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ECONOMIC ADJUSTMENT TO A NEW IRRIGATION WATER SOURCE:
PINAL COUNTY, ARIZONA AND THE CENTRAL ARIZONA PROJECT I/

by

Mark A. Boster and William E. Martine

Pinal County, Arizona, located midway between Tucson and Phoenix, contains some of the largest
farms and highest farm incomes in Arizona. Agriculture in the area is completely dependent upon ir-
rigation systems with nearly all the water for crop irrigation pumped from the underlying groundwater
reservoirs. The only surface flow diverted in the area is from the Gila River by the San Carlos Ir-
rigation Project. The continued mining of groundwater over the years for agricultural irrigation in
Pinal County at a rate greater than the recharge rate has lowered the water table in most irrigated
areas; in a few areas as much as 20 feet in a single year. Declining groundwater levels mean farmers
must pump from increasing depths, using more energy and thus, incurring a higher cost per acre -foot
of water.

Several kinds of adjustments are being made on the farms in the county in response to the in-
creasing cost of water. First, there is a tendency for farmers to shift from marginally productive
crops to those with higher net returns. Further, as the water table declines and water costs increase
relative to other factors of production, farmers decrease the total per acre water application to a
crop during its growing season. Finally, in some areas farm land has been abandoned, although total
farmed acreage in the county has actually increased since its most recent low in 1966.

Many Arizonans have long desired to augment their existing groundwater and surface water supplies
with imported water. In 1968, the Central Arizona Project (CAP) was authorized (PL 90 -537) under the
Reclamation Act by the U.S. Congress. This billion -dollar -plus -project includes construction of an
aquaduct from Lake Havasu on the Colorado River into the Maricopa County - Phoenix area and then
through Pinal County to Tucson. It will carry as much as 1.6 million acre -feet of Colorado River
water into the state in its early years, declining to about 1.1 million acre -feet by 2020. Initially,

the water's principal use will be for crop irrigation, but agricultural water use will decrease over
a 50 year period as municipal and industrial demands increase and the total volume of water delivered
declines. The project construction schedule calls for agricultural water deliveries to begin about
1986.

Proponents suggest several benefits accruing from the project. They argue that the CAP will pro-

vide a much needed new water source for Central Arizona. Project water will temporarily slow the
area's groundwater overdraft problem while establishing an additional water supply for the future to
meet the rapidly growing population demands. Agriculture will use the water during the initial years,
until increased municipal and industrial uses demand the water. In order to insure that importation
of the additional water will in fact slow down the groundwater level decline, agricultural users of
project water must decrease groundwater pumpage by one acre -foot for each acre -foot of CAP water they
accept [PL 90 -537, Sec. 304(d)]. Proponents believe this rule will slow, if not eliminate, the
present groundwater overdraft, and prolong marginal agricultural activity. A reasonable estimate of
water initially available for agricultural use in Pinal County is 659,000 acre -feet per year. An
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estimate of the mean groundwater pumpage in the county in the 1959 through 1968 period, a reasonable
base period on which to compute the volume of water for which CAP water must be traded, is 900,000
acre -feet./

A complicating factor to the use of CAP water in the established irrigation area is the differ-
ence in water quality (salinity) between the CAP water and that found in the area. Our salinity
estimate of the CAP water delivered to Pinal County in 1986 is 1.4 millimhos per centimeter(mmhos /cm)
or approximately 940 parts per million (ppm)./ The area -weighted average salinity of groundwater in
the irrigated study area is 1.0 mmhos/cm (about 670 ppm). Surface water delivered by the San Carlos
Project averages 1.3 mmhos/cm (870 ppm). Values for individual irrigation districts vary from a low
of 0.6 mmhos/cm to a high of 1.8 mmhos /cm. Crop yields are a function of irrigation water salinity,
among other things. Thus, districts with lower salinities than the 1.0 mmhos/cm county average show
higher crop yields than the county average, whereas those with higher average salinities have lower
crop yields than the county average.

RESEARCH OBJECTIVES OF THIS STUDY

The overall objective of our study is to make an economic evaluation of the adjustment alterna-
tives open to irrigated agriculture in the proposed service area of the CAP in Pinal County, Arizona.
The problem involves projecting the adjustments in response to differing water qualities (CAP vs.
groundwater vs. surface water from the San Carlos Project) as well as response to differing water
prices from each source.

Specifically one wishes to project the changes that will result in input mix for each crop, the
level of physical output for each crop, and the output mix for each farm and for the county. Projec-
tions are made for several representative size farms, overlying different pumping depths, within each
of the seven irrigation and drainage districts in the county./

Individual representative farm results are aggregated into results for whole districts and for
the county. Physical results are converted to monetary costs and returns in order to evaluate re-
sults in terms of changes in gross and net farm incomes. In addition, one wishes to estimate the
cost associated with expected increases in the salinity of the CAP source over time. This cost would
be reflected as the decrease in net farm income associated with the decrease in water quality.

THE ANALYTICAL MODEL

Detailed budget descriptions of representative farms for the study area are used to develop
linear programming models. Sixty -nine of these representative -farm linear -programming models are
needed to describe adequately the irrigated farming activities in Pinal County. The models are
solved on the DECsysteml0 digital computer located at the University of Arizona.

3. CAP water delivered to Indian Reservations will not be under the pump -CAP trade -off rule.
The estimate of 900,000 acre -feet excludes Indian pumpage.

4. Millimhos per centimeter (mmhos /cm) is a measure of electrical conductivity of water and
reflects the relative salinity. The conversion between salinity expressed in parts per million (ppm)
and in millimhos per centimeter varies depending on the water's chemical composition. The conversion
rate of 670 ppm per mmho /cm used here is representative of Pinal County.

5. The Indian and District components of the San Carlos Project are considered as separate dis-
tricts in this project. These two districts currently are the only districts actively involved in
delivering water. Other districts which would receive CAP water are the Ak -Chin Indian Reservation,
Central Arizona Irrigation and Drainage District, Hohokam Irrigation and Drainage District, Maricopa-
Stanfield Irrigation and Drainage District, and New Magma Irrigation District.
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The linear programming models are designed to maximize net farm returns above variable produc-
tion costs subject to the resource constraints faced by the farmer. Resource constraints include

such limited factors as land and water.

MODEL CONSTRAINTS

Land has not been a restraint on output in Pinal County in recent years. However, to account

for double cropping, to assure that CAP water is not used to expand acreage on non -Indian farms, and
to define the total irrigable land in Indian areas, land constraints are included in the models.
First, land restrictions are divided into Winter Acres and Summer Acres. Two restrictions rather
than one are used because barley and wheat require only winter acres, while grain sorghum requires
only summer acreage. Cotton requires both winter and summer acreage. The number of summer acres
equals the number of winter acres and allows the possibility of double cropping in the model.

A second land restriction is acreage comprising the Conserving Base, that is, land which must be
kept in nondepleting uses (fallow or idle, pasture, grasses, etc.). Alfalfa is the only nondepleting

crop grown in Pinal County. It is not likely that the conserving base acreage will ever become a
restriction in the linear programming models because of the large amount of land in this area relative
to available water. However, because alfalfa can use this land rather than the more restrictive
winter and summer acres, it is included.

Water availability is probably the most important restriction faced by Pinal County farmers.
Typically, farmers run their irrigation pumps 24 hours a day from late June until early August to
extract the maximum quantity of water physically possible. A second critical water use period occurs

from January 15 to the end of February. During this period barley and wheat are irrigated and cotton

is preirrigated. Unless limited by land availability, barley and wheat acreage are determined by the
available water during this period.

While the summer water restriction represents the maximum quantity of water available during any
given time period, the winter water restriction is less than total water availability. Most farmers

choose not to expand wheat and barley acreage up to physical pumping to capacity for several reasons.
First, the net return from barley and wheat is typically low, especially in the deep pumping areas.
Thus, most farmers choose to curtail winter pumpage to minimize water table drawdown in the summer
when maximum pumpage is desirable for higher valued crops. Further, by conserving water in the

winter, the farmer is less likely to have surging (pump cavitation) during summer withdrawals. Lat-

eral movement of groundwater in Pinal County is generally slow enough to permit individual farmers to
conserve water early in the season for use later in the season, but fast enough so that conservation
of groundwater over longer time periods is ineffective.

In the San Carlos Project, surface waters are available in addition to pumpage from non - project
wells. These surface waters are included in the models at the following maximum levels. The San
Carlos Project Indian Lands received an average of 62,969 acre -feet of water delivered to the land
between 1963 and 1972. During the same ten year period, the District part received an average of
90,143 acre -feet. Discussions with officials of the San Carlos Project indicate that the irrigation
system can deliver to a farm, during any month, twenty percent of its annual allotment.

In addition to the pump -CAP trade -off rule, farmers face additional restrictions on the use of
the new water. Whereas Indian farmers can use CAP water to expand acreage, non -Indian farmers may
only use CAP water on those lands with a history of irrigation during the ten years preceding enact-
ment of the Central Arizona Project legislation, i.e., lands receiving irrigation water must have
been under irrigation at some time during the period September, 1958, to September, 1968. Further,

because of canal capacity, no irrigation district can receive more than 13.5 percent of its annual
allotment in any month.

All of these restrictions on water use are included in the farm models in the following manner.
The annual quantity of water available from each of the three possible sources (pumped, CAP, and
other surface) is the overall controlling constraint to water use. Because of the physical system
constraints on the amount of water available from each source during any time period, along with the
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farmer imposed management restrictions on water use discussed above, monthly crop water demands and
monthly water supplies are included to obtain a complete accounting of water throughout the growing
season. Water demands during any monthly period can be met by any of the available sources as long
as the monthly and total annual restrictions are not violated.

WATER PRICES

The price of water in the area varies with the source. The cost of pumped water to a farmer is

dependent on the pumping lift and the cost of electricity. Variable costs for pumped water range
from a low of $8.03 per acre -foot to a high of $23.22 per acre -foot. A recent estimate of the price

of CAP water delivered to Pinal County is $15.00 per acre-foot at the main canal side. With 10 per-

cent conveyance loss, this price translates into a real cost of $16.67 at the farm headgate. Farmers

who receive surface water from the San Carlos Project pay an annual assessment to cover the project's
costs. This assessment entitles them to receive their annual allotment of project water at no extra
cost. The annual assessment is considered a fixed cost, and thus, the surface water delivered by the
Project has no variable cost to the farmers.

PRODUCTION ACTIVITIES

Production activities included on the representative farms are growing both long and short
staple cotton, barley, grain sorghum, alfalfa (with and without summer water), and wheat. Calendars

of operation for each crop were developed to provide necessary technical coefficients and net revenue
estimates for the linear programming models. The calendars of operation are based on 1974 cost data
and were developed in consultation with farm management personnel (Wright, 1974; Robertson, 1974; and
Willett, 1974) along with published field crop budgets for Yuma County (Hathorne, et al., 1974).

Each production activity (e.g., short staple cotton) is repeated several times in each model to
allow for alternative mixes of the water sources of differing costs and salinities. For example, one

cotton activity uses all pump water, another uses all CAP water, another uses four acre -feet of
pumped water in combination with one acre -foot of CAP, another three acre -feet of pumped water along

with two acre -feet of CAP water, etc. Different costs, different yields, and thus different net
return coefficients are associated with each way of producing an acre of each type of crop. Solution

of the models gives the maximum net return that could be obtained using the optimum combination of
various available sources of differing qualities of water.

ALTERNATIVE ANALYSES

Using the basic models with various changes, several assumptions about CAP water quantities and
qualities are investigated. The first analysis assumes no CAP water deliveries and thus provides the
basic data for measuring the impact of CAP water. The second analysis introduces CAP water to the

area with farmers purchasing the water freely as desired. All demands for CAP water by individual
representative farms are met by shifting water within an irrigation district from farms with surplus
water to those with greater demands. In order to study the implications of requiring farmers to take
a minimum amount of CAP water to satisfy the district's contractual agreement, another computer run
is made requiring farms to use at least 90 percent of their annual allotment. Because Indian farmers
receive free CAP water and could provide an outlet for unwanted agricultural CAP water, the Indian
Reservation farm models are run to find the maximum quantity they would like to use. Finally, the

models are run assuming that the CAP water salinity increases to 1.8 nmhos /cm, the estimated salinity
of the Colorado River in 2020 if salinity control programs are not instituted on the river. The dif-
ference in results between the runs at 1.4 mmhos /cm (940 ppm) and 1.8 nmhos /cm (1200 ppm) enables us

to calculate the cost per acre per part per million increase in salinity to farmers in Pinal County.

RESULTS

Results for all alternative management schemes are not yet complete. Also, fixed costs for each
farm have not yet been included in the analysis. Since fixed costs are not included, we only project
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what adjustments farmers would make if CAP water is made available, disregarding the question of
whether total net farm income is increased or decreased after paying for the fixed costs of the
Project and associated works such as lateral canals.

NO CAP VERSUS CAP FREELY PURCHASED

With Central Arizona Project water introduced into the 1986 representative farm models, net
revenues above variable costs increase by 4.7 million dollars or 35 percent above net returns if no
CAP water is available (see Table 1, rows 1 and 2). Similarly, cropped acreage increases by nearly
83,200 acres with CAP water introduced and freely purchased. However, 3.9 million dollars of the 4.7
million dollar increase and nearly 55,300 acres of the 83,200 cropped acreage increase occurs on the
two Indian Reservations where CAP water is free and can be used to develop new crop lands. Because
total acres of cotton are restricted in the model &/ the rise in net returns results from acreage in-
creases in the other crops (see Table 2, rows 1 ana 2).

Table 1. Projected Net Returns Above Variable Costs, and Projected Water Use in Pinal County,
Arizona, 1986.2/

Type of Analysis

1. No CAP water
available

2. CAP water available
and freely chosen
(1.4 mmhos /cm

salinity)

3. CAP water use
required at minimum
of 90% of annual
allotment

4. CAP water available
and freely chosen
(1.8 mmhos /cm

salinity)

Net Returns Above
Variable Costs

Water Use
Pumped CAP Other Surface Total

(Dollars) Acre -Feet

13,604,533 735,829 153,106 888,935

18,306,629 581,690 479,868 153,107 1,214,665

17,841,754 468,912 618,740 153,111 1,240,763

18,107,230 581,432 447,688 153,109 1,182,229

a. Based on results of representative -farm linear -programming models.

The increase in net income to Indian lands will be a real increase in total net income to the
Indians since almost all costs of the new water are subsidized. However, certain fixed costs, such
as the cost of the distribution system from the main canal to the farm headgates must be subtracted
from the 0.8 million dollar increase in income to non -Indians. These costs have not yet been esti-
mated.

-able 1 (rows 1 and 2) also shows a 21 percent decrease (about 154,000 acre -feet) of pumped
water used in the area receiving CAP water. Other surface water use is essentially constant. How-
ever, the total water applied to crops increased by 325,700 acre -feet - -a 37 percent increase in total
water use.

6. Cotton is the most profitable crop grown in Pinal County, and therefore, must be restricted
to prevent all cotton solutions by the models, an unreasonable result in view of farmers' perception
of the relation between total supply and price, and their perception of risk.
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Why is total water use with CAP higher than total water use without CAP, if the one for one
pump -CAP trade -off rule is in effect? There are two reasons. First, the rule does not apply on
Indian lands where 64 percent of the increase occurs. The Indians have a net increase of 180,600
acre -feet of water use, while decreasing pumpage by only 3,000 acre -feet. Second, the increase of
145,000 acre -feet of water use on non -Indian lands is possible because farmers are trading water
against an historical average pumpage rather than what pumpage would have been in that year without
CAP. The historical average is higher than what pumpage would have been, because farmers in the deep
pumpage areas would have cut back on pumpage as the water table fell. Thus, provision of CAP water
will tend to slow the groundwater overdraft, but not on an acre -foot per acre -foot basis.

Table 2. Projected Acreage of Field Crops in Pinal County, Arizona, 1986.á/

Type of
Analysis

1. No CAP water
available

2. CAP water avail-
able and freely
chosen (1.4 mmhos/
cm salinity)

3. CAP water use re-
qui red at minimum
of 90% of annual
allotment

4. CAP water avail-
able and freely
chosen (1.8 mmhos/
cm salinity)

American-
Pima

Cotton

Upland
Cotton

Barley Grain
Sorghum

Alfalfa Wheat Total

Cropped
Acres

Acres

6,797 83,271 0 58,822 10,590 83,571 243,051

7,015 83,280 1,235 96,295 28,043 110,380 326,248

7,131 83,281 1,235 104,092 32,997 110,337 339,073

6,867 83,277 0 96,294 26,982 110,824 324,244

a. Based on results of representative -farm linear -programming models.

CAP FREELY PURCHASED VERSUS MINIMUM REQUIRED PURCHASE

Several adjustments occur when individual farms are required to use at least ninty percent of
their annual CAP allotment rather than a freely selected quantity. As expected, net returns above
variable costs decrease, but only by about $465,000 (Table 1, rows 2 and 3). However, the decrease
in net returns all occurs within the five non -Indian districts (the Indian Reservations freely use
all the CAP water available to them) and so balances out more than half of the 0.8 million dollar
gain to non -Indian farmers made when CAP water was furnished on a free choice basis.

Now, with 619,000 acre -feet of total CAP use, 139,000 of which was not freely chosen, the trade-
off ratio between CAP and pump water rises to about 2.3 acre -feet of CAP for each 1 acre -foot of pump
water. The ratio was only 3.1 acre -feet of CAP to 1 acre -foot of pump water when CAP was freely
chosen.

Almost no shift in the county's crop mix is observed (Table 2, rows 2 and 3). In order to use
all of the required CAP water, the number of double cropped acres increased slightly, but most of the
requirement to use more CAP water was simply reflected in decreased net income.
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IMPACT OF INCREASED CAP SALINITY

Recently there has been much interest in the West in evaluation of the cost of increased salini-
ty to irrigated agriculture, especially in the Colorado River Basin. It is estimated that Colorado
River water delivered to Pinal County will have a mean salinity of 1.4 nmhos /cm in 1986 and a mean
salinity of 1.8 mmhos /cm in 2020 if no additional salinity control programs are instituted. To be

efficient programs, the cost of any control programs should be less than the value of the decrease in
agricultural production if no controls are established.

Our model compares the value of net returns above variable costs at the two salinity levels when
CAP water is freely chosen (Table 1, rows 2 and 4).7/

The total decrease in net returns above variable costs for Pinal County farmers is $199,400, or
1.1 percent of the base of $18,306,629. This decrease averages only E1 cents per year per irrigated
acre. Obviously, this possible increase in the salinity of the Colorado River should be of no concern
to Pinal County farmers.

CONCLUSIONS

This preliminary report does not discuss all of the assumptions inherent in the models, nor all
of the implications that can be drawn. However, several general conclusions are obvious and would
not be significantly affected by varying the assumptions rather widely from those used. First, deliv-
ery of CAP water will not assure groundwater conservation at anywhere near a one for one trade -off
ratio. Second, most, if not all, monetary benefits from the Project to agriculture in Pinal County
will be captured by Indian farmers. Third, provision of CAP water will not affect cotton acreage,
but will significantly increase the acreage of small grains and alfalfa. Finally, the possibility of
increased salinity from CAP water should not be of concern to farmers in the county.
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