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CONVERSION FACTORS

For readers whe wish to cogvert measurernens from the inch-pound system of units to the metrie system

of units, the conversion factors are listed below:

Muitiply By To obiain
cabic foot per second (178 0.028317 cubic meter per second (m'/s)
foot {fi) 0.3048 meter {m)
inch {in) 54 mitlimeter {mm)
mile {mi} 1.608 kilometer (km)
sguare mile {mi%) 2.59 square kilometer km®

ALTITUDE DATUM

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929
{NGVD of 1929)— A geodetic datum derived from a general adjustment of the first-order level nets
of both the United States and Canada, formerly called “Ses Level Datum of 19287
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Methods for Estimating Monthly Streamflow
Characteristics at Ungaged Sites in Western Montana

By Charles Parrett’ and Kenn D. Cartier®

Abstract

Three methods for estimating mean monthly dis-
charge and various points on the daily mean flow-duration
curve for each month {daily mean discharges that were
exceeded 90, 70, 50, and 10 percent of the time cach
month} were developed for western Montana. A proge-
dure for weighting two or more individual estimates to
provide a minimum-variance weighted-average estimate
also was developed. This report describes the estimation
methods developed and their reliability and limitations.

The first’ method is based on mubtiple-regression
equations relating the monthiy streamflow characteristics
to various basin and climatic variables. Standard errors of
the basin-characteristics equations range from 43 to 107
percent. The basin-characteristics equations are generally
not applicable to streams that receive or luse water as a
resuit of jocalized geologic features or 1o stream sites that
have appreciable upstream storage or diversions.

The second method is based on regression egua-
tions relating the monthly streamflow characteristics to
channel width, Standard errors of the channelbwidth esti-
mating eguations range from 41 to 111 percent. The
channel-width eguations are generally not applicable o
stream sites having exposed bedrock, braided or sand
channelis, or recent alterations. )

The third method requires 12 once-monthly stream-
flow measurements at the ungaged site of interest. The 12
measured flows are then correlated with concurrent flows
at some nearby gaged sile by use of the curve-fitting
technigue MOVE.1 (Maintenance of Variance BExtension,
Type 1), and the relation defined is used to estimate the
required  monthly  streamflow characteristic at  the
ungaged site from the streamflow characteristic at the
gaged site, Standard errors, which are estimated by apply-
ing the method 10 20 other gaged sites, range from 120 52
percent. Although generally substantially more reliable
than either the basin-characteristics method or the
channel-width method, this method may vield unreliable
resuits if the measurement site and the correlating gaged
site are not hydrologically similar,

bAanuscript approved for publication, January 26, 1989
' 11.8. Geslogical Susvey.
¢ Confedernied Salish and Kootenai Tribes.

The procedure for weighting individual estimates is
based on the variance and degree of independence of the
individual estimating methods. Standard errors for the
weighted estimates of the monthly flow characteristics
range from 15 o 43 percent when all three methods are
used. The weighted-average estimates from aHl three
methods are generally substantially more reliable than any
of the individual sstimates.

INTRODUCTION

Although western Montana generally has abundant
surface waler, shoriages are common because of the large
areal and seasonal variability of runoff, Making sound
management decisions to relieve periedic shortages and
most efficiently allocate the supply among competing users
thus requires reliable information about the variability of
streamflow. In particular, the disiribution of daily mean
discharge by month is of interest to fish and wildlife
managers, water-rights administrators, and other land- and
water-use plapners and managers. Unfortunately, tech-
niques for estimating monihly streamflow characteristics
arg not as readily available as techniques for estimating
arnual and peak streamflow characteristics. For exampie,
the only U.8. Geological Survey report containing estimat-
ing equations for mean monthly discharge in Montana is
one by Boner and Buswell (1970); that report is based on a
relatively small number of streamflow-gaging stations hav-
ing at {east 10 years of record then available. A more racent
report by Parrsit and Hull {1983, p. 8, 9) indicates that
mean monthly discharge can be estimated at an ungaged site
by using existing technigques 1o estimate a mean anmual
discharge and then assuming that the monthly distribution
of the annual discharge follows the same distribution as
some nearby gaged site. The accurscy of the estimated
monthly mean discharge by use of this technigue, however,
iz not completely satisfactory in western Montana,

Because of the dearth of techniques available for
estimating monthly streamflow charactaristics a1 ungaged
sites in western Montana. the present study was undertaken
in 1985 in cooperation with the 1.5, Bureau of Indian
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Alfairs and the Confederated 5alish and Kootenal Tribes of
the Flathead Indian Reservation. The objective of the
project was 1o develop techniqués for estimating long-term
mean monthly discharge and various points on the daily
mean fow-duration curve for each month (daily mean
discharges that were exceeded 90, 70, 59, and 10 percent of
the time each month} that would be appliceble within the
boundaries of the Flathead Indian Reservation in wesiern
Montana,

Purpose and Scope

The purpose of this report is io describe the estima-
tion methods that were developed and to discuss their
reliability and Hrnitations. Three methods for estimating the
required discharges were developed. One method is based
on the relation between streamflow and various basin and
climatic variables. The second method is similar o the first
and is based on the relation between discharge and changel
width. The third method reguires once-monthly measure-
ments of discharge at the ungaged site of interest and is
based on the relation between the measured discharges and
concurrent daily mean discharges at a similar, nearby gaged
site. A procedure also is presenmted for weighting the
individual estimates of discharge made from two or more of
the three separate methods. The weighted-average estimate
is based on the variance and degree of independence of the
mdividual estimating methods. Calculated standard errors
of prediction are used as a measure of reliability of zach
estimating method, and experience gained in the develop-
ment and application of the methods is used o describe the
major limitations.

Description of Study Area

Because of the small number of sireamflow-gaging
stations having monthly discharge data within the Flathead
Indian Reservation, the siudy area was expanded (o include
the entire part of the State within the upper Colambia River
basin as well as the adjacent castern side of the Rocky
Mountains (fig. 13, This area, termed “western Montana”
for the purposes of this report, is composed largely of north-
1o northwest-trending mountain ranges separated by long,
fairly narrow valleys. Except for the valley-floor areas, the
study area is generally rugged and forested. The flatter
valleys are mostly cultivated or grazed. The Flathead Indian
Reservation, like the larger study area, is composed of both
mountains and valleys. The reservation is bounded on the
east by the rugged Mission Mountains and on the south and
west by less rugged and less prominent mountains. Much of
the interior part of the reservation includes broad intermon-
ane vallevs and gently rolling prairies,

Annual precipitation varies widely m the study area,
primarity becsuse of orographic effects. Annual precipita-

tion tends to be greatest in ihe mountaing, where # i3 as
much as 100 in. n the northeastern comer of the study area
and in the Mission Mountains on the eastern edge of the
Flathead Indian Reservanion (U.5. 5Soif Conservation Ser-
vice, 1981, p. 1-2}. In the drier valley areas, including the
Little Bitterroot River vallev within the Flathead Indian
Reservation, annual precipitation is as fittle as 12 in.

Annual ronoff generally follows the precipitation
pattern, with greater guantifies occuiring in the areas of
higher elevation. Streamflows vary greatly on a seasonal
basis, as spowmelt provides the bulk of annual runoff in
May, June, and July for the mountain streams and in
March, Aprl, and May for the sireams draining the lower
foothills and vallev-floor areas. The smallest streamflows
generally occur in fate fall and winier when streamflows are
almost entirely the result of ground-water inflow. Smaller
streams draining the valleys may become dry during this
period.

Streamflow Data Used

Monthly sireamflow characteristics were computed
from data at 59 streamflow-gaging stations within the study
area, including 12 stations within the Flathead Indian
Reservation. All stations used in the analysis had at least 5
vears of record through water vear 1986, although some
stations did not have a complete record for all months.
Susamflow-gaging stations where flows are substantially
regulated or where large diversions substantially affect most
flows were not used in the analyses. The locations of the
streamflow-gaging stations used are shown in figure 1. The
monthly streamflow characteristics computed for each sta-
tion are listed in table 11 in the Supplemenial Data section

. at the back of the report.

METHODS FOR ESTIMATING MONTHLY
STREAMFLOW

Basin-Characteristics Method

One method for estimating streamflow characteristics
at ungaged sites uses multiple-regression eguations that
relate streamflow characteristics at gaged sites o varicus
measured basin and climatfic variables. This method, termed
the “basin-characteristics method” in this report, has com-
monly besp used in Montana 1o estimate flood flows and
mean annual flows (Parrett and Omang, 1981; Parrett and
Hull, 1985; Omang and others, 1986).

Because the basin-characteristics method has been
widely used, several basin and climatic variables have been
measured previously at virtually every U5, Geological
Survey streamflow-gaging station in Mongana, These meas-
urement data are stored in the Basin Characteristics File of

2 diethods for Estimaling Monihly Streamilow Characteristics, Western Montana
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Figure 1. Location of streamflow-gaging stations.
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the 1.5, Geological Survey's Water Data Storage and
Retrieval System (WATSTORE. -

Boner and Buswell {1970 dsed basin characteristics
to develop estimating equations for mean monthly flow in
Montana, but the reported accuracy was generally unaccept-
able. According o Riggs (1972, p. 13-14), the basin-
characteristics method is not well suited for the estimation
of low flows, because low flows are largely affected by
focalized geology that cannot be quantified easily. For this
study, several previously unmessured basin characteristics
that might be indicative of basin geology were investigated.
Eighteen streamflow-gaging stations {table 1) in the study
area were randomly selected, and the following geomorphic
. variahles were measured at each site on 1.8, Geological
Survey topographic maps: basin perimeter, basin slope,
circularity rayo, maximum basin relief, drainage density,
stream frequency, and aspect,

Basin perimeter, expressed in miles, was defermined
by measuring the basin drainage area cutline on the best-
scale topographic map available, Basin slope, which is
dimensioniess, was determined by measuring the lengths of
all contours at a fixed contour Interval within the basin,
multiplving by the contour interval, and dividing by the
basin drainage ares. Because the number of contours is
targely dependent on the map scale, a single scale (1:24,000
1.8, Geological Survey 7.5-minute quadrangle maps) was
used for determining basin slope at all sites; the contour
interval selected was 400 ft. The map scale used at any
ungaged site needs o be the same to ensure that the
equations are applicable. Circularity ratio, which is also
dimensionless, was determined by dividing the basin drain-
age area by the area of a circle having the same basin
perimeter. Maximum basin relief, expressed in thousands of
feet, was determined by subtracting the elevation of the
stream at the basin outlet from the maximum elevation
contour within the basin boundary shown on the contour
map. Drainage density. expressed in miles per square mile,
was determined by measuring and totaling the lengths of all
channel segments shown on the contour map and dividing
the result by the basin drainage area. As with basin slope,
only 1:24,000 quadrangle maps were used io determine
drainage density and the closely related variable, stream
frequency. Stream frequency, expressed as a number per
square mile, was determined by dividing the total number of
stream segments by the basin drainage area. Aspect,
expressed in degrees, was determined by measuring the
angle from north 1o the Hne connecting the basin centroid to
the basin outlet. Measurements of aspect were made either
clockwise or counterclockwise from north so thar the
maximum possible aspect was 180°. Thus, a line from the
centroid io the outlel oriented due west would result in an
aspect of 90°, as would a Iine from the centroid to the outlet
griented due east.

The newly measured basin characteristics were com-
bined with 10 standard basin and climatic characteristics

Table 1, Streamflow-gaging stations used to investigate
new basin characteristics

Abbreviated
Formal station no.
statign no. dig. Stream name
40062500 0625 Termile Creek
08078500 4788 Horth Fork Sunm River
12360500 3008 Furtine Creek
12301992 3p199e Holf Creek
12302055 302055 Fisher River
12302600 o 3zs _ Branite Creek
12303100 03l Flower Creek
12324100 3241 Raceirack Lreek
12330000 3300 Boulder Creek
12338690 33889 Monture Creek
12343400 3434 East Fork Bitterroof River
12347500 3475 Blodgeti Creek
12350500 3503 Kootenal Creek
12356500 35865 Bear {reek
12357000 3870 Horth Fork Flathead River
12359500 3595 Spotted Bear River
12381500 3615 Graves Cresk
12364000 3640 Logan Creek

previously measured af the 18 stations and treated as
independent variables in a multiple-regression analysis. The
10 standard basin and climatic characteristics used were the
following: drainage area, perceniage of basin above 6,000 ft
elevation, main-channel length, mean annual precipitaiion,
mean basin elevation, main-channel slope, percentage of
basin covered by forest, percentage of basin composed of
iskes and ponds, precipitation intensity of a storm of 24
hours duration having a recurrence interval of 2 years, and
mean January minimum temperature. Individual equations
for five monthly flow characteristics for sach month (60
equations) were developed by using a computerized step-
wise regression procedure. On the basis of this initial
snalysis, the only new basin characteristics that wers
significant were basin perimeter, basin slope, circularity
ratio, and maximum basin relief. Accordingly, these four
new basin characteristics were considered 1o be worthy of
inclusion n 2 regression analysis in which all available
streamflow-gaging-station data in the study area wers used,
and they were subsequently measured at 54 gaged sites.
Suitable ropographic maps were not available for four gaged
sites  (stations 06030500, 06033000, 06061500, and

4 Mathods for Estimating Monthly Streamfiow Characteristics, Western Montana



06081500}, so these sites were excluded from the regression
analysis. In addition, station 12355000 was excluded from
the regression analysis because fofal streamflows at this site
are substantially greater than al any other site used in the
analysis.

In the multiple-regression analysis in which the 54
gaged sites were used, the following basin and climatic
varizbles were significant in at least one regression sgua-
tHon:

A drainage area,
E6  percentage of basin above 6,000 ft elevation,
plus 1,

PE  bagin perimeter,
B5L. basin slope, .
L main-channel length,
P mean anpual precipitation,
E mean basin elevation,

BR  maximum basin relief,
The most significant variable in almost all instances was
main-channe! length. Main-channel length is more suscep-
tible {0 human change and measurement srror than is
drainage area, however, so drainage area was substituted
for main-chanpel length and the regressions were repeated.
Because main-channel length and drainage area are highly
correlated, the substitution produced no substantial change
in regression relability, Although circularity ratio was
determined o be significant in the initial regression analysis
in which 18 test sites were used, it was not significant in the
analysis in which all 54 gaged sites were used.

{Jrainage area, expressed in square miles, was deter-
mined by planimetering on the topographic map having the
best scale. Percentage of basin above 6,000 fi elevation
above sez level was determined by planimetering the
drainage area above the 6,000-ft contouwr on the best
topographic map available, dividing by the total drainage
area, multiplying by 100, and adding 1 to ensure that §
values did not occur. Mean annual precipitation, expressed
in inches, was the basin average precipitation as determined
from maps published by the U.5. Soil Conservation Service
{1981} Mean basin elevation, expressed in thousands of
feet, was determined by overlaying a transparent grid on the
basin outline on a wopographic map, reading the elevation at
the grid intersections, and averaging the readings, The basin
and climatic characteristics measared af each streamflow-
gaging siation used in the regression analysis are listed in
table 12 at the back of the report.

Monthly streamflow date and basin and chmatic
characteristics at the 54 gaged sites in the study area were
converted to logarithms and used in a multiple-regression
analysis 10 derive estimating equations of the following
finear form:

g =loga+bllog B+ b2log O+ ...
b log N, (1)

where
£ {dependent varigble) is the desired monthly stream-
flow characteristic in cubic feet per second (daily
mean discharge that was exceeded 90, 70, 50, or
10 percent of the time during the given month, of
mean discharge for the month);
4 is the multiple-regression constant;
51, BZ, ... bn are the regression coefficients; and
B, C, N are values of the significant basin
characteristics {independent variables),
Taking antilogarithms yields the following nonlinear form
of the regression eguation:

Q= aBP C7 . i, @)

The regressions were performed by using a comput-
erized stepwise regression procedure that adds independent
variables to the equation one at a Hme until ali significant
variables are included. In this study, a variable was
included in the model if the F statistic was greater than 5.
The computerized procedure also provided statistical meas-
ures of the applicability of the derived eguations such as
standard errors of estimate and coefficients of determina-
tion. In general, the smatler the standard error and the larger
the coefficient of determination, the more reliable is the
estimating equation.

To ensure that estimates from the regression equa-
tions for any month would be consistent, the initial egua-
tions for some streamflow characteristics were modified. In
these instances, variables that were significant in most of
the equations for any given month were selected as key
vartables, and the regressions were repeated by using the
key variables as the only independent variables. For any
given month, the equations for all streamflow characteris-
tics thus have the same independent variables. Complete
results of the regression analysis based on basin character-
istics are given in table 2, along with the coefficients of
determination and standard errors associated with each
estimating equation.

As indicated by the resulis in table 2, the basin-
characteristics equations generally are more reliable for
estimating the higher flow monthly characteristics (for
example, 0.58, £.10, and QM) than the lower flow char-
acteristics (Q2.9G and Q.70) in any given month. The
basin-characteristics eguations also generally are more reli-
able for estimating flow characteristics for the months of
high runoff (May and June) than for the months of generally
low runoff (July through April).

Channel-Width Method

.. The second method used in this study for estimating
monthly streamflow characteristics at ungaged sites also
uses multiple-regression equations developed from gaged

Methods for Estimating Monthly Streamflow &



&

Table 2. Results of regression analysis based on basin characteristics

[R?, coefficient of detenmination; (., dally mean discharge exceeded xx percent of the
fme duting the specified month, in cublc feet per second; A, drainage area, in squarg
mitles; BR, maximum basin rellef, in thousands of feet; 851, basin slope, dimensionless;
(4, mean monthly discharge, in cubic feet per second; P, mean annual precipitation,
in mches; E, mean basin elevation, in thousands of feet; E6, percentage of basin above
6,000 feet elevation, plus i; PE, basin perimeter, in miles]

Standard
Stream- arror
tdonth and flow {loga-  Standard
number charagc- rithm, errnr
of sites teriztic Egquation RY  base 1 {percent)
Detober o390 = 0,323 AC-B4 ppll3t 550070 088 0.3 8z
{50 0.70 = 0.286 20+ %% ppl-2i 55052 76 8 a8
g.55 = G.521 2950 1,07 5g 1,06 JT Lz 50
g 18 = 4,88 2273 550.80 Lo 1015 6% 2B &3
o = 1.69 a0-78 50.58 551:,1‘15 37 .22 54
Hovember 4.3 = £.140 #0.88 aRLZl mar 088 78 27 ]
1491 0.7¢ = 0,294 a0-B4 gpl.ZE 5o 1,08 76 .25 83
2.50 = 9,711 5082 51,00 o 1,28 g .z &0
0.10 = 3,45 0-8% 5859 5174 i 28 80
] = 1.0g aT-B4 5g0.83 asz.z“% 78 .23 57
Decamber .90 = §.132 a0-92 gplo18 pg 000 JE .27 8
{49 2,70 = 0.258 4957 zplad7 5l 0l g8 24 0
0.56 = .58z 50-58 gg0.95 ;5 1.33 8 .24 &0
0.18 = 2.50 A0-54 pa0.84 o 178 .78 .25 83
i = 0,874 a0-%0 084 g 1.5V .78 .28 50
January 2.80 = §.117 20-96 ppl.23 53028 W77 .28 78
(4N 0.70 = 6.276 2093 5056 551,76 88 .z 58
0.50 = 0,431 #0994 gg0.82 o 1.7 .81 .24 66
0.1 = 0.855 a%:98 5p0.79 4, 1.38 I T 63
frd = p.424 40-96 5,0.88 BSL1'3G B2 .24 &0
Febraary 2.90 = 0,176 20.58 550,98 5o 132 B .25 &3
{47 p.70 = 5,303 %97 pp0-84 5 1.78 82 .m; 57
0.50 = 0.405 a0-39 5075 55135 84 L2 54
0.10 = 1.34 Al 07 037 g R.06 .80 .25 56
o = 8,590 al-0% 5063 551053 .23 .23 57
Harch g.3¢ = 0,174 AU9Y ppl.03 g 124 .82 W28 &0
{48} 0.0 = 0,307 al-00 5p0-87 pe 351 .34 .23 57
0.50 = 0.368 al0f 50-86 5 1.32 86 .33 57
0.1 = 0,529 at-08 gg0.77 5o d.23 .79 .22 59
on = 0,366 ab03 pp0086 5122 83 .24 80
agrtd 0.0 = .03 2797 143 5-0.50 .82 .23 57
{49) 0.78 = 0.0271 59-98 pl.50 o-1.29 85 L2z 54
2.58 = 0.0758 a¥-96 pi.A8 1,35 .83 .24 &
0.1 = 0.3 at:%% pL.48 -1.38 86 .28 7z
ok = p.0788 at-00 5395 41038 .82 .25 £3
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Table 2. Results of regression analysis based on basin charac-
teristicg—Continued

Standard
Stream- ity
tonth and  flow floga-  Standard
number charac- rithm, error
of sites teristic Eguation 8% base W) {percent}
ey 590 = 0.00100 21-00 5198 I 5
52} 070 = D.0p32y AL08 G175 8 .2 83
050 = 0.00802 al-01 1.64 82 . 50
010 = oaos  a0-9L 125 8 51
o8 = p.opae 40-%6 p1.43 -84 -22 54
June 238 = 0122 087 g l06 10D G017 o 4 52
{53} 270 = 0,184 5092 50098 LG 5038 o0 @
0.80 = 0,285 A%-91 5095 098 pi0d9 g0 g 4
g0 = 0511 a0 5079 G0.89 0008 o 4 a3
gt = 5.286 A0-80 5887 092 008 o g 4
July §.8¢ = 0.192 pgt- 3T 50,96 131 .62 .33 38
{53} 2.70 = 0.173 pal-33 128 5006 g8 58
G50 = 0,208 pele33 ppla18 g ll10 5 s 63
2,10 = 8.87) pgl-38 ppt 00 551,20 ! 51
I = 0,485 pxte33 5108 118 .78 .22 54
August 0.30 = 0.105 pal-93 ga0-85 o 1.11 87 u 197
53 2.70 = 0,0931 pete39 5a0-92 o 0.90 83 .34 92
5.50 = 0.0978 pgl-32 gpli12 5075 B3 g2
0.16 = 0,208 peb-26 gpl-07 5, 0.58 72 .26 86
on = 0,136 pele3 5 0.97 077 59 28 7z
September 0.5G6 = 0.0820 pyi-96 5p0.88 5, 0.82 .60 .37 103
{533 0.70 = 0.0527 pei-42 520,93 4, 0.72 B85 33 38
2.50 = 0,0804 pele35 p5i12 5 0.67 -56 .38 78
2.0 = 0,202 pei-i4 p0.98 5, 0.70 74 57
o = .10 pgted¥ g0-97 5 0.78 73 .28 53

data. In this instance, however, monthly streamflow char-
acteristics at gaged sites are related to measured-channe!
widths at the gaged sites rather than to measured-basin
characteristics. This method, termed the “Channel-width
method” in this report, has been used with generally good
success in Montana and elsewhere for the estimation of
flood flows and mean annual flows (Hedman and
Osterkamp, 1982; Omang and others, 1983, Parrett and
others, 1983; Cartier, 1984, Wahl, 1984}, Because channel
size is presumed fo be largely the result of bankfull or
near-bankfull flows, the channel-widih method generally
has not been used for monthly or low-flow characteristics,
Nevertheless, the method was investigated for this study
because the channel width had previcusly been measured at
most of the gaged sites and because the reiation between

monthly flow characteristics and bankfull flows is fairly
consistent for most perennial streams in the study area.

Channel features previously measured at gaged sites
were active-channel width and bankful] width. At most sites
the two features were about equally prominent and identi-
fiable.

Osterkamp and Hedman (1977, p. 256) described the
active channel as

--.a short-term geomorphic feature subject to change
by prevailing discharges. The upper limit is defined by
a break in the relatively steep bank slope of the active
channel 1o a more gently sloping surface beyond the
channel edge. The break in slope normally coincides
with the lower Himit of permanent vegetation so that
the two features, individuaily or in combination,
define the active channel reference level, The section
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beneath the reference level is that portion of the
stream entrenchment in w?z%_c?;fs the channel is actively,
if not totally, sculpted by the normal process of water
and sediment discharge.

The banifull-channel section (also referred 1o as the
main-channel or whole-channel section) was described by
Riggs (1974, p. 53) as ., .variously defined by breaks in
bank slope, by the edges of the flood plain, or by the lower
limits of permanent vegetation.” On perennial streams. the
upper extent of the bankfull-channe! section corresponds to
the bankfull stage at a narrow stream section described by
Leopold and others {1964}, For most sites I the study area,
the bankfull width was only slightly larger than the active-
channel width, The lower limit of permanent vegetation was
most commonly the recognizable reference feature for
active-channel width, whereas the prominent break in siope
was most commonly used to define bankfull width,

In this study, the monthly streamflow characteristics
and measured-channel widths were converted to logarithms,
and multiple-regression techniques were used to derive
estimating equations relating monthly sreamflow to sither
active-channe! or bankfull width:

log @ =loga+blog W, 3

where

@ is a monthly sireamflow characteristic ag previ-
ously defined,

2 is the regression constant,

is the regression coefficient, and

is the significant independent variable, sither
active-channel width (W) or bankfull width
{WBF}‘

The nonlinear form of equation 3, obtained by taking
antilogarithms, is the following:

g = a W5, 4y

The final regression equations derived by using chan-
nel widths and their coefficients of determination and
standard errors are given in table 3. As with the basin-
characteristics equations, the charpel-widih aquations are
generally more reliable for the higher flow characteristics
{Q.50, ¢.10, and QM) than for the lower flow character-
istics {((2.9C and (.70, Likewise, the channel-width egua-
tions are more reliable for the months of high runoff than for
the months of low runoff and base flow. When measure-
ment efror is ignored, comparison of results in tables 2 and
3 indicates that the basin-characteristics equations and
channel-width equations are about equally reliable for most
flows for most months.

Sy

Concurrent-Measurement Method

The third method for estimating monihly streamflow
characteristics at an ungaged site requires a series of

Table 3. Resuits of regression analysis based on channel width

[R?, coefficient of determination; {.xx, daily mean discharge exceeded xx percent of the hime
daring the specified month, in cubic feer per second; W, .. active-channel width, in feet; O,

mean monthly discharge, in cubic feet per second; Wyr

. bankfull width, in feet}

Standard
Stream- error

tonth and flow oga-  Standard
number charac- rithm, error

of sites aristic Equation gz base 10} {percent)
October 9.90 = 0.0821 w358 .59 .35 85
{44} 2.78 = 0.0774 w,}-58 .67 .28 75
250 = 0.136 w51 .72 .25 52
918 = 0.383 w,l-38 .73 .22 54
e = 0,186 w, 1.9 .78 .20 49
Novewber  £.90 =  0.0508 m,, 250 .56 .30 3
(43 2.70 = 0.0875 w, 155 .59 .27 9
9.5 = 0.8 g, 2SR .74 .24 &0
o0 = g.2is g, -8B .78 .21 51
o8 = 0,138 w103 .77 .2z 84
Pecember  0.30 =  0.0356 w, 1-56 .67 .31 8z
£43) 2,70 = 0,088 w, 1-58 .71 .25 66
' 1.57 -
2.50 - D.0B96 w,, .74 .25 53
2.1 = 0,118 w, 1-00 .78 .23 57
px = 60875 w, 153 76 .74 50
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Table 3. Results of regression analysis based on

channal width—

Continugd
Standard
Stream- error
Month and How ffoga-  Standard
rumber charac . rithm, BITOF
of sites teristic Equation ge base 10} (percent
Jamuary  0.90 = 0.0270 wp te7E -89 .3 82
{41} 2.70 = G.0ME w159 .75 .28 66
2.5 =  §.0857 w, 166 .76 .24 50
@10 = 0.0735 w176 .80 .23 67
o = 0.0508 w77 .78 .24 50
Febraary  £.58 = 0.0268 w, 073 .71 .28 75
41y 9.7 = 0.038% a, b7l .78 .z6 &8
9.58 =  0.0444 w172 .77 .25 63
5,10 = 5,085 w,1-80 .77 .26 &5
oE = 0.0476 w, 170 .77 .26 86
Harch 2.90 = 0.0320 w, t-74 .74 .27 &2
{42} g.70 = 0.0416 w2074 .75 .26 6
2.50 = 0.0829 w, 274 .78 .26 68
2.3 = 0.0633 w, 188 .75 .28 72
e = 0.0815 w, 179 .78 .27 &3
April .90 =  0.0538 w175 .76 .26 46
{43 8.70 = 0.0835 w, 152 .79 .28 53
£.50 = 0.115 w,t-Bl .76 .27 59
2.20 = 0,271 w, b5E 76 .27 69
o = 6.148 g, 083 .77 .25 63
Hay 2.50 =  0.0548 w,, %% .80 .25 43
{48) 0.70 = 0.0898 w203 .86 .21 51
@.50 = .32 g, 1% .86 .20 43
2.10 = 0.392 W, b-8% .88 .18 43
o8 = 0,175 gy b8t .87 .19 a8
June 2.90 =  0.265 w, }-58 .58 .27 9
{47} 2.78 = 0.300 w, 157 .78 .22 55
2.50 = 9.423 w, 27 .81 .21 58
910 = 0.657 wyt-7? .86 .17 a1
ou = 0,885 w, t-58 .64 .19 a5
July 2.90 = 0.162 w, }-51 .58 .34 52
{47} e.76 = 0,288 5, 18 .57 .79 75
g.50 = 0.372 w, P51 NZ: .25 53
0.10 = 0.857 w, t-T! .80 .20 43
ox = 0,698 w0 77 .22 54
Bugust £.98 = 0.0746 w, o5t .58 .37 103
{473 .70 = 0107 w, 1-54 .59 .34 52
2.50 = 0.183 w, % .50 .33 28
2.16 = 0.347 g, b9 .68 .26 &6
o = 018l g BT .88 .29 75
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Table 3. Results of regression analysis based on channel width—
Continued: -
Standard
Stream- error
donth and flow tloga-  Standard
sumnber charac- rithm, EFT0GE
of sites teristic Eguation gz base HY (percent}
September .90 =  0.0545 v, 1% .54 .39 111
(a7} 270 = 0.0741 w58 .60 .34 oz
250 = 0.2 m b F .82 .32 85
2,30 = 278w, 1% .72 .24 50
on = 0.2 w08 .59 .27 68

discharge measuremenis al the site. The measured dis-
charges at the ungaged site are correlated with concurrent
discharges at some nearby, hvdrologically similar gaged
site, and the relation between the discharges at the two sites
is used 1o transfer the desired long-term streamflow char-
acteristic at the gaged site o the ungaged site. This
estimation method, referred to in this report as the
“concurrent-measurement method,” has been used previ-
ously in Montans to zstimate mean apnsual streamflow
{Parrett, 1985, Parrett and Hull, 1985) and selected flows
on a duration curve of monthly mean streamflow (Parrett
and Huoll, 1986). According o Searcy (1939, p. 17} and

iggs (1972, p. 15). the concument-measurement method
generally provides more reliable estimates of low-fHow
characteristics than other methods in which discharge meas-
urements are not vsed.

The concurrent-measurement method investigated in
this study reguires 12 measurements {1 per month) at the
ungaged site of interest. The measurements are paired with
concurrent daily mean discharges obtained from a similar,
nearby gaged site, and a straight line is plotted through the
logarithms of the data points. The curve-fitting technigue
used (MOVE.1} i3 described by Hirsch (1982). The
MOVE. 1 technique is similar to an ordinary least-squares
regrassion, sxcept that ordinary regression muinimizes the
squared vertical deviations of the dependent variable from
the regression line, whereas the MOVE.1 technigue mini-
mizes the areas of the right triangles formed by the
horizontal and vertical deviations from the regression line
{Hirsch and Gilroy, 1584, p. 707). The equation describing
the ordinary least-squares regression line is the following:

y=F 4+ r(88) x - R, &)

where
vy is the dependent variable,
7 is the sample mean of the dependent variable,
r is the sample correlation ceefficient between the
dependent and independent variables,
5 is the sample variance of the dependent variable,
5. is the sample variance of the independent variable,
is the independent variable, and
is the sample mean of the independent variable.

BT e

1,500

O Daity mean discharge on 16th of
esach moenth in water year 1988
— — Curve-fitting technigue {(Maintenance o
of Variance Extansion, Type 1) line <

- rdinary iBast-snuares regression s
s

160 /

Estimated .90 for October at 7
ungaged site = 30.5 cubic -
feet per second £

1
05 i {

3/ .80 for October at
aged stte = 40,4 cubic
test per second

HSCHARGE OF BEAR CREFK NEAR VICTOR, MGNTANA
{STATIGN 123500001, tN CUBIC FEET PER SECOND

1 il 404 106 1000

MSCHARGE OF KOOTENAL CREEK NEAR STEVENSVILLE,
MONTANA {STATION 12350500}, IN CUBIC FEET PER SECOND

Figure 2. Comparison between lines for the curve-fitting
technique and ordinary leastsquares regression. (.90,

daily mean discharge exceeded 90 percent of the time
during the specified month.

The following equation describing the MOVE. 1 best-fit line
is identical to equation 5 except that r is not included:

¥ = (5,8) (B, (6)

where all terms are as defined above. An example of an
ordinary regression line and a MOVE. 1 line it to concur-
rent daily mean discharges at two gaged sites is shown in
figure 2. Although the two best-fit lines in figure 2 are
similar, Stedinger and Thomas {1985%) have shown that the
MOVE.l line is an unbissed estimator of low flows,
whereas the ordinary regression line is & biased estimator of
low flows. An alternative approach to the MOVE.L or
ordinary least-sguares regression would be a visual fit 1o the
12 data points. Although a visual fit would be subjective, 1t
would allow the fitting of curves or multiple straight-line
segments rather than a simple straight line.
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To obtzin an estimate of a particular monthly flow
characteristic at the ungaged sé;e;ﬁi%ze value of the flow
characteristic at the gaged site is located along the horizon-
tal axis and projected 1o the MOVE. ! line. The horizontal
profection from the MOVE. 1 line to the vertical axis vields
the estimate at the ungaged site as shown in figure 2. As
indicated by Searcy {19539, p. 20), the relation between
concurrent high flows may be different from the relation
between concurrent base flows so that 2 single straight line
may not provide a good fit 1o the data. Riggs {1969) also
showed that a difference in timing of runoff at two sites will
resull in 2 concurrent discharge plot that resembles a loop.
Mevertheless, an examination of concurrent discharges from
pairs of streamflow-gaging sintions within the study area
indicated that, in most instances, either the deviation from
& single straight-line it was not significant or the scatter
about the line was great enough to mask any deviations.
Accordingly, the reliability iests of the concurreni-
measurermnent method are all based on a single MOVE.] fit
to the concurrent-meassurement data. In applying the
method af any particular site, howevear, the reader needs to
be aware that a single straight bne may not fit the data as
well as two sirright-line segments or that a timing-effects
loop may exist. Using more complicated curve-fitting
procedures in those instances will probably vield more
accurate estimaies than using the single MOVE. ] line,

To estimate the standard error of estimate of the
concurrent-discharge method, the 26 pairs of streamflow-
gaging stations listed in table 4 were tested. One station of
each pair was selected to be the test site (herein called the
pseudo-ungaged site) for which estimates of monthly
streamflow were required, and the other station served as
the nearby, hydrologically similar index site. The stations
were chosen such that the degree of similarity between the
pseudo-ungaged and gaged sites was aboui the same as
would be expected in actual practice. Thus, in some
instances both sites were located in adjacent drainages and
were very similar, and in other instances the sites were
many miles apart and probably not so similar. One year
from the concurrent peried of record at each pair of stations
was randomly selected, and the recorded daily mean dis-
charge on the 15th of each month was used as the measured
discharge at the pseudo-ungaged site and as the concurrent
discharge at the gaged site. The MOVE.] technique was
then used to fit 2 line 1o the 12 data points, and the fitted line
was used to estimmate the monthly flow characteristics at the
pseudo-ungaged site from the known monthly flow charac-
teristics at the gaged site as describad above,

The standard deviation of the differences (residuals)
between the actua!l monthly flow characteristics at the 20
pseudo-ungaged sites and the estimated monthly flow char-
acteristics from the MOVE.! lne was considered o be
analogous to the standard ervor of estimate computed for the
basin-characteristics method and the channel-width method.
The resuliant caleulated “standard errors™ for the monthly

Table 4. Stfeamﬁow—gag%sg stations ysed in the test of the
curve-fitting technigue’

Station Station
used as used as Year of
pseudo-ungaged index gaged record used
site site in test
08024500 08061500 1951
08030500 06033000 1847
46062500 360461500 1968
0607 3000 08078500 1981
GE0RIS00 06061500 191z
12301300 12302055 1980
12301999 12302085 1570
12303100 12302800 1988
12324100 12330000 1968
12346500 12343400 ig67
12350000 12350500 1958
12351600 12350500 1958
1235680C 12359000 1982
12360000 12359500 1953
12360500 12359500 1956
12351000 12359500 1856
12361800 12359500 1958
12365800 12366000 1978
12389200 12370000 18978
12396700 12389500 isas

‘Maintenance of Variance Extension, Type 1 (MOVE.1).

flow characteristics as determined from the 20 pairs of
stations are presumed o be a reasonable approximation of
the expected reliability of the concumrent-measurement
method and are listed in table 5. Comparison of the standard
errors in fable 5 with the standard errors for the basin-
characteristics method in table 2 and with the standard
errors for the channel-width method in table 3 indicates that
the concurreni-measurement method is substantially more
reliable than the other methods for all months and nearly a1
monthly flow characteristics.

ilsing the concurrent-measurement method with 12
once~monthly measurements requires a large investment of

- time and money. Therefore, it is of some interest fo

investigate whether g program of fewer meoasurements
might provide estimates of acceptable eccuracy. Accord-
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Table 3. Standard errors for concurreni-measurement
method based on 12 measurements

{$.cx, daily mean discharge exceeded ¥ ‘percent of the time during the
specified moath, in cubic feet per second: QM. mean monithly discharge.
i cubic feet per second]

Standard error, in percent, for specified
monthly flow characteristic

Month 290G 0275 350 3040 JAF
dotober &9 38 31 38 26
Hovemher 36 28 1 3% 23
December 4% 2% 1% 31 28
Jaruary 38 3 3 8 26
February 28 23 21 33 z8
Harch 25 23 26 38 28
Aprii 33 38 36 18 41
May 51 43 43 41 i3
Juns 85 48 38 48 38
July 88 51 43 4 43
August G2 &6 54 38 46
September 25 54 8 33 23

Table 6. Standard errors for concurrent-measurement
method based on five measurements

[&.xx, daily mean discharge exceedad v percent of the time during the
specified month, in cubic fee! per second; OM. mean monthly discharge,
in cobic feet per second]

Standard error, in percent, for specified
monthly flow characteristic

Month Q.90 Q.70 .50 010 oM
Gctober az 42 ki 75 42
Nevember! 57 38 3 80 38
December! 43 28 28 &0 16
January’ 38 26 31 51 3
Febryary 31 23 26 46 31
Harch! 28 28 31 34 33
Bprit 8 54 103 258 149
Hay 179 326 471 772 471
Jung 214 353 415 737 451
July 120 129 160 339 214
August 98 92 58 116 2
Septesber gz 54 83 &% 66
‘Months when mepsurements were made.

ingly, the concurrent-measurement method was tested for
the situation where only five once-monthly discharge meas-
uremnenis were available. For the same randomly selected
vear of record used in the [Z-measurement (2sf, the mid-
monthly recorded discharge for the base-flow months
November through March were used as data points for the
20 gage pairs, and the test described above was repeated.
The five base-flow months were chosen for testing becanse
many ungaged sites on the Flathead Indian Reservation had
discharge measurements available for only those months.
The computed stendard emors for the concurrent-
measurement method based on the five base-flow measure-
ments are given in table 6. In this instance, the computed
standard errors are sebstantially larger than the computed
standard errors Tor the 12-measuremeni simation for most
months when flow measurements were pot available. The
computed standard errors for the five-measurement situa-
tion are particularly large, substantially larger even than the
standdard errors for the basin-characteristics method or the
channel-width method, April through July. Thus, the
concurrent-measurement methed based on fewer than 12
mieasurements may provide monthly flow estimates with an
acceptable accuracy only for those months when measure-
ments were made.

Weighted-Average Estimate

When different methods are available for estimating
streamnflow characteristics, i seems reasonable to assume
that a weighied average of the individual estimates might
provide a betier answer than any of the individual estimates.
*hen the individual estimates are independent, E.J. Gilroy
{as cited by the U.8. Water Resources Council, 1981, p.
811 showed that the individual estimates could be weighted
inversely proportional to their variances, and the resuliant
weighted average would have a smaller variance than any of
the individual estimates,

To test whether the three estimating methods yield
independent estimates, the cross-correlation coefficient
between the residuals from the different methods was
computed for 18 of the gaged sites used as pseudo-ungaged
sites (table 4) in the concurrent-measurement method test.
Two sites used in the concurment-measurement fest {sfations
06030500 and 06081500 could not be used in this test
because not all required basin-characteristics data wese
avaifable, The equation used to compuie the cross-
correlation coefficient is the following:

L E T NEY
i=1 iom
r:y = T ’ { f}
{x\f - é\} SXS,;
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where

7, 18 the correlation coefficignit betwsen the residuals
from method x and method y (ranges from — 1.0
to 1.0),

A is the total number of sample residuais (18 in this
compuiation},

x; and v, are the ith residuals from methods x and v,

% andy are the mean values of the residuals from
methods x and v, and

3, and 5, are the standard deviations of the residuals
from methods x and v,

i the computed correlation coefficients between the
residuals from any two estimating methods are zere or near
zero, the two methods may be considered to be independ-
ent. The results of the correlation-coefficient computations
for all methods are listed in tables 7-9.

As indicated by the results in table 7, the basin-
characteristics method and the channel-width method vield
monthly flow estimates that generally are not independent
from each other. The resulis in tables 8 and 9 indicate that
the concurrent-measursment method provides monthly flow
estimates that are independent from either of the other two
methods for some monthly flow characteristics for some
menths. For other flow characteristics and months, how-
ever, the concurrent-ieasurement method estimates are not
independent from estimates made from the other two
methods. Results in tables 8 and 9 alsc indicate that the
correlation between the concurrent-measurement method
and the other two methods commonly is negative. The
negative correlations are an indication that the two methods
being compared are providing estimates on either side of the
true value and that the errors of the individual estimates
might be compensating when the estimaies are combined.

if the individual estimates are not independent, the
following equations (E.J. Gilroy, U.S. Geological Survey,
written cormmun., 1987} can be used.tc weight the individ-
ual estimates so as o yield the weighted-average estimate
with the smallest variance:

Z=gl-x} +ag2-x2 4+ a3 %3, (&
where
Z is the unbiased, weighted estimate of some flow
characteristic,

al, a2, and 43 are weights that result in a minimum-
variance, unbiased, linear combination of x1, 32,
and x3, and
xi, x2, and x3 are estimates of the flow characieristic
from three different methods.
Eguations for the weights are as follows:

el = [C{SE® ~ §,3) — B(SE,” — 5,00

(A C - BY, (%)
al = [A{SE® — 8,50 — B(SE," — 5,0
(A C~BY, (1)

ai = 1w gl — g2,

e,
[
s

e

whers

C= SE" + SES ~ 25,4,

SE., SE,, and SE, zre the standard ervors of the three
different estimating methods,

8,2 = rio L8E; - 3E;) and i the covariance of
methods 1 and 2,

S5 = ry (8B, - SE and is the covariance of
methods | and 3,

823 = 7y (8E, + 5E,) and is the covariance of
methods 2 and 3,

r,; is the cross-correlation coefficient between ssti-
mates from methods { and J,

A=SE*+ SEFf - 28, and
E = SE32 + SLE - Sivg - 82'3‘

The estimated standard arvor of the weighted estimate, SE -
is determined as follows:

SE, = [{al - SE\Y* + (a2 - SE)Y + (1 - al — a2)® SE;?
+tZaleal 5, +2al(l —al ~a2)§ ,
+2a2(1 ~al —a2) S5, (12

where ail terms are as previously defined.

if only two of the estimating methods are used, the
following equations for computing weights and standard
error are applicable:

E=qgt -zt + a2 -x2, and (13

SE, = \/SE,* SE;" = §, " V(SE,” + SE," — 2 §,,) (14
whers
al = (SE;* ~ 8§, ) 0SE,” + SE2 ~ 28, ,), and
a2 = (SE? — 8, ) SE” + SE — 2.8,

The above equations were used to calculate weights
and standard errors for all combinations of the three
estimating methods, For the basin-characteristics method
and the channel-width method, the standard errors are based
on the regression data from 54 gaged sites. The standard
errors for the concurrent-measurement method are based on
data from 20 gaged sites (table 4). The resuits, listed in
table 13 at the back of the report, indicate that considerably
more weight is given to the concurrent-measuwrement
method estimates than 1o either the basin-characteristics
method or channel-width method estimates for all monthly
streamfjow characteristics for all months. Likewise, the
weighted standard errors are substantially less when the
concurrent-measurement  estimates are included in the
weighting. procedure than when only estimates from the
basin-characteristics method and channel-widih method are
used,
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Table 7. Correlation between residuals from basin-characteristics method and channel-
width meathod

{{.xx, deily mean dischirge exceeded xx pereent of the tme during the specified month, in cubic feet per
second; (2, mean monthly discharge, in cubic fest per second}

Correlation coefficient between residuals for specified month

Chaffé?{:risﬁc Oct. Nov. Dec. Jan.  Feb.  Mar. Apr. May June July  Aug. Sept
.90 0.73 9.63 Q.83 0.80 0G.57 0.50 0,358 90.36 0.82 0.7% 0.85 (.84
g.70 .63 .38 .54 .52 .51 .46 .18 .18 .40 .68 .80 .79
.50 .37 B2 8L .49 .43 .48 .18 .18 .31 .80 .77 .78
.30 68 .48 41 .42 .49 B2 .30 .13 .18 .45 .68 LGB
on »54 .44 .45 .43 .45 46 17 1Y .23 .52 .74 .88

Table 8. Correlation between
concurrent-measurement method

[Q.xx, daily mean discharge exceeded xox percent of the time during the specified month, in cubic feet per
second; (M, mean monthly discharge, in cubic feei per second]

residuals from  basin-characteristics method and

Correlation coefficient between residuals for specifled month

c?aarfcggrisﬁz: Oct. Nov. Dec. len.  Feb. Mar. Apr. May june July  Aug. Sept,
0,96 ~3.34 -4.22 -0.11 -0.17 -0.18 -0.05 -0.18 ~0.52 -0.46 -0.49 -0.42 -0.44
Ga 70 -.47 -.56 -.ZF .02 -.08 -,15 .38 -.41 -.28 .47 .42 -.44
2.50 -.5% -8l -.34 .01 -.03 -1z -.38 -.33 -.24 -.32 -.38 ..44
g.10 -4 -.47 -.34 -2l -.37 -.26 .56 -.09 .03 -.08 .22 -.30
oF -.18 -.34 .28 .i1% .08 -.08% -.36 -.20 ~-.18 -.06 .24 -.78

Table 9. Correlation between residuals from channel-width method and concurrens-
measurement method

[(3.xx, daily mean discharge exceeded ax percent of the me during the specified month, in cubic feet per second;
M, mean monthly discharge, in cubic feet per second]

Correlgtion coefiicient between residuals for specified month

chari!c{;:ristic Oct. Mov. Dec. Jan. Feb. Mar. Apr. May june july Aug. Sept
0.90 ~0.48 -0.30 -0.21 -0.19 -0.05 £.18 -0.12 -0.42 -G.50 -0.47 -0.47 -0.51
g.78 -.48 -.37 -.09 -.01 -.06 -.13 .10 -.3% -.52 -.49 -.54 .59
2.50 --43 -,19 ~-.03 .10 .07 -.03 -.11 -.38 -.5%3 .50 -.58 -.63
g.10 -.48 ~-.44 -.26 .G -.02 .08 -.23 -.17 -.23 -.57 .65 ..5%
o -.08 -.02 -.08 .34 .08 .11 -.03 -.30 -.46 -.38 -.50 -.49

RELIABILITY AND LIMITATIONS OF
ESTIMATING METHODS

figures 3-7. The standard errors. expressed in percent,
range from 43 to 107 for the basin-characteristice method,
from 41 to 111 for the channel-width method, from 1910 92

Craphical comparisons of the standard errors for the
individual methods of estimation and for the weighted-
average estimates based on all three methods are shown in

for the concurrent-measurement method, and from (5 10 43
for the weighted-average estimates based on all thwee
metheds. As indicated, the weighted-average sstimates
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Figure 3. Standard error for daily mean discharge that was
exceeded 90 percent of the time on the basis of different
methods of estimation.
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Figure 3. Standard error for daily mean discharge that was
exceeded 50 percent of the time on the basis of different
methods of estimation.

have the smallest standard errors for all monthiy flow
characteristics for all months. The weighted-average esti-
mates thus are considered to be generally substantially more
reliable than sstimates from any of the three individual
methods,

Although figures 3-7 indicate the general reliability
of the different estimating methods, the reader needs fo be
aware of certamn limiations associated with the individual
methods that may limit their applicability. Both the basin-
characteristics method and the channel-width method, for
example, are based on regression analyses, and the resultang
regression equations may not be applicable beyond the
range of variable values used o derive the equations. The
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Figure 4. Standard error for daily mean discharge that was
exceeded 70 percent of the time on the basis of different
methods of estimation.
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Figure 6. Standard error for daily mean discharge that was
exceeded 10 percent of the time on the basis of different
methods of estimation.

ranges of basin and climatic characteristics and channel
widths used in this study are given in table 10. Extrapcla-
tion beyond the values listed may yield srroneous estimates,
Regression equations based on basin characteristics are also
generally not applicable to streams that receive their water
from springs or that lose substantal flows because of
permeable streambeds or other localized geologic features.
The equations aiso may not be applicable to stream sifes that
have appreciable upstream lake stworage or diversions,
Repression squations based on channel width ar

probably more reliable than esquanions based opn basin
characteristics in such instances, because channe! width is
formed by the recent flow regime, no matter how anoma-
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Figure 7. Standard error for mean monthly discharge based
on different methods of estimation.

Table 10. Range of basin and climatic characteristics and
channel widths used in the regression analyses

. Range
Basin or width chiracteristic of values
Drainage area {a}, in sguare miles 3.59 - 338
Parcentage of pasin above 6,000 feat slevation, plus 1 {26}  1.00 - 101
Basin perimeier {#2), in miles 1i.4 « 172
Basin slope {Bs}, dimensionlizss $.38 - 0.54
Hean annual precipitation (&), in inches i5 - 68
¥ean basin elevation (&), in thousands of feet 4.10 - 7,40
Mgximum basin relief (sr}, in thoussnds of Feel 2.04 - 700
Active-channe} width {#,c}= In feet 12 - 172
Bankfull width {w,;}, in feet 16 - 192

lous the regime may be. Conversely, however, the channsi-
width method is generally not applicable where exposed
bedrock occurs in either the streambed or banks, on braided
or sand-channel streams, or on streams that have recently
flooded or been altered by human activities.

In addition, accurate measurements of channel width
require training and experience, and, even among EXperi-
enced individuals, the variability in measured widths can be
large. On the basis of a test in Wyoming, Wahl (1977}
reported that the standard error in estimated flood discharge
that could be attributed solely to measurement error might
be as large as 30 percent. The total standard error of
estimate for discharge based on the channel-width method
thus is composed of both regression error and some
unknown error in measuremnent.

Because the copowrrent-measurement method s
based only on measured streamflow, the method is gener-
ally applicable where a suitable flow-measurement section

can be found and where 2 suitable, nearby, concurrent
streamnflow-gaging station is available. Thus, the method
can be used for sites where neither the basin-characteristics
method nor the channel-width method provides reliable
estimates, but the reliability of the estimates made by use of
the concurrent-measurement method is dependent on the
degree of correlation between the measurement site and the
correlating gaged site. If the concurrent measurements at
the two sites are poorly correlated and show a large amount
of scatter about the best-fit MOVE.] line, the estimates
made by use of the concurrent-measurement method may be
unreliable. Extension of the MOVE. | Hine beyond the TAngE
of discharge measurements may also result in errors in the
long-term estimates. Additional limitations on the use of the
concurrent-measurement method are the expense and time
reguired to make the required 12 monthly flow measure-
ments. Alternative measuring programs based on fewer
measurements can be devised, but the standard errors of the
method may increase substantially.

APPLICATION OF ESTIMATING METHODS

The general procedures for using all methods to make
estimates of monthly flow characteristics and for weighting
the individual estimates are illustrated in the following
examples. The examples are varied ic illustrate typical
applications of the various methods.

txample 1.

Estimates of the daily mean discharges exceeded 90
and 10 percent of the time (.90 and 0.10) during July are
required for a stream located within the study area. The
basin perimeter {PF), maxirmum basin relief {BR), and basin
slope (BSL) were measured on suitable topographic maps
and determined to be 13.1 mi, 5.22 thousands of feet, and
.55, respectively. The site was visited and the active-
channel width (W) was determined to be 16 fi. By use of
the applicable basin-characteristics equations from table 2,
the required monthly streamflow characteristics are calcu-
lated as follows:

0.90 = 0.192 PE'>7 BR®®S ggp 13!
Q.90 = 0.192 (13.1)" (5.22)°% (©.55)13!
0.90 = 14.5 f's

Q.10 = 0.871 PE'*® BR1 % ggr 1%
Q.10 = 0.871 (13.1)' 7% (5.22)' % (.55
Q.10 = 72.7 ft’/s

Similarly, the required monthly streamflow charac-
terjstics are calculated from the applicable channel-width
equations in table 3

Q.90 = 0,162 W, 25

.90 = 0,162 (16315

.90 = 10.7 fi%,
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Q.10 = 0.857 W,/ E
0.10 = 0.857 (1) o
0.10 = 56.4 ft'fs

A program of once-monthiy streamflow measure-
ments was also instituted, and the measured flows were
correlated with concurrent flows at a nearby, gaged corre-
lating site as previously described. The MOVE.] line
through the plotied concurrent flows vielded the following
estimates at the ungaged site:

2.90 = 13.1 i’
Q.10 = 520 s

Weights for July were determined from tshle 13 for
all three methods. Weighted estimates were calculated as
follows:

0.90 = 14.5 (0.294) + 10.7 (0.210) + 13.1 {0.496)
0.80 = 13.0 fi'fs

0.10 = 72.7 (0.006) + 56.4 (0.496) + 53.0 (0.498)
0.10 = 54.8 ft¥s

Example 2.

Estimates of the daily mean discharge exceeded 50
percent of the time ({.50) and the mean monthly discharge
{OM) for June are required for a site in the study area.
Insuificient time was available to use the concurrent-
measurement method. The following basin and climatic
characteristics were measured from topographic and precip-
itation maps:

Drainage area {4) = 22.6 mic,

Basin slope (BSL) = (.62,

Mean annual precipitation () = 40 in., and

Percentage of basin above 6,800 fi elevation, plus 1
{(E6} = 61.0.

On a site visit, the bankfull width (W) was measured as 35
ft.

By use of the applicable basin-characteristics equa-
tions in table Z, the required monthly flow characteristics
were calculated as follows:

0.50 = 0.245 4% BSLO%° pUs pgoae
.50 = 0.245 (22.6)°°" (0.62)°%° 4™ (61.00% "¢
Q.50 = 193 ft')s

OM = 0.284 A"%% BgL087 pto2 ggo®
OM = 0.284 (22.6)°% {G 62)°%7 (40)%9% (61,00 1*
QM = 200 §/s

By use of the appropriate channel-width equations in
table 3, the monthly flow characteristics were calculated as
follows:

&7

0.50 = 0.423 Wy, °
0.50 = 0.423 (35)%
0.50 = 160 #%/s

OM = 0.445 W, "%
OM = 0.445 (35)4%
QM = 175 ft'7s

By use of the appropriate weights from wmble 13 for
June, the weighted esiimates based on the basin-
characteristics method and the channel-width method wers
calculated as follows:

.50 = 193 (0.572) + 160 (0.428)
Q.50 = 179 f'rs .

OM = 202 (0.535) + 175 (0.465)
OM = 186 /s

Example 3.

Estimates of mean monthly discharge for January and
February are required for a site in the study area. The
following basin characteristics were measured from avail-
able topographic and precipitation maps:

Drainage area (4) = 21.0 mi?,

Maximum basin relief (BR) = 4,01 thousands of feet,
and

Basin slope (BSL) = 0.37.

On a site visit, the active-channel widih {W,ch was
measured as 30 ft. During the site visit, the stream appeared
1o receive its water from a spring because streamflow was
greater than at nearby, similar streams in the area. A
cencurreni-measurement program was instituted, and the 12
visits for measurements alse confirmed that the site had
greater flows than nearby, similar streams. On the basis of
the concurreni-measurement program, estimates of the
required meonthly flow characteristics were as follows:

CM for January = 22.5 ffs
QM for February = 24.2 f'/s

By use of the appropriate basin-characteristics equa-
tions in table 2, mean monthly flow estimates wers calcu-
iated as follows:

OM for January = (.424 A" gp°% ggp i

QM for Japuary = 0.424 (21.0)°%% (4.01)%%
(@.37}2.30

QM for January = 7.35 ft'/s

QM for February = 0,500 419 gro-e ggy 1.3

QM for February = 0.590 (21.0)"% (4.01)>%
{SDEF}'}LS}

QM for February = 7,11 f'/s
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By use of the appropriate channel-width equations in
table 3, the estimates of mean monthly flow were calculated
as follows: o

= 0.0509 W'~
G.0509 (7
18.3 s

QM for February = 0.0476 W, .7
OM for February = 0.0476 (30)'
QM for February = 18.3 ft'/s

M for January
OM for January
M for fanuary

It

i

;

i

Because the flow estimates made from the basin-
characteristics eguations were substantially smaller than the
gstimates made from the other two methods, and because
the site appeared to receive its water from a spring during
the site visits, the basin-characteristics estimates were
considered to be erroneous. The final weighted estimates of
mean monthly flow thus were made by using only the
concurrent-measurement method estimates and the channel-
width method estimates from table {3 for January and
February as follows:

O for Jannary = 1B.3{0.060) + 22.5 {0.940)

OM for January = 22.2 fi'/s

QM for February = 18.3 (4.136) + 24.2 (0.864)
QM for February = 23.4 ft'/s

The above examples were selected to illusirate how
the varicus methods for estimating monthly streamflow
characteristics could be used and combined in typical
applications to provide the most reliable estimates. Consid-
erable judgment ig required o decide which methods may
be appropriste or cost and time effective, however. Situa-
tions requiring the most accurate and reliable estimates will
almost always require nse of the concurrent-measurement
meihod, but the additional time and cost reguired may be
prohibitive.

SUMMARY AND CONCLUSIONS

Three methods for estimating mean menthly dis-
charge and varicus points on the daily mean flow-duration
curve for each month {daily mean discharges that were
excepded 90, 70, 50, and 19 percent of the time each
month) were developed for western Montana, The first
method was based on a multiple-regression analysis that
related the soeamflow characteristics to various basin and
climatic variables. Several new basin characteristics were
measured and tested fo determine whether the regression
equations might be improved. New characteristics that were
found to be significant wers basin perimeter, basin slope,
and maximum basin relief. The estimating equations based
on Basin characteristics had standard errors ranging from 43
w 107 percent. The standard error was smallest in the
estimating equations for daily mean discharge that was

excesded 10 percent of the time (Q.10) for June and for
mean monthly discharge for June, The standard error was
largest in the estirnating equations for daily mean discharge
that was exceeded 90 percent of the time {{.90) for August.
Regression equations based on basin and climatic charac-
teristics are generally not applicable to sireams that receive
or lose water as 2 result of localized geologic features. They
aiso may not be applicable to stream sites having apprecia-
ble upstream storage or diversions.

The second method for estimating monthly stream-
flow characteristics was based on a regression analysis
relating the streamflow characteristics to channel width.
The channel-width features used were active-channel width
(W.r) and bankfull widih (W), Most of the derived
regression equations were based on active-channel width,
but the equations for May and June were based on bankfull
width. The standard emrors for the estimating eguations
based on channel width ranged from 41 to 111 percent. The
standard ertor was smallest in the estimating equation for
daily mean discharge that was exceeded 10 percent of the
time {((J.10) during June and was largest in the estimating
eqguation for daily mean discharge that was exceeded 90
percent of the time ((.90) in September. Regression equa-
tions based on channel width are generally not applicable
where bedrock is exposed in the channel, on braided or
sand-channe] sireams, or on streams that have recently been
altered by floods or human activities. Proper application of
the channel-width method also requires training snd expe-
Tience.

The third methed for estimating monthly streamflow
characteristics, termed the ‘“concurrent-measurement
method,” required 12 once-monthly measurements of
streamnflow at the ungaged site of interest. The streamflow
measuremenis at the ungaged site were comelated with
concurrent discharges at a nearby gaged site by use of a
MOVE.Ll curve-fitting technique. The relation between
flows at the two sites defined by the MOVE.I curve then
was used to compute the requived monthly flow character-
istics at the ungaged site from the monthly flow character-
istics at the gaged site. Standard errors for the concurrent-
measurement method were estimated by applying the
method to 20 gaged sites and computing the standard
deviation of the differences between the monthly flow
characteristics determined from the estimation method and
the monthly flow characteristics determined from the aciual
flow record. On this basis, the standard errors of the
concurrent-measurement method ranged from 19 o 92
percent. The standard error was smallest in the estimate for
the daily mean discharge that was exceeded 50 percent of
the time (.50} during December and was largest in the
estimate for the daily mean discharge that was exceeded 90
percent of the time (Q.90) during August. Although the
concurrent-measurement method 15 generally substantially
more accurate than either the basin-charactenstics method
of the channel-width method, it may vield unrelizble results
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i there is poor correlation between the measurement site
and the correlating gaged site. Inaddition, the monthly flow
measurement method may be too expensive and time
consuming for some applications,

A procedure for weighting individua! estimates from
any combination of the three differem estimating methods
to provide & minimum-variance weighted-average estimate
also was developed. The standard errers for the weighted
estimates of monthly flow characteristics when all three
methods were used ranged from 15 to 43 percent. The
standard error was smallest for the weighted estimates for
the daily mean discharge that was exceeded 50 percent of
the time ({.50) during November and December and was
largest for the daily mean discharge that was exceeded 90
percent of the time (2.90) during August,
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Table 11. Monthly streamftow characteristics for selected streamflow-gaging stations

iMonthiy sireamflow c?;araczaﬁs‘iic: .96, daily mean discharge excesded 90 percent of the time: .70, daily mean discharge
exceeded 70 pereent of the #m) .50, daily mean discharge exceeded 30 percent of the time; . 10, daily mean discharge exceeded
10 percent of the tdme; OM, mean monthly discharge; --, no datal

Meonthly streamflow characteristic, in cubic feet per second, for specified month
Caging October November December

stationn .80 QUF0 QB0 Q0 QM D98 Q70 Q50 0.0 QM G080 070 Q58 G0 OM
08024500 18.0 19,1 217 2.2 2.8 141 170 8.4 30.7 216 10.6 I3.8 6.6 21.4 15.8
oagzenol 2.1 2.7 4.1 15.8 7.3 1.8 21 2.3 e 2.8 1.3 1.7 2.2 3.5 2.1
08030500 1.5 . 2.3 2.9 2.4 1.4 1.8 2.2 3.2 2.2 1.1 1.4 1.g 3.0 1.8
08033000 13,7  22.7 317 86.7 36,0 17.8 26,6 33.2 54.3 34.4 15.5 23.0 28.0 4z.4 3B.1
06081806 18.0 23,1 307 §8.2 327 18.5 234 8.3 4.7 0.7 149 0.8 255 37.9 5.1
Q8082500 o .8 .1 2.1 3.3 .4 o7 1.3 5.6 2.2 +3 o7 1.1 4.4 1.3
98073000 15.% 28,2 3.7 80.7  43.7 28,2 30.4 3.6 827 44.8 22,1 7.5 33,7 67.3 8.2
G6078500 73.%  83.4 108 185 122 88,4 79.3 83.3 148 12 54,4 88,5 75.1 124 830
DEORISCG 3.2 7.8 185 25.7 12.7 4.3 88 2.0 2L 12,1 4.8 0 9.3 17.3 15,2
1230050 8.3 10.8  13.%2 80,3 27.3 9.0 1L 7.0 85,8 250 8.4 11.6 188 44,1 733
12301300 9.0 87.1 103 163 114 3.6 94.5 108 169 118 g8.1 B2.5 96.C 158 108

12301888 7.3 8.8 10,3 4.3 0.8 7.8 e.1 18,8 17.0 ii.4 7.8 8.5 9.6 23.1 12.0
12302088 94,4 112 128 182 32 27 i& 294 174 §7.9 132 183 386 223

123025608 5.7 1.5 8.8 80.7 2.4 7.8 i5.4 2.4 634 2.6 11§ 16.5 22,1 71.5 138.8
12303100 5.4 5.8 8.0 5.2 8.0 &0 7.7 9.2 183 1L.8 5.3 .5 7.8 15.6 10.8
12324100 24.4 27.6  30.0 4.3 332 18,7 22.2 24.8 380 25.3 16.5 18.4 21.6 79.3 2.5
i2330000 13.5  19.0 23.8 !4 247 167 210 242 3.7 24,8 148 1%.4 21,5 30.0 2L.9
12332000 35.% 41.9 45.5 68,7 5L.6 28,5 363 4l.1 84,0 43.8 23,4 30.3 35.0 52.1 164
123350600 111 144 152 204 188 11 136 150 194 148 93.3 120 135 73 132

12338680 37.1 418 45.4 6.3 46.4 34,7 38,7 418 51,8 45.6 31.2  35.1 8.3 4.3 45.2
12339450 51.3  61.4 76,3 123 8L,7 54.4 86,7 74.3 156 86.1 83.2 70.2 766 180 99.8
12343400 82.5 57.5 108 i5] i3 72.3 B9.7 102 42 104 52,7 75.0 B7.5 128  97.4
12346500 30.7 36.2 4.2 53.8  4l.5 2.9 3.3 351 45.2 354 250 26,3 29.6 9.1 30.0
12347506 3.3 8.8 16.8 58.7 27.3 3.6 12.2 18.3 56.6 25.5 8.2 l1.8 16.6 42.4 22.7
12350000 2.9 8.4 14,1 86.2 22,2 5.7 11.Z2 15.4 8L.2 72.5 5.2 8.4 13.7 40.2 19.2
12350500 5.2 158 @78 85.4 40,4 7.1 168 23.4 74,1 33,5 6.1 12.5 148 41.6 2.1
12351000 18.8 17.%  20.2 H.8 2.8 .0 182 209 333 2.3 143 17.3 19,3 27.9 19.6
12352060 15.0 38.0 8521  i3e §6.1 26.4 53,5 78,7 179 88.9 3%.4 54,1 88.3 153  87.3
12383286 23.1 28.0 31.3 3.z 3.8 22.5 28.5 317 447 32,7 23.3 27,2 31.4 829 4.7
12354000 89.8 108 122 207 143 98,2 118 153 518 238 85.9 105 143 431 214

12356500 3.8 109 17.8 3.7 2% B.7 144 18,1 27.5  18.4 7.3 108 12,9 26.4 18.1
12357000 148 87 2 878 347 132 177 280 782 355 121 166 248 643 31

12359000 261 35 433 oee 823 283 323 444 880  B2G 2i4 288 369 837 452

12359500 . 43.8 48.5 &0.8 178 93.7 4l.3 50.% 83.2 188 93.9 35.% 49.3 6%.4 145  Bi.§
12360000 8.7 2.0 1.9 58.4 28,2 8.7 15.0 315 65.9 34.9 10.4 18,3 27.5 7.3 36.3
12360500 6.7 8.8 10.9 8.2 21.6 8.7 8.0 23.1 86.7  28.1 4.2 2,0 19.8 43.1 23.4
12361000 22.8 31.5 85,2 199 83.3 25,5 48L.8 74.5 130 36.5 23,1 37.8 58,7 158  80.4
12351800 10.1 20,3 388 - 147 63.4 12.1 34.6 54.0 115 60,3 14.0  27.8 41,8 103 54,1
12364000 5.7 10.8 4.8 62.0 38.3 1l.8 14.8 187 362 20.% 12.5 15.6 18,5 41.6 2.5
12365000 57.1 82.2 118 14z 1ic 71.4 958 113 18 121 65.4 8l.8 94,8 167 107

12365800 25.1 318 3.0 48.9 38.2 185 26.4 3.7 9.8 37,3 1.5 21.3 26,5 8.7 36.3
12366000 22.1 50.6 ©68.5 127 73.7 26.8 7.1 6.3 122 73.7  40.1 510 5%.1 123 71.8
12369200 37.7 44.4 1.2 85.9 56.4 35.0 45.2 521 91.0 358.4 347 416 6.4 102 59,5
12370000 350 415 507 880 880 358 444 528 846 582 3/C 428 48B4 862 557

12376000 15.8 272.6 E27.% 53,3 3L.% 1.5 22,2 29.0 50.8 31.4 7.4 18,3 22,8 35.2 22.2
12378000 30.1  38.3  44.7 §7.7 43.8 25.2 28,8 330 47.6 34.0 13.8 20.7 24.8 7.1 4.2

12378500 31.7 357 42.3 5.7 43.1 289 36,6 45.5 71.4 47.7 266 30.0 35.4 515 7.1
12379500 280 33.1 78.4 47.8 3.0 50,0 56.3 0.0 54,1 24,7 43.7 49.5 5.5 35.0
12381000 - - —mem e e . DD - ol
12381400 21.0 8.0 23.0 250 38.8 27.5 5.0 13.0
12381500 -- - - - -
12382006 -- - - T
12882500 -~ - e e e - .
12383500 6.8 5.1 9.7 114 8.3 88 77 B0 8.3 7.5 6.3 6.8 1.3 5.7 1.3

12385000 4.9 - —
7.2 7.6 8.1 1.1 147 e 88 7.5 g

1Z3RE500

5 8.8 8.4 7.6 -- - .- -
7. é
12389800 140 173
i
H

g L —
g 8.4 4.3 5. . . 2.7 1.0
189 241 g3 148 is8 185 247 194 178 157 g s 2
.4 58,9 8.0 89.7 4i.l 47,9 s2.% iz §8.7 414 48,9 57.8 228 113
8 102 i3k 103 BD.2 95.5 1iis 287 i57 9.0 log g2 551 28%

L]

12380700 43.3 %
12321850 768 3
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Tabie 11. Monthly streamflow characteristics for selected streamflow-gaging stations - Continued

Monthly.sireamflow characteristic, in cubic fast per second, for specified month

Caging lanuary February March

station Q.90 Q70 Q30 Q19 QM Q9 Q70 Q30 Q30 QM Q9 Q70 O30 Q18 QM
06028500 9.6 12,3 14.8 20,5 14,2 8.8 115 127 277 149 8.5 133 4.8 3. 163
oR0ze00e .5 1.4 1.5 20 L4 LS L8 19 23 L8 L1 L7 1.8 2.5 1.3
oB030500 L@ 1.4 1.7 2,6 17 Lo 1.4 1.8 2.4 L7 9 L5 2.8 41 2.1
0603300 14.7 21.6 27.4 388 26,1 162 2401 28.1 43 207 24.2 305 361 73,3 45.4
OEOGIS0C  13.5 19.8  23.2 3.6 2.z 18,1 20.8 240 H.0 250 17.4 262 2.2 8.1 320
oeoszsec .3 o7 L4 31 15 .4 7 L1 3.8 1.4 .5 L0 1.6 5B 2.4
06073000 201 23.9 28.2 521 325 19.9 236 27,8 4.5 311 222 26.4 30,8 BL7 36.4
06078500  46.6 56,7 64.6 89.6 £6.6 47.3 56.3 465.0 87.4 66,3 46.8 55,3 6L.5 92,0 61.7
06021500 4.0 6.0 7.2 183 180 3.3 6.4 7.9 227 141 5.8 6.3 158 0.8 158
12300500 8.8 11.0 20.6 327 18.1 7.7 150 0.2 52,0 278 130 19.3 28.% 450 337
12301300 61.7 75.4 90.6 144 IOl 4.5 80,2 964 13 103 753 947 114 203 138

12301998 4.7 8.2 107 260 2.2 55 8.5 1L.4 883 6.6 1.1 158 3.8 177 88,8
12302055 86.0 126 173 437 268 11§ 158 210 679 308 172 238 3% 1120 59

12207500 9.9 15.4 19,1 331 20,0 8.6 12,3 147 80,5 24.6 117 15.8 22.0 55.6 29.8
12303100 4.6 5.8 7.2 148 9.7 4.6 57 .0 7.8 101 4.8 62 83 9.1 0.7
17324100 15.5 18.8 20.8 26.0 2.4 166 185 20.0 245 19.8 168 183 197 244 193
12330000 12,3 17.4 18,7 255 18.2 139 17.4 192 24.6 190 151 17,3 188 246 189
12332000 20.6 26.0 3.1 455 31,5 19.2 2.4 319 45.0 32,0 22.4 285 233 490 3.2
12335006 82.7 108 125 1§85 118 90,0 106 120 157 121 93.% 106 116 156 125

12338690 27.6 32.9 36.9 86.2 455 28.0 331 37.8 9.3 435 20.2 3.4 6L9 939 559
172330450 58,1 §7.7 77.3 179 947 5L3 €50 77.3 140 845 6l.1 783 96.8 198 1

12343400 57.9 71.4 811 118 85.6 §5,7 756 8293 132 941 2.8 853 957 180 112

17346500 20.0 23.6 26.3 36.1 270 20.4 23.4 25.6 321 257 0.6 236 5.7 343 26.2
12347506 6.4 8.4 114 27.8 147 6.3 5.3 13.2 257 154 7.6 121 155 0.4 176
12350060 5.2 7.7 11.8 2L8 127 54 8.1 14 195 IL$ 68 1.1 134 245 158
12350500 6.9 10.1 117 228 131 7.9 165 1B 347 187 9.6 148 117 287 18.8
12351000 117 14.5 16.8 22.8 167 1L.9 145 166 22.4 164 1.5 146 160 233 16.8
12382000 37.6 52,9 60,3 156 V6.8 497 6L.5 725 141 909 483 843 912 18l 10l

12353280 19.1 23.3 30,4 66.5 537 230 28.1 354 $L.1 476 330 48.0 846 187 109

12354000 B88.7 126 168 487 282 114 162 215 50 305 138 206 307 854 412

12356500 6.3 7.7 9.8 167 108 61 7.0 8.1 152 9.6 6.3 7.0 8,6 157 10.0
12357000 112 148 197 387 223 11z 148 263 394 238 136 Iri 211 394 28

12350000 220 271 321 518 348 223 283 338 595 386 237 309 382 544 398

12359500 31,1 47.2 6.6 102 610 3.8 42,6 5L.0 L7 630 347 48.9 7.1 9.2 6L.8
12360000 9.2 17,1 20,6 4l.4 23,1 12,3 7.5 20,1 440 267 155 197 28,7 46.3 0.8
12360506 3.6 9.5 13.2 269 162 5.8 1.0 12.8 27.8 155 8.5 10,6 147 7.0 16.2
12361000 23.5 36.0 45.0 110 6.9 244 36,1 451 131 69.0 31.0 416 531 142 750
12361500 13.7 22.5 26,9 53.0 3.1 16.0 20.2 24.0 53.0 3.4 17.1 2L2 251 44.6 28.7
12364000 8.4 15.4 2.7 45.1 22,2 8.7 13.4 8.4 49,5 205 147 180 20.3 46.6 25.§
12365000 60.5 75.4 88,7 144 108 63,3 76.9 89.4 13 99,2 779 935 113 223 140

12365800 8.0 13.4 188 79,6 .0 1.1 146 187 59.2 260 146 17.9 253  68.8 34.0
12366000 34.0 47.8 58.6 121  68.9 36,3 48.9 59.6 122 7.7 527 664 79.3 153 96,7
12369200 29.§ 37.3 47.4 78.0 54.4 30.2 36.2 42.3 0.5 47.6 33.8 39.3 0.4 92.8 5.8
12370000 335 390 453 681 499 311 376 436 699 491 335 431 500 935 588

12376006 - - - e s me e ew e e 201 25,5 30 0.7 43.8
12378000 10.3 151 165 28.4 17.4 9.9 123 133 9.4 137 1Ll 125 13.9 9.4 14.4
12378500 19.9 22,8 26.6 43.6 7.6 20.5 23.1 26,2 43.5 28,1 22.8 28.1 32.4 .9 32.1
12379500 -» <= - e e - e =L e e T -l
lz31008 -~ o~ - - - “- e e em e mm e e -
12381400 10,0 12.0 17.8 30,0 18.0 107 140 180 17.8 143 140 15, . 3 17,
12381508 = - em e - o R I A ol
12382000 -~ - o= e e e e e e e e -
12382800 9~  e= e e e - e e e e e e -
12383860 4.9 5.3 6.0 6.8 5.9 43 4.3 46 51 45 42 43 54 57 50
12388000 - - e e e . s
12388500 5.6 6.8 7.4 33,0 152 3.3 6.1 7.4 86 &6 45 7.1 7.8 343 13.0
12389500 123 148 179 03 213 13 161 186 38 242 15§ 202 262 535 334

12390700 417 537 78.z 218 1@ 434 882 104 312 184 83.0 117 185 388 218

1231550 73.0 126 170 420 281 1o0 128 154 48% 246 18 201 257 510 300
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Table 11. Monthly streamilow characteristics {or selected streamflow-gaging stations —Continued

L

M@*ﬁth%y streamiflow characteristic, in cubic {eet per second, for specified month

Gaging April May fune

station Q.90 Q78 Q50 Q10 OM .90 Q70 Q50 Q0 QM G890 Q70 Q30 018 M
06024500 18,0 26.8 45,4 208 g1.2 84,2 251 434 il 405 148 iaq 268 693 346
geb2an0 2.3 2.8 35 5.5 3.5 3.9 5.4 8.3 67.0 22.9 9.6 27.8 36.4 73,4 41.9
08030500 2.3 4.7 11,7 455 1B.2 1Z.1 28,8 44.9  88.8  49.% 1.8 17.5  2r.2 70,0 3.9
06033000 43.2 72.1 117 382 189 172 282 395 908 484 90,4 218 348 93 434
98081500 27.0 38.7  48.5 45,7 84,5 2.8 7%.2 102 188 112 49.3 810 1is 274 144
26062500 1.8 4.8 5.4 485 17.% 4.2 44.8 71,0 133 8.7 0.4 6.4 54,9 194 8.9
06073000 26.8 42,8 7i.7 328 129 108 201 3ig 73 378 2.0 204 345 367 451
05078600 67.1 83.1 121 505 225 351 749 1170 7400 1260 848 108G 1390 2590 1543
GB0BIR00 8.7 131 22.0 437 s2us 10.8 21,1 48,4 142 87.8 8.1 30.4 55,9 23 98.7
12300508 47.6 88,31 223 §11 2¥3 130 208 368 754 412 42.1 65,8 108 245 125
12301300 136 205 302 780 380 437 647 71 1z8c 808 405 807 742 1230 . 783
1Z30159% 28.9 70.4 130 G55 53 50.0 184 261 580 288 18.0  45.4 54,1 188 82.2
123020585 313 553 8i8 zzac 1110 646 1330 1480 2880 1570 330 637 856 1580 910
12302500 3%.5 61.9 88,8 278 116 iig 156 Z15 398 234 01 156 267 374 224
12303100 9.4 14,5 20.4 59.6 28,3 33.3 833 7B.0 153 86.0 1.8  67.4 914 181 96.3
12324100 18.0 21,0 23.5 39.2 28.3 320 £9.8 86.2 198 il 11z 174 222 34y 221
12330006 17.3 20.5 24,7 527 29.8 6.7 62.2 94,4 249 121 75.6 126 178 333 1%
12332000 30.6 39.8 53,2 148 3.0 181 196 280 693 347 229 357 483 8240 508
12335000 103 133 170 577 271 125 517 306 2070 579 458 75 1130 2370 1764
12338690 45.3 77.8 130 430G 211 250 404 92 1250 568 271 501 467 1380 746
12339450 89.3 241 431 240 579 562 847 1070 1810 1140 381 §22 763 1250 792
12343400 111 158 206 469 248 355 568 888 1740 972 437 812 1086 1800 118D
12346500 24.8 30,9 38,2 98.3  51.3 4.0 120 80 474 233 170 320 397 562 386
12547800 20.7 3.8 31,6 185 75.3 97.8 157 240 457 254 137 156 257 427 269
12350000 17.1 36,9 8z.4 171 81.1 85.7 151 229 468 252 108 158 218 436 243
12350500 25.0 43.B  53.2 184 83.8 B7.2 148 213 454 248 147 232 291 508 B
12351006 18.6 22.2 31.3 B8.5 42,1 46.9 8.0 106 277 138 74.% 118 167 302 180
12352000 98.9 202 314 553 3z 412 550 839 1260 838 318 483 630 1036 852
12353280 70.5 1Z0 231 881 7L 140 328 453 821 479 93.0 213 250 833 33
12354000 472 784  IOBD 2290 1240 929 1510 1970 3830 2218 468 833 1320 3080 1542
12356500 9.0 24.0 47.% 140 63.9 50.8 141 174 304 187 44.0  84.3 113 248 127
12357000 285 800 958 2Mde 1322 1840 2880 4130 7440 4350 1230 ZiB0 3170 7580 3800
12359000 476 771 1230 3780 i7en 2520 4110 5380 12000 5800 340C 5680 7730 12700 7950
12350800 73.4 118 253 880 394 504 1046 1480 2830 1590 487 1020  134¢ 2580 1449
12360000 43.0 88.0 158 452 205 245 n 477 531 548 121 247 358 696 385
12360500 26.3 41.6 B3.§ 280 iiz 140 212 263 466 284 76.3 141 202 38 219
12361000 7¥2.8 137 24 585 272 368 584 78¢  l44g 837 369 538 713 1380 797
12361500 27.9 46.7 B6.5 266 i7 130 271 398 T84 429 264 381 564 837 832
12354000 30.7 84.1 108 332 187 83.1 203 285 610 341 38.0 B4.1 114 297 141
12365000 125 248 400 1285 388 445 g4y 1170 9 1213 313 577 811 1573 B8O
12365800 24.0 68.8 108 -~ 385 152 280 387 481 79& 507 171 321 427 911 498
12366000 78.5 128 175 421 716 298 416 817 843 S40 21 474 811 928 G2
12369200 46,1 86,9 145 354 186 206 311 387 738 435 295 387 467 218 5
12370000 608 222 1330 2890 1800 1580 2160 2760 4830 2910 189G 2630 3240 5120 33%0
12376000 17.7 33.2 48,7 i08 55,9 37.5 86.8 137 244 138 133 219 268 450  3c2
12378000 12.8 17.6 22.6 53.2 8.5 25.% 53.0 78.6 174 88.5 170 1% 228 3|0 273
12378500 26.4 .9 37.8 7.6 44,7 -— — - — - - - - - —
12379800 31.8 43.2 530 90,5  58.8 43.8 7l.4 102 220 120 182 221 273 406 283
12381080  ~- - - -- - 32.8 411 5%.0 142 60.2 38.3  42.7 1.0 108 £8.0
12381400 15.6 Zi.0 62,8 155 52.7 5.0 143 194 387 217 145 198 26% 445 280
12381500 - -- - - — - - - - - 188 253 361 590 373
13382000 - - - e - 93.2 134 175 370 200 104 158 231 383. 235
12382500 - - e e o 2.2 156.% 3.8 88.0 4i.% 27,3 38.0 45,8 92,7 51.2
12383800 4.4 4.3 5.4 4.1 5.8 7.7 8.2 1.6 8.0 15.4 212 28,0 31,8 43.0 32.3
12385000  —- - e o - i1,z 187 234 s4.2  28.4 27.4 36.8 44.3 B85 3.2
12388500 8.5 9.1 47.5 88,1 49.9 2.1 71.8 98, 182 iig 3.0 52,2 8l.0 207 135
12389500 279 437 a2 1400 762 829 1030 1360 2430 1489 496 788 1040 2070 1180
12396700 171 283 424 924 439 415 548 828 1490 a0z 228 377 543 1186 sis
12391580 206 328 44z. 991 531 362 804 1030 isEQ ijEn 424 658 oG 1885 n3o
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Table 11, Monthly sireamflow characteristics for selected streamBlow-gaging stations—Continued

Monthly-siveamfiow characteristic, in cubic feet per second, for specified month
Caging july August September

station .90 G780 Q50 G0 QM QB0 Q70 Q50 Q0 QM G Q70 058 Q40 OM
08024500 32.8 4Z.8  55.8 10E 81.6 17.4 21.4 248 W2 26,2 4.8 17.2 187 30.8 2.6
gg07R00 12,4 19.7 2.8 49,2 25,1 1R.% £0.7  28.0 45,3 277 7.8 1.2 18D 287 1.4
08030800 2.5 3.8 5.5 171 7.8 1.3 1.8 2.2 4.8 1.8 1.4 L7 2.8 3.3 2.2
06033000 13.4 33.0 &0.3 21l 93.2 7.6 13.5 3.8 56,8 265 7.5 15.2 2.7 4% 267
0806100 0.9 34.8 80.5 1% 61,1 13,8 21.2 28,3 6.8 3l.2 15.0 20.7 6.5 5E.1 305
6062500 JF 2.1 5.2 34,7 127 3 4 .20 6. 2.3 .3 5 9 5.3 2.0
0E0TI00S  25.1 43.3 24,0 287 123 12,6 2.6 31,3 95,8 47,85 11,2 21z 1.8 625 34.8
O607RB0C 183 278 373 938 483 g 138 186 241 187 84.8 oG 11§ 169 124
6081500 1.8 11,3 25.2 BRI M0 1.4 7.4 15.5 38,8 17.% 7 6.6 1.0 30.0 13,2
12300500 15.8 22.3 0.2 69.5  36.2 7.8 8.8 4.1 2.3 164 7.3 &0 12 207 122
12301300 133 208 281 583 318 9.4 104 127 195 130 71.4 92,8 ii2 158 118
12301992 6.2 15,8 2i.8 §&7.1 29.8 4,7 .0 122 7.8 il.4 4% &0 9.1 130 8.2
17302055 126 208 278 586 313 §l.4 113 45 212 144 90,1 1LiZ 128 82 1
12302500 27.0 42.8 36.4 136 1.6 9.5 14.8 0.4 3.7 2i.6 7.2 0.1 130 358 18.3
12303106 1l.6 18.1 25.9 83,5 3L.% .1 8§.2 104 188 10.6 5.8 7.0 8.1 1.z &7
12324160 65.5 84,1 97,7 180 108 45,1 §7.0 68,5 9.1 58,9 28,7 352 40,8 462.6 4.2
12330000 20.8 38,2 2.4 132 65.7 2.1 14,7 19,5 41.7 22.4 8.1 12,8 7.4 345 18.2
12332000 76,7 118 161 348 181 42.6 BF.6 687 107 72,4 3.3 44.4 5L.2 75.4 53.0
1z33s000 222 31l 417 843 500 48 185 P24 388 235 12t 184 172 226 173
12338690 83.4 139 193 463 247 §3.0 7i.3 81§ 1i5 82,6 37.7 48.3 55.3 70.% 851
12330450  78.% 147 230 530 274 4z.4 60.8 79.8 l48 87.0 38.4 48.6 &.% 127 78.4
12343400 184 202 266 561 313 g2.7 108 126 188 13 84.5 95.4 1o i1 iig
12346500  73.8 101 127 280 153 43.9 54,8 65.4 979 67.9 353 4L.0 481 82,5 47.8
12347500, 24,9 45,2 70,2 185 86.7 7.4 140 20.7 36.8 21i.1 3.9 6.6 11.7 30.8 18.8
12380000 17.4 339 57.2 182 84.2 4,3 7.3 1.3 268 127 2.8 3.9 8.0 238 107
12350500 38.2 65.9 10D 247 128 6.3 14,7 18,1 42,7 z4.1 .6 9.2 13.2 33.6 18.0
17351000 29.7 41.3 &8l.2 123 $5,8 19.8 23.6 29,1 42,7 2.5 16.4 19.5 2i.7 28.9 2L.%
1235200¢  60.4 118 178 424 211 i8.7 31.9 47,7 848 45.7 140 23.8 40.0 76.0 428
12353280 38.1 73.7 96.8 179 104 22,0 34.2 413 59.9 418 2.1 30,2 344 445 33.4
12384000 178 244 313 746 400 s 132 i85 240 168 92.4 1o 127 177 13
12356500 15.8 21.6 28,4 88,2 3%.1 162 iz.8 186 261 161 9.3 10.8 12.0 19.7 13.4

12387000 363 535 47 280 1041 196 250 306 495 326 1m0 201 227 338 244
12358000 969 1450 2080 5200 70 431 546 648 1140 730 308 387 412 826 500
12359506 140 227 338 985 470 86.6 92.5 115 178 119 52.5 61.5 &68.3 104 5.7

123600068 31.3 44,7 85.0 159 8.7 14,1 18.2 22.5 35.2 231 0.3 123 138 25.0 17.9
12360500 24.4 35.7 56.9 130 68.% 12.3 15.2 17.8 27,9 1&% 8.1 2.3 157 g5 1ii.4
12361000  75.0 107 151 382 157 35.4 44.5 54.2 §i.2 60.0 27.0 32.7 38.3 104 5%.2
12361500 55.4 88.4 149 373 133 22,1 27.9 347 710 4Ll 13,8 17.7 23,2 837 33.2
12364000 8.3 23.%  40.1 126 55.6 7.1 5.6 342  15.7 8.8 23.1 125

3
12368000 127 230 333 668 370 68
12355800 64,7 89.2 133 338. 173 34
12366000 100 180 230 491 270 39, 74.2 106 184 w07 . 62.8 82.3 133 83.7
12389200 103 188 263 523 296 53. 74,7 98.8 18z 109 8. §6.5 69.2 124 8.7
12370000 734 108C  147C 289G 1560 416 545 563 106G 708 353 538 513 768 BE0

12376000 31.5 73.8 103 243 1z2 2.7 3.5 36.3 66.0 4l.2 19.2 232 278 44.3 316
%23;2232 78.6 148 201 344 204 34.0  89.1 83.4 155 87.7 27.0 43.0 52.% 851 55.3
23 o - - - e — -- - e - - — e e e
12379500 73.5 173 214 370 222 #5.8  41.0 01 i7z 3.8 24.8 31.8 63.0 li8 64,2
12381000 304 3.8 0.2 7Lz 80.7  21.8 26.3 32.4 55.8 34.6 18.8 0.8 233 3.9 253

118 156 278 i70

¢ 2
& &4 90,8 123 iBé 124
4 518 69.8 il4 0.8 &7
g &8

4
9
.5 36.9 48.4 72.7 418
4
8

12381400 70.0 88.0 134 183 124 34.6 45.0 57.% 8B.1 80,8 24.0 300 350 B840 372
12381500 132 138 156 273 e 55.2 80.0 108 1ag 183 4.0 52,5 461.% 93,0 550
12382000 37.8 48.0 72.8 145 88.2 14,1 21,1 28,8 37.9 268.3 1l.p 17,0zl 3l.g 2l.d
12382500 7 01z2.2 18,7 3.0 #H.4 3,5 4.9 8.2 12.3 5.8 2.8 4.4 6.8 1Z2.8 g.¥
12383800 14,7 19.4 23,3 41.z  25.% 3.8 12.% 18,1 .8 154 2.0 10,6 11.9 157 1.7
12385000 11.0 15.8 22,3 47,5 5.9 5.9 7.8 4.8 143 2.8 . 8.8 7.6 0.4

iz3seson 12,1 17.2 21,2 48,9 9.3 58 9.8 1.3 16,2 10.8 . 8.1 8.2 13.§

4.8 i

4.6 . 8.

12389500 246 337 455 836 443 171 228 258 338 255 147 187 216 268 Z0B
iz3voron 00 125 143 276 i7i 8%.1 B80.3 88,1 112 88.4 52,0 61.7 &7.6 78.7 66
12391580 145 244 323 743 398 84.7 120 48 237 158 78.5 181 ii6 80 118
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Tabie 12. Basin and climatic characteristics and channel widths for selectad streamfiow-gaging stations
[Basin/climatic characteristic: A, drainags area, in square miles; £5. percentage of basin above 6,000 feet elevation, plus 1, PE, basin perimeter, in miles;
BEL, basin slope, dimensionless; £, mai-chasnel length, in miles; P, mesn snnual precipitation, in inches: £, mean basin elovation. in thousands of feet;

BE, maximum basin relief, in thousands of feet. Channel widsh: We active-channe! width, in feet; W, bankfull width, in feet; --, no daa}

Gaging Gaging

station A & PE BSL & PF BR Wi W,  station A B PE BSi L L BR W W,
CEOZASON 7.4 181 4.8 035 W3 B 7l 206 3 12357000 510 8.5 126 44 B0 52 530 A3 i 152
GUZICES B %87 28.8 .22 B0 2 T e - - 12350500 188 5.5 753 .40 . S8 &0 517 g5 108
OEOEIRNG 32,7 2% 77.3 .38 B.50 24 5.58 .41 1A 4 1ZIB0O00 A7 88.0 34.3 W48 8.8 53 3.3 4,58 41 8
BEO7IG00 173 7.0 863 L@l 2.8 & 623 486 52 g2 12360500 2.4 31.8 2.2 49 288 56 540 438 3 44
05078800 258 8.8 843 LM 4 82 515 4.8 .. ITWI6E 7RI 38.8 50.3 .47 130 2B &5 403 & 78
17300506 110 280 474 L1 1B 28 488 3.z g2 % IZIGLEO0 270 434 8.8 .50 %.0R B 543 386 4 &
12851300 447 §.00 126 28 402 32 A7 498 4 S 12364000 183 .98 7L .26 345 B 491 295 & 57
12301998 716 L8088 .23 284 27 400 403 48 &7 12365003 524 4.88 158 .28 50.5 3T a3z am w8
12302055 538 185 189 26 864 3 &1 siz 11 i 12368800 7B.0  19.0 548 .3 6.3 55 6.20 4.88 44 58
2WIS00 236 36 B8 L5 %40 67 .28 597 . .. 12386000 170 2.8 %7.8 .23 6.9 ¥ O&0F 428 84 82
12363106 1.1 44.9 8.8 .52 590 & K26 4.m 7 24 12360206 733 40.0 49.8 .33 18.0 5 5.83 5.3 7z B4
123Al06 .S 940 I LY 127 35 7.8 431z 23 12370000 571 7.8 172 L33 B4, 2 .0 5.3 185 185
123000 TR B4 &Ll .33 135 31 698 4.7 @ p 12378000 58,8 17.7 7.8 .38 18.%F 45 4.85  5.60 W 4z
12332000 123 #6813 . 4.2 3B V.18 508 38 7 IZ37EEOC 3.8 3LG 408 .33 148 48 4,84 6.83 P —
12335000 481 8.0 114 S4T30 BB 5300 0 1o 1ZI78500 228 15.4 6.8 .56 127 88 6,17 6.8 N
12338690 140 $5.6 723 3% .8 3 581 608 5¢ o8 1z3vesn0 57,1 2.0 R R I K 45 478 T.@ 2@ 32
12330450 345 .0 112 A5 38,7 3r 5,28 8.27 1D 17288108 15,8 §.74 2.4 L48 10,8 38 558 .59 2% 25
12342406 381 2.4 118 A 383 32 845 510 W % 12383400 8.3 325 423 .35 18.% B G058 423 a2 3%
12345500 87.8  B3.0 4.6 .43 129 3 5,80 4.61 ¥ a4 12381500 747 3.2 484 .38 a7 ¥ 5.7 428 3\ 42
12347506 26.4  68.0 30.5 .82 12,3 &6 673 498 w o 12382000 20.0 1.3 231 41 9,08 B4 6.5 408 3 m
12350000 26.8  89.0 Z.Z .54 11.8 63 4.43  5.01 4 a7 12382500 3.5 3.7 11§ 88 .46 69 £.53 4.88 7z
1ZIE0500 PR.D  86.0 25.6 .62 8.5 64 6.35  5.68 BB 12383806 8.5 5.57  12.8 .55 5.2 40 6.3 420 12 18
3000 TR2 718 44,8 .3 167 3% 657 4.4 om0 o 12385000 6.51 5.4 1.8 8 5.7 40 6.1 4.65 B oz
32352000 250 3.2 83.6 .42 M.F & 543 5.82 31 & 12388500 26.3  37.0 2L .23 9,35 33 556 A.21 -
12353280 17% 25,0 66.6 .35 751 3 4.9Z 496 s 50 12389500 642 6.00 145 36 487 4l 471 503 85 .
12354000 303 2.9 99,3 4% .1 B2 482 457 139 136 12350798 182 480 T2.2 .47 1.8 54 4.8 439 34 g7
12356500 0.7 33.2 3.8 .F7 B0 &7 BT 413 25 3 12391550 139 .0 8.3 .51 26.4 55 5,47 5.53 84 70
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Table 13. Weights and standard errors for various combinations of methods of estimation

f(.xx, daily mean discharge exceeded xv pergent of time during specified month, in cubic feet per second; M, mean monthly discharge, in cuble feet
per second; log, logarithm. base 10 pet, peghent]

Weights for specified month Weights for specified month

Combinations of and monthiy flow characteristic Combinations of and monthly flow characteristic
methods of estimation methods of estimation

Q8 G768 Q50 QG QM Q.80 76 Q50 U6 QM

QUTOBER BECEMBESR
Basin-characterisiics method 9.197 9.263 0219 G.153 a1 Basip-characteristics method G, 158 8.183 4.168 4.182 @187
Chermel-width mathod 288 ~158 Ral L233 .ii4 Shanngl-widih method 187 .28 Rt <161 837
Loncurreni-measuressnt method 548 638 560 Rt JTi8 Conpyirrent.measurement method K7 WBi1 .832 L6587 . 75
Heighted standard error (log) L1383 0384 i) 087 88 Weighted standard svror {log) L130 07 L0685 R i3]
dpighied standard arror {pot} ki 2z 18 25 &1 Helghted stenderd error {pct} 3 17 15 71 21
gasin-characteristics method J718 B4G .547 . 368 387 Bazin-characteristics method B8F 588 582 430 JBGD
Channel-widih method .281 L3848 L4583 L5388 A03 Channel-width method 317 gt A58 57 L503
Waighted standard error {log) .302 246 .23 212 .i83 Heighted standard arvor {Jog} -258 218 213 .20t -204
Helghted standard error (pot) % 61 53 52 a4 Heighted standard error [pet} 5 54 52 43 50
Concurrent-megsirement nathod 981 559 489 LG8T 762 Concyrrant-peasurament method 897 .820 832 i 783
Besin-characteristics mathod 445 343 L2t 333 238 Basin-charactaristics method 2383 -189 168 278 217
Yeighted standerd errov {log} . 188 il i) L0968 Kl detghted standard error {iog) .138 078 065 .08 e}
Weighted standerd srror {pct} 45 24 19 2 21 Weighted standard erver {pch) 32 i7 15 22 21
Loncurrent-measurenent method .588 586 JTLE 528 - Concurrani-measurenent method L7828 - L5040 WJiZ B34
Lhannel-width method .412 31 +288 W372 243 Channe i-width method L272 L128 .100 228 L8
Weighted standard errov {log} L1859 L1064 088 502 DEs Wetghted stendard error {log} L1348 .38% 078 588 -AG2
Heighied standsrd ervor {pci) 38 74 21 21 2z Keightad sthandard evvor {pet} 3z 1@ 18 23 24
HOVEMBER JARGARY

Basin-cheracteristics method g.181 §.235 3.208 5.17% §. 150 Zasin-characteristics sethed 5159 £.081 0.09% G.18% .15
Charngl~width mathod 203 053 N1 202 023 Charmel-width method 2138 L0856 842 e 002
Concurrent-measurement mathod L6185 L7 i 827 787 Concurrent-measurament method S701 548 .859 728 875
Heigited standard error {log} 128 073 083 075 Kivh Weighted standard error {log} 124 083 g4 086 106
Weighted standard arror {pot) 0 1t 15 7 16 Weighted standard error {pct} ) i w 2z 25
Bagin-characteristics method LG4 .591 580 380 459 Zasin-charactaristics msthod LEB3 883 500 428 500
Channel-width method L3589 409 500 820 540 Chemnel-width mathod . 817 417 500 W572 L5006
Haighted standard arror {log) 288 2235 L3208 130 L1891 Haighted standard error {log} 257 217 287 2201 .283
Ypightad standard error {pet} G4 57 51 45 48 Heighted standard error {pet) 58 £3 i1 49 L]
Cencitrrant-measurament mathed 640 718 T L7z 098 798 Cancurrent.measurepent method 733 878 878 168 BB
Basin-characteristics method 360 .282 .28 L3854 L2067 Basin-characteristics method L 287 L128 .3z% 231 LE1R
Waighted standard error {log) RE:] G718 .83 .08% 873 He{.gh‘;ed standard error {Tog) Li29 084 L85 .08 i
delghted stendard ervar {pei} 33 17 i5 20 1 Heighted standard error {pot) k4] 1% ] 23 25
Concurrent-measurement method JB57 63 835 861 852 Concurrent-measuvamant method JI5L 881 503 ] J94G
Channel-width methed <323 .237 L1685 X 148 Chanpel-wigth mathod .24% W18 87 iy L0850
Heighted standard ervor {log) L1358 .898 078 .08 083 Heighted standard erver {log} 2130 -085 887 107 -log
Helighted stamdard srror {pet) 4 21 & patl 18 ¥eighied standard ervor {pot} 3 0 2 5 25

28 Methods for Estimating Monthly Streamflow Charzcleristics, Western Montana




Table 13. Weights and

standard errors for various combinations of methods of estimation —Continued

Combinations of
methods of sstimation

Weights for specified month
and monthly flow characteristic

Combinations of
methods of estimation

Weights for specified month

ared monthly flow characteristic

Q.95 Q70 Q58 G0 QM .96 Q76 Q5 QA0 OM
FEBRUARY AFRIL

Eaginecharsctaristics nathod 8,198 8,114 §.301 8,278 0.133 Bagin-charactarisiics mathod 0.2E2 3315 8.271 G.256 0,288
Chanmei-widih meihed e .058 JQBE 424 Rill Channel-width sethad .132 L1487 .13 2131 L1588
{pneyrrent-measurement method 788 <828 314 780 FIE Concurrent-mansurement method L5645 L538 L 5ET 813 L BEE
delghted standard srror {log} 100 Nt 80 166 AR Ygighted standard error {12y} 104 R L7 J087 L1688
Hgighted standard ervor {pet} 23 15 i9 23 2z Heighted stendard error {pct} % 22 23 0 %

Eagin-characieristics sethod 555 624 511 Ery B Basin-characteristics method L5393 W57 L5483 LA74 JEH
hannet-width method 2331 .376 ) S50 L3890 Channal-width methad 407 L4289 L4583 -BZ8 R4
Weighted standard erver {Tog) e JEiL 197 .24 207 Yaighted standard error {log} L2580 174 .i82 L222 L%
Heighted standard error {pci} 38 52 42 55 50 Weighted standard error [pet} a5 47 a8 5% 45

Gercurrent-asasuresert seihod .78 848 549 .7ig 783 Concurrent-measurenent method 698 L8613 666 7L .638
Besin-characieristics nethod .222 .152 L1510 236 07 Basin-characieristics methad 302 387 334 .39 362
Heighied standard errer {log} Li01 081 082 168 056 Kelghted siendard errer {log} L1808 .183 103 095 L1148
%eighted standard evror {pet) 23 i i 23 22 Yelghted standard error [pet} 26 24 24 22 27

Cancurrent-messuranent method -844 -881 -858 -768 864 Concurrent-seasurement method N 697 1 N &7
Channel-width wethed 168 W13 W13 231 L1368 Channel-width method .750 .308 L7 308 329
Heighted standerd error {log) - 109 -084 +083 .122 163 Heigiad standard ervor {log) 107 128 .123 118 138
Heighted standerd error {pet) 2 & 18 % 2 Welghted standard ervor (pet) @ ki 7% ke 3z

HARCH HAY

Fasin-characteristiics method 5.188 $.138 0171 0.308 5,208 Basip-charscteristics methad 0,257 0,220 G207 2.200 2,184
{hgnnet-width methed 000 088 g3 Biiy Nl Channe |-width method <235 e 320 =348 315
Loncurrent-pasuresent method 818 JF76 ] ] 787 Congurvent-mpasurenent mathed 588 450 .474 448 L4580
#eighted standavd evver {log) o] -084 083 i L1603 delghted standard error {log) 087 Ry .G8s s 096
Weighted standerd ervor (pot) 3 19 22 78 24 Heightad standard error {pct) 23 0 21 24 21

Basin-cheracteristics sethod .618 612 .510 538 608 Basin-characteristics method 440 .395 J3e0 408 413
Channel-width method .384 .388 .30 462 392 Channet-width mathod 560 585 3 594 L5887
Heighted stenderd error {104} L2198 287 - LE7 -240 L2386 weighted standard error {ing} et WiV4 L1867 2149 L1585
Weightad stendard srror (pot) 54 33 50 =1 33 Helghted standard error {pct} 52 42 a0 35 kY

Toncurrenb.aessrement ssthod LB1a 847 787 658 L778 Loneurrent-peasuresent method 582 .6la LE06 L5986 . B2%
Basin-cheracteristics method .186 133 213 .304 .22 Basin-characteristics method -418 -388 .394 504 371
Heighted standard svror {log} .0g8 088 94 W10 183 Welghted standard evror {log} W1i8 113 LE1B L128 J1EG
Watghted standerd evror (pct} 23 0 2 28 24 Weighted stamdard error {pct) g 26 2R iz} 27

Concurrent-Beasuvement method 909 L34 B4t W73 867 Loncurrent-repsirenent mathod 13 . 355 L538 L824 568
Thanngl-width method 91 158 .i58 .2a7 L138 Channet-width method .43 LAE5 L4682 478 L4338
Heighted standard srrov {log) 187 .08% 160 Ji44 L1313 Helghted standard error {log} 122 s .16% -112 .182
deighted standard erver {pct} 25 21 2z 34 2t deignted standerd ervor {pot} 29 5 24 2% bZ]
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Table 13, Weights and standard errors for various combinations of methods of estimation—Continued

Combinations of
methods of estimation

Weights for specified month
and monthly flow characteristic

Combinations of
methods of estimation

Weights for specified month
and monthly flow characteristic

090 Q7 O50 QOp OM 080 Q7 Q50 QA0 QM
JUHE AUBYST
Aasin-characieristics method g.274 8,202 9,178 8,241 4.1%2 Basin-characteristics method 8137 2.07% 2028 2.005 0.000
Srannel-width method .280 .38 L35 452 .331 Channei-width method 342 .344 360 .358 364
fongurrent-measurenent meitod P11 482 518 2357 ATE Loncurrant-neasurement meihod Ny BT 31 LBaZ JE38
deighted standard srrer {og) L3118 S8 080 101 081 Heighted standard srror {log} JIBD 146 118 Wit 113
Welghied standard error {pet} 8 21 13 24 8 Weighted standard ervor {pot} 43 33 28 i 28
Basin-uharacieristics method L6801 L5¥e 572 JA58 533 Basin-characteristics melthod 431 560 ] G W87
Channel-width method .38 .42 e L5538 -488 Chamnel-width method 58S i) L3685 L5808 433
Weighiad standard errer {log) -233 175 181 133 145 Heighted stendard ervor {Tog} 360 .323 L300 238 265
Walghted standard errer (pot) B2 42 38 31 34 Heighted standard ervor {pci) 9% 96 72 5% &7
fancurrent-meatirenent method LA87 526 565 72 551 Loncurrent-measurement method 532 583 621 588 551
Basip-characteristics aethed g1 LAB0 L43E 528 448 Basin-characteristics method L4861 N W37¢ L312 .349
Yetghted standard erroe {log) 132 11§ Sli74 133 .11 Weighted standard ervor {ing} 193 158 .14z .12z .138
weighted standard errer {pet) 31 27 £5 3t 2 Waighted standard error {pet} 4 3B 34 i 23
Lorturrent-teasurement methad 813 .548 588 455 558 Congurrant-maasirepent method 528 .586 L6285 G4F 536
£hannel-width mebhod 487 452 .612 J5a8 .44z Charnel-width method LATE 414 J375 .358 L3584
Heighted standard evror (Tog} W13z L1608 .68 11 R Helgivted standard error [log) E:74 Jlat 138 L0812 113
deighied standard arror {pct) 21 23 ] 2% 21 Welghted standard error {pt) 44 3z i) i% 26
JULY SEPTEMBER

Sasin-charscteristics method 9.284 0.198 2,118 4.008 4.08%8 Basin-characteristics mathod 2,149 8.053 2,040 2.048 8.04%
Channei-width method Bat 238 308 L4368 » 387 Charmel-width methed L3303 .322 L2314 .38l 259
Conzurrent-measurement sethod N 588 580 .498 548 Conturrent-peasurement method .548 628 858 .654 593
Heigited standard grror {lag} 138 L11E Li01 093 111 Weighted standard error {log) L1868 L120 .18z 083 081
Wieighted standard error {pct} 38 27 74 27 26 Kelghted standard error {pcil 40 28 72 19 7t
Rasin-charactaristics method .571 L6811 508 A58 ] Bagin-characteristics methed 663 5731 633 381 523
Channel-width methed .429 .88 500 =544 300 Channed-width method 337 478 L3867 439 .377
Yeighted standerd error {log) W317 255 L 174 .19z Weighted standard ervor {log} L3683 L3317 L2239 213 .238
Wpighted standard srror {pel} 24 64 3% a7 45 deighted standard ervor {pct} fRis3 34 i3 a2 5¢
Concurrant-seasurement sethod Eio 587 522 L5823 554 Concurrant-measurament wethod 580 837 653 581 11
Basin-characieristics method 480 413 378 477 LA0G Basin-characteristics mothod 450 .363 .37 .318 . 259
Welighted standard error (log) 164 27 .12 .14l L1385 Heighted standard evror (Tog) LIS 138 122 L101 108
Umighted stendard error {pct) 3% 3 28 33 3 Heighted standard error (pct} 44 33 i z4 25
Concurrent-ReasuTEmERt meihod L5721 508 LE08 500 573 Concurrent-measurament method .585 633 654 568 L708
Channet-width method L479 394 .382 .50G Nl Charmel-width methad -435 <367 348 +334 .294
Heighted standard srror {log) L 122 J1os 093 W11F Heighted standard errer {Tog) W17z Py Fisl .ie2 083 097
Heighted standard srrar {pch) 41 28 24 22 26 Helghted stardard erver {pol) 41 28 24 1% 2t
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