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CONVERSION FACTORS

For use of those readers who may prefer to use metric units

rather than U.S. customary units, the conversion factors for the terms

used in this report are listed below:

Multiply U.S . customary To obtain metric
unit By unit

inch (i n, ) 25.4 mil l imeters lnm)

foot (ft) .3048 meter (m)

mi l e (mt) 1.609 kilometers (km)

squa re mi l e (mi 2) 2.590 square kilometers (km2)

cubic foot per second cubi § meter per second
(ft3/ s ) .02832 (m Is)
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METHODS FOR ESTIMATING THE MAGNITUDE
AND FREQUENCY OF FLOODS IN ARIZONA

~

R. H. Roeske

ABSTRACT

Regression equations for estimating flood magnitudes at ungaged

sites for recurrence i nt erval s of 2, 5, 10, 25, 50, 100, and 500 years

were developed for six flood-frequency regions. The equations relate

flood magnitudes to one or more of the following statistically inde-

pendent variables : size of drainage area, mean basin elevation, and

mean annual precipitation. The regress ion equations are based on annual

peak-discharge data collected at 221 gaging stations having 10 or more

years of record. Flood magnitudes for selected recurrence intervals

were determined for each station from a log-Pearson Type III frequency

distribution, and multiple-regression analyses were used to relate flood

magnitudes to basin characteristics. The regression equations apply to

streams that are not affected sign ificantly .by regulation, diversion, or

urbanization.

Flood magnitudes and frequencies for the main stem of the

Little Colorado River from the Zuni River to the mouth and for the main

stem of the Gila River can be estimated from graphs in which discharge

is related to size of drainage area for the Little Colorado River and to

miles upstream and downstream from Coolidge Dam for the Gila River.
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INTRODUCTION

Estimates of the magnitude and frequency of floods are needed

to design safe and economical bridges, culverts, dams, and other struc

tures on, over, or near streams. The estimates also are needed to

establish flood-insurance rates and for flood-plain management . This

study was undertaken to define the best methods for estimating the

magnitude and frequency of floods for most streams in Arizona.

Multiple-regression analyses were used to correlate flood

magnitudes with physiographic and climatic basin characteristics and to

develop regional flood-frequency relations. The report presents equations

for estimating flood magnitudes at ungaged sites for recurrence intervals

of 2, 5, 10, 25, 50, 100, and 500 years. Recurrence intervals are

intervals of time, in years, in which a given discharge can be expected

on the average to be exceeded once as an annual maximum. In terms of

probability, the 100-year flood has one chance in 100 (I-percent proba

bility) of being exceeded in a given year, and the 50-year flood has one

chance in 50 (2-percent probability) of being exceeded in a given year.

The regression equations apply to streams that are not affected signif

icantly by regulation, diversion, or urbanization. The peak discharge

at any site can be computed using the equations, but the experienced

user will recognize that judgment must be used in the application of the

appropriate equations.



3

The regression equations do not apply to the main stem of the

Little Colorado River from the Zuni River to the mouth or to the main

stem of the Gila River. Methods for estimating the magnitudes and

frequencies of floods on these rivers are given in the section of the

report entitled "Little Colorado and Gila Rivers." Flood-frequency

information for gaged sites and maximum discharge data for gaged and

ungaged sites are given in the section entitled "Streamflow Data."

Methods for estimating the magnitude and frequency of floods

in Arizona were described in earlier studies by Patterson and Somers

(1966), B. N. Aldridge and Alberto Condes de la Torre (written commun.,

1970), Moosburner (1970), and the Arizona Water Commission (1973). This

study was based on many more years of gaging-station data than were

available for previous studies, especially for streams that drain areas

of less than 100 mi 2, and the flood-frequency equations used in computing

the peak discharges given in this report are considered to be the best

that can be derived at the present time.

The study was conducted by the U.S. Geological Survey in

cooperation with the Arizona Department of Transportation and the

Federal Highway Administration. The basic flood data collected during

the study are supplemented by flood data being collected for programs in

cooperation with Pima County, Tucson, and the Flood Control District of

Maricopa County. Additional flood data for small streams were furnished

by the Southwest Watershed Research Center of the U.S. Agricultural

Research Service in Tucson and by the Rocky Mountain Forest and Range
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Experiment Stations of the U.S. Forest Service in Flagstaff and Tempe.

The opinions, findings, and conclusions expressed in this report are not

necessarily those of the Arizona Department of Transportation or the

Federal Highway Administration.

METHODS FOR ESTIMATING THE MAGNITUDE AND FREQUENCY OF FLOODS

UngaQed Sites

Flood magnitudes at ungaged sites can be computed for recurrence

intervals of 2, 5, 10, 25, 50, lOa, and 500 years using the regression

equations given in table 1. The equations define the relations of flood

magnitudes to basin characteristics for the six flood-frequency regions

shown in figure 1. Regions 1 to 5 (numbered regions) are contiguous,

and region HE (high-elevation region) includes several noncontiguous

areas that have a mean basin elevation equal to or greater than 7,500.ft

above mean sea level . The areas in figure 1 that have an elevation

greater than 7,500 ft are only a guide to the high-elevation flood

frequency region as defined in this report because the high-elevation

region is defined using mean basin elevation.

The following methods should be used to determine the basin

characteristics that were selected for use in the final analysis:

Drainage area (A), in square miles, is the area, measured in

a horizontal plane, enclosed by a topographic divide from

which direct runoff from precipitation normally drains by

gravity into the stream above a specified point. The drainage

(

(



Table 1. - -Regression equat ions for flood magnitudes at
selected recurrence intervals and corresponding
standard er ror of estimate

5

Q: Flood magnitude in cubic feet
per second for indicated
recurrence interval.

A: Drainage area in square
mi 1es.

Equation

E: Mean basin elevation in
thousands of feet above mean
sea 1eve1.

P: Mean annual precipitation in
inches.

Standard error of estimate,
in percent

REG ION 1--NORTHWEST PLATEAU AREA (17 STATIONS)

Q2 = 19.0AO.660 93

Q5 = 66.3AO.600 81

QIO = 127AO.566 80

Q25 = 252AO. 532 83

Q50 = 393AO. 51O 86

Q100 = 584AO .490 91

Q500 = 1,300AO.451 105

REGION 2--S0UTHWEST DESERT AREA (26 STATIONS)

Q2 = 87 .0AO.433 76

Q5 = 218AO.462 53

Q10 = 352AO . 475 53

Q25 = 586AO.487 62

Q50 = 815AO.494 72

Q100 = 1, 100AO.499 83

Q500 = 2,000AO.509 111
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Tabl e 1. - -Regressi on equat ions for f lood magnitudes at
selected recurrence interval s and correspondi ng
st andard error of est imate--Continued

(

Equation Standard error of estimate,
in percent

REGION 3--CENTRAL MOUNTAIN AREA (87 STATIONS)

Q2 = 5.66AO .673E-O.605p1.03 81

Q5 = 31.6AO.650E-O.868pO.987 64

Q10 = 74.7AO.638E-1 .00pO.971 58

Q25 = 186AO .626E-1 .14pO.944 58

Q50 = 329AO.617E-1 .22pO.933 61

Q100 = 553AO.610E-1.30pO.915 66

Q500 = 1,530AO.595E-1.45pO .886 78

REG ION 4--NORTHEAST PLATEAU AREA (21 STATIONS)

Q2 = 1. 38AO.491E2.25 83

Q5 = 0.319AO.446E3 .60 74

Q10 = 0.143AO.423E4.31 75

Q25 = O.0590AO.398E5.10 80

Q50 = 0.0327AO.383E5 .60 85

Q100 = O.0188AO .369E6 .09 91

Q500 = 0.0062AO.342E7.04 107

(

(

(



Table 1.--Regression equations for flood magnitudes at
selected recurrence intervals and corresponding
standard error of estimate--Continued

7

Equation
Standard error of estimate,

1n perc~nt

REGION 5--S0UTHEAST MOUNTAIN AREA (61 STATIONS)

Q2 =96.6AO. 555

Q5 = 256AO. 513

Q10 = 416AO. 492

Q25 = 685AO .471

Q50 = 937AO. 458

Q100 = l,230AO. 447

Q500 =2,120AO. 425

58

58

63

72

79

86

102

REGION HE--HIGH-ELEVATION REGION (16 STATIONS)

Q2 = 8.78AO .853

Q5 = 19.9AO. 826

Q10 = 29.6AO. 816

Q25 = 44.9AO. 805

Q50 = 58.2AO. 799

Q100 =72.9AO. 795

Q500 = 113AO. 787

43

33

33

38

42

45

55
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area should be measured by planimetering from the best available

topographic maps.

Mean basin elevation (E) , in thousands of feet above mean sea

level, is obtained from topographic maps by placing a trans

parent grid over the area of the drainage basin, determining

the elevation at each grid intersection, averaging the eleva

tions, and dividing by 1,000. The grid size should be chosen

so that at least 20 elevation points are sampled in the basin.

Mean annual precipitation (p), in inches, is determined from

the normal annual precipitation map for Arizona, which was

prepared by the U.S. Weather Bureau and published by the

University of Arizona (1965) at a scale of 1:500,000. A

smaller scale map (fig. 2) showing the same data is given in

this report (U.S. Weather Bureau, no date). The mean annual

precipitation is obtained by outlining the drainage basin on

the precipitation map, placing a transparent grid over the

basin, determining the precipitation at each grid intersection,

and averaging the values. The grid size should be chosen to

insure that an adequate number of precipitation points are

sampled in the basin. Although the number will be governed by

basin size, at least 10 points are recommended except in small

basins. For small basins that fa ll between two precipitation

lines and for those crossed by only one line, the precipitation

value can be interpolated.
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A transition zone between the high-elevation flood-frequency

region and the numbered flood-frequency regions is defined for sites

where the mean basin elevation is between 7,300 and 7,500 ft (see

example 3 in the following section) . In the transition zone discharge

should be computed using the equation for the numbered flood-frequency

region in which the site is located and the equation for the high

elevation flood-frequency region. The characteristics for the entire

basin should be used in both computations, and then a weighted discharge

should be computed on the basis of the mean basin elevation as

Q ( ) = Q ( ) 7,500-E + Q I ) E-7,300T W T R 200 T~E 200'

where

QT(W) =weighted discharge, in cubic feet per second, for

recurrence interval T, in years;

QT(R) = discharge from numbered flood-frequency region

equation for recurrence interval T, in years;

QT(HE) = discharge from high-elevation flood-frequency region

equation for recurrence interval T, in years; and

E= mean elevation of basin, in feet.

At a site where the stream flows from one numbered flood

frequency region to another, the discharge should be computed using the

equations for both regions. The characteristics for the entire basin

should be used in both computations, and then a weighted average should

be computed on the basis of the amount of the drainage area in each

region. (See example 2 in the following section.)
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If a stream flows from one numbered flood-frequency region to

another and the mean basin elevation of the site is between 7,300 and

7,500 ft, the following method should be applied:

1. Compute the discharge for each of the numbered flood

frequency regions.

2. Compute a weighted discharge on the basis of the amount

of drainage area in each region.

3. Compute the discharge for the high-elevation region .

4. Use the discharges obtained in steps 2 and 3, and compute

a weighted discharge on the basis of the mean basin

elevation.

Examples

Three examples illustrate the application of the method for

estimating the magnitude of floods at ungaged sites.

EXAMPLE 1: Estimate of the magnitude of the 50-year flood in Olsen Wash

at U.S. Highway 80-89, 35 mi northwest of Tucson.

1. The drainage basin is shown on U.S . Geological Survey

15-minute topographic maps--Tortolita Mountains and

Oracle quadrangles--and the drainage area is 6.64 mi 2.

2. Using the topographic maps and figure 1, the basin is

in region 5 and is not in the high-elevation region

or in the transition zone.

3. The basin characteristic required for region 5 is

drainage area.

(

(

(

(
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4. From table 1, the equation for the 50-year flood in

region 5 is

Q50 = 937AO. 458.

Substituting the basin-characteristic value in the

equation,

Q50 = 937(6 .64)°·458 = 2,230 ft3/s.

EXAMPLE 2: Estimate of the magnitude of the 50-year flood in Jacks Canyon

at State Highway 87, 13 mi southeast of Winslow.

1. The drainage area is 267 mi 2 and is shown on the

following U.S. Geological Survey topographic maps :

Sunset Pass, 15-minute

Chavez Mountain NE, 7~-minute

Chavez Mountain East, 7~-minute

Quayle Hill, 7~-minute

Hay Lake, 7~-minute

Chavez Mountain West, 7~-minute

Turkey Mountain, 7~-minute

Blue Ridge Reservoir, 7~-minute

Long Valley, 7~-minute

2. Using the grid-sampling technique on the topographic

maps, the mean basin elevation is 6,530 ft; therefore,

the basin is not in the high-elevation region or the

transition zone. Using the topographic maps and

figure 1, the basin is in regions 3 and 4.
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3. The basin characteristics required for region 3 are

drainage area, mean basin elevation, and mean annual

precipitation. The basin characteristics required for

region 4 are drainage area and mean basin elevation.

4. The total drainage area is 267 mi 2, of which 222 mi 2 is

in region 3 and 45 mi 2 is in region 4.

5. Using the grid-sampling technique on the precipitation

map, the mean annual precipitation is 20 in.

6. The mean basin elevation, in thousands of feet, is 6.53.

7. From table 1, the equation for the 50-year flood in

region 3 is

Q50 = 329AO.617E-1.22pO.933,

and the equation for the 50-year flood in region 4 is

Q50 = 0.0327AO.383E5.60.

Substituting the basin-characteristics values in the

equations for regions 3 and 4, respectively,

Q50 = 329(267)0.617(6.53)-1.22(20)0.933 = 17,100 ft3/s

and

Q50 = 0.0327(267)0.383(6.53)5.60 = 10,200 ft3/s.

8. The magnitude of the 50-year flood was computed by

weighting the discharge computed for each region on

the basis of the amount of drainage area in each

region, and

(

(

(

(

Q50 = (10,200)45 + (17,100)222 =
267

15,900 ft3/s.
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EXAMPLE 3: Estimate of the magnitude of the 100-year flood in Slate

Mountain Wash at U.S. Highway 180, 24 mi northwest of

Flagstaff.

1. The drainage basin is shown on U.S. Geological Survey

topographic maps--fbert Mountain, 15-minute, and

Kendrick Peak, 7~-minute--and the drainage area is

5.49 mi 2.

2. Using the grid-sampling technique on the topographic

maps, the mean basin elevation is 7,350 ft; therefore,

the basin is in the transition zone between the high

elevation region and one of the numbered regions.

Using the topographic maps and figure 1, the basin is

in region 1.

The basin characteristic required for region 1 is drainage

(

4.

area. Drainage area also is the only basin characteristic

required for the high-elevation region.

From table 1, the equation for the 100-year flood in

region 1 is

QlOO = 584AO. 490,

and the equation for the 100-year flood in the high

elevation region is

QI00 = 72.9AO. 795.

Substituting the basin-characteristic value in the

equations for region 1 and the high-elevation region,

respectively,
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0100 = 584(5.49)0.490 = 1,350 ft3/s

and

0100 = 72 .9(5.49)0 .795 = 282 ft3/s.

5. The magnitude of the 100-year flood was computed by

weighting the discharge computed for each region on the

basis of mean basin elevation, and

O = 1 350 7,500-7,350 + 282 7,350-7,300 = 1,080 ft3/s.
100, 200 200

Engineering judgment should be used in the application of the

equations given in this report. The preceding recommendations for

application of the equations where basins cross regional boundaries are

examples . Many other possibilities exist that cannot be discussed in

this report, and these must be considered on an individual basis.

Limitations and Accuracy

The regression equations for estimating the magnitude and

frequency of floods are not applicable to streams where reservoirs,

diversions, or urbanization have a significant effect on flood dis-

charges. For example, the equations do not apply to the Santa Cruz

River downstream from Greene Canal 40 mi downstream from Tucson because

at this point the channel divides, and most of the water flows into

Greene Canal. The equations also do not apply to the main stem of the

Little Colorado River from the Zuni River to the mouth and to the main

stem of the Gila River; the methods for estimating the magnitudes and

(

(

(

(

(

(
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frequencies of floods for these streams are given in the section entitled

"Little Colorado and Gila Rivers."

A potential hazard in using regression equations is the

estimation of the peak discharge at a site having basin characteristics

outside the range of values used in the regression analysis. Extrap

olation beyond the observed range of the independent variable can be

risky, and the applicability of the equations beyond the range of these

values is unknown. The extreme values for each basin characteristic

used in obtaining the equations are given in table 2. Caution and

judgment should be used where a basin characteristic is outside the

range of values used in the regression analysis, and the accuracy of the

estimated peak discharge should be lowered.

A measure of the accuracy of a regression equation is the

magnitude of the standard error of estimate. The standard error of

estimate is a measure of how well the peak discharge estimated from the

regression equation approximates the observed peak discharge used in the

regression analysis. About 68 percent of the observed values used in a

regression are within one standard error of the estimated value of the

peak discharge. Standard errors for each regression equation were

calculated in log units and converted to percentages for convenience.

(See table 1.) Much of the error can be attributed to the extreme time

and spatial variability of the annual peak discharges in Arizona; the

variability of the annual peak discharges in Arizona is greater than

that in most other States.
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Table 2.--Extreme ·values for the basin characteristics used in the
regression eguations

Extremes
Basin characteristics

Maximum

REGION 1

Minimum

Drainage area

Orainage area

Orainage area

Mean basin elevation

Mean annual precipitation

Drainage area

Mean basin elevation

Drainage area

Drainage area

Mean basin elevation

5,090 mi 2

REGION 2

1,810 mi 2

REGION 3

5,499 mi 2

7,400 ft

30.0 in.

REGION 4

3,300 mi 2

6,920 ft

REGION 5

3,610 mi 2

HIGH-ELEVATION REGION

747 mi 2

9,400 ft

0.09 mi 2

0.065 mi 2

1,780 ft

10.0 in.

0.17 mi 2

5,150 ft

0.15 mi 2

7,390 ft

(

(
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Another measure of the accuracy of a regression equation was

introduced by Hardison (1971) and i s expressed in terms of the equivalent

years of record, which takes into account the regional variability of

annual peak discharge. Equivalent years of record is the number of

years of record that would be required at a previously ungaged site to

obtain an estimate of peak discharge having an accuracy equal to that of

the regression estimate. The main use of equivalent years of record is

for the weighting of discharges from the record for a gaged site with

the regional estimates for the site to obtain a better estimate of

discharge. The procedure is discussed in the section entitled "Gaged

Sites ."

The equivalent years of record for the regression estimates of

peak discharge for each recurrence interval on a statewide basis are :

Recurrence interval,
in years

Equivalent years
of record

(

2. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5

10 7

25 8

50. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . .. 9

100. . . . . . . . . . .. . . . .. . .. . . . . . . . . . . . . .. . .. 9

500 10

Gaged Sites

Flood-frequency information for gaged sites is given in

table 3 (see the section entitled "Streamflow Data"), and the locations
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of the gaged sites are shown in figure 3. For each gaged site, two

values of peak discharge are given for recurrence intervals of 2, 5, 10,

25, 50, 100, and 500 years . The first value is the flood discharge

determined from the frequency analysis of the station data, and the

second value is the adjusted station discharge determined from a pro

cedure described by Sauer (1974). The adjusted station discharge values

should be used for the gaged sites. The adjusted station value is a

weighted average of the station value and the regression value computed

from the equation

QT(A) = QT(S)N + QT(R)M,
N + M

where

QT(A) = adjusted flood discharge, in cubic feet per second,

for recurrence interval T, in years;

QT(S) = flood discharge from the station data for recurrence

interval T, in years;

QT(R) = flood discharge from the regression equation for

recurrence interval T, in years;

r~ = number of years of record; and

M= equivalent years of record for the regression equation.

The discharge values for the SOD-year flood at all the gaged

sites have a low reliability; the flood-frequency relation for each

gaged site was extended far beyond the years of record. Historical data

were available for some sites and were helpful in making the extensions.

(

(

(

(
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The discharge values for the 500-year flood are included in this report

because they are useful in flood-insurance studies.

Little Colorado and Gila Rivers

The Little Colorado and Gila Rivers are large streams that

drain areas in several flood-frequency regions . Flow in the rivers is

affected by regulation and diversions, and the rivers have flood -frequency

characteristics different from those of tributary streams. Therefore,

the regional regression equations do not apply to the main stem of the

Little Co lorado River from the Zuni ~iver to the mouth or to the main

stem of the Gila River .

Flood-frequency analyses for the Little Colorado and Gila

Rivers were based on the flood -frequency relations for several gaged

sites along the rivers, and the relat ions were adjusted for the effects

of regulation and diversions. The re lation between discharge for

selected recurrence intervals and drainage area for the Little Colorado

River from the Zuni River to the mouth is shown in figure 4. For the

Gila River, the relation between discharge for selected recurrence

intervals and distance in miles upstream and downstream from Coolidge

Dam is shown in figures 5 and 6, respectively. Flood-f requency analyses

for the Gila River below Coolidge Dam are based on discharges that were

adjusted to the regulated conditions in 1975.

(

(

(

(

(
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Figure 6. --Relation of discharge to miles below Coolidge Dam,
Gila River main stem, for selected recurrence intervals.
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MAXIMUM KNOWN FLOODS

The ma ximum known peak discharges at sites in Arizona having

drainage areas of about 0.06 to 8,000 mi 2 are shown in figure 7. The

discharge values shown were selected from tables 4 and 5, which give

the maximum observed discharge at gaging stations and peak-discharge

measurements at ungaged sites, respectively. An enveloping curve

(H . F. Matthai, written commun., 1977) of maximum known discharges in

the United States is shown for comparison. The curve reflects the

additional data that have become available since Matthai (1969, p. 6)

presented his or iginal enveloping curve. The enveloping curve shown in

figure 7 can be used to determine the potential or upper limit of peak

discharge. As more streamflow data become available for Arizona, more

peak discharges will be nearer the enveloping curve.

ANALYTICAL TECHNIQUES

Flood Records

Annual peak-discharge data collected through September 30,

1975, from 110 continuous-record and 111 crest-stage gaging stations

were used in the regression analyses . The gaging stations are on

streams that are not affected significantly by regulation , divers ion, or

urbanization . Installation of the crest-stage gages was begun i n 1963 ;

most of the crest-stage 9ages were installed to provide peak-discharge

data for drainage areas of less than 100 mi 2, but some were installed

(
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to provide data for drainage areas of more than 100 mi 2 in areas of the

State where no data were available. Gaging stations used in the analysis

were limited to those having 10 or more years of record and those at

which flow events occurred in at least 75 percent of the years of

record.

A summary of the distribution of average length of gaging-

station record for drainage areas of different sizes is :

Drainage area, in Number of Average 1ength of
sguare mil es stations record, in years

Less than 1 27 14

1-10 55 14

10-100 50 15

100-500 43 18

500-1,000 18 31

More than 1,000 28 33

The summary indicates that the stations are fairly evenly distributed in

relation to size of drainage area . The strong relation between size of

drainage area and average length of record reflects the recent emphasis

on the collection of data for small streams.

Flood-Freguency Relations

The annual peak-discharge data for each gaging station were

fitted to a log-Pearson Type III frequency distribution in accordance

with the guidelines recommended by the U.S. Water Resources Council

(1976). Generalized skew coefficients determined from the map by the

(
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u.s. Water Resources Council (1976) were used for stations having 25 or

less years of record, and weighted skew coefficients were used for

stations having more than 25 years of record. Weighted skew coefficients

were computed from the generalized values and the station values with

years of record as the weighting factors. The flood-frequency distri

butions were adjusted, where applicable, for high and low outliers and

for years having no flood events. Adjustments also were made for historic

peak data according to the procedure adopted by the Water Resources

Council (written commun.) in December 1976. The flood discharges

determined from the computed frequency distributions for recurrence

intervals of 2, 5, la, 25, 50, 100, and 500 years (~able 3) were used in

the regression analyses.

Basin Characteristics

Physiographic and climatic characteristics of drainage basins

are used to transfer flood-frequency information from gaged sites to

ungaged sites by multiple-regression techniques. Initially, basin

characteristics were selected on the basis of their possible effect on

flood peaks, on the availability of data for defining the character

istics, and on the ease of measuring the characteristics. The basin

characteristics measured and used in the initial analysis of data are as

follows:

Drainage area (A), in square miles, is the area, measured in a

horizontal plane, enclosed by a topographic divide from which
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direct runoff from precipitation normally drains by gravity

into the stream above a specified point. The drainage area

was measured by planimetering from the best available topo

graphic maps .

Main channel slope (5), in feet per mile, is the slope between

two points at 10 and 85 percent of the distance from the

gaging station to the basin divide (main channel length) and

was computed by dividing the difference in altitude, in feet,

by the distance, in miles, between the two points (Benson,

1964).

Main channel length (L), in miles, is the length of the main

channel between the gaging station and the basin divide and

was measured, on the best available topographic maps, along

the channel that drains the largest basin.

Mean basin elevation (E), in thousands of feet above mean sea

level, was obtained from topographic maps by placing a trans

parent grid over the drainage basin, determining the elevation

at each grid intersection, averaging the elevations, and

dividing by 1,000. The grid size was chosen so that at least

20 elevation points were sampled in the basin .

Soils index (Si), in inches, is a numerical index proportional

to the long-term infiltration rate and was derived from a map

of hydrologic soil groups (U.S. Soil Conservation Service,

1969).

(

(

(
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Mean annual precipitation (p), in inches, was determined from

the normal annual precipitation map for Arizona, which was

prepared by the U.S. Weather Bureau and published by the

University of Arizona (1965) at a scale of 1:500,000. The

mean annual precipitation was obtained by outlinin9 the

drainage basin on the precipitation map, placing a transparent

9rid over the basin, determining the precipitation at each

grid intersection, and averaging the values. For small

basins between two precipitation lines and those crossed by

only one line, the precipitation value was interpolated.

Precipitation intensity index (I), ·i n inches, is the 50-year

24-hour precipitati on, and was determined from an isohyetal

map prepared by the U.S. Weather Bureau (1967).

Mean annual snowfall (Sn), in inches, was determined from

Se11 ers (1960) .

Only drainage area, mean basin elevation, and mean annual

precipitation were found to be significant in the regression analyses

(see table 3 for values). Selected basin characteristics for all U.S.

Geological Survey gaging stations in the United States are stored in the

basin-characteristics file at U.S . Geological Survey National Head

quarters in Reston, Virginia.
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Regression Analyses

Standard multiple-regression techniques are used to develop

equations re lating peak discharges at selected recurrence intervals to

basin characteristics. Previous studies show that transforming all

variables to logarithms tends to norma lize the variables and residuals

and tends to make the residuals homoscedastic as requi red in standard

multiple-regression analys is. The equations resulting from the regress'ion

analysis are of the general form

QT' = aC b1C b2C b3123 .. . ,

where

QT = discharge, in cubic feet per second, for selected

recurrence i nt erval T, in years;

a = regression constant;

C1' C2, and C3 = basin character.istics; and

b1, b2, and b3 = regression coefficients estimated by

correlating logarithms of observed T-year peak discharges

with logarithms of basin characteristics for the network

of gaged sites.

The most important facets in the development of regression

equations for predicting peak discharges are the variable selection and

regionalization or grouping of data into hydrologic regions to provide

the best predictive equations . The i ni t i al var iable selection is made

by the backward elimination procedure (Draper and Smith, 1966). The

(
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procedure is a statistical technique that eliminates variables one by

one according to their statistical significance in explaining variation

in the dependent variable (T-year peak discharge). The procedure

continues to eliminate variables until only those that are significant

at a predetermined level remain in the analysis. The significance level

that is traditionally used--and the one used in this report--is the

5-percent level. The following tabulation summarizes the backward

elimination procedure for the 50-year peak discharge in the high-elevation

region.

(
Variance in 50-year peak Standard error

Basin characteristic explained by equation, of estimate
used in equation in percent Log units Percent

A, S, L, E, Si, P, I, Sn 96 0.185 45

A, S, E, Si, P, I, Sn 96 .176 42

A, S, Si, P, I, Sn 96 .167 40

A, S, Si, p, I 95 .161 38
(

A, S, p, I 95 .155 37

A, S, I 94 .174 42

A, S 93 .172 41

A 92 .175 42

The only variable found to be statistically significant at the 5-percent

level in the preceding table is drainage area CAl.

After the initial runs were made using the backward elimination

procedure, other possible combinations of variables were tested. The
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selection of basin characteristics for the final equations (table 1) was

made using the following guidelines :

1. Each variable selected significantly contributed to

explaining the spatial variation in the T-year peak

discharge.

2. The seven equations in each region contained the same

basin characteristics in order to preserve the inter

correlation that exists among peak discharges of dif

ferent recurrence intervals .

3. No equation contained two or more variables that are

highly correlated because this can reduce the effective

ness of the predictive equation.

The predictive ability of regression equations often can be

improved by dividing an area into hydrologic regions in which the basin

characteristics in each region are similar but are collectively different

from those of all other regions. Accordingly, plots were made of residuals

from the statewide regression against mean basin elevation (fig. 8) and

drainage area (fig. g). Figure 8 shows that the stations hav ing mean

basin elevations greater than 7,500 ft have similar flood character-

istics and that they differ from those for the remaining stations;

figure 9 shows no such relation for drainage area.

After the high-elevation stations were removed from the

analysis, the remaining stations were analyzed by regions. Many different

regional configurations were tested using map plots of residuals and

(

(

(
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general topographic and meteorologic regions . The five numbered flood

frequency regions selected for the final analyses are shown in figure 1,

and the number of stations used in the regression analyses for each

region is shown in table 1. Where a regional boundary crosses the

drainage basin above a gaging station, the station was used in the

regression analyses for both regions (see table 3).

Stations having a mean basin elevation greater than 7,500 ft

were used in the analyses for the· high-elevation region, stations having

a mean basin elevation of less than 7,400 ft were used in the analyses

for the numbered regions, and two stations having mean basin elevations

of 7,390 and 7,400 ft were used in both analyses. In order to provide a

smooth transition between the equations for the high-elevation region

and those for the numbered regions, mean basin elevations between 7,300

and 7,500 ft were designated as a transition zone. The high-elevation

region, therefore, was designated for basins having a mean elevation

equal to or greater than 7,500 ft. In the transition zone flood magni

tudes were computed using the equations for the appropriate regions, and

the results were weighted (see example 3) .

In the analyses for the high-elevation region 13 of the 16

stations used are in the east-central part of the State. Although most

of the high-elevation data are for this area, data for the three stations

in other parts of the State indicate that the equations for the high

elevation region also apply to other parts of the State.
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SUMMARY

Regression equations were developed to estimate flood magni

tudes at ungaged sites in Arizona for recurrence intervals of 2, 5, 10,

25, 50, 100, and 500 years for six flood-frequency regions. The equations

relate flood magnitudes to one or more of the following statistically

independent variables: size of drainage area, mean basin elevation, and

mean annual precipitation. The regression equations apply to streams

that are not affected significantly by regulation, diversion, or urbani

zation. Separate methods were developed to estimate flood magnitudes

and frequencies for the main stem of the Little Colorado River from the

Zuni River to the mouth and for the main stem of the Gila River; dis 

charge is related to size of drainage area for the Little Colorado River

and to miles upstream and downstream from Coolidge Dam for the Gila

River.
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Table 3.--Basin characteristics and flood-frequency data for gaging stations used in
regression analyses

REGION: HE, high-elevation f lood-frequency region.

YR: Number of years of record.

BASIN CHAR: Basin characteristics. DA, drainage

area in square miles ; EL, mean basin elevation

in feet above mean sea level; PR, mean annual

precipitation in inches.

FLOOD DISCHARGES: Q, discharge, in cubic feet

per second, for indicated recurrence i nt erval

i n years. First line, discharge used in

regressi on analysis; second l i ne , weighted

averages of values from frequency distributions

and values from regression equations.
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SlA NU. S T.A TIU N NAME:. REGION YR 8ASIN CHAR FLOOD OISCHARGfS

OA H PR O~ D5 0 10 0 2 ~ 050 DIOO O~OO

===================================================================================================================================
09379030 BLACK ~UUN TA I N WASH NEAR 4 13 8U.70 5920 10.9 ~ql IJIO 1970 ]0"0 4 050 1j~ 3U 875 0

CHINL E, AZ _01 1 .1 2 0 lQ&O 3 020 3ql0 5 050 82&0

093790_0 LUKAC HUKAI CREfK TRIB NR 4 13 1.37 5820 9.8 13 44 83 101 248 .16- 803
LUKACH UKAI , AZ 2_ 89 101 302 430 00 · 1180

Qcn 7 9 10 0 LUNG HOUSE WASH NEAl{ KAyENTA, 4 14 1 .38 0020 12.0 323 915 1580 2810 4090 5730 11300
AZ 288 170 1280 2200 3220 4570 8900

00379200 CHINLE wASH NR HfXICAN WAfER, 4 12 3300.00 0200 10 .9 1190 2210 3000 4320 5410 0010 QQ40

AZ 1870 4130 ono 9440 12100 15100 23700

09379500 EL CAPTTAN wASH NEAR KAYENTA, 4 13 5.88 5_90 9.0 497 1010 1470 2180 2610 3540 5b40
AZ 434 831 1150 1_70 2110 2_8 0 t:I 2to

09382 000 PAR IA PI UER AT LEES FERRY, 52 IOIU.OO 0150 12.0 4270 8030 11000 15100 18400 21600 30000
AZ 2380 5390 8090 12400 10200 2000U 33bOO

0.383020 HOUSf POCK WASH TRI8 NR !lAR6LE 14 3.54 5290 9.b 2b 84 15b 308 480 11. Ib50
CANYflN, AZ 40 120 225 42b b43 941 20 30

09363400 LITTLE COLORAUO RIUER AT HE 15 30.90 9400 31.2 17b 341 415 bb9 629 1000 1450
GREE P, AZ 170 340 079 b83 651 104u 1500

00384000 LITTLE COLORADO .R ABU LYHAN HE 3_ 707.00 71&0 20.0 97b 2300 3720 00 30 8220 10900 19000
RES "R ST. JOHNS, AZ 1040 2b50 4180 bblO B680 11500 lQttOa

00364200 LYMAN RES T"16 NR ST. JOHNS, 4 13 0.24 0100 lI.b 2b 56 8b 130 Ib6 2 I I 329
AZ 28 73 122 209 202 400 7'5

00385800 LI TTLE COLORADO R TRI8 HR ST. 4 13 0.35 b350 11 .1 49 138 23b '14 593 615 1540
J UHNf;, AI 49 142 2.0 4.0 b30 885 1110

09390500 SHOW LIlW CREfK HEAR U KESIOE, 3,Ht. 22 b8.bO 7320 23.7 277 1120 2200 .070 73bO 11 000 2. 100
AZ 330 12bO 2450 .lbO 7250 10500 21bOO

09393500 SIL uER l REEK HEAR SNOwFLAKE, 3" .b 8Bb.ao 0400 10.1 2.70 5.50 8470 12300 15500 19200 2QoOo
AZ 2980 0150 90bO 13bOO 17700 22.100 .I5bOO

09395900 BLACK CREEK NEA" lUPTUN, AI HE 12 ~oo.oo 1500 1~.8 2/30 0180 5230 b050 7750 8910 11800
2'5£10 39 4 0 5040 ObOO 8000 qQbO 13300 .."

w



STA NU. S TAl!UN NAME REGION YR BASIN CHAR FLOUD DISCHARGES
DA EL PR Q2 Q5 010 025 050 0100 Q500 -!'>

-!'>
=================~==================================== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

OQ39b400 DEAD WASH TRIB NEAR HOLBROOK, 4 13 1.00 5/40 7.9 18B 3B7 560 625 1060 1320 2040
Al 1&5 327 457 677 B&4 1100 1750

0939&500 PUERCO RIVER NEAR ADAMAN., 4 10 2760.00 6730 12.& 11&00 20900 26300 39000 41700 57100 61900
Al 10100 \1400 22900 31900 39100 48300 72400

09397200 PENIANC,· WASH NEAR JOSEPH 4 13 0.17 5150 7.6 30 72 113 163 247 324 555
CITY, Al 28 66 101 160 21 1 277 464

09397500 CHEVELOIJ CR 6LW WILDCAT CANYON 3 23 275.00 7030 24.0 2470 7310 12700 22600 33100 4&000 69000
NR WIIJSLOW, AZ 2q20 6930 11700 20400 29100 40VOO 75000

09397600 BRDOKBAI'K CANyON NEAR HEBER, 3 12 27.&0 6950 22.1 III 304 502 645 1170 1560 2750
Al 166 531 962 1720 2510 3340 6180

09398000 CHEVELDII CREEK NEAR WINSLUW, 3 ,4 48 7CJ4.00 6440 18.4 2440 5940 9490 15700 21600 2CJQOO 53700
Al 2460 6120 9670 16400 22600 30500 55300

09398500 CLEAR Cil BLW WILLUW CR NR 3 2B 321.00 7100 25.6 2q20 6610 II 600 20100 2B&00 39200 73300
WINSLtIW,A.1 2420 &700 11200 19200 27000 3&&00 &7000

09399000 CLEAR CIlEEK NEAR wINSLOW, AZ 3,4 4& 607 .00 6500 16 .7 2&10 &990 11700 20500 29500 40900 79700
2&20 69BO 11&00 20200 28600 39&00 75600

09400100 GANADO wASH TRI6 NEAR GANADO, q 13 II. 10 &770 11 .6 223 535 845 1380 1690 2510 4450
Al 243 &39 1080 1660 2&20 3020 68£10

09400200 STEAMBO ,\T WASH TRIB NR GANAUO, 4 13 0.32 6750 12. I 30 \11 42& 1130 2110 3710 11000
Al 35 175 392 941 1630 2760 7610

09400290 TESHB!TU WASH TRIB NR q 13 1&.40 6420 B.2 366 934 1500 2480 3410 4520 7970
HOLBROOK, Al 3&& 923 1470 2430 3310 44&0 7900

094U0300 TESHBITU WASH NEAR HOLBROOK, 4 13 57.40 6280 9 .2 001 1200 17 10 2470 3130 3670 5690
Al 00& 1270 1670 2650 3710 4770 7790

09400530 cow CAN'101'4 NEAR WINSLOW, AZ 1q 3 .53 5380 10.0 47 109 1&6 263 350 451 750
44 132 226 409 592 635 1&50

0940051)0 ORAIBI ~'{ A S H TRI6 NEAR ORAlBI, q 12 1 • 76 &020 10.2 106 300 511 902 1300 1610 3530
AZ 107 <'89 470 620 II 50 lSCJU 29aO

- - - -



-
STA NO. STAfIUN NAME REGION YR ~ASIN CHAR FLOUD DISCHARGES

DA ~L PR Q2 Q5 "10 Q25 050 QIOO Q500
============================================================================================================E:=====================
09400565 PULACC.& WASH TRI8 NEAR CHINLE, 4 12 6.17 6890 12.3 2?1 903 1860 4020 6620 10400 25600

Al 233 85/ 1bila 3330 5170 7950 18100

09401245 KLETHLA VALLEY TRI8 NR 4 14 0.77 6130 10.2 129 192 236 296 301 389 505
KAYH Jr A, AI 121 213 315 ~ 11 709 913 16lJO

OqQOlqOO MOENKOPI ,"ASH NE,lR, TUBA C[TY, 4 35 2500.00 5820 8.7 3870 6120 7760 9950 11/00 13400 17900
AZ 3830 6100 77&0 10100 11900 13800 18800

09403000 8RIGHT ANGEL CRUK NEAR GRANO I,HE 50 101.00 7390 19.8 430 1000 1570 2550 3500 Qb& O 8 .510
CANyON, Al 430 q99 1"560 2S4U 3460 4&20 8250

09003180 KANAB CHEEK N~AR FREDONIA, II 1085.00 6100 12.0 884 2260 3700 6200 8750 11900 22000
Al 1690 3730 5490 8&40 11&OU 15200 2FJQOO

OQ40.JttOO 81nER SEEPs wASH TRI8 NR 13 2.85 5120 12.0 126 560 1220 2810 4810 7810 20600
FREO(lI~IA, AZ 116 456 898 1930 3130 QQ9U 12500

09403930 HEST CATARACT CWEEK NR 12 3.18 7190 23.5 25 80 106 274 409 585 11 lJU

WILLIAMS, Al 37 I I 7 207 389 580 838 1740

09404050 SPRING VALLEY WASH TRI8 NR 13 3.93 6750 12.2 II 54 121 283 488 791 2070
WILLIAMS, AZ 00 124 221 430 666 998 ~260

OQQU4310 YAMPA I CANYUN TRI~ NR PEAtH 3 12 0 .20 5360 12.2 15 43 72 126 179 246 461
SPR HHiS, Al 14 39 66 118 172 23q 466

09404340 TRUXTON WASH AT VALENTINE, 3 II HO.OO 4630 12. I 1240 4320 7860 10300 20600 ~8200 51300
AZ 1310 OilDU 7880 14100 20300 27~00 51100

09415000 VIRGIN HIvER AT LITTLEFIELD, 46 5090.00 5200 I I .0 5050 10000 10400 21300 27500 3"70U 55600
AZ 5290 11000 15700 23200 30000 37600 baUDO

09423780 WALNUT CREEK NEAR KINGMAN, II 31.30 5040 13.9 258 410 520 666 781 899 II 90
Al 199 487 707 1190 1600 2100 3180

09023820 SACHAMfNTO WASH NEAR YUCCA, II 181.00 3400 10. I 2390 5610 8170 10100 19200 25300 40300
AZ 1130 424U 6790 11000 15100 19800 34900

09423900 SACRAMENTU WASH TRIB NR 13 1'1.70 1450 6.2 01 18~ j99 920 1580 2~70 &8&0
TOPOC I(, Al 98 291 517 1000 1560 2300 5450 ..,.

01



STA NU. STATION NAME REGION YR BASiN CHAR FLOun DISCHARGES ..,.
DA EL PR DZ OS olD 025 050 0100 0500

'"=================~==================================== = = = = = = = = = = = = = : = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
0.424200 COTTONWtJOLJ WASH NU.1 NR 3 12 143.00 5.150 14.0 2610 b300 .blO 14600 10400 24UOO 40.100

KINGM"N, AZ 2470 5~50 Tb50 11.00 15700 Z0400 .l" 100

0.4Z4410 BIG SANUY RIVER TRIa NR 3 13 1 ••0 3700 IZ.O 10 o. 220 551 qb5 1500 4510
KINGMI\N, AZ 25 12.1 Z71 50. 004 1550 3740

09424430 K"'ISE~ SPRI NG CANYON TRI6 NR 3 13 1.70 3520 II.Z 5. Z44 SOb 1000 1170 2740 b520
WIKIEUP, AZ 5. 221 436 00. 1430 2170 4940

09424480 ASH CREEK NEAR KIRKLAND, AZ 3 13 • • 05 4.60 10.4 Ob Z03 516 .4Z 1360 t g a O 381 0
oS ZO.l 524 ObO 1420 1.00 3940

09424100 IRON SPHI NG WASH TRI6 NR 3 12 U.btl ]410 12. 1 6 40 60 206 35. 514 149U
BAGDA U, Al 12 5. 12.1 2bO 444 .'" 1.10

04425500 SANTA MARtA RIVER NR ALAMO, 3 26 1520.00 3.50 14.4 2660 10500 20200 40200 b2300 .1.00 200000
Al 3140 11400 22000 42600 .5400 9ilbOU 1.0000

0042bOOO BILL wILLIAMS RIVER 6ELOW .I 43 4130.00 4120 13. 7 10500 43700 64500 IblOOO 235000 32QOOO 56.000
ALAMO DAM, «t 10500 42300 70800 150000 21bOOO 206000 5.1bOOO

0.427700 MONKE'S HEAD WASH NEAR PARKER, 2 12 I.B4 1130 5.5 16 61 147 470 824 13&0 3700
Al 04 224 3bO bbl 062 1430 3210

00426545 CUNNINGHAM wASH TRia NEAR 2 12 0.17 2330 6.1 45 06 147 225 2.8 .162 &34
WENDEN, AZ 71 Ib5 250 349 53b 715 1240

0.426550 BOUSE WASH TRIB NEAR BOUSE, 2 U 14.bO 1230 b.5 202 6S6 1510 2150 40bO 5150 11100
AZ 260 161 U50 2340 3410 48:30 Q510

09428ttOO TYSUN WASH TRIA NH UUARTZSITE, 2 \.l l.l.10 1520 •• 0 320 581 104 1100 1350 1.30 2380
AZ 261 bOI 1010 1120 2.110 3070 5320

0.420150 CREUSUll WASH NEAR EHRENBERG, 2 II 1 ••6 SO. 5.5 1. 22b 401 737 1000 15bO 3100
AZ 106 er. 45.1 16.1 1120 I~Su 3000

09444100 CAMPBELL 6LUE CREEK NH ALPINE, HE II 11 • b 0 6.100 20.0 32 80 141 241 34.1 456 60.
Al (USfS) 38 10.1 Ib6 211 .Ibl 417 1%

OqQI.IQIjOO SAN fRA I~CISCO RIVER AT .I bO 21bb.UO 6HI\U 16. I 7230 I1bOU 26000 45900 .3~00 8410U 150000
ClIFT lJN, Al 7230 11bOO 28000 45.00 b3100 83. 00 II.1AOOO

- - - -



-

STA NO. STATION NAME REGION TH BASIN CHAR FLOUD DISCHARGES
DA EL PR '2 OS UIO U25 u50 DIDO '500

======= ============================================================================================================================
094055 00 WIllOW CR NR POINT UF PINlS NH 3 23 10l.00 &340 19.8 &29 1510 2HO 3&70 487 0 &25 0 10~OO

MURENCI, AI &&0 tb8u 2740 4500 &23U 81 3u 1 4 1 0 0

0940&000 HILLO H CR NR DOUBLE CIRCLf 3 25 149 .00 &310 19.2 1040 3220 5&30 Q980 14300 19500 35600
RAN CH NR MORENCI, AZ 1050 3190 5510 9&30 13100 18&00 33100

Oqqq&SOO EAGLE CR NR DUUHLl CIRCLE 3 25 311.UO &410 20 .0 2500 &330 10000 1&200 21800 28000 07500
RANCH NR MOHENCI, AZ 2470 &2H 9870 1&100 21800 c!8QOU 48300

09001000 EAGLE CR ABV PUMPI NG PLANT NR 3 3] &13.00 &ObO 19.2 2330 &200 10100 1&100 22800 30100 51700
MORENCI, AZ 2390 &430 10&00 11100 iQqOO 32200 5&UOO

0 9451 900 AGRI C RSCH SERV HATlRSHED H-I 5 29 O.BI 3350 8.0 83 194 291 0&0 &0& 113 12 40
NR SA FFURO,AZ B3 194 312 094 &&4 85 0 102 0

OQ Q5bOOO SAN S IMUN RIVER NR SAN SI MON, 5 12 814 .00 4B30 IQ.1f 2&70 Qfteo &200 8290 995U 1110 0 1&00 0
AZ 2930 5&50 80&0 1 1400 14300 11 200 25 40 0

OQQSb ll OO GO LD GULCH NEAR BOWIE , AZ 5 13 15.00 5110 10.9 572 1270 1900 28BO 3130 4bQO /]& 0
54& 1200 1190 212 0 3530 44&0 7 01 0

0905&&80 AGRIC RSCH SERV HATERSHED H-V 5 29 1.13 QSSO 10.0 18 23& 410 121 1030 1000 25&0
NR SA FFORO, AZ 80 241 41& 122 1020 1380 2480

0945&82 0 AGRIC RsCH SERV HATER SHED H-IV 5 28 I • I 9 3&50 9.0 73 154 224 HO 421 52l 195
NR SA FFORD, AZ 7& I/] 2&9 421 5&5 118 119 0

094 5 7 0 0 0 SAN SIMUN RIVER NR SOLOMON, 5 45 2192 .00 4210 12 .2 4840 7830 9950 12100 14900 11 100 2 2 3 00
AZ 4970 8310 11100 14100 11100 20b OO 28q OO

OQq&22 0 0 AGRl e RSCH SER V WAT ERSHED H-ll 5 29 1.07 3800 12.0 215 583 845 12QU 157 0 19 4 U 2 4 20
NH S AFFURU , AI 258 53b 1&" 112 0 143 0 118 U 2 130

094b112 0 SAL T CH l E. NR PERIDOT, AZ .I 12 30.50 3490 1•• 0 584 1100 2910 5050 1140 Q7 00 1170 0
559 Ib50 2810 5120 1430 10.100 19100

O~tab830 u SlOENH IL E WASH TRIB NlAR 3 14 V.bl 44 10 19.0 18 93 209 483 811 1300 3230
GLOIH , AI 22 10& 221 481 190 1210 2790

094.850 0 SAN CARLOS "I VE" NEAR PER IDUT, 3 4. 1021.00 4480 11.2 1220 15400 22500 H400 42100 53000 81200
AZ 10&0 15200 22400 34100 44& 00 5 &30 0 90bOO ..".....,



STA NU . STATIUN NAME REGION YR BASIN CMAR FLOO D DISCHARGES ..,.
OA EL PR 02 OS 010 0 25 0 5 0 0 100 0500 co

= = === = = ======= ===~===================== ================= =============== =~====2==== ==.=~==================~= =====~====== ========= ===
0047050 0 SAN PEOI-lO RIVER AT PALOMI NA S , 5 3& 741.00 4~50 17 .0 &300 10100 12BOO 1&300 tqUOO 21 .00 28 5 00

AZ &19 0 979U 12500 1&100 10100 2 2 20 0 20 000

0947 0900 SAN PEO"O RIVER 7RIB NR 5 13 7 • 12 4770 1&.0 544 .21 1200 157 0 1870 217 0 2910
8 I SBE r:: , AZ 405 859 IIbO 1&30 2050 2 q9 0 3770

00.710 0 0 SAN PEO"O RIV I:.R AT CHARLESTUN, 5 ee 1219 .00 4640 1&.5 b050 12500 17500 2bOOO 34 100 .300 0 75.00
AZ b8bO 12300 17100 25200 32800 .2000 71300

0047 1180 AGRIC RSCH SERV ~ATERSHEO 5 14 3.47 4550 11.1.0 215 &35 1000 1010 2710 3700 b700
~ -" I N. TOMBS7UNE. AZ 211 50S 082 1bbO 2300 3000 5.ba

00.712 0. "GRle RSCH SEH V ~ATERSHEO 0- 1 5 11 57 .70 4100 1• • 0 2500 b780 OB50 13500 15 0 00 17000 21 50 0
NR TO MB STONE, AZ 2230 5300 7210 07bO 11400 1320 0 1&000

0041170 0 FENNER ~ A SH NEAR BENSO N. AZ 5 I 3 2.71 4180 12.3 1b5 432 b09 1150 15 7 0 2 07 0 35 50
I b5 43 0 &02 1 130 1530 201 0 3410

004 120 0 0 SAN PEDRO RIVER NEAR REOING70N. 5 34 2939.00 4&bO 15.5 7750 15200 21400 30000 39000 481 00 1300 0
AZ 7780 15200 2 1400 30bOO 38400 472 00 10B OO

00412. 00 MAMMO TH WASH NEAR MAMM OTH, 5 13 2 .40 3700 1.5.6 145 532 1020 2000 3050 4 4'3 0 9 190
AZ 147 495 B87 1&30 2370 33&0 b530

09472500 SAN PEDRO RIVER NR MAMMUTH. 5 " 3&10.00 4550 15.3 1&.00 29300 30200 52600 &3600 75300 10.000
AZ 1'600 25500 33100 '.200 53000 &3000 67300

0 0'7300 0 A~A VAIP" CREE K NEAR MAMMOTH, 5 24 54 1.00 4530 1&.2 .080 0530 13200 18. 00 22700 274 0U 30 .00
AZ 478 0 9 000 12300 17100 21100 255 0 0 3b OOO

0 94 7 3 200 GRE EN LANTE RN ~ A S H NR 5 12 3.b3 2500 \4 .0 .2b 1. 00 2530 4&60 b650 0 &20 18700
WI NK EUU N, Al 380 113 0 1890 3300 4b4U Et44 0 11000

OO. l3 b OO TAM Q'S tiA NT ER WASH NR HAYDE N, 5 13 Q.:n 3050 15.& 347 &4' B77 12 10 1.70 17b O 2.00
AZ 323 &1& 870 127 0 1&20 2010 31 30

OClQ78200 DURHAM WA SH NEAN FLUR lNCE , 5 11 15.&0 3&70 12.1 515 tbQO 2no 5310 7720 10 10 0 20 &00
AZ SO. 15 10 25l.:1U '.10 &190 8q<; 0 15500

09.78500 auEEN CH AT .HITLU~ OAM SITE N" ~ 1& lQQ.OO 318 0 11.~ .050 10bOO 17000 27000 38100 50100 65BOO
SUPERI OR,AZ 3&50 86&0 13300 ~1000 27700 36 10 0 50500

- - -



STA NO . S TATTO N NAME REGION YR BASIN CHAR FLOUD DISCHARGES
DA EL PR 02 05 alo a25 050 0 1 00 0500

:=:=:== ============ === == == ================================================= == ======= === ================= ==== === ======= ========== ===
0 9l176bO O OUE EN C ~EEI( TRiO NO.3 AT 5 I 0 U. :H 2320 12.0 61 13 0 181 256 3 I 1 38. 558

~Hl TlUW OA M, AI 6 0 138 211 332 008 515 . 1 3

0 .41.200 OUEEN CWEEK TRIB AT APA CHE 2 15 0.51 1160 10 .5 65 111 156 211 255 30 1 Oi l
JUNCTION, AZ 65 10 ' 22. 348 0'0 bOO 102 0

0 .080 000 SANTA CRUZ RI VER NEAR LOCHIEL. 2 21 82.20 5150 18.2 1530 2T60 3110 5020 6080 71 ' 0 10000
AZ 1 £I CJ 0 2 110 3100 5120 6320 7 b OO 110 00

0, OB05 00 SANTA CRUZ RI VER NEAR NOGA LES, 5 06 5 33 . 0 0 0 85 0 18 .1 01 00 7140 9080 12100 t5QOO 18200 25400
AZ 4040 7010 Cfq30 12800 15600 l~bOO 2 6 30 0

09 1&61500 SONUI T" CREE K NE AR PATA GONIA, 5 03 2 09 . 0 0 G600 1' .3 2110 5320 7020 101&00 12800 15 1& 0 0 2 1. 0 0
AI 2 660 5180 1190 10100 12500 15 10 0 2 1600

0.48 11 00 CALABAS AS CA NYO N NEAR NOGALES , 5 12 10.30 0360 15 .8 298 6 18 B8' 13 00 164 0 2 02 0 3040
AZ 308 685 1000 1600 211 0 2 b~ U a~ 50

Oq48 1 15 u SOPURI ~A SH AT AMAD O, U 5 18 116. 00 3800 15 .5 1630 11740 8080 10000 19800 26 . 0 0 qq OOo
1&00 4500 1300 121 00 16500 2 21 0 0 38 300

0 .48180 0 DEMETRI E hASH TRIB NR 5 13 0 .15 3620 10.5 25 51 86 131 17 I 211 303
CONTINENTAL, AZ 26 68 II 3 187 261 .s4 .s 6 05

0.081.00 OCOTILLU WASH NEAR CONTINENTA L, 5 10 3 . 6 0 3280 14.1 10 0 66 . 1730 0600 8510 1060 0 £12400
AZ 12 2 610 1 30 0 3110 5280 8 120 23 0 0 0

0' 0 82 0 0 0 SANTA CRUZ RIVER AT CONTINENTAL , 5 32 1662.00 0350 t 8 • 1 4270 8020 11000 15200 18600 2 2 2 0 0 3 1400
AZ 4410 8090 11900 16100 20/00 2 48 0 0 35100

0' 4822 0 0 FLATO WASH NR SAHU ARITA, Al 5 II 8 .25 282 0 II .6 52. B8. 1150 15 1 0 1780 2 06 0 2 16 0
4 8 2 841 1160 1650 209 0 25 50 39 20

094 82 33 0 PUMPI NG WASH NEAR VAIL, AZ 5 1 0 0.54 3010 I I .2 1\2 221 323 060 58 0 11 0 106 0
102 213 316 485 642 818 1350

0.482350 SOUTH F UUt< AI RPURT WAS'" NEAR 5 10 4.38 2740 11 . U Pi 679 1J50 2100 4280 630 0 131 0 0
TUCSON, AZ 182 03. 1150 2130 313 0 IH6 &\J 8 HQO

0,08 2 3TO NORTH FURK AIHP URT WASH NEAR 5 12 5.28 2/80 10 .8 115 566 1020 1870 2140 3830 T020
ruc snu. AZ 18B 5T6 9'1 1120 24 30 33 0 0 bOOO "'"<D



STA NU. STATION NAME REGION YR MASI" CHAR FLOOD DISCHARGES
'"DA lL PH 02 05 010 025 05U O\OU O~OO 0

========= ====================================================2=====================================================================
09462400 A\RPORT WASH AT TUC30N, AZ 5 10 15.20 2100 10 •• 320 512 164 I U30 12110 11410 2 030

541 126 II 00 1670 UOO 2111U 4560

09482450 WEST BRANCH SANTA CRUZ HIUER 5 10 23.60 2.00 11.2 173 519 432 5.2 72\ 8';8 1210
AI TUCSUN, Al 26\ b44 \ 070 Ib80 227U 2.50 4b70

OQ482q60 81G WASH AT TUCSON, AZ 5 II 2.15 2650 tl.U 174 156 1560 3370 S43U 828U \8.00
112 bS4 \230 2420 36bO 542 0 l~~OO

0 948250U SANTA CRU Z RIVER AT TUCSON, 5 6\ 2222 .00 4050 16 • • 5160 6700 11300 14600 17500 203 00 27200
AZ 5240 .050 12000 \6100 1.400 22bO O 51500

OQ463040 WES I SFE,EOWAY WASH NEAR 5 II 0.46 2150 II • • 104 231 ]44 516 671 842 \320
TUCS(lN, AZ 9~ 2\2 320 499 664 854 1420

09463\OU TANOUE VEHDE CREEK NEAR 5 16 4.3.00 4180 11 • 0 1180 UOO ·3 0 \ 0 4150 5060 6080 6b20
TUCSON, Al 1120 2\00 290U 4110 5140 627u Q340

09463200 AG UA CALIENIE WASH TRIB NEAR 5 II 2.00 3500 to.O .1 235 378 bll .40 1\0 0 1.8 0
TUCS ON, AZ \02 216 4bO IbO 1050 131 U 2350

0.464 000 SAB\NU CREEK NEAR TUCSON. 5 43 35.50 b300 22 .b 1030 23.0 3b50 5b70 74.0 .~b O 15500
AZ 1010 231u 3460 5360 7030 896U 14400

09464200 BE.AR CPEEK NEAR TUCSON, Al 5 15 Ib.30 5660 20.b 2M 100 1140 1690 25.U 31120 5420
2.5 1.5 1300 212u 2.80 31110 6330

0.484500 lANgUE VERDE CREEK AT TUCSON, 5 \6 214.00 4540 16.7 2050 5410 81.0 14500 I •• OU 26200 45200
Al 2030 5U.0 7Ql0 12bOO 16100 21100 35900

OQ484570 "1ESCAl ARHQTQ NEAR PANTANO. 5 II 38.40 lI~bO 15.0 80b Ib&U 23.0 3 L180 4400 5410 8130
AZ 100 1660 2430 3620 4b60 5600 .020

OQ484580 BARREL CANYUN NEAR SONOITA, 5 14 14. \ 0 5000 Ib.O 413 II 00 Ib40 2610 3440 'UAU 7050
AZ 463 107U Ib40 253U 3330 4240 b630

OQ484bOO PAN1ANfJ 'nASH NEAR VAIL, Al 5 \. QS1.00 4500 15 •• Qj'30 10.00 \7000 27.100 36600 QlbO O 1"400
4120 Q140 14&00 22100 24600 .lAIO O 61300

OQ485000 RINCON CREEK NEAR rueSO I~, 5 23 G4.80 4850 1•• 2 10'0 n80 5 01 0 A55U \2 uOO 1&100 28600
AZ 1030 217 U 447u 7QOO 10100 13500 23.100

-



-
SIA NU. STAT /UN NA~E REGION y~ BASIN CHAR FLOUD DISCHARGES

OA EL PR 02 05 "10 "25 "50 0100 0500
==~==================================================== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
091185500 PANTANO WASH AT TUCSON, AI 5 13 bOi!.OO lI~60 17 .1 1110 4920 834U 1 QlI 00 20200 27300 (lQ300

2020 5'50 8810 1'200 19100 24QOO 41900

09.ij5900 PI"''' ,O,SH NEAW TUC5UN, AZ 5 12 '1.93 411]0 16.0 92 1.5 182 231 268 306 396
89 300 552 913 1.00 lij60 3•• 0

Oqll85q50 GERONIMU WASH NEAR TUCSON, 5 12 2.08 3600 15.0 126 301 419 160 1010 1310 2160
AZ 10. 365 669 12.0 1ij.0 2610 5140

094ij6000 RILLITO CREEK NEAR TUCSUN, 5 61 892.00 4400 15.5 4Q80 9130 12300 16100 20200 23ijOO 32000
AZ .9.0 90TO 12200 16100 20300 2.000 33500

OQl,J66300 CANADA OEL ORU NEAR TUCSON, 5 10 250.00 4000 16.4 2010 5410 8870 1.800 20400 271 DO 47100
AZ 2020 5060 7810 12300 16300 21100 34600

09.66500 SANTA CRUZ RIVER AT CORTARO, 5 3. 3503.00 .000 16.3 8140 12100 15900 19900 22600 25600 32100
AZ 8210 13200 171 00 22200 26300 30300 40100

09486100 CHILTEPINES \!lASH NEAR SASABE, 5 13 7.13 ]b60 13.0 1·3 236 305 400 476 555 753
AZ 170 365 580 905 1220 15.0 2550

09.86800 ALTAR HASH NEAR THREE POINTS, 5 10 .63.00 3920 15.6 5310 10100 1.100 19900 2.ijOO 30100 qQbOO
AZ 47&0 8120 11800 16500 2040U 2.900 36100

OQ467000 BRAWLEY HASH NE~R THREE 5 12 776.00 3710 14.6 .150 6680 8520 11000 12900 15000 20000
POINTS, AZ .100 7000 9430 1290·0 15600 18900 27i!00

09QtH250 LOS ROBLES ",ASH NEAR MARANA, 5 11 1170.00 3350 11.8 1080 3010 50.0 8590 12000 16200 29100
AZ 1890 5070 8310 13000 11300 21900 35600

OQQ88S00 SANTA ROSA WASH NR VAlVA VD, 2 20 1782.00 23.0 10.2 1050 Qqqu 8000 14100 21600 30.00 601100
Al 2120 &LllIO 11200 20200 29.00 41200 80300

OQQtt8bOO SILVER ~EEF WASH NEAR CASA 2 13 12.ijO 1620 ij.5 27. 667 1050 1100 2300 3020 5180
(;RANOt:, AZ 26. 6"6 11.0 1900 2600 3~50 6390

09(11$907 0 NURTH FURK OF EAST FORK BLACK HE 10 38.10 QObO 21.5 21ij 003 1000 1690 2360 31~0 5570
RIVER NR AL~INE,AZ 213 536 826 1310 1750 2280 31RO

094890BO HANNAGAN CREEK NR HANNAGAN HE II 1.61 9160 30.0 16 39 60 95 126 162 264
MEADOl'i, AZ 15 36 5. 83 10ij 131 2 I 1 U1.....



STA NO. STATION NA~l REGION y~ ' ~AS[N CHAR FLOUO DISCHARGES
OA lL PR "2 "~ 010 "25 050 "100 0500 '"N

====================================================== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ~= = = ========================
0.48q100 BLACK RIVER N~AH MAVERICK, HE 13 315.00 8700 il.2 1450 30qO 452U &&90 85&0 10000 1&300

AZ 1400 2870 lI070 5.00 1420 q,50 13800

Oq48q200 PACI1ETA C~EEK NEAR MAVERICK, HE 18 14.80 8810 30.3 101 182 244 BO nq 472 055
AZ qq 182 250 34q 433 5?2 758

09469499 BLACK R ABV WILLOW CR OIV NR HE 22 5&0.00 8000 25.3 ,"qo 4.150 6440 9&40 12400 15&00 24100
POINT OF PINES. AZ Iq80 4230 &130 q020 11500 14.100 21700

0948970U 8IG BUNITp CREEK NR FORT HE 18 IIq.OO 7920 27. q &11 1150 1570 2180 2&80 3200 4560
APACIlE, AZ 5q8 \120 1540 21bO 2&70 3220 4&70

Oq4q0500 BLACK RIVER NEA~ FO~T APACHE, 3 18 1232.00 7200 23 •• 4850 12.100 IqoOO 31800 43000 5&100 '4&00
AZ .QIO 12500 IQ"OO ·3 2 2 0 0 43800 5&QOO Q&OOO

0,4Q0800 NORTH FURK WHITE RIVER NEAR HE 10 39.00 qSOO 3&.7 ,Q& 2ql 354 433 4q2 551 &87
CREE.P, AZ Iq7 331 450 &22 714 925 1350

0,4Q100O NORTH FORK WHITE RIVER NEAR HE 2Q &&.00 QlqO 32.2 3QO &83 '0& 1210 14&0 1720 2370
MCNARY, AZ 383 07& 90& 1230 I~IO l~OU 2550

09.Q2400 EAST Fn~K WHITE RIVER No FORT HE 18 36 ..80 8580 31.2 241 31& 411 591 &85 718 1000
APACHE, AZ 235 383 503 &73 817 Q&4 13&0

OQ494000 WHITE RIOER NlAR FORT APACHE, 3,HE 18 &32.00 7400 25.4 3270 5340 &830 8810 10300 II .00 15700
AZ 3220 5&20 1720 10900 13800 1&700 25500

0,4Q4300 CAR~IZn CR A8V CO~OUROY CR NR 3 13 225.00 &370 22.5 IQOo 3870 5440 7130 Q&50 11/00 17200
SHOW LO~, AZ 1920 4080 &210 q030 13000 1&500 21700

0949&000 COROU~IlY CREEK NEAR MOUTH, 3 24 203.00 &.170 21.7 1020 3810 1.\50 14500 22200 .12.100 b7bOO
NEAR. SHOW LOn, AZ lu80 3870 T2~0 13800 20500 2Q.lOO 58800

OQ4Q&500 C,ARRIZO C~EEK NEAR SHUW lO~, .I 2. '159.00 &320 ?~.o 2840 7320 \1800 19200 2&I 00 .14200 58100
AZ 2830 7310 ' 11800 ,Q300 2&400 j4bOU 59400

OQQ9b600 CI~ECUf I T~18 TO CAR~lZO C~ 3 13 0.10 5.1QO t b ..0 .~ Qo 140 20& 2&3 327 500
NR SIIOW LOW, AZ 38 77 10" 1&5 217 280 472

094.&700 CIBECUf 2 TRIB TO CARRIZO CR .I 13 u.o& 5240 Ib.O 42 71 Q.l 122 14& 170 22'
NR sltUW LOW, Al 35 ,1 75 105 135 110 283

- - -



-
SIA NU. SI AT ION NAME REGION YR BASIN CHAR FLOOD DIS CHAR GES

DA EL PR 02 05 0 10 0 2 5 U50 010 0 OSOO
:==== == === == ====== ===== ================================================================================ ========= ==== === === == ===== ==
094 9&8 0 0 CA RR IZ O CREEK TRIB NR SHOW 3 13 2.55 SolO 20 .0 310 12. 1120 \140 230 0 2q 4 0 4 750

l OW , AZ 2bl ~q4 010 1310 1820 2 31U 39 7 0

09091500 SALT RIVER NEAR CHRYSOTILE, 3 52 280'.00 b130 22.8 9PO 21000 32300 51100 b8100 89100 154000
Ai 9190 21200 .l2.0D 5?200 10000 ~180U 15 10 00

0 .09180 0 CI 8 ECUE CREEK NEAR CHRYSOlItE, 3 11 295.00 5100 20.1 3b30 b'20 95bO 13.10 0 IbSO O 19 8 0 0 28 000
U H90 b b20 9500 10 100 18 50 0 232 0 0 3150 0

Oq Qq79 00 CHERR Y CREEK NEAR YUU NG, AI 3 13 b2.IO b030 24.8 1380 3220 0930 7f;l4 0 10 tO u 12 8 0 U 20 ·/00
1280 zeno 4S10 1250 981 0 1 2 100 2 1& 00

Oq 4 Q7q 8 0 CH ERRY CREEK NEAR GLOBE, AZ 3 10 200.00 5bO O 20.0 1910 0300 b.lbO 9530 12300 1530 0 238 00
1'50 OSlO 1280 11800 Ib200 2100 0 3bSOO

09 0. 8 5 00 SALT RI VE R NEAR RUOSEVELT, 3 52 430b.00 bl90 22.0 12800 31800 51S00 8b500 12 1000 lb4 0 0 0 300 000
AZ 12 8 0 0 31800 51400 85800 120000 I b l OOO ? 'OOOO

0 94985 10 UPPER PA, RKER CR NR GL08E, AZ 3 33 1.09 bbOO 22.0 2b 88 lb2 300 0 4 1 b l 8 II 9 0
(US FS ) 28 94 I1b 32 0 080 b. l 1290

094.8.00 CRISTQPHEH CREEK TRI8 NR 3 10 O.H b080 2'.0 31 II 108 Ib4 215 21 1 0 31
KOHL'S RU~CH, AZ 34 9A Ih 288 022 5b b t08 0

09098800 TONTO CREEK NEAR GISELA, AI 3 II 030.00 5810 20.1 8920 21bOO 33S00 52900 10500 '0100 149000
Ib80 11S00 25900 qOqOU SHOO b(HOO 110000

090 98810 RyE CREEK NEA R GIS ELA. AZ 3 II 122.00 4390 2Q.2 2840 63Q O '580 IAbOO 19000 23 QaO .111 00
2510 58 30 8.90 14400 1970 0 2 51 0 0 £IQ8 0 0

OQQQ8QO U GOLD CREEK NEAR PAYSO N, AI 3 13 b .. 4t:1 A590 21.0 22b 845 Ib40 32 4 0 4 9 70 72 4U 15 2 00
218 lb. 1030 2120 4 0 7 U 585 0 11 9 0 0

0.0..000 TUN TO CREEK ABOVE GUN CR. NR 3 35 b15.00 5020 23 .9 9b80 2 1800 32100 4QQOO b5000 8UOO 130000
RUOSEVELT, AZ 9210 20bOO 30100 01100 &1800 /8'00 121000

0.501100 THREE BAR 0 WATERSHED NR 3 19 0.12 4.100 Ib .O 0 10 2/ 52 19 115 23 8
ROOSfVELT, A.Z (USF S) 5 I. 30 15 110 111 3bb

09501300 TORT I LLA CREE K AT TUR TI LLA .I 10 2 q .30 2&Qu 15. 0 1930 5~40 9.180 Ib200 22800 joeou 5510 0
01FLAT, AZ 158 0 421 0 b13 0 Ilb OO I b200 222 00 q120 0 w



srA NO. SPTIUN NAME REGION YR ~ASIN CHAR FLOUD DISCHARGES
DA EL PR 02 OS U\O U25 u50 0100 0500 <n..,.

===================================================================================================================================
09502800 WILLI AMSON VALLEY WASH NR I I 255.00 5120 \1.3 135 \150 2720 QjlJO 5830 1590 t2l100

PAULDEN, Al 135 1810 2840 4&10 &210 8270 14400

09503000 GRANITE CREEK NR PRESCOTT • 15 H.bO 5900 22.1 115 1&&0 25&0 4040 5390 f,97U 11100
Ai 298 8&1 1510 2510 3&30 46~O 8180

09503100 VERUE RIVER NEAN PAULOEN, 13 21&0.00 5410 1&.3 982 2SI0 4060 &130 9280 12(100 21900
AZ 1230 3450 5910 10200 14300 i s i nu jlHlOO

09503120 HELL C.ANYON NEAk wILLIAMS, 10 14.90 1110 24.1 341 8&5 1340 U90 31 SO 4190 1310
AZ 300 109 1080 1730 2320 3090 5310

09503800 VOLUNTEER WASH NR BELLEHONT, HE 10 131.00 1&20 25.1 315 8'0 1310 2050 212U 35\0 5800
Ai 418 945 \420 2150 2190 35\0 5520

09504000 VERUE PIVER NR CLARKDALE, 103 10 3150.00 54QU 19. \ 5140 13bOO 22100 39000 55400 15"1no 144000
AZ 1:1&00 1\400 18\00 30100 41500 5&500 103000

Oq5U4400 MUN!)S CANyON TRI8 NN sEDONA, 3 12 1.19 &880 2b.0 &4 213 394 152 1140 Ib40 · 3 4 10
AZ &3 199 3SS &52 9&3 13&0 2100

09504500 OAK CREEK NEAR CORNVILLE. 3 34 351.00 &200 22.& 4320 9b90 14&00 22400 29400 j7t10U &0200
AZ 4\10 9210 13900 21500 28400 3&300 59400

09S0~200 WET BEAVER CREEK NEAR IHMIoiOCK, 3 I. 111.00 &410 24.8 2320 Stt90 9500 15100 21&00 28100 50100
AZ 2120 5180 8110 13200 18000 23900 41600

09505238 BEAVER CRl:::EK NO 5 NR 3 1& 0.10 &420 24.0 & 18 31 53 1& 104 194
FLAGSTAFF, AZ (USFSI 1 21 39 1 I 10& 14& 288

09505245 REAVER CREEK NO 3 NR 3 18 u.&o 51&0 22.0 10 &3 1&5 450 · 854 1510 4110
FLAGSTAFF, AZ [USFS) 13 1. 118 431 r'3 12AO 3&10

09505250 RED TANK DRAW NEAR HIHROCK, 3 18 Qq.1I0 5910 21.& 501 2340 5130 11100 1'H no 3lQOO 19100
AZ 5?5 2220 Q~Qo qbCJO 15bOO ~Q200 51700

09505290 S FURK .A1TLESNAKE eN NR 3,Mf. 18 ~.tlO 1320 2~.O 18 ~Q';) "41 815 1210 1 7 1 0 3Q30
StONEMAN LK. AI (USF S) AO 24_ 443 801 1110 1 b 1U 31~0

09505300 HATTLE::tNAICE CANYON NEAR 3 18 24 ••0 &5&0 22.8 542 1&&0 2q40 5310 1810 1 t lOu 21900
RIMR llCK, AI 5?1 1530 2&30 .qbl'O bl?O q.HO 11_00

-



- - - -
STA NU. STAflUN NA~E REGION lij aASIN CHAR FLOOO OISCHARGES

OA .L PR 02 05 UIO "25 r,,5u 010U 0500
================= ==================================================================================================================
Oq505320 BAR M CANyON NR STONEHAN LA.kE, 3 10 25.10 1260 2'1;).0 511 1810 3020 &'I6u Q6Qo I3qOo lAbOO

AZ (USFSI 544 1bl0 2qOO 5240 7bl0 1010 U 21000

Oq505326 BEAOEij l,; REEK NO 15 NR 3 Jj 0.30 6q50 21.0 11 AI 80 162 253 316 810
FLAGSTAFF, AZ (USf SJ 13 A. q5 183 280 ono 832

Oq505350 0"1 BEA VER CR.EK NEAR RIMIoiOCK, 3 15 1·2.00 6220 H.I 2880 8550 14qOO 2~100 1O100 5HOO 104000
«t. 2620 1310 12100 20QOO 2Q500 00100 15100

OQ505600 DIRTY NECK CANTUN NR CLlNTS 3 II 3.02 1140 26.0 51 123 182 270 356 04. 713
WE.ll, AZ 6Q 180 3U 550 H6 10~0 IHO

OQ505800 WESI ClI:.AA CREEK NR CAMP 3 11 i41.00 6680 23.. 2750 6560 10200 16300 21QOO 28600 08000
OEROE . AZ 2560 6020 Q310 I.QOO 20200 · ~bIlOO 05200

OQ505QOO CUTTO NW UOU .... ASH N" CAMP VEROE, 3 12 U..&4 35.0 10.5 20 7• 158 32Q 525 7Q6 1830
AZ 22 88 178 365 578 858 1910

OQ507600 EAST OE.OE RIOE. NEAR PINE, 3 Jj 6.65 6430 30.0 302 Q68 1760 3280 lIQOO &'*80 10200
AZ 286 811 1510 2720 H60 55~0 10800

OQ501700 WEaaE. cR ABO W FK WEBBER CR 3 16 ~.q2 &Q80 27.5 Qo 245 52Q Q77 1050 2050 Qllo
N" p I1~E, AI 100 328 5Q3 1070 1580 2140 4~40

OQ507Q8u EAST oE"DE RIVER NR CHILDS, 3 \0 328.00 5140 24.7 21.0 8CU~O 14500 26200 3810U 53000 104000
AZ 2750 8130 IAIOO 24tsOO 35600 QQ100 q2bOO

04508500 VEROE RIOER BLW TANGLE CR ABO 3 53 54QQ.OO 5470 18.4 15800 31700 58400 42100 123000 158uOu 261000
HURSE :iHUE DAM, AZ 15100 37000 58200 42100 12.000 l';)<JOOU 265000

04510080 W FK SYI;AMORE CR NR SUNFLOWER, 3 13 q.ttO 526" 24.~ 63 344 488 2550 4640 7850 UOOO
Al 100 500 1120 2500 4lBU b600 16000

04510100 E FK SYCAMORE CR NR SUNFLOWEP, 3 I. 4.Qq 5160 2'.5 30 158 362 650 1060 2.1OU 5410
AZ 50 i30 043 1030 1650 24&0 5540

04510150 SYCAHQR f. CR N" SUNFLOWEH, 3 \0 52.30 Q260 23.5 .71 3560 6820 IHOO 20300 24500 61200
AZ .54 H?O 6 II 0 11500 17200 24&00 4Q200

04510170 CAMP CRr.EK NEAR SUNFLOWER, 3 13 2.60 3520 20.U 42 201 310 072 61' n5 1220 xrt
Al 45 255 .52 610 IUO 16BO 3380 <n



STA NU. STATIUN NAME REGION YR ~ASIN CHAR fLOUD DISCHARGES
01

OA EL PR 02 OS tUO 025 050 IlIOo , 0500 '"
====================================================== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ~= = =~ = = = = = = ~ = = = = = = = = = = = = = = = = = =
0~510180 RUCK CR NR SUNFLOWER, AZ 3 10 1~.20 3b60 1b.0 469 1330 2200 36QO 5100 &800 11900

441 11 so 2000 3470 4Q50 6180 12600

09510200 SyCAMORE CREEK NEAR fURT 3 IS 165.00 3620 21.2 1660 5050 10400 19bOO 29100 41400 ~2200

MCDUW~LL, Ai Ib90 5b30 10200 16900 27900 39300 16700

09512100 INOIAN BENO WASH NEAR 3 15 142.00 1160 10.9 266 2"50 7340 23200 "8300 92600 342000
SCOTTSOALE. AZ "59 3110 82?0 22300 "2300 75900 247000

09512300 CAVE CREEK. NR CAVE CREEK, AZ 3 18 121.00 3"70 t ';).7 2010 4QOO 7130 12500 16900 22200 .58100
I~qo 46~0 7430 12400 17300 23300 4?'400

09512500 AGIJA fRIA RIVER NEAR MAYER, 3 36 58~.00 5000 lb. 1 5400 qbOO 12800 17300 20900 2"800 3"500
AZ 5200 9"00 12900 16300 23300 28600 44400

09512100 AGUA FRIA RIVER TRIB NO 2 NR 3 13 1 • II 2140 Ib.2 317 ,8.5 7% I 100 1360 1640 2nO
ROCK SPRINGS, Ai 270 "91 113 1120 1570 2120 " 110

09513b50 AGUA FRIA RIVER AT EL MIRAGE, 3 13 118.00 1190 10.0 "19 1150 3b50 7670 12600 19900 41500
AZ b02 2160 6100 13100 21400 .52300 711~OO

09513760 NEW RIVER NR ROCK SPRINGS, 3 14 61.30 3970 20.0 1560 5760 11100 22300 3"700 ~1500 113000
Al 1460 4990 9090 17500 26"00 38600 80900

09513800 NEW RIVER AT NE. RIVER, AZ 3 15 85.70 3bOO lq.5 2100 7220 13600 26400 "0300 56600 125000
Iq4U 6290 11300 21300 31600 45700 93800

095\3820 DEADMAN WASH NEAR NE. RIVER, 3 1b 11.10 1980 11 .0 .511 866 1510 2b20 3730 5110 Q510
AZ 302 889 1bOO 29QO 4520 6l.460 13500

09513835 NEW RIVER AT 8ELl RUAD. NR 3 12 187.00 2700 l~.b 1"70 5110 9b50 16800 26600 42100 89700
PEORIA, AZ 1530 5360 10200 19600 30200 43600 H200

09513860 SKUNK C~F.:EK NR PHUENIX, AZ .5 1b 6Q.bO 2160 12.2 1200 0150 QbOu 20100 32100 QRCJOU 113000
1130 4300 6370 . 111 00 26100 40qOO 90000

09513890 NEW RIVER AT PEURIA, AZ 3 13 311.00 2.520 13.3 3060 10100 18500 35000 52300 10900 153000
2930 9590 17500 33200 09700 71 qOO lq6000

09513910 NEW RIVER NEAR GLENDALE, AZ 3 17 32.5.00 2130 U.8 23QO 8380 15~00 311 00 41bOO 6Q600 146000
2020 8bOO 16500 32000 4QbOO 12.500 153000

- - -



- -
SIA NO. 81 AT !UN NAME REGION YR BASIN CHAR fLOUO DISCHARGES

OA eL PR 02 as 010 025 U50 0100 0500
===================================================================================================================================
Oq51~200 WATERMAr~ WASH NEAH tJUCKEYE, 2 12 .03.00 1510 •• 2 13&0 3030 4~60 7020 9230 11600 19200

AZ 1360 3250 5260 8760 12200 1/,£100 30000

09515500 HASSAyAMPA R. AT BOX OAMSITE, 3 33 .17.00 .750 19.3 3000 8220 13600 23200 32700 44~OO 02500
N". WICKENBURG,Al 30&0 81'0 13500 23100 32600 iliUOU 01600

09515800 HARTMAN I'lASH NEAR WICKENBURG, 3 12 5.57 2600 11.0 236 972 2000 .260 6600 10600 211900
AZ 21. 61. 1550 32.0 5060 713u 17.00

09516500 HASSAY""~PA RIVER NR MQRR I 5 TOWN, 3 21 77 •• 00 3100 tb.q 1930 6320 11100 10300 27000 ,5boOO bl700
AZ 2260 7630 1£1700 2&700 3Q,20U 53.00 tOlUOO

0951&&00 OX ~ASH NEAR MORRISTOWN, AZ 3 13 t;I.31 2200 12 .2 200 730 1.10 2830 1I400 6520 1.300
1.2 6•• 13.0 2680 4110 b\ ~O 13600

095t6800 JACK ~AUBIT WASH NR TONOPAH , 2 12 137.00 22&0 0.2 481 2710 &550 16600 20000 50700 IlJ5000
AZ >2. 2.70 5310 12200 20.00 33500 88100

00517000 HASSAYAHPA RIVER NR ARLINGTON, 203 15 1.10.00 3010 15.q \220 4.80 8.50 16100 2.000 3.000 bhbOO
AZ 1300 .040 8800 16300 2380U .B20U 03100

09517200 CENTENNIAL WASH T"IB NR 2 13 2.70 2.80 B.O 132 329 532 686 123U 1660 3020
WENDEN, AZ 12. 30. .85 609 1\2U 1520 ('7QO

0951728U TIGER WASH NEAR AGUILA, AZ 2 \3 85.20 2500 0.6 76U 2260 3050 7000 10300 \ •• 00 27900
71& 2020 3300 5020 8'HO - r tl O"O- 22000

09517.00 WINTE"S WASH NEAR TONUPAH, 2 I. 47.80 1630 9.\ 787 \180 1.60 lato 2080 2350 3020
AZ 725 1100 H70 2.80 3320 1.I~70 7530

09517500 CENTENNIAL ~AS,", NEAR 2 15 1810.00 IB70 8.2 18QO 5500 0130 11.00 25200 35000 6nOO
ARLIN I;TON, AZ 2U.0 6\5U 10.00 19.00 28100 H60U 71.1500

00510600 RAINOOW WASH TRIO NR liUCKEYE, 2 13 2.113 .50 7.6 •• 0 .52 11 90 1100 21QO 2b1U 3910
AZ 318 /02 9M 1.30 1850 2~60 3950

09519750 RENOER I\'ASH NEAR GILA BEND, 2 13 &8.60 1900 •• 5 .0. 2000 1.1070 8580 13800 21100 .0000
Ai 500 1630 3480 6000 \0600 - 1 5 8 00 ,54400

095\0760 SAUCEIJA I'IASH NEAR GILA BEND, 2 13 126.00 1980 ·•• 2 61 7 1510 2.20 3090 5510 73'0 13300
Ai b30 1620 2700 l.Isqu 6500 A80lJ 1'.00 '"......



STA NO. STA TlUN NAME REGION YR BASiN CHAR FLOOD DISCHARGES
DA EL PR 02 OS DI. D2S u5. 010. 0500 <n

00============================================================================================================================ =======
00510180 WINLlH[lL wASH NR GILA Bt:.NO, 2 12 1".00 105. b.l 242 1420 3530 CJIQO Ib800 ,,8800 BilbOO

AZ ,,43 1210 2bOO b380 11000 18QOU 50200

00520100 MILITARY WASH NEAI-l SENTINEL, 2 13 8.10 b10 5.0 II 7 053 oil IQ50 3170 4QaO 11000
AZ 138 51 8 102U 20bO 32?0 LlttO U 10800

00520130 DARBY ARRUYU NEAR AJO, AZ 2 10 4.12 1020 8. I 521 101. 1.40 2080 2b50 328. 5 08 0
030 788 1000 IbOO 2 08 0 2b70 41.1 30

00520230 CRA 7ER loUN GE WASH NEAR AJO, 2 \l 1.QCJ 12 80 b.b 104 ,,00 0" 814 1270 118 0 3 t.a 8 u
AZ 00 210 053 147 1140 Ib OO 311 0

0052030. ALAMO WASH TRIB NEAR AJU, 2 13 O.qO 2040 Q.7 \70 318 428 584 723 87 0 1270
AZ 155 "bO 3bl 522 bb8 845 134.

00520350 MOHAW K _ASS WASH AT MOHAWK, 2 \l 0 .0'1 bOI 4 .0 11 05 1] 12. \7. 237 034
AZ 18 51 88 158 233 325 b55

Oq520QOO LI GUR 7A WASH AT LIGURTA, AZ 2 13 1 .00 305 0 .0 I I I 010 82b 11bO 2800 4530 11 400
11 3 .03 180 1500 2510 3830 Qo3 0

00535200 SELLS WASH TRIB AT SELL S, 2 10 2b.80 HbO 11.4 1000 2410 2110 3080 3340 35 8 U .\30
AZ I b I 0 1"0 2100 2bl0 3100 3b30 5230

0053bl00 PITL:HFOHK CANYON TRIB NR FORT 5 13 0.81 5210 15.0 123 235 325 050 5bO b70 qb6
GHANT, AZ 116 243 3b2 550 135 q3 2 15.0

Oq53&350 SURPRISE CAIHUN NEAR uOS 5 12 0.b5 b"60 18.0 30 01 13B 212 214 35. 5bl
CABEZ"'S, AZ 51 I •• 25" .2B bOb 7CJS lq20

Oq537S00 WHITEWATER DRAW NEAR DOUGLAS, 5 51 1023.00 4740 14.8 1040 2010 3bbO Q~to 510 0 51bO 7110
AZ 2050 3.00 4530 b020 1] I 0 8470 1160 0

- -



Table 4.--Maximum observed discharge at gaging stations in Arizona

REGION OR MAIN STEM STREAM: HE, high-elevation

flood-frequency region; LCR, Little Colorado

River main stem from Zuni River to mouth;

GR, Gila River main stem.

SEE FOOTNOTES AT END OF TABLE

PERIOD OF RECORD: ' Water years.
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Table 5.--Peak-discharge measurements at ungaged sites in Arizona

REGION : HE, high-elevation flood-frequency region.
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