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Appendix C—USGS Regression M ethods

The USGS regression methods were developed toastipeak flow discharge for gaged
and ungaged natural flow streams, which were caitegginto (1) a gaged site, (2) a site
near a gaged site near the same stream, and (Bjgaged site. StreamStats are
available for many states (figure 1), which is dvi@sed tool to obtain streamflow
information gttp://water.usgs.gov/osw/streamstats/index.Jyttalestimate peak flow in

a given location. For most other western US, tv833 regression methods for ungaged
sites are available. Thomas and others (1997) dleee the USGS regression methods
in the southwestern United States (figure C.1)diAdnally each state has one or more
publications of USGS regression methods of its oWwhis report summarizes USGS
regression methods by Thomas and others (1997)thed state-by-state USGS
regression methods for ungaged sites in westertetd§itates. Peak flow discharge for
gaged sites and sites near gaged site near streastanated by the following methods.

Gaged Sites

Weighted estimates were considered to be the bestages of flood frequency at a
gaged site, and the following equation was usedi®meighted estimate (Sauer, 1974):

_QrgN+QrhE .
Qrw = NTE (Equation C.1)
where
Qrw) = weighted discharge, in cubic feet per secondT{gear recurrence
interval;
Qre = station value of the discharge, in cubic feetggeond, foil-year
recurrence interval;
Qrry = regression value of the discharge, in cubic peetsecond, fof-year
recurrence interval;
N = number of years of station data used to comQuts and
E = equivalent years of record Q.

Sites Near Gaged Sites on the Same Stream

Flood-frequency relations at sites near gaged sitedbe same stream can be estimated
using a ratio of drainage area for the ungagedgaged sites. The drainage-area ratio
should be approximately between 0.5 and 1.5. d¢iaged and gaged basins have similar
characteristics in topography, geology, and vegetaand the drainage-area ratio
requirement, the following equations can be usegéak flow:

Qrwy = Qg (AT A) (Equation C.2)

where
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Qrw = peak flow, in cubic feet per second, at ungagyexiforT-year recurrence
interval;
Qrg = peak flow, in cubic feet per second, at gageslfer T-year recurrence
interval,
A, = drainage area, in square miles, at ungaged site;
Ay = drainage area, in square miles, at gaged site; a
x = exponent for each flood region as follows:

Flood region

Name Number Exponent, x
High-Elevation 1 0.8
Northwest 2 0.7
South-Central Idaho 3 0.7
Northeast 4 0.7
Eastern Sierra 5 0.8
Northern Great Basin 6 0.6
South-Central Utah 7 0.5
Four Corners 8 0.4
Western Colorado 9 0.5
Southern Great Basin 10 0.6
Northeastern Arizona 11 0.6
Central Arizona 12 0.6
Southern Arizona 13 0.5
Upper Gila Basin 14 0.5
Upper Rio Grande Basin 15 0.5
Southeast 16 0.4

Applicable when the drainage area rafg/) is between 0.5 and 1.5.

Ungaged Sites

Flood-frequency relations at ungaged sites wermastd using the regional models that
were regression equations and developed using badiclimate characteristics as
explanatory variables in the flowing section. Tehare three models to express the
relation between peak flow and basin and climatatteristics in equation C.3-C.8.
The most common relation is in the following form:

Qr=aA"B". (Equation C.3)

The following linear relation is obtained by logamic transformation:

logQr=Iloga+blogA+clogB + ..., (Equation C.4)

where
Qr = peak flow, in cubic feet per second, Teyear recurrence interval;
AandB = explanatory variables; and
a, b,c = regression coefficients.



Drainage area is the most significant explanataryable, and in some cases the relation
between the logarithm @y and the logarithm of drainage area is not linédre
following form of equations is used in such cases:

Q, =10 B (Equation C.5)

or the logarithmic transformation:

logQr=a+bAREA*+clogB + ..., (Equation C.6)
where
AREA = drainage area;
B = other basin or climatic characteristic; and
x = exponent for AREA for which the relation is mdohear.

The third form of equations is another method twoaat for a nonlinear relation between
the logarithm ofQrand the logarithm of drainage area.

Qr = aAREA® (B-d)°, (Equation C.7)
or the logarithmic transformation:

logQr = loga + blogAREA +clog(B-d) + ..., (Equation C.8)
where

d = a constant, which is less than the minimum vafug, for which the

relation is made linear.

Explanatory Variables

For the purpose of the report by Thomas and ofdi®%7), six basin and climate
characteristics are referred to as explanatorybtes and are used as terms in the model
equations. The abbreviation for each variableraethod of measuring the variable are
as follows:

1. AREA is the drainage area, in square miles, amnigiesrmined by planimetering
the contributing drainage area on the largest soglegraphic map available;

2. ELEV is the mean basin elevation, in feet abovel®esl, and is determined by
placing a transparent grid over the drainage-basa, which is drawn on the
largest scale topographic map available. The &tmavaof a minimum of 20
equally spaced points are determined, and the geafthe points is taken. As
many as 100 points may be needed for large basins;

3. PREC is the mean annual precipitation, in inched,ia determined by placing a
transparent grid over an isohyetal map of mean ammecipitation. The



drainage-area boundary is drawn on the map, the m@aual precipitation is
determined at each grid intersection, and the adue averaged for the basin.

. EVAP is the mean annual free water-surface evajporah inches, and was
determined for gages sites by linear interpolabietween the isolines of map 3
from Farnsworth and others (1982). The value disethe regression equations
was the value at the gaged-site location; thereforéhe application of the
regression equations, the study-site location shbelused. To use the methods
from the report by Thomas and others (1997), EVA&ul be estimated for the
study site by linear interpolation between theirsed of EVAP shown in figures
C.2to C.4.

. LAT is the latitude of the gaged site, in decimagee, and is determined using
the largest scale topographic map available. Hheevused for the regression
equations was the value at the gaged-site locatwenefore, in the application of
the regression equations, the study-site locatimulsl be used. Decimal degrees
are the minutes and seconds of the latitude cosdéota decimal.

. LONG is the longitude of the gaged site, in decidegrees, and is determined
using the largest scale topographic map available value used for the
regression equations was the value at the gagedbsdtion; therefore, in the
application of the regression equations, the stité/tocation should be used.
Decimal degrees are the minutes and seconds tdribgude converted to a
decimal.



Table C.1. Generalized least-squares regressiaatieqgs for estimating regional flood-frequency
relations for the High-Elevation Region 1 (Thomad athers, 1997)

Average
Recurrence standard Equivalent
interval, Equation error of years of
inyears prediction, record
in percent
2 Q = 0.124 AREAR®**PREC* 59 0.16
5 Q = 0.629 AREAR®PREC*? 52 0.62
10 Q = 1.43 ARER ®PREC* 48 1.34
25 Q = 3.08 ARER *PRECM 46 2.50
50 Q = 4.75 ARER PREC"* 46 3.37
100 Q = 6.78 ARER PPREC® 46 4.19

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches.

Data were based on 165 stations.

Average number of years of systematic record is 28.

Table C.2. Generalized least-squares regressiaatiegs for estimating regional flood-frequency
relations for the Northwest Region 2 (Thomas areis, 1997)

Average
Recurrence standard  Equivalent
interval, Equation error of year s of
inyears prediction, record
in percent
2 Q=13.1 ARER ™3 72 0.96
5 Q=22.4 ARER"® 66 1.80
10 Q = 55.7 ARER "?{ELEV/1,000)°%3 61 3.07
25 Q = 84.7 AREAR *{ELEV/1,000)°43® 61 4.64
50 Q = 113 AREA“4ELEV/1,000)°>* 64 5.47
100 Q = 148 AREA"*{ELEV/1,000)°>%4 68 6.05

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet.

Data were based on 108 stations.

Average number of years of systematic record is 26.
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Table C.3. Generalized least-squares regressiaitieqgs for estimating regional flood-frequency
relations for the South-Central Idaho Region 3 (hhe and others, 1997)

Average
Recurrence standard Equivalent
interval, Equation error of years of
in years prediction, record
in percent
2 Q = 0.444 ARER®*PREC 86 0.29
5 Q= 1.21 ARERSPREC® 83 0.49
10 Q = 1.99 ARERSPREC 80 0.77
25 Q = 3.37 ARER®?PREC®* 78 1.23
50 Q = 4.70 ARER ?PREC8 77 1.57
100 Q = 6.42 ARER®?PREC "’ 78 1.92

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches.

Data were based on 35 stations.

Average number of years of systematic record is 32.

Table C.4. Generalized least-squares regressiaatiegs for estimating regional flood-frequency
relations for the Northeast Region 4 (Thomas ahdrst 1997)

Average
Recurrence standard  Equivalent
interval, Equation error of year s of
inyears prediction, record
in percent
2 Q = 0.0405 AREAR °ELEV/1,000%** 64 0.39
5 Q = 0.408 AREAR®*YELEV/1,000§% 57 0.95
10 Q = 1.26 AREAR®*"{ELEV/1,000}%* 53 1.76
25 Q = 3.74 ARER®*{ELEV/1,000}** 51 3.02
50 Q = 7.04 ARER®*{ELEV/1,000}% 52 3.89
100 Q = 11.8 AREAR®*YELEV/1,000§ 4% 53 4.65

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet.

Data were based on 108 stations.

Average number of years of systematic record is 28.
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Table C.5. Generalized least-squares regressiaatieqgs for estimating regional flood-frequency
relations for the Eastern Sierras Region 5 (Thoamasothers, 1997)

Average
Recurrence standard  Equivalent
interval, Equation error of years of
inyears prediction, record
in percent
2 Q = 0.0333 AREA®{ELEV/1,000%*9(LAT-28)/10]** 135 0.21
5 Q = 2.42 ARER®*JELEV/1,000} % (LAT-28)/10]** 101 0.73
10 Q = 28.0 AREAR®q(LAT-28)/10]*° 84 1.69
25 Q = 426 AREA*AELEV/1,000)*'9(LAT-28)/10]*3 87 2.62
50 Q = 2,030 AREA{ELEV/1,000)" " (LAT-28)/10]** 91 3.26
100 Q = 7,000 AREA"®{ELEV/1,000)**(LAT-28)/10]*® 95 3.80

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet; LAT, latitude of site,dacimal degrees.

Data were based on 37 stations.
Average number of years of systematic record is 31.

Table C.6. Hybrid equations for estimating regidit@d-frequency relations for the Northern Great
Basin Region 6 (Thomas and others, 1997)

Estimated
Recurrence S?Yanerdi\??j Equivalent
interval, Equation error of years of
in years . record
regression,
in log units
2 Q=0 - -
5 Q = 32 AREA®YELEV/1,000)°° 1.47 0.233
10 Q = 590 AREA*JELEV/1,000)"° 1.12 0.748
25 Q = 3,200 AREA®{ELEV/1,000)** 0.796 2.52
50 Q = 5,300 AREA®4ELEV/1,000)** 1.10 1.75
100 Q = 20,000 AREA®{ELEV/1,000)** 1.84 0.794

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet.
Data were based on 80 stations.

Dashes indicate no data.
Average number of years of systematic record isB&timated average standard error of regression fo

the hybrid method includes much of the within-statiesidual variance and therefore is not
comparable to standard error of estimate from dmary least-squares regression.
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Table C.7. Generalized least-squares regressiaatiegs for estimating regional flood-frequency
relations for the South-Central Utah Region 7 (Therand others, 1997)

Average
Recurrence standard Equivalent
interval, Equation error of years of
inyears prediction, record
in percent
2 Q = 0.0150 ARER®(ELEV/1,000)**° 56 0.25
5 Q = 0.306 AREA*YELEV/1,000)*?? 45 1.56
10 Q = 1.25 AREA*?*YELEV/1,000)"# 45 3.07
25 Q = 122 ARER4° 49 4.60
50 Q = 183 AREA3 53 5.27
100 Q = 264 AREA** 59 5.68

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet.

Data were based on 28 stations.

Average number of years of systematic record is 23.

Table C.8. Generalized least-squares regressiaatieqs for estimating regional flood-frequency
relations for the Four Corners Region 8 (Thomasathdrs, 1997)

Average
Recurrence standard  Equivalent
interval, Equation error of years of
in years prediction, record
in percent
2 Q = 598 AREA(ELEV/1,000)*° 72 0.37
5 Q = 2,620 AREA*YELEV/1,000)"2® 62 1.35
10 Q = 5,310 AREA“*XELEV/1,000)° 57 2.88
25 Q = 10,500 AREAR“ELEV/1,000)**° 54 5.45
50 Q = 16,000 AREAR**(ELEV/1,000)*>* 53 7.45
100 Q = 23,300 AREA*"(ELEV/1,000)**° 53 9.28

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet.

Data were based on 108 stations.

Average number of years of systematic record is 27.
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Table C.9. Generalized least-squares regressiaatiegs for estimating regional flood-frequency
relations for the Western Colorado Region 9 (Thoara$others, 1997)

Average
Recurrence standard  Equivalent
interval, Equation error of years of
in years prediction, record
in percent
2 Q = 0.0204 AREAR®®{ELEV/1,000)*° 68 0.14
5 Q = 0.181 AREA>YELEV/1,000)*° 55 0.77
10 Q = 1.18 AREAR“®*]ELEV/1,000)*? 52 1.70
25 Q = 18.2 AREAR“*YELEV/1,000)** 53 2.81
50 Q = 248 AREA** 57 3.36
100 Q = 292 ARER4# 59 3.94

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet.

Data were based on 43 stations.

Average number of years of systematic record is 28.

Table C.10. Hybrid equations for estimating regldlmd-frequency relations for the Southern Great
Basin Region 10 (Thomas and others, 1997)

Estimated
Recurrence S?Yanerdi\??j Equivalent
interval, Equation year s of
i error of
inyears . record
regression,
in log units
2 Q=12 AREA® 1.14 0.618
5 Q = 85 AREA*® 0.602 3.13
10 Q = 200 AREA®2 0.675 3.45
25 Q = 400 AREA® 0.949 2.49
50 Q =590 AREA®’ 0.928 3.22
100 Q = 850 AREA®° 1.23 2.22

Equation:Q, peak flow, in cubic feet per second; AREA, drgmarea, in square miles.

Data were based on 104 stations.

Average number of years of systematic record is 21.

Estimated average standard error of regressiothéhnybrid method includes much of the within-
station residual variance and therefore is not @ralge to standard error of estimate from an
ordinary least-squares regression.
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Table C.11. Hybrid equations for estimating regldlmd-frequency relations for the Northeastern
Arizona Region 11 (Thomas and others, 1997)

Estimated
Recurrence S?Zﬁﬁ% Equivalent

interval, Equation error of year s of
inyears . record

regression,

in log units
2 Q = 26 AREA®? 0.609 0.428
5 Q=130 AREA"® 0.309 2.79
10 Q = 0.10 ARER*EVAP?° 0.296 4.63
25 Q =0.17 ARER>EVAP?° 0.191 17.1
50 Q = 0.24 ARER>EVAP?° 0.294 9.20
100 Q = 0.27 ARER**EVAP?° 0.863 1.32

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; EVAP, mean
annual evaporation, in inches.

Data were based on 46 stations.

Average number of years of systematic record is2§timated average standard error of regression fo
the hybrid method includes much of the within-statresidual variance and therefore is not
comparable to standard error of estimate from dmary least-squares regression.

Table C.12. Generalized least-squares regressigatiegs for estimating regional flood-frequency
relations for the Central Arizona Region 12 (Thoraad others, 1997)

Average
Recurrence standard  Equivalent
interval, Equation error of years of
inyears prediction, record
in percent
2 Q=41.1 ARER®?® 105 0.23
5 Q = 238 AREA*®(ELEV/1,000)°%8 68 1.90
10 Q = 479 AREA**YELEV/1,000)°%® 52 6.24
25 Q = 942 AREA**YELEV/1,000)°8 40 17.8
50 Q :10(736—4.17AREA_008) (ELEV/1,000)0440 37 27'5
100 Q :10(655—3.17AREA_011) (ELEV/1,000)0454 39 32'1

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet.

Data were based on 68 stations.

Average number of years of systematic record is 21.

C-10



Table C.13. Generalized least-squares regressiaatieqs for estimating regional flood-frequency
relations for the Southern Arizona Region 13 (Themiad others, 1997)

Average
Recurrence standard  Equivalent
interval, Equation error of years of
in years prediction, record
in percent
2 Q= 1,0 (6368 429AREA™*) 57 2.0
5 Q =10 678 33BN 40 6.25
10 Q =168 302AREA™) 37 11.1
25 Q =104 278AREA™) 39 15.0
50 Q =157 259AREA™ 43 15.9
100 Q =152 242AREA™) 48 16.1

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles.
Data were based on 73 stations.
Average number of years of systematic record is 21.

Table C.14. Generalized least-squares regressiaatiegs for estimating regional flood-frequency
relations for the Upper Gila Basin Region 14 (Theraad others, 1997)

Average
Recurrence standard  Equivalent
interval, Equation error of years of
inyears prediction, record
in percent
2 Q = 583 AREA*{ELEV/1,000)* 74 1.69
5 Q = 618 AREA*{ELEV/1,000)°"° 63 3.54
10 Q = 361 AREA4%4 65 4.95
25 Q = 581 AREA4%? 63 7.75
50 Q = 779 AREAR4%? 64 9.65
100 Q=1,010 ARER“®3 66 11.2

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet.

Data were based on 22 stations.

Average number of years of systematic record is 26.
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Table C.15. Generalized least-squares regressiaatiegs for estimating regional flood-frequency
relations for the Upper Rio Grande Basin RegiorfTtomas and others, 1997)

Average
Recurrence standard  Equivalent
interval, Equation error of years of
in years prediction, record
in percent
2 Q = 18,700 AREA *YELEV/1,000**J(LONG-99)/10f-® 64 0.13
5 Q = 31,700 AREAR®*ELEV/1,000)*°T(LONG-99)/10F"’ 66 0.64
10 Q = 26,000 AREA ®*{ELEV/1,000Y**T(LONG-99)/10f"’ 68 1.24
25 Q = 34,800 AREA®*{ELEV/1,000)**T(LONG-99)/10F*° 71 2.04
50 Q = 44,200 AREAR®(ELEV/1,000)**(LONG-99)/10F 73 2.60
100 Q = 91,800 AREAR“**ELEV/1,000)**4(LONG-99)/10F> 76 3.12

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet; LONG, longitude of sitedecimal degrees.

Data were based on 17 stations.

Average number of years of systematic record is 35.

Table C.16. Hybrid equations for estimating regldlmd-frequency relations for the Southeast Ragio
16 (Thomas and others, 1997)

Estimated
Recurrence S?Yanerdi\??j Equivalent

interval, Equation error of years of
inyears : record

regression,

in log units
2 Q = 14 AREAYEVAP-32f°° 0.664 0.410
5 Q = 37 AREA“*EVAP-32)-3 0.269 3.77
10 Q = 52 AREA*(EVAP-32f-¢7 0.177 12.6
25 Q = 70 AREA“*YEVAP-32)f-" 0.425 3.20
50 Q = 110 AREAR*(EVAP-34Y-"4 0.367 5.38
100 Q = 400 AREAYEVAP-37Y* 0.442 4.54

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; EVAP, mean
annual evaporation, in inches.

Data were based on 120 stations.

Average number of years of systematic record is 30.

Estimated average standard error of regressiotinéhybrid method includes much of the within-
station residual variance and therefore is not aalge to standard error of estimate from an
ordinary least-squares regression.
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Table C.17. Exponent coefficients for estimatiompeék flow of ungaged sites near gaged sites on the
same stream in Montana (Omang, 1992)

Hydrologic regions of Montana
Upper

T et Northwest Southwe YellowstoneNorthwest Northeast =2 Southeast
inyears Region Reion Reion Central Foothllls Plal_ns Plains Pl ains
Mountain  Region Region . Region
Region Region
2 0.94 0.94 0.87 0.85 0.49 0.69 0.55 0.55
5 0.90 0.87 0.82 0.79 0.48 0.65 0.53 0.53
10 0.89 0.84 0.78 0.77 0.47 0.63 0.52 0.52
25 0.87 0.81 0.72 0.74 0.46 0.61 0.50 0.51
50 0.86 0.79 0.70 0.72 0.47 0.60 0.49 0.50
100 0.85 0.74 0.68 0.70 0.48 0.59 0.49 0.50
500 0.83 0.67 0.64 0.65 0.50 0.57 0.47 0.49

T: Recurrence interval.
Applicable when the drainage area raf\g/f) is between 0.5 and 1.5.
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Table C.18. Regional flood-frequency equationadMontana based on drainage-basin characteristics
(Omang, 1992)

Recurrence Average SEP Equivalent
interval, Equation in Srcent ' yearsof
in years P record

West Region

2 Q = 0.042 AREAR®PREC* 52 1

5 Q = 0.140 AREARPREC* 47 2
10 Q = 0.235 AREAR®*PREC* 45 2
25 Q = 0.379 AREAR®*PREC* 45 3
50 Q = 0.496 AREAR®PREC’ 46 3
100 Q = 0.615 AREAR®*PREC™ 48 4
500 Q = 0.874 AREAR®*PREC* 55 4

Northwest Region

2 Q = 0.266 AREA®PREC*? 44 2

5 Q= 2.34 ARER®PREC " 34 8
10 Q = 7.84 AREAR®¥PREC™* 31 13
25 Q = 23.1 AREAR®PREC 27 26
50 Q = 25.4 ARER " PREC® 26 39
100 Q = 38.9 ARERPREC™® 38 24
500 Q =87.1 ARER®*PREC* 59 18

Southwest Region

2 Q= 2.48 AREA®(HE+10¥** 88 1

5 Q= 24.8 AREA®{HE+10)°° 69 2
10 Q= 81.5 AREA"{HE+10)°* 63 3
25 Q= 297 AREA "AHE+10)**° 60 4
50 Q=695 AREA "YHE+10)%%? 63 5
100 Q= 1,520 ARER *®HE+10)"" 66 5
500 Q= 7,460 ARER *YHE+10)%° 80 5

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; ELEV, mean basavation, in feet; HE, percentage of basin
above 6,000 feet elevation.

SEP: Standard error of prediction
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Table C.19. Regional flood-frequency equationadMontana based on drainage-basin characteristics
(Omang, 1992)-Continued

Rier(:tuerrr\/i\rll,Ce Equation Ayerage SEP, Eyq/lejzla\rlglsfn t
in years 'n percent record
Upper Yellowstone—Central Mountain Region
2 Q= 0.117 AREA®(ELEV/1,000}>(HE+10)%*’ 72 2
5 Q= 0.960 AREAR "ELEV/1,000}*HE+10)%% 53 7
10 Q= 2.71 AREA-"(ELEV/1,000*(HE+10)%%* 46 12
25 Q= 8.54 AREA"{ELEV/1,000}*(HE+10)* % 44 14
50 Q= 19.0 AREA"{ELEV/1,000¥*Y(HE+10)*% 46 14
100 Q= 41.6 AREA-"YELEV/1,000} "{HE+10)*" 50 14
500 Q= 205 AREA®ELEV/1,000f(HE+10)*"" 63 15
Northwest Foothills Region
2 Q= 0.653 AREAR“*YELEV/1,000¥%° 88 4
5 Q= 3.70 AREA*YELEV/1,0007%* 52 13
10 Q= 8.30 AREA*(ELEV/1,000¥*° 48 19
25 Q= 20.3 AREA*YELEV/1,000}*° 50 25
50 Q= 47.7 AREA*(ELEV/1,000}-*2 54 28
100 Q= 79.8 AREA“*YELEV/1,000}*° 62 28
500 Q= 344 AREA*YELEV/1,000§® 75 31
Northeast Plains Region
2 Q= 15.4 AREA*(ELEV/1,000)>%* 85 3
5 Q= 77.0 AREA*YELEV/1,000)>"* 63 6
10 Q= 161 AREA*YELEV/1,000)° 56 10
25 Q= 343 AREA*ELEV/1,000)*% 53 14
50 Q= 543 AREA*YELEV/1,000)*% 53 17
100 Q= 818 AREA>YELEV/1,000)*** 56 18
500 Q= 1,720 AREA>(ELEV/1,000)** 68 18

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; ELEV, mean basavation, in feet; HE, percentage of basin
above 6,000 feet elevation.

SEP: Standard error of prediction
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Table C.20. Regional flood-frequency equationsMontana based on drainage-basin characteristics
(Omang, 1992)-Continued

Recurrence Average SEP Equivalent
interval, Equation verag ' yearsof
in years 'n percent record

East—Central Plains Region

2 Q= 141 AREAYELEV/1,000)"# 99 3

5 Q=509 AREA>YELEV/1,000)"° 75 5
10 Q=911 AREAHELEV/1,000)"% 66 8
25 Q= 1,545 AREAR>YELEV/1,000)*"° 62 11
50 Q= 2,100 AREAR“*YELEV/1,000)""? 62 14
100 Q= 2,620 AREAR*YELEV/1,000)" %2 65 15
500 Q= 3,930 AREAR*(ELEV/1,000)*** 75 16

Southeast Plains Region

2 Q=537 AREAYELEV/1,000)*°* 134 1

5 Q= 1,350 AREAR*YELEV/1,000)*" 88 3
10 Q= 2,050 AREAR>{ELEV/1,000)*%* 73 5
25 Q= 3,240 AREAR>YELEV/1,000)**° 63 9
50 Q= 4,160 AREAR*YELEV/1,000)**’ 59 12
100 Q= 5,850 AREAR*YELEV/1,000)*>* 62 13
500 Q= 8,250 AREAR*YELEV/1,000)** 67 15

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; ELEV, mean basavation, in feet; HE, percentage of basin
above 6,000 feet elevation.

Equation is not valid if the ungaged stream origgean the Northwest region.

SEP: Standard error of prediction
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Table C.21. Exponent coefficients for estimatiompeék flow of ungaged sites near gaged sites on the
same stream in Montana (Parrett and Johnson, 2004)

Hydrologic regions of Montana
East- Upper

T, Northwest Northeast Southeast Y ellowstone
inyears Rvggf)tn Ngr;;v(\)/r?ﬂ Foothills  Plains (;elggtggl Plains Centra] S%Jetglv(\)/:ﬂ
Region  Region . Region Mountain
Region Region
2 0.851 0.884 0.609 0.620 0.464 0.516 0.877 0.894
5 0.818 0.822 0.587 0.564 0.459 0.478 0.768 0.776

10 0.798 0.789 0.577 0.536 0.454 0.458 0.712 0.720

25 0.776 0.747 0.566 0.506 0.446 0.433 0.656 0.661

50 0.761 0.722 0.560 0.486 0.439 0.418 0.618 0.622

100 0.747 0.700 0.555 0.469 0.432 0.403 0.587 0.585

200 0.734 0.685 0.551 0.453 0.426 0.389 0.557 0.550

500 0.717 0.665 0.547 0.433 0.417 0.371 0.523 0.510
T: Recurrence interval.

Applicable when the drainage area rafg/A) is between 0.5 and 1.5.
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Table C.22. Regression equations for Montana basduhsin characteristics (Parrett and Johnson,
2004)

Rier(:tuerrr\/i\rll,Ce Equation Ayerage SEP, Eyq/lejzla\rlglsfn t
in years 'n percent record
West Region (n = 96)
2 Q = 0.268 AREA**PREC*YF+1)°°% 60.5 0.9
5 Q = 1.54 ARERBPREC*(F+1)°°"" 55.4 1.4
10 Q = 3.63 ARER*PREC X (F+1)°°% 54.3 1.9
25 Q = 8.50 ARERBPRECF+1)°°%* 54.6 2.7
50 Q = 13.2 ARER**PREC %F+1)°°>2 56.0 3.1
100 Q = 18.7 ARER¥PREC %9F+1)°% 58.5 3.4
200 Q = 24.7 ARER®PREC %F+1)°°" 62.2 3.6
500 Q = 35.4 ARER *PREC%qF+1)°°% 67.9 3.7
Northwest Region (n = 35)
2 Q = 0.128 AREAR¥PREC* 49.2 -
5 Q= 1.19 ARER¥PREC** 39.2 .
10 Q = 4.10 ARER®PREC ™ 38.4 .
25 Q = 15.8 ARER *PREC™ 38.4 .
50 Q = 31.2 ARERPPREC? 37.4 --
100 Q = 56.4 ARER 'PREC® 40.2 .
200 Q = 97.0 ARERPREC>* 46.0 -
500 Q=175 AREA®"PREC*™ 56.9 -
Northwest Foothills Region (n = 24)
2 Q= 14.2 ARER™% 99.5 2.7
5 Q=53.6 AREA>% 59.6 8.7
10 Q= 105 AREA>*® 51.3 15.5
25 Q=208 AREA>%® 50.8 22.2
50 Q=318 AREA>%® 55.0 23.8
100 Q=462 AREA>*’ 61.0 23.8
200 Q=649 AREA>* 68.2 23.1
500 Q=977 AREA>* 79.0 21.8

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; ELEV, mean basavation, in feet; HE, percentage of basin
above 6,000 feet elevation; F, percentage of basiered by forest.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis; --: not
applicable.
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Table C.23. Regression equations for Montana basduhsin characteristics (Parrett and Johnson,
2004)—Continued

Rier(:tuerrr\/i\rll,Ce Equation Ayerage SEP, Eyq/lejzla\rlglsfn t
in years 'n percent record
Northeast Plains Region (n = 57)
2 Q = 30.5 ARER®°YELEV/1,000)%%*3 91.0 3.0
5 Q = 143 AREA*(ELEV/1,000)**? 80.3 4.3
10 Q = 293 AREA#ELEV/1,000)**° 81.3 5.5
25 Q = 579 AREA“*YELEV/1,000)*2! 87.2 6.6
50 Q = 860 AREA*"(ELEV/1,000)"2 93.9 7.2
100 Q = 1,190 AREA“*{ELEV/1,000)"%° 101.4 7.5
200 Q = 1,570 AREA**YELEV/1,000)**’ 109.9 7.7
500 Q = 2,130 AREA“**ELEV/1,000)"** 123.2 7.7
East—Central Plains Region (n = 85)
2 Q = 141 AREA**YELEV/1,000)"%° 99.9 3.1
5 Q = 661 AREA“*{ELEV/1,000)*° 76.0 5.7
10 Q = 1,300 AREA“**{ELEV/1,000)*** 71.4 8.3
25 Q = 2,360 AREA*"{ELEV/1,000)*% 73.4 10.7
50 Q = 3,240 AREA“**{ELEV/1,000)*° 78.6 11.6
100 Q = 4,120 AREA“**{ELEV/1,000)*% 85.7 12.0
200 Q = 4,950 AREA*{ELEV/1,000)-" 94.3 11.9
500 Q = 5,940 AREA“**YELEV/1,000)*°3 107.8 11.6
Southeast Plains Region (n = 69)

2 Q = 29.0 ARER®qF+1)0424 134.1 1.5
5 Q = 83.1 ARER>*(F+1)°%%? 103.9 2.6
10 Q = 142 AREAY(F+1)°3% 94.3 4.0
25 Q = 249 AREA®{F+1)°2%4 88.9 6.0
50 Q = 355 AREAY(F+1)0%-#% 89.1 7.3
100 Q = 486 AREA*(F+1)°212 91.6 8.3
200 Q = 645 AREA*#F+1)°1% 96.1 9.0
500 Q = 905 AREA9Y(F+1)0-16° 105.5 9.3

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; ELEV, mean basavation, in feet; HE, percentage of basin
above 6,000 feet elevation; F, percentage of basiered by forest.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.24. Regression equations for Montana basduhsin characteristics (Parrett and Johnson,
2004)—Continued

Rier(:tuerrr\/i\rll,Ce Equation Ayerage SEP, Eyq/lejzla\rlglsfn t
in years 'n percent record
Upper Yellowstone—Central Mountain Region (n = 92)

2 Q = 5.84 AREAB{HE+1)%® 94.9 1.5

5 Q =21.7 ARER BAHE+1)%9%% 72.7 3.2

10 Q = 42.3 AREAR PYHE+1)9% 63.4 5.6
25 Q = 82.6 AREAR *Y{HE+1)%14 57.1 9.5
50 Q = 126 AREAHE+1)°182 55.9 12.2
100 Q = 181 AREAR AHE+1)°?1* 56.8 14.2
200 Q = 252 AREAR ®¥YHE+1)°238 59.5 15.4
500 Q = 375 AREAR*{HE+1)°?"* 65.2 15.9

Southwest Region (n = 44)

2 Q = 3.02 AREABYHE+1)-0%%! 94.4 0.9

5 Q=17.1 ARER®YHE+1)%1% 79.0 1.7

10 Q = 41.9 ARER " YHE+1)%4 75.9 2.4
25 Q = 109 AREA "HHE+1)°3% 75.6 3.4
50 Q = 201 AREA *AHE+1)°%4°® 77.4 4.0
100 Q = 351 AREA®®{HE+1)%4"® 80.3 4.5
200 Q = 582 AREA*YHE+1)%>*" 83.8 4.9
500 Q = 1,060 AREA*(HE+1)%°H 89.9 5.3

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; ELEV, mean basavation, in feet; HE, percentage of basin
above 6,000 feet elevation; F, percentage of basiered by forest.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.25. Exponent coefficients for estimatiompeék flow of ungaged sites near gaged sites on the
same stream in Colorado (Vaill, 2000)

Hydrologic region Exponent, X
Mountains 0.69
Rio Grande 0.88
Southwest 0.71
Northwest 0.64
Plains 0.40

Applicable when the drainage area rafg/A) is between 0.5 and 1.5.
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Table C.26. Regional flood-frequency equationsdolorado (Vaill, 2000)

Recurrenceinterval, . Average SEP,
. Equation :
Inyears In percent

Mountain Region
2 Q= 11.0 ARER®%YBS+1.0§4%° 52
5 Q=17.9 ARER®"(BS+1.0f"° 47
10 Q = 23.0 ARER®*YBS+1.0§%* 45
25 Q = 29.4 ARER®*BS+1.0§* 44
50 Q = 34.5 ARER{BS+1.0}7°® 44
100 Q = 39.5 ARER °4BS+1.0}°"" 44
200 Q = 44.6 ARER 4BS+1.0}4%® 45
500 Q =51.5 ARER™BS+1.0}-%*° 47
Rio Grande Region
2 Q = 0.03 ARER*"PREC® 61
5 Q =0.12 ARER*PREC># 55
10 Q = 0.25 ARER'PREC?"’ 53
25 Q = 0.52 ARER®BPREC 51
50 Q = 0.81 ARER®PREC# 50
100 Q= 1.19 ARER¥PREC™ 49
200 Q = 1.67 ARER®PREC % 49
500 Q = 2.48 ARER®PREC* 49
Southwest Region
2 Q = 28.7 ARER*®® 62
5 Q =50.5 ARER®% 58
10 Q = 66.0 ARER®’ 57
25 Q = 86.3 ARER ™™ 57
50 Q=102.0 ARER® 58
100 Q=118.4 ARER™® 59
200 Q=135.5 ARER™® 60
500 Q=159.4 ARER™® 62

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; BS, mean drainaggn slope, in foot per foot.
SEP: Standard error of prediction.
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Table C.27. Regional flood-frequency equationsGolorado (Vaill, 2000-Continued

Recurfenceinterval, Equation Ayerage SEP,
Inyears In percent
Northwest Region
2 Q = 0.39 ARER®PREC>* 62
5 Q = 2.84 ARER®*"PREC®* 58
10 Q = 7.56 ARER®*"PREC" 56
25 Q = 20.6 ARER®*PREC=#? 56
50 Q = 38.8 ARER®®PREC#? 56

100 Q =104.7 ARER?®# 59
200 Q =118.5 ARER®# 60
500 Q= 137.6 ARER®# 61

Plains Region
2 Q = 39.0 ARER8® 93
5 Q = 195.8 ARER3¥ 89
10 Q = 364.6 AREAR“® 90
25 Q = 725.3 ARER?*® 92
50 Q=1116 AREAR3% 95
100 Q = 1640 AREAR3® 96
200 Q = 2324 ARER3® 98
500 Q = 3534 AREA3® 100

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches.
SEP: Standard error of prediction.
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Table C.28. Exponent coefficients and descriptibhyalrologic sub-regions for estimation of peaknflo
of ungaged sites near gaged sites on the samenstmedouth Dakota (Sando, 1998)

Sub-region Description Exponent, x
A Minnesota-Red River Lowland, Coteau des Prairied,eastern 0.529
part of the Southern Plateaus physical divisionSlioit (1955). '
Lake Dakota Plain, James River Lowland and Highdaadd
Coteau du Missouri physical divisions of Flint (895part of the
B Coteau du Missouri in central South Dakota thattbpegraphy 0.615
typical of Great Plains “breaks” sites was excluttedh this sub-
region.
Great Plains physiographic division of Fennema§).9
excluding the Sand Hills influenced area in sowhtral South
Dakota, and areas with topography typical of “bedaites,
primarily in Cheyenne, Bad, and White River basins.
Includes areas in the Great Plains physiograpmisidn of
Fenneman (1946) with topography typical of “breakisés.
Generally corresponds to the Sand Hills physicakahn of Flint
(1955)
Generally corresponds to the northeast exteridrqiahe Black
Hills physical division of Flint (1955)
G Generally corresponds to the southwest interior giathe Black
Hills physical division of Flint (1955)
Applicable when the drainage area raf\g/A) is between 0.75 and 1.5.

0.569

0.545
0.691
F 0.654

0.689
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Table C.29. Regional regression equations for Sba#ota based on basin and climate characteristics
(Sando, 1998)

Rier(:tuerrr\/i\rll,Ce Equation Ayerage SEP, Eyq/lejzla\rlglsfn t
in years 'n percent record
Sub-region A (n = 55)
2 Q = 30.9 ARER>13 514 59 4.5
5 Q = 85.5 ARER>%9,># 54 6.1
10 Q = 137 AREA>19,>12 54 7.8
25 Q = 218 AREA>13,480 56 9.8
50 Q = 287 AREA>11,462 58 11.0
100 Q = 362 AREA>#,+47 61 11.9
500 Q = 553 AREA>%,%22 69 13.0
Sub-region B (n = 43)
2 Q = 18.6 ARER*A,110 67 5.4
5 Q = 51.6 ARER>%9,08% 64 7.1
10 Q = 86.8 ARER>9,0-7%4 67 8.7
25 Q = 148 AREA°84,0-730 72 10.6
50 Q = 206 AREA9q,0-728 76 11.6
100 Q = 275 AREA A 0742 81 12.4
500 Q = 480 AREA%%Y 0811 93 13.6
Sub-region C (n = 48 or 46)
2 Q = 25.0 ARER>®® 108 1.8
5 Q=72.5 ARER">"® 67 4.8
10 Q = 125 AREAR>" 58 8.3
25 Q = 207 ARER>" 53 12.0
50 Q = 286 AREA>" 53 14.9
100 Q = 379 AREAR>%® 55 16.5
500 Q = 664 AREA>** 65 16.6

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; precipitation
intensity index, 24-hour precipitation intensity,inches, with a recurrence interval of 2 years
(figure C.8; estimated from U.S. Weather Burea1)9

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.

C-25



Table C.30. Regional regression equations for Sba#ota based on basin and climate characteristics
(Sando, 1998)}-Continued

Rier(:tuerrr\/i\rll,Ce Equation Ayerage SEP, Eyq/lejzla\rlglsfn t
in years 'n percent record
Sub-region D (n = 17)
2 Q = 78.5 ARER®’ 109 2.3
5 Q = 230 AREAR**® 61 7.4
10 Q = 395 AREA>P 44 17.9
25 Q = 676 AREAR>® 34 39.1
50 Q = 944 ARER®¥’ 33 52.5
100 Q=1,270 ARER®®3 34 59.2
500 Q =2,300 AREAR " 41 57.5
Sub-region E (n = 10)
2 Q=12.1 ARER>> 44 4.3
5 Q= 18.9 ARER*®! 28 16.0
10 Q=22.6 ARER®3 26 27.0
25 Q=27.0 ARER % 30 30.2
50 Q =30.3 ARER ™ 36 27.4
100 Q = 33.6 ARER™®® 42 24.2
500 Q =41.4 ARER® 60 18.5
Sub-region F (n =17)
2 Q = 0.937 ARER®"c4¥ 107 2.6
5 Q=0.591 ARER"CS ™ 83 6.0
10 Q = 0.471 ARER®3¢C -7 73 10.5
25 Q = 0.406 ARER#%gH0° 66 18.4
50 Q = 0.381 ARER#CSH® 64 24.6
100 Q = 0.352 ARER*°cs-# 64 29.4
500 Q = 0.243 AREACS¥ 78 31.2

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; CS, main-
channel slope, in feet per mile, measured at pdidtand 85 percent of stream length upstream
from gage.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.

C-26



Table C.31. Regional regression equations for Sba#ota based on basin and climate characteristics
(Sando, 1998)}-Continued

Rgcurrence . Average SEP, Equivalent
interval, Equation : year s of
. in percent
in years record

Sub-region G (n=7)
2 Q = 3.46 ARER"® 51 3.9
5 Q= 7.70 ARER®* 71 3.2
10 Q=11.3 ARER®" 87 3.2
25 Q=16.5 ARER ™™ 108 3.3
50 Q=21.0 ARER ™! 126 3.3
100 Q= 25.8 ARER™® 144 3.4
500 Q = 38.5 ARER®%® 193 35

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles.
SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.32. Exponent coefficients for estimatiompeék flow of ungaged sites near gaged sites on the
same stream in Wyoming (Miller, 2003)

Hydrologic regions of Wyoming
Region 1 Region 2 Region 3 Region 4 Region 5 Region 6

e Cara —Easan |
in years' Rock;_/ Basinsand Basinsand Easter_n Overthrust High
Mountains  Northern Eastern Mountains Belt Desert
Plains Plains

1.5 0.885 0.486 0.401 0.518 0.871 0.626
2 0.866 0.475 0.402 0.506 0.869 0.608
2.33 0.858 0.470 0.403 0.503 0.868 0.600
5 0.829 0.455 0.407 0.506 0.864 0.567
10 0.810 0.447 0.410 0.518 0.861 0.544
25 0.790 0.439 0.416 0.536 0.857 0.520
50 0.776 0.434 0.423 0.549 0.853 0.504
100 0.764 0.430 0.432 0.562 0.850 0.489
200 0.752 0.427 0.441 0.573 0.847 0.476
500 0.738 0.425 0.454 0.585 0.842 0.459

Applicable when the drainage area rafg/f) is between 0.75 and 1.5.
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Table C.33. Regression equations for Wyoming basdoasin characteristics (Miller, 2003)

Recurrence Equivalent
interval, Equation Ayerage SEP, years of
. in percent
in years record

Rocky Mountains (Region 1)
256
1.5 Q=0.126 ARER'SB{%WJ (LONG-100§-9% 56 1.0
232
2 Q=0.313 ARE/R“‘{%} (LONG-100)%°%° 50 1.2
222
233 Q=0.458 ARER-858(%U (LONG-100)%11° 47 1.3
185
5 Q= 1.89 AREA*® %})2’000 (LONG-100)°2%2 39 2.4
160
10 Q =4.71 ARER®9 %;g’ooo (LONG-100)%3*" 36 3.8
134
25 Q=12.1 ARER™ %;g’ooo (LONG-100)%4** 35 5.4
116
50 Q=22.3 ARER"® %})2’000 (LONG-100)%°% 36 6.3
100
100 Q=238.6 ARER'W‘[% (LONG-100)%-°62 38 6.9
0.857
200 Q=643 AREAQ-"’{%} (LONG-100)%c% 40 7.2
0.674
500 Q=120 AREA’”E‘(%;S’OOOJ (LONG-100)%°7 43 7.3

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet; LONG, longitude of basutlet location, in decimal degrees.
SEP: Standard error of prediction.
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Table C.34. Regression equations for Wyoming basedoiasin characteristics (Miller,
2003)—Continued

Rgcurrence . Average SEP, Equivalent
|_nterval, Equation in percent year s of
in years record

Central Basins and Northern Plains (Hydrologic Red in Wyoming)
1.5 Q=17.8 ARER® 135 1.4
2 Q =29.9 ARER*™ 113 1.6
2.33 Q = 37.1 ARER*® 105 1.7
5 Q = 80.9 ARER*? 81 3.4
10 Q = 134 AREAR* 69 5.9
25 Q = 225 AREAR**® 60 10.4
50 Q = 311 AREAR#* 57 13.9
100 Q = 415 AREAR** 56 16.9
200 Q = 536 AREA* 57 19.0
500 Q = 728 AREA*® 61 20.1
Eastern Basins and Eastern Plains (Hydrologic Regim WWyoming)
1.5 Q=1.12 ARER g 127 2.0
2 Q = 2.28 ARER %G 98 2.6
2.33 Q = 3.10 ARER %84 89 3.1
5 Q = 10.1 ARER*%'SHP° 61 7.7
10 Q = 21.9 ARER %P4 51 14.4
25 Q = 48.8 ARER*5SHP#’ 46 23.6
50 Q = 80.9 ARER*?%5H1° 48 28.0
100 Q = 127 AREAPSHP% 51 29.5
200 Q = 193 AREA*SH 56 28.9
500 Q = 323 AREASHIM° 66 26.6

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; SHI, mean
basin soils hydrologic index (figure C.10), unides
SEP: Standard error of prediction
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Table C.35. Regression equations for Wyoming basedoiasin characteristics (Miller,
2003)—Continued

Rgcurrence . Average SEP, Equivalent
interval, Equation : year s of
. in percent
in years record

Eastern Mountains (Hydrologic Region 4 in Wyoming)
1.5 Q = 4.27 ARER'MAR{LAT-40) 4% 53 3.4
2 Q = 6.26 AREAR"MAR{LAT-40)°3"° 53 3.2
2.33 Q = 7.27 ARER"MAR3YLAT-40)0%2 53 3.3
5 Q = 12.2 ARER>*MARLAT-40) 0048 53 4.6
10 Q = 16.9 AREAR'MAR{LAT-40)%17 54 6.3
25 Q = 23.5 AREA>MAR (LAT-40)%%3 54 8.9
50 Q = 29.1 AREAR>*MAR (LAT-40)%4°3 54 11.0
100 Q = 35.3 AREA**MAR>*LAT-40)%>Y 54 13.1
200 Q = 42.2 AREAR>"MAR 9% LAT-40)%5% 55 15.1
500 Q = 52.5 AREA*MAR>#"JLAT-40)%"° 56 17.5
Overthrust Belt (Hydrologic Region 5 in Wyoming)
1.5 Q = 2.08 AREAR ¥ AN02 63 0.8
2 Q = 3.07 AREAR B9 AN"884 61 0.7
2.33 Q = 3.58 AREAR 3 aAN083! 61 0.6
5 Q = 6.19 ARER B AN®43 61 0.8
10 Q = 8.71 ARER B AN®>29 62 1.0
25 Q = 12.3 AREAR B AN 4> 64 1.2
50 Q = 15.2 AREAR®3ANO-340 66 1.4
100 Q = 18.3 AREAR B YAN®287 68 1.6
200 Q = 21.6 AREARBJAN®2% 69 1.7
500 Q = 26.2 ARER 34 AN170 72 1.9

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; JAN, mean
January precipitation, in inches; MAR, mean Maroécppitation, in inches; LAT, latitude of
basin outlet location, in decimal degrees.

SEP: Standard error of prediction
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Table C.36. Regression equations for Wyoming basedoiasin characteristics (Miller,
2003)—Continued

Rier(:tuerrr\/i\rll,Ce Equation Ayerage SEP, Eyq/gzla\rlglsfn t
in years 'n percent record
High Desert (Hydrologic Region 6 in Wyoming)
1.5 Q= 12.7 ARER®qLAT-40) 18 72 3.2
2 Q = 22.2 ARER L AT-40) 66 3.2
2.33 Q = 28.1 ARER®YLAT-40)*2° 64 3.3
5 Q = 66.4 AREAR°(LAT-40) % 59 4.7
10 Q = 116 AREA>*{LAT-40)**° 57 6.4
25 Q = 204 AREA#(LAT-40)** 58 8.5
50 Q = 290 AREA{LAT-40)*4° 60 9.7
100 Q = 394 AREA*LAT-40)*4 63 10.4
200 Q =519 AREALAT-40)*® 67 10.9
500 Q = 719 AREAYLAT-40) 14 73 11.1

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; LAT, latitude
of basin outlet location, in decimal degrees.
SEP: Standard error of prediction
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Table C.37. Exponent coefficients for estimatiompeék flow of ungaged sites near gaged sites osaime stream in New Mexico

(Waltemeyer, 1996; Mason and others, 2000)

Hydrologic regions of New Mexico

R_ecurrence Region1l Region2 Region3 Region4 Region5 Region6 Region7 Region8 Statewide

Ii?]t;e/re\;?ls’ Northeast Northwest Southea_st Southeast Norther_n MCoel?rtrEZiln Southwest Southwe_:st Sma_ll I
Plains Plateau = Mountain Plains Mountain Valley Desert Mountain basin

2 0.53 0.47 0.60 0.51 0.83 0.50 0.46 0.19 0.39

5 0.50 0.46 0.67 0.54 0.81 0.47 0.48 0.23 0.42

10 0.49 0.46 0.70 0.55 0.81 0.46 0.49 0.25 0.43

25 0.48 0.45 0.75 0.57 0.80 0.44 0.50 0.27 0.44

50 0.48 0.45 0.78 0.58 0.80 0.43 0.51 0.29 0.45

100 0.48 0.45 0.81 0.59 0.80 0.42 0.52 0.30 0.46

500 0.48 0.45 0.87 0.62 0.80 0.40 0.55 0.32 0.47

Applicable when the drainage area rafg/f) is between 0.5 and 1.5.

Statewide small basin has basin size of 10 squdes or less, and mean basin elevation of less THa00 feet.
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Table C.38. Flood-peak flow regression equatiomsassociated statistics for streams that drair rura
areas in New Mexico (Waltemeyer, 1996; Mason ahérgt 2000)

Recurrenceinterval, Equation Average SEP,
in years 9 in percent
Northeast Plains Region (1)
2 Q=114 AREA®3 96
5 Q = 307 AREA®° 78
10 Q = 508 AREA*° 75
25 Q = 853 AREA"8 72
50 Q=1,180 ARER"® 72
100 Q=1,580 ARER"® 75
500 Q = 2,800 ARER"® 82
Northwest Plateau Region (2)
2 Q = 84.7 ARER* 111
5 Q=197 AREA® 82
10 Q = 306 AREA 72
25 Q = 486 AREA*® 66
50 Q = 654 AREA*® 63
100 Q = 853 AREA*® 63
500 Q= 1,450 ARER*® 66
Southeast Mountain Region (3)
2 Q = 8,540,000 AREA®YELEV/1,000)>%° 36
5 Q = 71,400,000 AREA®(ELEV/1,000)%% 38
10 Q = 160,000,000 AREAYELEV/1,000)%%* 41
25 Q = 304,000,000 AREAELEV/1,000)"° 43
50 Q = 415,000,000 AREAYELEV/1,000)" 46
100 Q = 521,000,000 AREXYELEV/1,000)" 49
500 Q = 711,000,000 AREX®(ELEV/1,000)"*° 60

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet.
SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.39. Flood-peak flow regression equatiomsassociated statistics for streams that drair rura
areas in New Mexico (Waltemeyer, 1996; Mason aheérst 2000)-Continued

Recurr.ence interval, Equation Ayer age SEP,
in years in percent
Southeast Plains Region (4)

2 Q=81.7 ARER>! 192

5 Q = 236 AREA* 124
10 Q = 407 AREA®® 103
25 Q=721 AREA®’ 88
50 Q= 1,040 ARER"® 78
100 Q= 1,430 ARER"® 72
500 Q = 2,720 ARER*®? 66

Northern Mountain Region (5)

2 Q = 854 AREA®YELEV/1,000)%%4 55> 92

5 Q = 7,390 AREABYELEV/1,000)>%,5>°3 82
10 Q = 21,900 AREA®YELEV/1,000)>*4,.>81 78
25 Q = 69,000 AREA®YELEV/1,000)%%%,5-% 75
50 Q = 144,000 AREA®(ELEV/1,000)*9 5518 78
100 Q = 280,000 AREA®YELEV/1,000)*49 5513 82
500 Q = 1,100,000 AREA®(ELEV/1,000)*%9 55! %* 92

Central Mountain Valley Region (6)

2 Q = 747,000 AREA®YCE/1,000) %948 103

5 Q = 257,000 AREA*(CE/1,000)"* 4" 69
10 Q = 153,000 AREA*YCE/1,000)"%9, % 57
25 Q = 88,900 AREA*{CE/1,000)*°1,5**" 46
50 Q = 61,100 AREA*(CE/1,000)*4,,>°’ 43
100 Q = 41,800 AREA*{CE/1,000)*%% 5> 41
500 Q = 17,800 AREA*YCE/1,0007*1,5>%3 43

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet; CE, average channel élavan feet above sea levelp,maximum
precipitation intensity, 24-hour precipitation inggty, in inches, with a recurrence interval of 10
years; }s, maximum precipitation intensity, 24-hour preapibn intensity, in inches, with a
recurrence interval of 25 years.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.40 Flood-peak flow regression equationsamsaciated statistics for streams that drain rural
areas in New Mexico (Waltemeyer, 1996; Mason aheérst 2000)-Continued

Recurr.ence interval, Equation Ayer age SEP,
in years in percent
Southwest Desert Region (7)
2 Q =128 AREA® 57
5 Q = 246 AREA"® 51
10 Q = 345 AREA#° 51
25 Q =491 AREA° 54
50 Q=615 AREA®! 57
100 Q = 751 AREA? 60
500 Q=1,120 ARER®® 72
Southwest Mountain Region (8)
2 Q = 25,800,000 AREA'(CE/1,000)°*° 88
5 Q = 14,900,000 AREAZ(CE/1,000)°3 85
10 Q = 10,300,000 AREA®(CE/1,000)*° 85
25 Q = 6,530,000 AREA?/(CE/1,000)"% 88
50 Q = 4,690,000 AREA®YCE/1,000)"*2 92
100 Q = 3,400,000 AREA3(CE/1,000Y-* 96
500 Q = 1,660,000 AREA3{CE/1,000)*%® 116
Statewide small basin, less than 10 square milddems than 7,500 feet mean basin elevation
2 Q=107 AREA® 120
5 Q = 243 AREA#? 88
10 Q=374 AREA* 75
25 Q =591 AREA* 69
50 Q=792 AREA#® 66
100 Q =1,030 ARER"“® 63
500 Q=1,730 ARER* 63

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet; CE, average channel &élmvan feet above sea level.
SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.41. Exponent coefficients for estimatiopeék flow of ungaged sites near gaged sites on the
same stream in Idaho (Berenbrock, 2002)

Hydrologic region Exponent, x
1 0.65
2 0.88
3 0.84
4 0.85
5 0.94
6 0.80
7a 0.77
7b 0.65
8 0.90

Applicable when the drainage area rafg/A) is between 0.5 and 1.5.
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Table C.42. Flood-peak flow regression equatiombsassociated statistics for ungaged sites on
unregulated and undiverted streams in Idaho (Beoekb2002)

Recurr'enceinterval, Equation . SEP,
in years in percent
Region 1 (n = 21)
2 Q = 2.52 ARER ""RELEV/1,000§3q(F+1)°> +78.4 10 -43.9
5 Q = 23.0 ARER "?YELEV/1,000§ 39(F+1)°#% +61.1 to -37.9
10 Q = 81.5 ARER®®(ELEV/1,000§*(F+1)*1° +56.8 t0 -36.2
25 Q = 339 AREA**YELEV/1,000}*4F+1)*3° +57.1 to -36.3
50 Q = 876 AREA*SELEV/1,000}*(F+1)*>3 +60.1 to -37.6
100 Q = 2,080 AREA*(ELEV/1,000}*Y(F+1)*°8 +64.8 t0 -39.3
200 Q = 4,660 AREA°"{ELEV/1,000)°(F+1)*8 +70.8t0 -41.4
500 Q = 12,600 AREA>*{ELEV/1,000%-°(F+1)> +80.1 t0 -44.5
Region 2 (n = 44)
2 Q = 0.742 ARER®PREC® +64.2 t0 -39.1
5 Q = 1.50 AREAR®]ELEV/1,000)>*PREC +64.3 t0 -39.1
10 Q = 2.17 AREAR®{ELEV/1,000)>>PREC* +65.8 t0 -39.7
25 Q = 3.24 AREAR®*YELEV/1,000)° "#PREC*° +68.7 to -40.7
50 Q = 4.22 AREAR®RELEV/1,000)>*PREC* +71.4t0 -41.6
100 Q = 5.39 AREAR®*{ELEV/1,000)* *PREC 8 +74.1t0 -42.6
200 Q = 6.75 AREAR®{ELEV/1,000)**PREC* +77.1t0 -43.5
500 Q = 8.90 AREAR®YELEV/1,000)**PREC?° +81.3 0 -44.8
Region 3 (n = 26)
2 Q = 26.3 AREAR®*{ELEV/1,000)°°" +86.4 10 -46.4
5 Q = 127 AREA®*{ELEV/1,000)*3* +58.6 t0 -36.9
10 Q = 265 AREA®*(ELEV/1,000)"°® +51.8 t0 -34.1
25 Q = 504 AREA®*{ELEV/1,000)"° +50.3 t0 -33.5
50 Q = 719 AREA®*{ELEV/1,000)*°® +51.9 to -34.2
100 Q = 965 AREA®*(ELEV/1,000)>*® +55.1 to -35.5
200 Q = 1,240 AREA®¥(ELEV/1,000)>2° +59.4 to -37.3
500 Q = 1,660 AREA®*{ELEV/1,000)**° +66.2 t0 -39.8

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean

basin elevation, in feet; F, percentage of baswersd by forest; PREC, mean annual
precipitation, in inches.
SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.43. Flood-peak flow regression equatiombsassociated statistics for ungaged sites on
unregulated and undiverted streams in Idaho (Beoekb2002)}-Continued

Recurr'enceinterval, Equation . SEP,
in years in percent
Region 3 (n = 60)
2 Q = 16.3 AREAR®*JELEV/1,000)°* +83.5 10 -45.5
5 Q = 46.3 AREAR®*"{ELEV/1,000)°4*° +69.1 to -40.9
10 Q = 79.2 ARER®JELEV/1,000)°6%® +63.6 t0 -38.9
25 Q = 139 AREA®*{ELEV/1,000)°%* +59.5 to -37.3
50 Q = 198 AREA**{ELEV/1,000)°*° +57.7 t0 -36.6
100 Q = 273 AREA®*(ELEV/1,000)"* +56.9 to -36.3
200 Q = 365 AREA®*(ELEV/1,000)*° +56.6 t0 -36.1
500 Q = 521 AREA®*(ELEV/1,000)"° +56.9 t0 -36.3
Region 5 (n = 46)
2 Q = 0.0297 ARER®PRECG?(NS;+1) 64 +46.7 t0 -31.8
5 Q = 0.0992 AREAR“PRECANS;+1) 62 +44.8 t0 -30.9
10 Q =0.178 AREA®PREC (NSzo+1)%°"* +45.0 to -31.1
25 Q = 0.319 AREA*PREC*Y(NSzo+1) %38 +46.0 to -31.5
50 Q = 0.456 AREA*PREC{NSzo+1) %> +47.1 t0 -32.0
100 Q = 0.620 AREAP*PREC*A(NSzo+1)%4%° +48.4 t0 -32.6
200 Q = 0.813 AREA*PREC*YNSzo+1) 2483 +49.8 t0 -33.2
500 Q = 1.12 ARER*MPREC3NS;¢+1) 0464 +51.9 t0 -34.2
Region 6 (n = 31)
2 Q = 0.000258 AREA®PREC® +76.5 t0 -43.4
5 Q = 0.00223 AREAR®PREC®® +68.8 t0 -40.8
10 Q = 0.00632 AREAR®*PRECG* +67.9 t0 -40.4
25 Q =0.0181 ARER®PREG* +68.8 t0 -40.8
50 Q = 0.0346 ARER ®*PRECG® +70.2 t0 -41.2
100 Q = 0.0607 ARER""™PREC*® +71.8t0 -41.8
200 Q = 0.100 AREAR "®PREC® +73.810-42.4
500 Q =0.180 AREAR*PREC " +76.5 t0 -43.3

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet; PREC, mean annual pritipn, in inches; N, percentage of north-
facing slopes greater than 30 percent.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.44. Flood-peak flow regression equatiombsassociated statistics for ungaged sites on

unregulated and undiverted streams in Idaho (Beoekb2002)}-Continued

Recurr'enceinterval, Equation . SEP,
in years in percent
Region 7a (n = 28)
2 Q = 2.28 ARER YELEV/1,000§-"%° +82.3 10 -45.2
5 Q = 27.3 ARER "*{ELEV/1,000)°%* +66.6 t0 -40.0
10 Q = 88.4 AREAR "®YELEV/1,000)°6°° +62.2 t0 -38.3
25 Q = 286 AREA""(ELEV/1,000)**? +60.6 to -37.7
50 Q = 592 AREA""{ELEV/1,000)** +61.4 to -38.0
100 Q = 1,120 AREA""{ELEV/1,000)-°° +63.3 t0 -38.8
200 Q = 1,970 AREA"®(ELEV/1,000)*%" +66.2 t0 -39.8
500 Q = 3,860 AREA"®{ELEV/1,000)*** +71.1t0 -41.5
Region 7b (n = 17)
2 Q=10.2 ARER*®! +143 to -58.8
5 Q=17.1 ARER®* +104 to -50.9
10 Q=22.4 ARER®33 +86.9 to -46.5
25 Q = 29.9 ARER +73.510 -42.3
50 Q= 35.7 ARER®3 +68.0 to -40.5
100 Q= 41.6 ARER*®®? +66.1 to -39.8
200 Q= 47.5 ARER®"? +66.9 to -40.1
500 Q = 55.5 ARER 8¢ +71.8t0 -41.8
Region 8 (n = 60)
2 Q = 1.49 ARER ¥ BS), -1 Sse+1) *°3 +86.9 0 -46.5
5 Q = 1.93 ARER ' BS),-"Y(Ss+1) -8 +79.8 t0 -44.4
10 Q = 2.10 ARER B, (Sge+1) 103 +78.3 t0 -43.9
25 Q = 2.22 ARER®BS, -9 Sge+1) 12 +78.2 t0 -43.9
50 Q = 2.26 ARER BB, 21 Sge+1) 133 +78.9 t0 -44.1
100 Q = 2.27 ARER®BS, 23N Syp+ 1) 144 +79.9 to -44.4
200 Q = 2.25 ARER 8BS, 24%(Spt 1) 15 +81.2 t0 -44.8
500 Q = 2.22 ARERSBS, 254 S+ 1) 17 +83.2 t0 -45.4

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet; BSaverage basin slope, in perceng, ercentage of slopes greater

than 30 percent.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.45. Exponent coefficients for estimatiopeék flow of ungaged sites near gaged sites on the
same stream in Utah (Kenney and others, 2007)

Hydrologic region Exponent, X
0.49
0.51
0.21
0.84
0.53
0.31
0.45
Applicable when the drainage area rafg/A) is between 0.5 and 1.5.

~No ok~ WN PP
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Table C.46. Predictive regression equations and éiseociated uncertainty in estimating peak fléovs
natural streams in Utah (Kenney and others, 2007)

Rgcurrence . Average SEP, Equivalent
interval, Equation ) year s of
in years 'n percent record

Region 1 (n = 46)
2 Q = 1.52 ARER®77 3gFLEV/L.000) 62 0.97
5 Q = 5.49 ARER®1% 3(JF-EV/1.000) 54 1.49
10 Q = 10.3 AREAR%8 2gFLEV/1.000) 53 2.00
25 Q = 19.7 ARER>47 2(ELEV/1.000) 55 2.59
50 Q = 29.4 ARER%?4 1 gE-EV/1.000) 57 2.92
100 Q = 40.4 ARER®1% 1 7ELEV/L000) 58 3.34
200 Q = 58.3 ARER*83 1 5FLEV/1.000) 63 3.35
500 Q = 85.4 ARER#5" 1 FLEV/L.000) 68 3.50

Region 2 (n = 32)
2 Q = 0.585 AREA®*1.07REC 71 0.91
5 Q=1.56 ARER "1 07 REC 58 1.62
10 Q = 2.51 ARER "% 06 REC 53 2.46
25 Q = 4.00 ARER®%11 0g™REC 51 3.70
50 Q = 5.36 AREA®*3 06 REC 50 4.59
100 Q = 6.92 AREAR®'3 06 REC 50 5.38
200 Q = 8.79 ARER>%4 o5 REC 51 6.06
500 Q = 12.0 AREAR>>*1 05 REC 52 6.84

Region 3 (n = 14)
2 Q = 14.5 ARER?3%® 357 0.60
5 Q= 47.6 ARER*' 194 1.40
10 Q = 83.7 ARER*®® 152 2.49
25 Q = 148 AREAR?% 130 4.21
50 Q = 215 AREAR3% 128 5.28
100 Q = 300 AREA=3% 136 5.89
200 Q=411 ARER3™ 150 6.13
500 Q = 599 AREA?% 177 6.10

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet; PREC, mean annual pretipn, in inches.
SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.47. Predictive regression equations and éiseociated uncertainty in estimating peak fléovs
natural streams in Utah (Kenney and others, 28@79ntinued

Rgcurrence . Average SEP, Equivalent
interval, Equation : year s of
in years 'n percent record

Region 4 (n = 42)
2 Q — 0083 ARER'8222.72)'656 (ELEV/1,000) — 0.039 BS% 49 1.35
5 Q — 0359 ARE/&'8162.72)'537 (ELEV/1,000) — 0.035 BS% 37 260
10 Q — 0.753 ARER'81]2.72)'500 (ELEV/1,000) — 0.032 BS% 35 384
25 Q — 1.64 ARE/&'BOAZ.72)'414 (ELEV/1,000) — 0.030 BS% 35 5.07
50 Q — 268 ARE/&'7982.72)'373 (ELEV/1,000) — 0.028 BS% 37 5.56
100 Q — 4.18 ARE/&'7922.72)'334 (ELEV/1,000) — 0.023 BS% 39 5.72
200 Q — 629 ARE/&'7862.72)'299 (ELEV/1,000) — 0.021 BS% 43 569
500 Q — 10.5 ARE/&'7782.72)'256 (ELEV/1,000) — 0.018 BS% 47 5.47
Region 5 (n = 35)
2 Q = 4.32 AREA*HERB+1f°% 99 1.08
5 Q = 11.7 AREAR*IHERB+1f** 60 3.27
10 Q = 18.4 AREAR*IHERB+1)-3% 50 6.11
25 Q = 28.8 AREA>{HERB+1)-3*? 49 8.91
50 Q = 38.4 AREAR>{HERB+1)f-3%* 53 9.35
100 Q = 50.2 AREAR'YHERB+1)-3!° 61 8.79
200 Q = 64.7 AREAR*{HERB+1)-3® 71 7.99
500 Q = 88.3 AREAR®*YHERB+1f-?%® 86 7.05
Region 6 (n =99)
2 Q = 4,150 AREA®*{ELEV/1,000)** 108 1.44
5 Q = 13,100 AREAR*YELEV/1,000)** 80 3.01
10 Q = 24,700 ARER*{ELEV/1,000**’ 70 5.06
25 Q = 49,500 ARER*(ELEV/1,000)*** 62 8.43
50 Q = 77,400 AREAR**(ELEV/1,000y*** 60 10.95
100 Q = 115,000 AREA**(ELEV/1,000)*°® 61 12.97
200 Q = 166,000 AREA**YELEV/1,000)*®* 62 14.42
500 Q = 258,000 AREA®**{ELEV/1,000)*% 66 15.40

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ELEV, mean
basin elevation, in feet; BSaverage basin slope, in percent; HERB, area edvey herbaceous
upland, in percent.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.48. Predictive regression equations and éiseociated uncertainty in estimating peak fléovs
natural streams in Utah (Kenney and others, 28@79ntinued

Rier(:tuerrr\/i\rll,Ce Equation Ayerage SEP, Eyq/gzla\rlglsfn t
in years 'n percent record
Region 7 (n = 25)

2 Q= 18.4 ARER"®® 76 2.71

5 Q= 67.4 ARER>*® 95 2.46

10 Q = 134 ARER*®’ 110 2.62
25 Q = 278 AREAR*# 132 2.85
50 Q = 446 AREAR3% 149 2.99
100 Q = 683 AREA3*® 166 3.13
200 Q=1,010 ARER?** 185 3.23
500 Q=1,620 ARER? 211 3.35

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles.
SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.49. Regression equations for estimatingnmade and frequency of floods for ungaged sites in
California (Waananen and Crippen, 1977; Jenningsodéimers, 1994; Mann and others, 2004)

Recurr'enceinterval, Equation Ayerage SEP,
in years in percent
North Coast Region (n = 125 ~ 141)
2 Q = 3.52 ARER*PRECEH 4 26
5 Q = 5.04 AREARBPRECH 24
10 Q = 6.21 ARERBPREC ¥ 24
25 Q = 7.64 ARER®PREC¥H ! 24
50 Q =8.57 ARER®PREC 08 25
100 Q =9.23 AREAR®PREC?Y’ 26
Northeast Region (n =20 ~ 31)
2 Q = 22 AREA# 46
5 Q = 46 AREA* 38
10 Q=61 AREA* 38
25 Q = 84 AREA>* 40
50 Q =103 AREA™’ 42
100 Q = 125 AREA® 45
Sierra Region (n = 212 ~ 249)
2 Q = 0.24 ARERBPREC 4080 34
5 Q = 1.20 ARER®PRECH 5 32
10 Q = 2.63 AREARBPREC>H 8 27
25 Q = 6.55 ARER "PREC1H 02 30
50 Q= 10.4 ARER "®PREC 048 34
100 Q= 15.7 ARER"PRECH 43 37
Central Coast Region (n =91 ~ 98)
2 Q = 0.0061 ARER*PRECG>H 110 47
5 Q =0.118 ARER®PREC*H?"® 39
10 Q = 0.583 ARERPREC {064 35
25 Q = 2.91 AREARBPREC*H 0 35
50 Q = 8.20 AREARPPREC 04 38
100 Q=19.7 ARERBPREC 8033 41

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; H, altitude indaxerage of altitude taken at points 10 percent
and 85 percent distance between point of interesbasin divide, in thousand feet {X6); in
the North Coast Region, use a minimum value ofdr.®.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.

Equations are defined only for basins of 25 squates or less in the Northeast Region.
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Table C.50. Regression equations for estimatingnmade and frequency of floods for ungaged sites in
California (Waananen and Crippen, 1977; Jenningsodéimers, 1994)-Continued

Recurr'enceinterval, Equation Ayerage SEP,
in years in percent
South Coast Region (n = 137 ~ 143)
2 Q =0.14 ARER "PREC°? 47
5 Q = 0.40 AREAR "PREC®° 37
10 Q=0.63 AREAR"PREC"® 33
25 Q=1.10 AREAR®PREC ! 32
50 Q = 1.50 AREAR®PREC®° 35
100 Q = 1.95 AREAR®PREC ¥ 39
South Lahontan—Colorado Desert Region (n = 35 ~ 43)
2 Q=7.3 AREA? 60
5 Q=53 AREA# 35
10 Q = 150 AREA3 31
25 Q=410 AREA®3 32
50 Q = 700 AREA"®8 33
100 Q=1,080 AREAR"* 36

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; H, altitude indaxerage of altitude taken at points 10 percent
and 85 percent distance between point of interesbasin divide, in thousand feet {Xf).

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.

Equations are defined only for basins of 25 squates or less in the South Lahontan—Colorado Desert
Region.
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Table C.51. Regression equations for estimatingnmade and frequency of floods for ungaged sites in
western Oregon (Harris and others, 1979; Jenningothers, 1994)

Recurr'enceinterval, Equation Ayerage SEP,
in years in percent
Coast Region (n = 40)
2 Q = 4.59 ARER(ST+1)*4,-* 33
5 Q = 6.27 ARER(ST+1)*4,-9° 32
10 Q = 7.32 ARER(ST+1)*4,-97 33
25 Q = 8.71 ARER%(ST+1)*4q,-9° 34
50 Q = 9.73 ARER%(ST+1)%44,2* 35
100 Q = 10.7 ARER®qST+1)%44,%%2 37
Willamette Region (n = 111)
2 Q=8.70 ARER® 1 33
5 Q= 15.6 ARER®,1° 33
10 Q= 21.5 ARER® 146 33
25 Q = 30.3 ARER®,1%7 34
50 Q = 38.0 AREAR® 131 36
100 Q= 46.9 ARER®,12 37
Rogue-Umpqua Region (n = 60)
2 Q = 24.2 ARER®(ST+1)19,-1° 44
5 Q = 36.0 ARER®(ST+1)*27,-1° 43
10 Q = 44.8 ARER®(ST+1)*%§,-14 44
25 Q = 56.9 ARER®(ST+1)*3},112 46
50 Q = 66.7 ARERST+1)*33,-1° 49
100 Q = 77.3 ARERST+1)*34,-08 51
High Cascades Region (n = 28)
2 Q = 4.75 ARER*(ST+1)*%q101-Ff4,M7 55
5 Q = 8.36 AREAR®(ST+1)*8 (101-F§-%§,13° 50
10 Q = 11.3 AREAR®(ST+1)*9q101-Ff21,37 53
25 Q = 15.4 ARER®(ST+1)"%%101-Ff01,14 59
50 Q = 18.8 AREAR®(ST+1)*19101-Ff%4,1>2 66
100 Q = 22.6 AREAR®(ST+1)*(101-Ff234,1°7 72

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; ST, storage,
area of lakes and ponds, in percegtiaximum precipitation intensity, 24-hour precpibon
intensity, in inches, with a recurrence intervalofears (figure C.23); F, percentage of basin
covered by forest.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis. .
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Table C.52. Regression equations for estimatingnmade and frequency of floods for ungaged sites in
eastern Oregon (Harris and Hubbard, 1983; Jen@ind®thers, 1994)

Recurr'enceinterval, Equation Ayerage SEP,
in years in percent
North Central Region
2 Q = 0.00013 AREA®PREC*MnIT>>3
5 Q = 0.00068 AREARPREC*MnJIT>%*
10 Q =0.00134 ARERPREC *MnIT>"3 41 to 51
25 Q = 0.00325 ARER'PREC*MnIT>"®
50 Q = 0.00533 AREAR'PREC*“MnIT>83
100 Q = 0.00863 AREAR®*PREC>MnJIT>%°
East Cascade Region
2 Q=0.017 CL"PREC*?
5 Q=0.118 CL*PREC*
10 Q =0.319 CL*PREC®® 41 to 51
25 Q = 0.881 CL*PREC®®
50 Q=1.67 C*PREC®
100 Q=2.92 C*PREC*
Southeast Region
2 Q = 0.105 AREAR " MnJT+¢’
5 Q = 0.328 AREAR " MnJT+*2
10 Q = 0.509 AREAR " MnJT+*° 41 to 51
25 Q = 0.723 AREAR " MnJT+*2
50 Q = 0.872 AREAR "MnJT**2
100 Q = 0.960 AREAR " MnJT*+*’
Northeast Region
2 Q = 0.508 AREA®PREC*q1+F)%?’
5 Q = 2.44 ARER "PREC %1 +F)°%*
10 Q = 5.28 ARER "PREC*1+F)°* 41 to 51
25 Q=11.8 ARER"PRECE(1+F)**
50 Q= 19.8 ARER'PREC (1+F)°%*
100 Q =30.7 ARER"PREC81+F)°*

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches; MnJT, mean minimienuary air temperature, in degrees
Fahrenheit; CL, main channel length, in miles; ércpntage of basin covered by forest.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.53. Prediction equations for estimatingkfeav for ungaged watershed in western Oregon
(Cooper, 2005)

Average

Recurrence L Equivalent
interval, Equation prgjrlgtrl on years of
in years in percént record

Region 1: Coastal watersheds

2 Q = 0.05056 ARER 89 ,135Qvx g 112805 c0-4421gp0-1576 26.8 2.4

5 Q = 0.01316 ARER %8 ,127xJ T 385 000265 p0-2234 25.3 3.7
10 Q = 0.008041 AREA®3?4,1-229y1x g T 9265 C0-526 /g p0-2552 25.6 5.0
25 Q = 0.005122 AREA®?§,119y1x T2 109 C 054845 p0-2888 26.6 6.4
50 Q = 0.003888 AREA®?13,1 1oy J 12255 C0-560gp0-3111 27.8 7.2
100 Q = 0.003048 AREA®"9,1 129 J 123255 C0-570%gp0-3319 29.1 7.9
500 Q = 0.001890 AREA®*9,1078y1x 1252’5 0585 p0-3770 32.6 8.9

Region 2A: Western interior watersheds with meawations greater than 3,000 feet

2 Q = 0.003119 AREA®?BS081%4 25MnJI T3> mxJT187 387 2.2

5 Q = 0.007824 AREA?BS,>9%3,14MnI T3 mxJaT2%" 338 4.2
10 Q = 0.01546 AREA?BS,22°%9, 14 IMnJ T3 2 MmxJ T2 37 32.5 6.1
25 Q = 0.03353 AREA?BS,29939,1-32\n g T3 624\x g T 2278 32.5 8.6
50 Q = 0.05501 AREA®?BS,M%1,123MnJI T3 %%4MmxJ T2-3¢° 33.2 10.3
100 Q = 0.08492 AREA?BS,%39,1 18\nJ T304 M J T 2440 34.4 11.6
500 Q = 0.1974 AREA’*BS,H%3,1 " MNnJI T3 0%MxJ T 260 37.9 13.6

Region 2B: Western interior watersheds with meanations less than 3,000 feet

2 Q = 9.136 ARER 0BG 4693 08481 32.6 2.0

5 Q = 14.54 ARER B G L4733,0-73%5 32.4 2.8
10 Q = 18.49 ARER 0B g 468§ 0.6937 33.0 3.6
25 Q = 23.72 ARER %8B g 04613,0.6578 34.1 4.8
50 Q = 27.75 ARER%10Bg 4559 ,0.63%0 35.1 55
100 Q = 31.85 ARER 1B g 04504 06252 36.2 6.2
500 Q = 41.72 ARER%14Bg,0+4363,0-6059 39.1 7.5

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square mileg; maximum
precipitation intensity, 24-hour precipitation inggy, in inches, with a recurrence interval of 2
years (figure C.23); MxJT, mean maximum Januarypenakure, in degrees Fahrenheit (figure
C.25); SC, soil storage capacity, in inches (figdr6); SP, soil permeability, in inches per hour
(figure C.27); BS, average basin slope, in degrees (figure C.22)JTimean minimum January
temperature, in degrees Fahrenheit (figure C.24).

n: number of stations used in the regression aisalys
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Table C.54. Exponent coefficients for estimatiopeék flow of ungaged sites near gaged sites osaime stream in Washington
(Sumioka and others, 1998; Knowles and Sumiokal 200

R?CU”(:I‘CG Hydrologic regions of Washington

|irr1]t;e/re\;r s Region1l Region2 Region3 Region4 Region5 Region6 Region7 Region8 Region9

2 0.923 0.877 0.877 0.880 0.815 0.719 0.629 0.761 .6720

10 0.921 0.868 0.875 0.856 0.787 0.716 0.587 0.706 0.597

25 0.921 0.864 0.874 0.850 0.779 0.714 0.574 0.687 0.570

50 0.921 0.862 0.872 0.845 0.774 0.713 0.566 0.676 0.553

100 0.922 0.861 0.871 0.842 0.769 0.713 0.558 0.666 0.538

Applicable when the drainage area rafig/A) is between 0.5 and 1.5.
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Table C.55. Flood-peak flow regression equatiorsaasociated statistics for hydrologic regions in
Washington (Sumioka and others, 1998; Knowles amdi&ka, 2001)

Recurrence SEP Equivalent
interval, Equation : ’ years of
) in percent
in years record

Region 1 (n = 61)
2 Q = 0.350 AREAR**PREC* 32 1
10 Q = 0.502 AREAR?PREC* 33 2
25 Q = 0.590 AREAR?PREC* 34 3
50 Q = 0.666 AREA**PREC?® 36 3
100 Q = 0.745 AREAR®*PREC* 37 4
Region 2 (n = 202)
2 Q = 0.090 AREAR®"PREC! 56 1
10 Q = 0.129 AREAR**PREC>’ 53 1
25 Q = 0.148 AREAR**PREC° 53 2
50 Q = 0.161 AREAR®**PREC* 53 2
100 Q = 0.174 AREAR®*PREC*? 54 3
Region 3 (n = 63)
2 Q =0.817 AREAR®*"PREC 57 1
10 Q = 0.845 AREAR®*PREC 55 1
25 Q =0.912 AREAR®*"PRECY 54 2
50 Q = 0.808 AREAR®*"PREC* 54 2
100 Q = 0.801 AREAR®*"PPREC* 55 3
Region 4 (n = 60)
2 Q = 0.025 AREAR®PREC"° 82 1
10 Q =0.179 AREAR®PREC?’ 84 1
25 Q = 0.341 AREAR®PREC* 87 1
50 Q = 0.505 AREA®*PREC? 90 2
100 Q = 0.703 AREAR®**PREC 92 2

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches.
SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.56. Flood-peak flow regression equatiomsaasociated statistics for hydrologic regions in
Washington (Sumioka and others, 1998; Knowles amdi&ka, 2001)Continued

Recurrence Equivalent
. : SEP,
interval, Equation : year s of
) in percent
in years record
Region 5 (n =19)
2 Q= 14.7 ARER®? 96 1
10 Q =35.2 ARER ¥ 63 2
25 Q=48.2 ARER '™ 56 3
50 Q=59.1 ARER"™ 53 5
100 Q=71.2 ARER™® 52 6
Region 6 (n = 23)
2 Q = 2.24 ARERPRECS* 63 1
10 Q=17.8 ARER'PREC#’ 69 2
25 Q = 38.6 ARER PREC* 72 2
50 Q = 63.6 ARERPREC?™® 74 3
100 Q = 100 AREA " PREC*? 77 3
Region 7 (n =17)
2 Q =8.77 ARER*®?® 128
10 Q = 50.9 ARER>*’ 63
25 Q=91.6 ARER">™ 54 12
50 Q = 131 AREAR>%® 53 15
100 Q=179 AREA>%® 56 16
Region 8 (n = 23)
2 Q=12.0 ARER ™! 133 <1
10 Q= 32.6 ARER0® 111 1
25 Q = 46.2 ARER"®®’ 114 1
50 Q =57.3 ARER®"® 119 1
100 Q = 69.4 ARER®%® 126 1

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches.
SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Table C.57. Flood-peak flow regression equatiorsaasociated statistics for hydrologic regions in
Washington (Sumioka and others, 1998; Knowles amdi&ka, 2001)Continued

Recurrence

SEP Equivalent
interval, Equation : ’ year s of
) in percent
in years record
Region 9 (n = 36)
2 Q = 0.803 AREAR®"PREC*® 80 2
10 Q = 15.4 ARER**PREC®? 57 6
25 Q = 41.1 ARER>"PREC"® 55 8
50 Q = 74.7 ARER>PREC? 55 10
100 Q = 126 AREA*PREC3* 56 12

Equation:Q, peak flow, in cubic feet per second; AREA, drg@area, in square miles; PREC, mean
annual precipitation, in inches.

SEP: Standard error of prediction; n: number di@ta used in the regression analysis.
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Figure C.3. Free water-surface evaporation for Nexico (Farnsworth and others,
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Figure C.4. Free water-surface evaporation for $€karnsworth and others, 1982;

Thomas and others, 1997)
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Figure C.11. Mean March precipitation, Eastern Mains Region, Wyoming (Miller,
2003).
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Figure C.15. Geohydrologic regions of Utah (Kenaay others, 2007).
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Figure C.22. Areal distribution of basin slope iastern Oregon (Cooper, 2005)
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Figure C.23. The 2-year 24-hour rainfall intensifywestern Oregon (1961-1990;
Cooper, 2005). The isolines are superimposed tmdehaded relief map of elevation
and the Geographic Information System grid of thee@r 24-hour precipitation
intensities on which the isolines are based. Daakeas represent higher precipitation
intensities.
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Figure C.24. Mean minimum January temperature cteva Oregon (1961-1990;
Cooper, 2005). The isolines are superimposed tmdshaded relief map of elevation
and the Geographic Information System grid of tlEamminimum January temperatures
on which the isolines are based. Darker areagsept higher temperatures.
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Figure C.25. Mean maximum January temperature sfeme Oregon (1961-1990;
Cooper, 2005). The isolines are superimposed tmdehaded relief map of elevation
and the Geographic Information System grid of tmmmaximum January temperatures
on which the isolines are based. Darker areagsept higher temperatures.
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Figure C.26. Areal distribution of soil storage aajy in western Oregon (Cooper,
2005).
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Figure C.28. Hydrologic regions of Washington (Seand others, 1987; Sumioka and
others, 1998; Knowles and Sumioka, 2001).
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