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GILA RIVER PHREATOPHYTE PROJECT

PRECIPITATION, STREAMFLOW, AND MAJOR FLOODS AT SELECTED SITES
IN THE GILA RIVER DRAINAGE BASIN ABOVE COOLIDGE DAM, ARIZONA

By D. E. BurkHAM

ABSTRACT

The Gila River Phreatophyte Project is a water-budget study
to measure evapotranspiration from a 15-mile reach of the Gila
River flood plain above Coolidge Dam in southeastern Arizona.
Its principal purpose is to determine how much the water yield
of the project area can be increased by replacing deep-rooted
nonbeneficial woody plants with shallow-rooted beneficial
grasses. Necessary to the study, and also for the application of
the findings to other areas, is an understanding of the hydrologic
variables and relations that affect the quantity of water draining
toward the project area and of the environmental changes that
would result from vegetation alteration. This report, which is
based on available precipitation and runoff data at selected
sites, is an analysis of those variables and relations.

The major conclusions reached in the study are that there has
been a fluctuating decline in annual precipitation and an almost
continual decline in annual runoff since 1920. The decrease in
precipitation has been mainly during the winter (November
through April) and has resulted in a lower incidence of major
floods. For example, major floods occurred in nine winters in
the period 1891-1916, but only one major flood (December 1965)
occurred in the period 1917-65. No significant progressive de-
crease has occurred in the ratio of runoff to a given amount of
precipitation since 1920, nor has there been a progressive in-
crease in the streamflow losses from the Gila River in Safford
Valley.

INTRODUCTION
PURPOSE AND SCOPE OF THIS REPORT

This report is the result of studies that were under-
taken to describe the hydrologic variables pertinent to
the Gila River Phreatophyte Project; it summarizes
and statistically treats the precipitation and streamflow
data from selected sites in the basin above the project
lands. Of particular concern is the evidence for, or for a
lack of, progressive trends in the annual surface-water
supply to the project lands and in streamflow losses
within Safford Valley, which is upstream from those
lands. Also included in the report is a description of the
major historic floods in the basin.

The main purpose of the Gila River Phreatophyte
Project is to determine how much the water supply
would be increased through eradication of the non-

beneficial deep-rooted native vegetation, mostly s~lt-
cedar and mesquite, and its replacement with a beneficial
short-rooted plant such as Bermuda grass (Culler, 1965,
p. 33-38). Necessary for the determination, and als.o for
the application of the findings to other areas, 1s an
understanding of the environmental factors that af’ect
the quantity of water draining toward the project area
and of the environmental changes that would result
from vegetation alteration.

The native vegetation increases both the resistancs to
flow and the stability of the flood-plain boundary.
Therefore, replacement of the native vegetation is lil-ely
to affect changes in the rates of erosion and deposition
and to cause changes in channel width, depth, sinuosity,
gradient, and even location. Concurrently, natural flow-
regime modifications unrelated to vegetation replace-
ment are likely to cause changes of the same t7pe,
although not necessarily in the same direction. So that
the changes caused by one can be distinguished from
those caused by the other, it is essential that a basis for
identifying those resulting from natural flow-regime
modifications be established. It is the purpose of this
report to define, as nearly as possible, the natural flow
regime for the period 1875-1962. The natural flow-
regime modifications in the channel will be established
and described in subsequent reports.
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DESCRIPTION OF THE GILA RIVER BASIN ABOVE
COOLIDGE DAM

An area of 11,500 square miles contributes runoff to
the 15-mile study reach of the Gila River Phreatophyte
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PRECIPITATION, STREAMFLOW, FLOODS, GILA RIVER DRAINAGE BASIN, ARIZONA

Project. The drainage basin ranges in altitude from
2,500 to 11,000 feet above mean sea level and extends
eastward from the San Carlos Reservoir into the moun-
tains of New Mexico (fig. 1). Topographically, it is
typical of most of the basins in the Basin and Range
physiographic province (Fenneman, 1931); the main
valley along the Gila River is wide and flat and the
mountain ranges are narrow and rugged.

Climatically, the Gila River basin is in the Sonoran
Border zone (Thomas, 1962, p. 13). A wide range char-
acterizes the temperature and the average annual pre-
cipitation. The temperature extremes recorded at
Safford, which is 2,900 feet above mean sea level, are
7° and 114°F, and at Alpine, which is 8,000 feet above
mean sea level, the extremes are —29° and 92°F
(Sellers, 1960). The average annual precipitation ranges
from about 8 inches in parts of the San Simon basin to
more than 40 inches in the mountainous areas; the
average for the entire Gila River basin above Coolidge
Dam is about 14 inches.

Although the mountainous areas are mostly forested
and the flood plains support a dense cover of phreato-
phytes, the remainder of the basin is only sparsely veg-
etated. In the Gila River Phreatophyte Project area,
saltceder (Z'amariz pentandra Pall.) is the dominant
plant near the banks of the main channel, and mesquite
(Prosopis juliflora var. velutine “Woot.” Sarg.) is the
dominant plant along the flood-plain margin. Much of
the basin is used for grazing, and many small dams have
been built. Most of the detention and retention dams
were constructed for sediment and erosion control.

About 108 square miles (69,000 acres) of valley land
is under cultivation (Barr, 1954, p. 14-17), and the
principal crops are cotton and alfalfa. Part of the water
for irrigation is diverted from the Gila River at several
places, and the remainder is obtained from wells. At the
present time (1966), there are no large surface reser-
voirs or any water diversions into or out of the Gila
River basin above the San Carlos Reservoir.

PRECIPITATION
TYPES OF AIRMASSES

The climate of the Gila River basin is the result of
five main types of airmasses. These have been identified
by Thornthwaite, Sharpe, and Dosch (1942, p. 4) as:
(1) cool moist Polar Pacific from the northern Pacific
Ocean, (2) warm moist Tropical Pacific from the south-
ern Pacific Ocean, (3) warm moist Tropical Gulf from
the Gulf of Mexico, (4) cold dry Polar Continental
from Canada, and (5) hot dry Tropical Continental
from Mexico. The amount of moisture and the weather
in general at any given time or place is influenced in
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many ways by these airmasses, but some types of move-
ment are predominant in certain areas and seasons.

In the Gila River basin, Polar Pacific and Polar Con-
tinental airmasses account for most of the moisture in
winter, November through April, whereas the Tropic~l
Continental type predominates in the spring, May ard
June, and the Tropical Gulf type predominates in the
summer, July through October. Tropical Pacific air-
masses move over the basin frequently and occasionally
bring large amounts of precipitation. These airmass~s
are generated as a result of low-pressure areas between
Hawaii and southern California, and they move east-
ward across the southwestern part of the United States,
usually in late summer or early winter (Thomas, 1962,
p-9).

Striking deviations of the weather from average con-
ditions occur when a particular type of airmass brings
large amounts of moisture to the basin more or less fre-
quently than is usual. For instance, the crossing of eight
Tropical Pacific storms over the Gila basin in early
1941 resulted in one of the wettest winters of record;
in late 1965 the crossing of six or more Tropical Pacific
airmasses over the area in rapid succession also resulted
in large amounts of precipitation.

STORM TYPES

Two distinct types of storms characterize the seasonal
pattern of precipitation on the Gila River basin above
Coolidge Dam. Summer storms are mainly of the local
convective type, and storms in the rest of the year are
generally of the convergence, or frontal, type. The tvo
storm types result from different circumstances or
“populations” of synoptic regimes.

The local convective storm, most commonly called a
thunderstorm, is characterized by rainfall of high in-
tensity and short duration in a small area. Dorroh (1946,
p. 5) stated: “Although rainfall may occur at many lo-
cations on a given day, there is little conformity in
either rates or amounts that may occur at two different
places, since very localized atmospheric conditions are
the predominating factors involved.” Because heating
of the air near the ground is the main cause of convee-
tive action, thunderstorm occurrences decrease in ccld
weather.

The convergence, or frontal, storm is an atmospheric
disturbance of a general nature and commonly dis-
tributes much moisture over a large area. A convergerce
storm may occur when airmasses of dissimilar charse-
teristics meet or override one another or when warm sir
converges toward a center and is forced upward
(Dorroh, 1946, p. 6).

Although thunderstorms occur mainly in the sum-
mer and frontal storms occur primarily in the spring



B4

and winter, thunderstorm activity accompanies some
frontal storms. When widespread low-intensity rainfall
from frontal storms is accompanied by local high-
intensity rainfall from convective storms, large volumes
of runoff may be the result.

VARIABILITY

Precipitation on the Gila River drainage basin
above the project lands differs greatly in amount from
place to place within any given season or year and at
any particular location both seasonally and annually.
Such variability is generally characteristic of the pre-
cipitation pattern in large inland areas having marked
topographic relief and an arid climate. A large mass of
precipitation data has been collected in the area by the
U.S. Weather Bureau (issued annually), and it is the
purpose of this section to summarize these data sta-
tistically and to determine whether any long-term
trends in precipitation amounts can be identified.

Statistical analyses were made from records from the
following Weather Bureau stations: Alpine, Bowie, and
Clifton in Arizona and Fort Bayard, Lordsburg, and
Reserve Ranger Station in New Mexico (fig. 1). These
particular stations were chosen for their length of
record and geographic location, and the amount and
pattern of precipitation at each are assumed to be
typical of similarly located sites within the drainage
area above the project lands. Bowie, Clifton, and Lords-
burg are in topographically low parts of the drainage
area, and the other three are in mountainous areas.

In analyzing the frequency distribution of precipita-
tion amounts at these six stations, the following sta-
tistics were computed for winter, spring, summer, and
annual precipitation at each station and for the entire
drainage area: the mean, the standard deviation, and
the coefficient of variation. The results are presented in
table 1.

GILA RIVER PHREATOPHYTE PROJECT

The means for the individual stations indicate the
amounts that would have been received seasorally and
annually at those particular sites if the seasonal and
annual totals for the period of record had been evenly
distributed with time; the means for the entire drainage
area indicate the amounts that would have been received
seasonally and annually at any site if the seasonal and
annual totals for the six stations had been evenly dis-
tributed areally. As means can be distorted greatly by
extreme values, they may not be wholly typical, and
their usefulness for predicting quantities of precipita-
tion to be expected in future periods of time is limited.
They are useful, however, for making comparisons of
amounts of precipitation in different seasons at the same
site and the amounts received seasonally and annually
at the different stations. The mean annual precipitation
at the individual stations ranged from 9.64 to 20.48
inches, and for all stations was 13.77 inches. Of this last
amount, 36 percent occurred in winter, 7 percent in
spring, and 57 percent in summer. The mean precipita-
tion for all seasons is typically greater in the mountains
than in the valleys.

The standard deviation is sometimes referred to as
the root-mean-square deviation because it is the square
root of the mean of the squares of the individual devia-
tions. It is of limited value when used in a nonnormal
frequency distribution such as precipitation because
the larger deviations are overemphasized in the process
of squaring the deviations. Its value is limited further
because, for example, a standard deviation of 1 inch of
precipitation in a humid climate would have very little
meaning, but in an arid region it may be highly signifi-
cant. The standard deviation for the precipitat®on at the
individual stations ranged from 2.02 to 2.90 inches in
the winter, 2.06 to 3.72 inches in the summer, and 0.44 to
0.89 inch in the spring. The standard deviation for an-
nual precipitation at the individual stations ranged
from 3.37 to 4.83 inches.

TaBLE 1.—Precipitation data for six U.S. Weather Bureau stalions in or near the Gila River basin above Coolidge Dam
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The coefficient of variation is the ratio of the stand-
ard deviation to the mean. It is a more useful statistic
than the standard deviation because it is a relative
rather than an absolute statistic. The surprising fact is
that the coefficient of variation for winter precipitation
for all stations is larger than that for summer. This is
probably due to the Tropical Pacific storms, which oc-
casionally produce large amounts of precipitation in
the Southwest, as they did in 1941. The coefficient of
variation of winter precipitation is larger than that of
summer precipitation, but this is true only in a tem-
poral sense. According to McDonald (1956, p. 64), the
spatial variability of summer precipitation is greater
than that of winter precipitation.

McDonald (1956, p. 9) stated that the circulation
factors governing the relative amounts of cyclonic win-
ter precipitation in Arizona are more variable from

5

year to year than the large-scale factors governing the
arrival of summer moisture and its precipitation. How-
ever, all Arizona shows a tendency to be concurrently
either generally wet or dry in the winter but shows no
such tendency in the summer.

Graphs of the 10-year progressive average precipita-
tion at the six stations are shown in figure 2. Thcse
for summer precipitation show short periods of rela-
tively low and relatively high precipitation but no
long-term trends in either direction. For example, the
10-year average summer precipitation trended down-
ward during the decade ending in 1956 and then trended
upward through 1962. On the other hand, winter precip-
itation trended generally downward from 1920
through 1962. The reason for the downward trend in
winter precipitation is not known, but, according to
McDonald (1956, p. 21), the general circulation of the
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airmasses has, in some way, been responsible for the
fluctuating decline in winter precipitation. As the
amount of precipitation in the spring is very small,
trends in spring precipitation have only minor hydro-
logic significance.

STREAMFLOW

SEASONAL TYPES

Streamflow is classified as winter flow and as sum-
mer flow. Winter flow is the result of precipitation that
falls from November through April, and summer flow
is the result of precipitation that falls from July
through October. The small amounts of precipitation in
May and June seldom, if ever, result in any direct
runoff.

Winter flow is mainly from frontal storms, snowmelt,
or outflow from ground-water storage and often is a
combination of the three. The flow rate may be fairly
constant for several days (fig. 3). The causes of major
winter floods are widespread heavy rainfall of long
duration, warm weather after a large snow accumula-
tion, or widespread rainfall on snow.

Local thunderstorms are the main source of summer
streamflow. Individual summer thunderstorms charac-
teristically produce high unit rates and volumes of flow
from small watersheds, but only rarely do they produce
high rates or volumes of flow from large watersheds.
The crest of a flood from a thunderstorm is typically
very sharp near the source of the surface flow but may
become rounded or flattened downstream because of
the regulating effects of the conveyance system. Some-
times, when the runoff from a thunderstorm enters a
dry stretch of channel, the flood crest disappears com-
pletely because all the flow sinks into the underlying
alluvium. The summer flow of the Gila River through
the Gila River Phreatophyte Project area is the com-
posite runoff that results from thunderstorms at several
localities. A typical hydrograph shows that the flow
varies greatly in a short period of time (fig. 4).

During the last part of September and in October,
occasional frontal activity causes precipitation that pro-
duces widespread runoff. The combined runoff from
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general rains and concurrent local thunderstorms often
results in the major flows of the summer season.

BASIC DATA

Streamflow records from seven U.S. Geologic~l Sur-
vey gaging stations in the Arizona part of the Gila River
basin were used in this study. Listed in a downstream
order, the stations are (1) Gila River near Clifton,
(2) San Francisco River at Clifton, (3) Gila Biver at
head of Safford Valley, near Solomon, (4) San Simon
River near Solomon, (5) Gila River at Calva, (6) San
Carlos River near Peridot, and (7) Gila River at San
Carlos (fig. 1).

The drainage area of 4,010 square miles above the
gage on the Gila River near Clifton is about 50 percent
mountainous terrain. The 43-year (1911-17 and 1927-
64) surface-water yield was 32.9 acre-feet per square
mile per year (U.S. Geological Survey). At the present
time (1966), surface water is diverted for the irrigation
of about 14,300 acres above the station.

The drainage area of 2,766 square miles above the
gage on the San Francisco River at Clifton is mostly
mountainous. The 40-year (1913-15,1916-17, and 1927-
64) surface-water yield for the period of record was 47.1
acre-feet per square mile per year. Most of the major
floods of the Gila River at San Carlos originate in the
mountains near Clifton. At the present time (1966),
surface water is diverted for mining, municipal use,
and the irrigation of about 2,700 acres above the station.

The flow at the Gila River at head of Safford Valley
gaging station is essentially the sum of the flows past
the San Francisco River at Clifton and the Gila River
near Clifton gaging stations. Discharge from Eagle
Creek and other small tributaries contributes to the flow.
Eagle Creek and the other small tributaries have drain-
age basins that total about 1,120 square miles.
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F1cURE 4.—Summer flow, Gila River at Calva.
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The drainage area of the 2,192-square-mile San Simon
basin is mostly nonmountainous terrain. The surface
flow from the San Simon basin is partly regulated by
conservation reservoirs. The 30-year (1931-32, 1935-64)
surface-water yield was 5 acre-feet per square mile per
year (U.S. Geological Survey). At the present time
(1966), about 13,800 acres of the basin is under irriga-
tion. Most of the water for irrigation is obtained from
wells.

The gaging station on the Gila River at Calva is in
the Gila River Phreatophyte Project area; the basin
above the station is described in the “Introduction.” The
3b-year (1929-64) surface-water yield was 15.2 acre-
feet per square mile per year (U.S. Geological Survey).

The drainage area of the 1,027-square-mile basin up-
stream from the gage on the San Carlos River near
Peridot is mostly mountainous. The 35-year (1929-64)
surface-water yield was 31.4 acre-feet per square mile
per year. At the present time (1966), about 600 acres is
under irrigation above the station.

The data for the Gila River at San Carlos were re-
corded at the station “Gila River at” or “near” San
Carlos prior to the completion of Coolidge Dam in 1927 ;
subsequent to 1927 the record is the composite data from
two stations, Gila River near Calva and San Carlos
River near Peridot. Ungaged tributaries having a com-
posite area of 389 square miles exist between the two
systems of gaging stations. In this report, the sum of
the seasonal or annual flow in the Gila River at Calva
plus the seasonal or annual flow in the San Carlos River
near Peridot are assumed to be equivalent to the seasonal
or annual flow in the Gila River at San Carlos. In de-
scribing the sum of flows in the two rivers, the phrase
“flow in the Gila River at San Carlos” is used unless
otherwise noted.

FREQUENCY AND VARIABILITY OF DAILY AND
SEASONAL GILA RIVER FLOW THROUGH SAFFORD
VALLEY

The following discussion is based on data from two
gaging stations—Gila River at head of Safford Valley
and Gila River at Calva. The record at Calva was used
because an analysis of the frequency of occurrence of
seasonal flow was available from a study of errors in
streamflow data (Burkham and Dawdy, 1970). The
data for the Gila River at head of Safford Valley were
used because the station has the longest continuous
record of any station in the Gila River basin. The “head
of Safford Valley” gage is about 55 miles upstream from
the Gila River Phreatophyte Project. The variability
and range in flows at the two stations are typical of
mainstem flows.

The average summer flow for 1914-64 past the head of
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Safford Valley gage was about 97,300 acre-feet, or 32
percent of the annual average discharge. The extremes
in summer flow were about 15,700 acre-feet in 1956 end
345,000 acre-feet in 1916; the standard deviation was
71,300 acre-feet, and the coeficient of variation was
0.71. The lowest average summer discharge for 10 years
(1948-53) was about 44,800 acre-feet, and the higl est
(1914-24) was 164,000 acre-feet.

The characteristics of summer flow are summarized
by flow-duration curves (fig. 5), which show the fre-
quency distribution of the average daily flow past the
“head of Safford Valley” gage and the “at Calva” gage
for 1980-40 and 1951-61. The two periods represent
wet and dry periods, respectively. The steep slopes
of the duration curves, which denote a large variability
in flow past the Calva gage, are characteristic of the
ephemeral streams of the Southwest. The median flow—
flow that is equaled or exceeded about 50 percent of the
time—past the Calva gage was 45 cfs (cubic feet per
second) for 1930-40 but only 5 cfs for 1951-61. The
median flow at the head of Safford Valley was 175 cfs
and 95 cfs for the wet and dry periods, respectiv=ly.
The flow that was equaled or exceeded about 10 percent
of the time had about the same frequency of occurrence
during the two periods.

The average winter flow at the head of Safford Valley
gage for 191464 was about 210,000 acre-feet, or 68 per-
cent of the average annual discharge. The least winter
flow was about 19,600 acre-feet in 1959, and the greatest
was about 1,180,000 acre-feet in 1916; the standard de-
viation was 220,000 acre-feet, and the coeflicient of vari-
ation was 1.04. The highest average winter dischorge
for 10 years (1914-24) was about 377,000 acre-feet, and
the lowest (1949-59) was about 105,000 acre-feet—
about a 270 percent difference in 10-year averages.

The characteristics of winter flow are summarized by
flow-duration curves (fig. 6), which show the frequency
distribution of the average daily flow past the head of
Safford Valley gage and the Calva gage for 1930—£0 and
1951-61. The median flow past the Calva gage was 120
cfs for 193040 and 25 cfs for 1951-61; at the head of
Safford Valley the median flow was 120 cfs and 80 cfs
for the same time periods.

The average annual flow for 1914-64 past the I'sad
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