz=0.34363E-01
0.26204E-02 -0.94026E-03
-0.94026E-03 0.53743E-03

1.4-year recurrence interval, 'y2=0.32 125E-01
0.25179E-02 -0.89582E-03

-0.89582E-03 0.50946E-03

1.5-year recurrence interval, 'y2=0.30479E-01
0.24420E-02 -0.86292E-03

-0.86292E-03 0.48879E-03

1.6-year recurrence interval, ’Y2=0.29203E—01
0.23827E-02 -0.83727E-03

-0.83727E-03 0.47271E-03

1.7-year recurrence interval, y2=0.28 179E-01
0.23348E-02 -0.81657E-03

-0.81657E-03 0.45976E-03

1.8-year recurrence interval, y?=0.27330E-01
0.22950E-02 -0.79934E-03
-0.79934E-03  0.44900E-03

1.9-year recurrence interval, 'Y2=O.266 15E-01
0.22612E-02 -0.78477E-03

-0.78477E-03 0.43990E-03

2-year recurrence interval, 'y2=0.25063E-01
0.21930E-02 -0.75555E-03

-0.75555E-03 0.42133E-03

2.5-year recurrence interval, 'y2=0.23905E-01
0.21320E-02 -0.72899E-03

-0.72899E-03 0.40521E-03
3-year recurrence interval, ’Y2=0.227 12E-01

0.20742E-02 -0.70413E-03
-0.70413E-03 0.38980E-03
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Table 2A. Matrix [y TA~! x]~! and values of Y2 for each flood
estimating equation by region and recurrence interval for
rural, unregulated streams in West Virginia—Continued

South Region
1.1-year recurrence interval y2=0.38257E—01

0.25075E-02 -0.85364E-03
-0.85364E-03 0.39760E-03

1.2-year recurrence interval y2=0.33422E—01
0.23192E-02 -0.78101E-03
-0.78101E-03 0.35933E-03

1.3-year recurrence interval y2=0.30972E-01
0.22225E-02 -0.74375E-03
-0.74375E-03 0.33977E-03

1.4-year recurrence interval, ’}/2=O.29435E-01
0.21612E-02 -0.72019E-03

-0.72019E-03 0.32744E-03

1.5-year recurrence interval, ’}/2=O.28368E-01
0.21184E-02 -0.70373E-03

-0.70373E-03 0.31884E-03

1.6-year recurrence interval, Y2=0.27583E—01
0.20867E-02 -0.69155E-03

-0.69155E-03 0.31249E-03

1.7-year recurrence interval, y2=0.26983E—01
0.20624E-02 -0.68222E-03

-0.68222E-03 0.30763E-03

1.8-year recurrence interval y2=0.26509E—01
0.20431E-02 -0.67482E-03
-0.67482E-03 0.30378E-03

1.9-year recurrence interval, 'y2=0.26 128E-01
0.20276E-02 -0.66885E-03

-0.66885E-03 0.30068E-03

2-year recurrence interval, ’}/2=0.22800E-01
0.20219E-02 -0.66676E-03

-0.66676E-03 0.29941E-03

2.5-year recurrence interval, ’}/2=O.24886E-01
0.19767E-02 -0.64932E-03

-0.64932E-03 0.29053E-03
3-year recurrence interval, Y2=0.24533E—01

0.19621E-02 -0.64375E-03
-0.64375E-03 0.28764E-03
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