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ABSTRACT
Economic (Linear Programming) Model of the
Farming Region Served by the D.M.D.A.
Irrigation Company, Delta, Utah

by

Francisco Zarzalejo, Master of Science

Utah State University, 1973

Major Professor: Dr. Allen LeBaron

Department: Agricultural Economics

The main objectives of the study are to create a linear program-
ming model of the study area in order to estimate changes in benefits
when water delivery system losses are assumed to be affected by
shifting between rotation, demand and continuous flow management systems,

Approximately 7,000 acres are included in the program model and
the estimated potential 'gains' or benefits from distribution system
loss '"'savings' due to more efficient delivery range from $6,000 to
$12,000 per season. This result is influenced by the facts that the
loss estimates are hypothetical and the system studied is in an area
where the cropping pattern is not heavily effected by total amounts
of seasonal water available. (The model is not designed to handle
weekly or monthly irrigations.)

Twenty or 30 percent reductions in normal expected seasonal water

supplies are required to create a 15 percent drop in expected farm

income.




The model is adaptable to planning situations, especially where

new lands or new water engineering works are contemplated.

(87 pages)




INTRODUCTION

This thesis considers the problem of creating a linear program
for an irrigation unit of 7,000 acres which will be responsive to
expected variations in water supplies where the distribution manage-

ment scheme can be shifted between demand, rotation, and continuous

flow.

Justification

It is frequently noted that scarcity of water or water control
places an upper bound on rural income levels. Even where irrigation
systems are developed inefficient management may create unnecessary
water losses of such magnitude as to have significant, measurable,
negative impacts on realizable rural income(9).

Physical augmentation of irrigation water supplies is expensive,
but in some situations the additional water can be obtained by alter-
native means such as changing distribution practices and improving
efficiency. Gardner and Fullerton (5) have shown that positive
income increases in rural farm incomes often can be obtained with

small changes in institutions and traditional water management

practices.

To expand on this notion, a research project has been undertaken
by the Agricultural Economics Department of Utah State University.

The overall objective is to develop a technique suitable for selecting

loss minimizing alternative water delivery (continuous flow, rotation,




demand, or any combination of these) schemes in existing and planned
systems.

As part of this work, it is necessary to create an economic
(linear programming) model of the farming region served by the physical
system selected. The results will be used to obtain partial benefits
that may be combined with the loss differences of the different

management schemes and thereby obtain alternative estimates of total

benefits.

The farming area chosen for this analysis covers 66 water users
served by the D.M.D.A. Irrigation Company in Delta, Utah,

Since the study area is characterized by an active water market,
an interesting possibility exists for corroborating the benefits
estimation procedure of the economic model (L.P.) with real world data.
Shadow prices obtained from the linear programming solution can be
compared directly with observed market prices. This possibility is a

unique feature of the proposed research.

Objectives of the Study

The specific objectives of the study are as follows:

1. To create an optimum enterprise combination by means of

linear programming.

2. To estimate the change in benefits (using hypothetic reductions
in system loss estimations) with the shift from one delivery method to
another one, and observe the change in the optimum enterprise combi-

nation whenever the.expected water supply at the beginning of the

season differs from '"mormal."




In addition there are other secondary objectives that will be

emphasized.

1. Compare shadow prices obtained from the linear programming
method, with observed market prices of the area.

2. Measure the change in benefits and in the optimum enterprise

combination whenever a change in water supply occurs early in the

irrigation season.

3. Consider the possibility of adapting this work to areas

where factors of production are used less intensely (virgin areas).

Uses of the Study Results

The output of the linear program procedure may be used by policy

makers in several ways. With this procedure it is possible to examine the

effect on farm incomes of varying water supply restrictions, water
delivery rules, and crop production. It is also possible to derive
from the model the benefits of prospective investments in facilities
intended to provide additional water from any available source.

In less developed areas where the possibility of building new
irrigation structures exists, the information obtained from a linear
programming solution can be used as a planning tool to help measure
the possible success of water investment.

The normative characteristics of the linear program procedure
will be a powerful tool in planning new irrigation systems. With this
system it is possible to establish the irrigation method that matches
the area conditions at a given site and time. 1In addition the crop

pattern and specialization of activities may be determined in the same

process.




Study Area Treatment and Actual Production Units

The study area will be treated as a single unit although at
present there exists 66 farmers with holdings varying from 20 to 600
acres. This assumption 1s made because according to available infor-
mation differences do not exist in yield due to soil (12) or in farm
enterprise organization such as would impose the necessity of breaking
down the area into various categories.

The alternative is to stratify the area according to type of
farming or similar enterprise alternatives facing similar yield
potentials, prices and costs. This alternative would require sampling
each strata to provide a basis for sorting farms into homogeneous
groups based upon size, soil, or other relevant factors. After that,
combine data from secondary sources with the information obtained from
the sample, to construct represgptative farm linear programming models.

Either treatment alternative poses several potential sources of bias.
Aggregation errors grow out of the practical necessity to group farms
to represent fairly common situations rather than to obtain linear
programming solutions for each individual farm and sum the results(2).
Representative farms are usually developed by classifying farms and
averaging those in a class. Then, those representative farms will be
multiplied by a weighted factor defined as the subset it characterizes.
If, however, the individual farms in the subset do not respond alike

to changes in economic stimuli, the estimates of the aggregate output

for the subset will be biased.




Since this likelihood is even greater in the 'treatment as a
whole'" method, the aggregation errors will be even greater under the
alternative chosen for this study.

Given this conclusion it is necessary to review some of the
problems that are going to be present in the economic interpretation
of the linear programming results. The L.P. output will be in terms
of percentages of the total érea required for each crop in order to
achieve the optimum economic enterprise combination. These results
have to be used cautiously when they are related to the original
number of farms.

According to Unbewust (13) the rotation method is supposed to
have less water losses than the other schemes and better allocation
of water among crops. The allocation is closely related to the kind
of crops and with the distribution of the crops in the area. Thus,
when the "optimum" enterprise combination is related back to the
original number of farms, it will not be possible to establish the
same method of water rotation for each farm as if each farm were the
whole unit.

Ordinarily this type of problem can be solved by means of
specialization of areas. But this is not possible in the Delta area,
because each farm already has infras&ructures according to
their situations and it would not be economic to chaﬁge. However,
in new irrigation systems this problem can be easily avoided by the
specialization of production areas.

Another related problem has to do with farm size. In the Delta

area, there is a great range of farm size. Thus the smallest size




farms will not be able to use the percentage indications of the
linear program output due to scale diseconomies. In new areas the
output will provide a basis for the establishment of farm sizes
while the irrigation system is in the planning stage.

Under the demand irrigation method, the intrepretation of the L.P.
output will present similar problems as for the rotation method.
There will be a big number of simultaneous ''water calls' from
scattered areas due to the fact that the same crop has to be watered
at a very similar date. Therefore, the irrigation system manager
will have problems related to water delivery dates. This can be
avoided in planning new irrigation systems by means of specialization

of areas. Again, some farms will not be able to use the same crop

percentages or proportions as the L.P. solution suggests for the

whole area. Another related problem that is going to be present
under the demand irrigétion method is an increase in water loss due
to percolation, evaporation, etc.

The continuous flow management scheme does not present the
"percentages problem' when the L.P. solution is related back to the
original farms, because the water is available to the farm any time
it is required for use. But as stated by Unbewust (13), the ditch
losses from continuous flow of small heads is likely to be high.

The same diseconomy problem of the ''small farms'" will be present when

the L.P. output is related back to the actual acreage of each farm.

Again, this is not on issue when planning new systems.




Degcription of Study Area

Location

The Delta area is located in Millard County, in the central-west
part of the State of Utah, approximately 140 rail miles south and
west of Salt Lake City. The total land area comprises 180 square
miles, of which the irrigated and tilled area varies from 40,000 to
80,000 acres (35 to 60 percent of the total). The shortage of water
in the area explains the difference between total land acreage and
the irrigated and tilled area. Surface elevation ranges from about
4,565 to 4,650 feet(5). The Delta area is at the lower end of the

Sevier River Basin.

Climate

The climate of the Delta area can be classified as arid, due to
lack of precipitation, which is on average almost equal to 7 inches.
Thus, most of the water for crops must come from irrigation with

snow melt water that originates in higher elevations (Table 1).

Table 1. Mean monthly precipitation on irrigated lands. SRB

(Sevier River Basin, 1931-1960 in inches)

— ~ — e — e e e e — —

Annual Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

7.18 0.359 0.55 0.84 0.79 0.82 0.49 0.27 0.45 0.42 0.83 0.47 0.66

Source: (15)




The temperature varies from over 100 degrees Farenheit during
the summer months to -15 degrees in the winter. Killing frosts
usually occur in early September, and the last killing frost in
spring usually comes in late May (Table 2). Thus the growing season

is 105-115 days.

Table 2. Mean monthly temperatures.

(Sevier River Basin, 1931-1960 in Farenheit)

—e

= T e T ——— < —
— ——

———

Annual Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

49.4  26.0 31.9 39.8 48.8 57.1 65.5 74.1 69.3 63.1 51.2 36.7 29.3

Source: (15)

Soil and topography

Soils consist of alluvial materials deposited in main part by the
Sevier River as its waters entered ancient Lake Bonneville. Texture
of the soils range from slick clays to dune sand, the clay types
being most prevalent. Soluable salts are present in varying degrees
throughout the area. Meticulous irrigation and drainage practices
are necessary to prevent serious alkali problems. In Table 3 the
acreage of different soil types is shown.

The topography is generally smooth with slopes ranging from .09

to .37 percent.




Table 3. Acreage of different soils in all the Delta area.

Soil Number of acres Percent
Oasis clay 28,480 247
Gordon clay 12,922

Friable phase 1,856 13.2

Slick phase 384
Oasis silty clay

Loam 14,400

Light-textured bench phase 448 12.9
Oasis fine sandy loam 13,440

Bench phase 128 11.8
Abbot clay 8,960

Silty phase 3 sLo8 10.5
Cache silty loam 11,392 9.9
Woodrow clay Jloam 9,024 7.8
Woodrow clay 5,376 4,7
Lynndyl gravelly sandy loam 1,856 1.6
Cache loam 1,408 P
Lahontan clay loam 1,344 L2
Dune sand 212 A4
Rough stony land 64 o1

Total 115,200 100.00

Source: (5)

Water

This is the most important single resource affecting the develop-
ment and economy of the area. With few exceptions availability of
water is the limiting factor in the expansion of agriculture enter-
prises. Irrigation waters are derived from mountains and desert

water sheds to the east and south. These enter the area via the

natural course of the Sevier River.
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In order to increase and stabilize the water supply, extensive
storage and diversion facilities have been constructed along the
course of this river. These have a combined storage capacity of

approximately 250,000 acre feet. Except in periods of prolonged

drought, these facilities serve admirably for their intended purpose.

CroEs

The main crops under irrigation include alfalfa seed and hay,
corn for silage and other small grains. 1In 1969 alfalfa covered
61 percent of the total area, small grains 35 percent and corn for

silage 4 percent.

Livestock

The two most important feeding programs being followed in the
research area consist of feeding purchased calves for about 133 days
(October to March), and for 210 days (November to May). Also, in

the area, there are a small number of dairy farms, as well as cow-

calf enterprises. Both of these activities are of growing importance.
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REVIEW OF LITERATURE

Linear Programming

Linear programming is a powerful self optimizing mathematical
procedure which is widely used in planning efforts. Its power lies
in computer applications which allow solution of problems with many
decision variables and in the applications to linear programming
solutions of parametric analysis(8).

A linear programming problem consists of three parts. First,
there is a linear objective function which is either maximized or
minimized. Second, there is a set of linear constraints which contain
the technical specifications of the problem in relation to given
resources or requirements. Third, there is a set of non-negative

constraints since negative production has no physical counterpart.

Objective function

The linear program problem consists of an objective function which
is to be optimized subject to applicable constraints. It is simply
the summation of the various costs (or benefits) involved. It includes
all the production costs. The objective function is expressed as
z = ECj xj, where cj is the cost of product xj. Z will be maximized
if the problem is structured to determine profit, or it will be mini-

mized if the intent is to minimize costs. The optimum objective

function corresponds to defining the level of each xj such that
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marginal revenue equals marginal cost (if this is the intent of the
economic problem analog). The objective function can be shown to be

identical to the isocost or budget line of production theory.

Constraints

Any production operation is constrained in the short run by
limited resources (capital, labor, physical inputs, plant size, etc.).
In linear program format these are expressed in straightforward

mathematical form as inequalities.

Non-negative constraints

The quantity of each activity level cannot be less than zero, or
any value assigned to activities must not be negative. It is this
restriction which limits the maximum level of an activity to that
defined by the most limiting resource. The constraints define the
boundary of the production possibility function and therefore serve

the purpose of the isoquant in the production theory.

Summarizing we have: X4
X2
Maximize Z = [Cl, B, IR »Cn .
Xn
Subject to:
- .
411%] + 812%X9 + ceevaecss + a1nXy S by
ag1Xy + ag2%xy + ..eeeiees + agpxy $b2

I

|

am1¥] t apoXg * ... +oap xy > b,
= ;
Notice that the last constraint is of the2 bi type rather than

€ bi type described above. This demonstrates a demand constraint

which requires production to equal or exceed demand. Obviously costs
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would be minimized by no production at all if certain demand did not
have to be met. If, on the other hand, the problem is to determine
output in order to maximize profit the inqualities may be all £ type.
In this case output is limited only by limitations on the resources (7)
and this formulation is more closely related to the production theory
problem.

Marginal value products (shadow prices) for each limiting factor
of production are determined simultaneously as the systems of equations
are solved. They appear in the solution as shadow prices and represent
the reduction that would occur in the total returns if the availability
of a resource is reduced by one unit and all other conditions are

constant.

Parametric linear programming

Varying the values of one or more coefficients in a row or column,
or some combination of row and column, it is called parametric linear
programming. Parametric programming is a technique designed to permit
estimates of change in the optimal plan for given changes in a Cj or
bi.

Parametric linear programming is efficient and particularly useful

in planning resource use for problems where programming is applicable.

Assumptions

There are some assumptions that apply to linear programming that

may cause erroneous answers to certain problems. They are:
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Linearity. Straight line relationships, as necessarily used by

linear programming, are a source of criticism. This is a concept
that, in effect, says that the input factors are combined in fixed
proportions at all levels of output, and that the amount of resource
use to pfoduce a unit of a particular output is the same regardless
the size of the output. A linear programming model which is properly
developed allows for this. By parametrically changing the amount of
one of the inputs a non-linear output function can be approximated.

Additivity. Activities must be additive in the sense that, when

two or more are used, their total product must be the sum of their
individual products. The best example of this would be two crops in
rotation interacting and affecting the production of the other. In
this case the entire rotation would have to be handled as one activity
in order for the additivity assumption to apply.

Single value expectations. It is assumed that the quantity of

resources, prices, and input output coefficients are all known with

certainty. Of course, this is not so in the majority of cases and,

as result, errors occur.

Divisibility. This 1s a characteristic of linear programming

that states resources used and outputs produced can be divided into

fractional units.

Finiteness. This is an assumption that merely states there is a

limit to the number of alternative activities from which to choose
for any particular problem as well as a limited number of resources

to use. Stated in another way, the number is not infinity in either

case, which is fairly obvious.
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Normative characteristics. Linear programming is mainly a pro-

cedure for providing normative answers to problems which are so
formulated. By normative Heady and Candler (7) refer to the course
of action which ought to be taken by an individual, business unit,
area, or other economic sector, when the objective takes a particular
form, and the conditions and restraints surrounding the action or
choice are of particular form (7). Thus, the linear programming pro-

cedure will produce normative results (what ought to be) rather than

positive results (what is happening).

The simplex algorithm

If any feasible solution to the problem exists, the simplex pro-
cedure will procede in a finite number of steps to the feasible
solution which is also the optimum solution.

Every optimal solution can have no more xj at non-zero level than
the rank of the A matrix (which is the number of constraints unless
some constraints are redundant). This means in the production problem
framework the number of products (or processes) which will be produced
in the optimum solution will be no greater than in the number of

scarce resources.

The dual problem

Corresponding to each primal procedure, there is a dual procedure
which is really the same problem in that it gives the same optimum

value of the objective function but in an opposite way. If the primal

problem is structured to maximize profit then the dual of that problem

is to minimize costs and still produce the same output. If, in the
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primal, the cost coefficients are profit per unit of product (xj) the
decision variables in the dual will be the inputed value (shadow
prices) of the firm's production facilities.

Given the primal problem: Maximize Z = cx subject to Ax<b, there
is a dual problem minimize Z = b'w subject to A'w2c'. The primal
symbols are as previously defined, and A' is the transpose of matrix
A; b' and c' are the transpose of b and ¢ vectors, and w is a 1 x m

vector of new variables which we have previously referred to as

shadow prices.

Other Studies

Delta or similar areas

The Delta area was studied by Sumsion (12) in 1963. He employed
the simplex method of linear programming to ascertain the most profit-
able enterprise combinations on farm organizations assuming various
levels of resource supplies. The data used to construct crop and
livestock budgets, were obtained by personal interviews with farm
operators. Profitable crops were: silage, corn, alfalfa seed and
barley. Yield differences due to soil were not detected. One hundred
and sixty acres was selected as the representative farm size, although
this was not the "optimum size' or the average size. Four basic yield
levels were evaluated in connection with one, two, and three acre feet
of water per acre. Each level was also evaluated assuming three, four,

five and six thousand dollars of available spring and fall capital.

When water was the major production restriction, alfalfa seed was

most profitable to raise. Corn for silage required more water and
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capital per unit of production and, therefore, only entered optimum
plans at high yield levels when greater capital and water resources
were available. Alfalfa hay and alfalfa seed combination crop was

the most profitable through the greatest variety of water conditions
and yield levels. A cattle fattening operation was the only livestock
enterprise which entered in optimum plans., It is limited by fall
capital and can be increased in number at a rate of approximately five
head per $1,000 of fall capital.

Mitts (11) in 1963 made a study for Sevier County using the
linear program method in order to find profitable enterprise combi-
nations for that area. Special consideration was given to water
and capital, because those are the most limiting resources according
to the farmers.

Surveys were made to construct the budgets, and it was discovered
that alfalfa, barley, sugarbeets, corn, silage, beef fattening and
beef wintering were the enterprises considered feasible by this study.

When water is limiting, sugarbeet production should be emphasized,
otherwise alfalfa and barley should be increased in acreage. A cattle
wintering enterprise appears in the optimum plan for each farm covered
by the study, and the size of this enterprise is determined directly
by the supply of fall capital.

There are no methodological differences in the two studies cited.
The only difference is in the profitable crops used in the linear

programs, due to the fact that they describe operations in different

counties.




Fullerton (5) in 1966 conducted a study of the Delta area in an
effort to determine the relative efficiency of different allocative
schemes for irrigation water. He considered two alternatives:

(a) only intracompany transfers were permitted; and (b) intercompany
transfers were allowed.

Efficiency of water allocation was determined by comparing
indicators of the value of the marginal product associated with the
two allocative arrangements. Due to the existence of market activity
for more than 30 years in the study area it was possible to use the
annual rental price of water as an indicator of the value of marginal
product. During latter part of the 30 year period intercompany
transfers were possible.

Because water price data covered a considerable period of time,
other variables besides the changes in transfer policy which could
be expected to influence the rental price of water were also considered.
Those variables were: annual water available, product prices, other
inputs, and technology.

Fullerton found statistically significant differences between the
mean values and also the predicted values of the rental price under
different allocative policies. He argued that this provides strong

evidence that transfer policies influence allocation. The marginal

value product of water was higher under the transfer policy, which

was most flexible and permitted intercompany transfers.
Mijares (10) conducted a study in the Delta area of Utah in which
the principal objectives were : (a) to develop a computer model

capable of simulating estimates of water loss under various water
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delivery methods (demand, rotation, and continuous flow); and (b) to
calculate potential streams of benefits and costs which result from
each one of the three water delivery methods.

A model, designed to be tested on a digital computer, was formu-
lated. Its purpose was to establish the amount of.potential water
losses attributable to canal seepage and administration of an irri-
gation system under three water delivery methods. This was done by
linking water losses to physical attributes which are affected by
the predominant delivery scheme.

An analysis of all water and labor saved or expended by changing
from one method to another provides an estimate of the benefits and
costs associated with water delivery methods. To make those benefits
and costs comparable, they had to be expressed in monetary units,
made equivalent on a time bésis through discounting and adjusting for
anticipated price level changes.

The main problem encountered in this study was that no recent
investigations on canal seepage were available for the study area.
For this reason a distribution of losses was made in the real system
by using the wetted perimeter and the length of each canal segment to
determine proportionate share of system losses. This permitted the
calculation of a loss coefficient which in turn facilitated the simu-
lation of losses associated with each of three alternative water
delivery methods.

To determine the amount of monthly losses occurring when using

any one of the three simulated water delivery methods, crop require-

ments were calculated based in consumptive use, physical properties




of the soil, amount of land under irrigation and climatic data from
the study area. Adding those requirements beginning from the last
headgate of each canal, the net volume of water that would have to
flow through each canal segment was determined. These volumes were
multiplied by each canal segment loss function (during water flow
periods) to estimate water losses.

The results showed that from the water management point of view

demand delivery is the most costly system (operation and maintenance).

Changing from demand to any other delivery method resulted in increased

benefits through water saved, and decreased costs at the same time.

Irrigation water management

Anderson and Maass (1) have described and illustrated the use of

a digital computer model of irrigation systems. The model has been
designed to permit examination of the effects of varying water supply
restrictions, water delivery rules and crop pattern on crop production
and farm income in an irrigated area. The simulation does not examine
design characteristics of the system directly because it 18 assumed
that irrigators have made adjustments to engineering features of the
system for water delivery. However one can derive from the model the
benefits of prospective investments in facilities intended'to provide
additional water from any available source.

The main objective of this systems analysis study was to develop
and test procedures by which operators and builders of irrigation
systems can evaluate and compare alternative methods of distributing

water among farmers. Such procedures will aid irrigation enterprises
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in selecting water supply sources and developing operating procedures.
They will also aid in economic evaluations of irrigation practices
and area cropping patterns.

During the growing season, the farmers' estimation of the water
supply for the remainder of the season may change significantly from
the estimate used to plan crop patterns at the beginning of the
season. In that case the farmers might profitably replan their
farms, abandoning certain crops and fields with the hope of bringing
others through.

The possible alteration in the availability of water, and its
correlated changed in benefits, if a shift from one delivery method
to another occurs, is not considered in the Anderson and Mass study.
The authors examine the existing availability of water with one delivery
method at one time, and obtain the optimum enterprise combination for
that quantity of water for that year, and then continue into the next
year.

Hall and Butcher (6) state that the maximum yield of a crop which
can be obtained under given conditions of climate, soil, variety,
fertility, etc. will be only achieved under the best possible soil
moisture conditions. They further postulate that if soil moisture
falls to a value less than field capacity during a period of time,
but remains at optimum during all other growth periods, the resulting
yield can be expressed as:

y = ai Y max, (1)

Where ai depends on the soil moisture content (wi), that is,

ai = ai (wi). (2)
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The first equation can be experimentally determined for a defi-
ciency of xi during each growth period in succession, thus giving
al, a2, a3,...ai,......an. By letting wi vary over a range of soil
moisture values as well, each time allowing a period to be deficient,
there can be obtained al(wl), a2 (w2), a3 (w3),......ai (wi),...an (wn).
Then for the range of soil moisture deficiencies, crops, fertility
levels, climates, etc., of iInterest, the yield to be expected when two
or more of these time periods have deficiencies can be calculated by

Y = al (wl) a2 (w2) a3 (w3).....an (wn) Ymax.....(3)

Thus this work also permits a farm manager to determine the time
and quantity of irrigation which will maximize his total net returns
from an array of crops.

The Hall and Butcher results can be linked to the present work
in the following way: include in the linear program model different
yields due to different missed irrigation periods, in order to

establish which crops have to be planted under different conditions

of water supply.




CONCEPTUAL FRAMEWORK

Intertemporal Availability of Water

Anderson and Maass (1) illustrate a group of theoretical growth
curves of an annual crop considering adequate supply and inadequate

water. See Figure 1.
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Figure 1. Theoretical growth curves of an annual crop.
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Curve A illustrates the potential growth and yield of a crop when
soil moisture is adequate throughout the growing season. Whenever
soil moisture stress occurs potential growth is reduced as suggested
by curves B and C. Since potential growth and potential yield are
directly associated, it follows that harvestable yield will be
reduced as a result of soil moisture stress. The amount of reduction
in growth and yield will depend on the duration and severity of the
stress period and time of occurrence during the growth cycle. If the
stress period occurs when plant growth would normally be most rapid
and water demands high, or when reproductive processes are critical,
the reduction will be greater then (during periods of similar length)
when growth and development are slow, such as near maturity(l).

Weather effects vary dﬁring a period when a crop goes without
a needed irrigation(l).

Therefore, the irrigator has to make decisions or alteratioms,
when water shortages are present, in order to achieve the highest
possible benefits. This means, that the irrigator knowing the
quantity of water he has at present time, must irrigate first those

crops which would lose most value if they were not watered immediately.

Link Between Water Availability and Linear Programming

Suppose water rental or market prices are available, then a direct
estimate of management system benefits is readily obtained as the
product of water price times the quantity of water saved.

But in cases where an active water market does not exist, as in

the case of less developed and developing areas, the benefits have to
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be found by means of the water shadow prices obtained from the
linear program solution.

It is possible to develop an optimum enterprise combination by
means of linear programming for the irrigation management systems
given the original availability of resources. The result is the
maximum possible benefits for that particular management method given
the existing physical distribution system.

Using the model developed by Mijares (10) it is possible to find
the quantity of water saved by a shift from one irrigation distri-
bution method to another. As the quantity of water saved by the shift
represents the increase in the amount of one of the available
resources (water), it is also possible to develop a new optimum
enterprise combination (holding constant the size of other factors
of production) by the linear programming method.

Each new optimum enterprise combination should result in an
increase of the benefits as measured in form of the objective function.
Therefore the benefits genuated by a shift from one delivery method
to another can be found from the difference in the amount of the
benefits of the before and after optimum enterprise combinations,
less the difference in costs associated with each delivery system.

This process can be repeated as desired or as necessary.

Example of the Problem

An illustration of the approach employed is shown in Figure 2.

This is a simplified hypothetical situation with two crop possibilities,

crop 1 and crop 2, and with three limiting resources: land, labor
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and water. Input requirements, variable costs, and prices are implied
in the level of crop activities and in the slope of the iso-revenue
line.

Production possibilities, given the initial water supply, are
delineated by the initial water and labor restraints. Any combination
of crop 1 and crop 2 could be realized along or below these lines. If
all crop 1 were grown, the production could be as high as the point A.
At this point water is the only limiting factor and there is a surplus
of land and labor.

The optimum, with prices as reflected in the slope of the iso-
revenue line is at its highest point within the boundary of the
restraints. This occurs at point P for the initial water supply.

At point P the optimum crop combination is x2' output for crop 2 and
x1' output for crop 1. Water and labor restrict these crops to this
level. Net revenue is Clx]' * C2 x»', where Cj is defined as unit
net revenue above variable costs for the jth activity.

If the initial water supply restriction is lifted to the second
level, as illustrated, then production of crop 2 is reduced and crop 1
production is increased. The new optimum is at P2 with corresponding
output levels. The change in revenue is (Cl xl”-+C2x2”)‘ (Cix1' &
Coxp') which, under appropriate conditions, is attributable to the
change in water supply from the initial to the second level.

In inputing this change in revenue to water it is assumed that

adequate resources of land and labor are available to utilize the

second. level of water supply.
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Crop 1
(x1) Labor restraint
xlll rPZ

X1 | \ Land restraint

Initial water restraint
Second water restraint

f‘

Iso-revenue
slope

xg" %2 Crop 2

(x2)

Figure 2. A two crop model showing the optimum crop averages
for two water supply levels - land and labor supply

constant.
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METHODOLOGY

Data Sources

The basic data needed to satisfy the requirements of the study
were three fold.

Personal interviews were conducted with some representative
farmers of the Delta area. It was considered necessary to have up-
to-date input-output coefficients from the area. The information
obtained from this source included amounts of required and available
labor, machinery and material requirements and costs, yields, culti-
vation and fertilization, practices, and water necessary to irrigate
the crops, general livestock information, and other miscellaneous

information.

Irrigation company records were searched for water deliveries,
and share owned by the farmers from whom the enterprise data were
obtained. It was necessary to have this information because the
problem to be confronted in this work is mainly related to the water
availability in the Delta region.

Other data (especially on system management) were already available

from earlier studies of the area.

Estimate of the Constraints

The constraints used in the linear programming procedure were:

water, alfalfa hay produced in the "total area" farm, barley produced
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in the "farm," corn silage produced in the "farm,'" maximum number of

livestock, acreage of alfalfa seed and available labor.

Water

The normal or average supply of water found by Fullerton (5) in
1966, was used as the total availability of water for the whole area.
This annual average may vary from 6,447 to 21,689 acre feet of water.
The latter quantity occurred in 1969, the year on which Mijares (10)
based his study. The water requirements of the different crops in

the area were obtained directly from the farmers.

Maximum availabilities for a given crop are listed in Table 4.

Alfalfa hay, barley and corn for silage

Income from alfalfa hay, barley and corn for silage is obtained
indirectly through the livestock enterprises. Therefore, maximum
quantity available to these enterprises equals production of those

crops. Each livestock enterprise is restrained by the amount of

food implied by these crops.
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Table 4. Water constraints, in acre feet, by crop.

Crop Index # Acre feet

Alfalfa hay 1 3.50
Alfalfa hay 2 2.00
Alfalfa hay 3 1.00
Alfalfa hay 4 F5 4o
Alfalfa hay 3 2.80
Alfalfa hay 6 2.45
Alfalfa hay 7 2510
Alfalfa hay 8 1.75
Corn silage 1 4.00
Corn silage 2 2.00
Corn silage 3 3.60
Corn silage 4 3.20
Corn silage 3 2.80
Corn silage 6 2.40
Corn silage 7 2.00
Barley 1 2.00
Barley 2 1.00
Barley 3 1.80
Barley 4 1.60
Barley 5 1.40
Barley 6 1.20
Barley 7 1.00
Alfalfa seed 1 4.50
Alfalfa seed 2 2.50
Alfalfa seed 3 1.50
Alfalfa seed 4 3.60
Alfalfa seed 3 3:20
Alfalfa seed 6 2,80
Alfalfa seed 7 2.40
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Livestock

According to other studies and information provided by livestock
technicians of the are;, the maximum number of calves that could be
absorbed by the market would be 10,630. This corresponds to an
average of 1.36 calves per acre. It was assumed that a maximum of
3,908 units of beef cows could be absorbed by the market (this cow

activity is not included in any optimum enterprise combination).

Alfalfa seed

The maximum number of acres devoted to this crop was restricted

to 4,738.93 which corresponds to the 56 percent of the total area.

Labor

It was assumed that the available labor is restricted farmers
and their families. The maximum amount of monthly hours of work
per individual was considered 300 throughout the year, because
according to available information, the farmers of the area generally

do not engage in non-farm work at anytime during the year.

Conventional Constraints

The alfalfa seed-hay combination and the alfalfa hay budgets

were divided in the following way:
(a) the alfalfa seed-hay combination budget was sub-divided
into seed and hay production, and treated as different enterprises;

(b) the alfalfa hay budget was divided in three different

enterprises, called alfalfa hay one, two and three. This reflects

the usual three cuttings per year.
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To insure that the acreage of the seed part of the alfalfa seed-
hay combination, and the alfalfa hay part of the same crop were equal,
a constraint was developed which forced the solution to have the same

acreage of "both enterprises.'" A similar criterion was applied to

the alfalfa hay crop.

Factors Not Considered as Constraints

Capital

Generally, the farmers of the area have the capacity to borrow

over and above actual need. Because of this characteristic,

capital was not considered as a limiting factor.

Entreprenurial ability

The farmers of the area are known as good farmers. Thus mana-

gerial ability was not considered as constraint.

Linear Program Format Utilized to Solve the Problem

The specific linear program developed in the present work, will
be explained in the following paragraphs.

Maximize:

AlX1l + A2X2 + A3X3 +.......+ AmXm

Where:

return coefficient per acre for enterprise "m"

1

Xm = number of acres (units) devoted to enterprise ''m"
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Subject to the following:

L

Water

W1X1 + W2X2 + W3X3 + ......... + WmXm€ Availability of water
Where:

Wm = quantity of water required per acre for enterprise ''m"

n_n

Xm = number of acres devoted to enterprise 'm

Alflafa hay

H1X1 + H2X2 + H3X3 + ......... + HmXm Availability of
alfalfa hay

Where:

n_n

Hm = quantity of hay required per unit of enterprise ''m

n_mn

Xm = number of units of enterprise 'm

Barley

B1X1 + B2X2 + B3X3 + ......... + BmXm SAvailability of barley

Where:

Bm = quantity of barley required per unit of enterprise 'm

number of units devoted to enterprise ''m"

Xm

Corn silage

C1X1 + C2X2 + C3X3 + ..... ... + CnXn £ Availability of
corn silage

Where:

Cm = the amount of corn silage required per unit of enter-
prise "m"

Xm = number of unit devoted to enterprise ''m"

Calves

X1 + X2 + vvveeeee. + Xm€10,630 units

Where

Xm = units of calf enterprise 'm"
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6. Beef cows

X1 4+ X2 + veveeeees + Xn £3,908 units

Where

Xn = units of beef cow enterprise "n"

7. Acreage

X1 + X2 4+ X3+ cocescnes +Xn_<.7,816 acres

Where

Xn = number of acres devoted to enterprise ''n"

8. Labor

1
L1X1 4 L2X2 + L3X3 + .vveev... + LnXn £19,800 hours

Where

) D Jog ]

Ln = required labor per unit of enterprise 'n

Xn = number of units devoted to enterprise "n'
9. Conventional constraint for alfalfa seed crop

Xsn = Xhn

Where

aumber of acres devoted to enterprise alfalfa seed b

Xsn

number of acres devoted to enterprise alfalfa hay
(seed) "n"

Xhn

10. Conventional constraint for alfalfa hay crops (cuttings)
Xhln = Xh2n = Xh3n

Where

Xhln = number of acres devoted to enterprise alfalfa hay
n (first cutting)

Xh2n = number of acres devoted to enterprise alfalfa hay
n (second cutting)
Xh3n = number of acres devoted to enterprise alfalfa hay

n (third cutting)

1
Corresponds to 66 farmers
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Implementation of the Linear Program

Fullerton (5) found that the normal supply of water for Delta
area ié 1.392 acre feet per irrigated acre. When expanded to the
actual area, the normal water supply is 10,879.87 acre feet.

Combining this availability of water with the other input-
output coefficients, an optimum enterprise combination was obtained
by means of the linear program method. Then the water constraint
was varied parametrically up and down by increments and decrements
of 1 percent. In each case this created new optimum enterprise
combinations and their related shadow prices.

The actual reduction in losses (increments in water available)
which may be expected to occur when a shift is made from one manage-
ment scheme to a more efficient one, is not available at present
time (Mijares work is not completed). Thus it was necessary to
arbitrarily assume that 10 to 25 percent of the water loss could
be saved through changes in management schemes. Those increments
in water quantity were included in the water constraint (one at a
time) in order to observe the shift in benefits when the water losses
are reduced.

As previously discussed, a shortage of water has a negative
effect on the potential growth of any crop and this in turn is directly
related to the potential yield. Therefore it was necessary to study
the changes that occur in the benefits, and in the crop enterprise

combination due to lower yields whenever a shortage of water occurs at

the beginning of the season.
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Ellis (3) shows different yields associated with different amounts
of water supplied to alfalfa hay and corn crops. His estimates,
together with hypothetical water/yield assumptions for alfalfa seed

and barley, were included in the model. Table 5 shows the yield of

crops corresponding to various quantities of water supplied as

included in the linear programming matrix.
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Table 5. Crop yield levels associated with different supplies of

water.
P e e e e e e e e e e e e = —— — —
Water supply Yield
Crop acre feet percent tons percent
3.50 100 5.50 100
34 15 90 5.20 94
Alfalfa hay 2,80 80 5.06 92
2.43 70 4.84 88
2.10 60 4.40 80
175 50 4,13 75
4.00 100 20.00 100
3.60 90 18.60 93
Corn 3.20 80 16.60 83
2.80 70 15.00 75
2.40 60 12.00 60
2.00 50 11.00 55
2.00 100 1.90 100
1.80 90 ¢ | 90
Barley 1.60 80 1.61 85
1.40 70 1.94 80
1.20 60 1,33 70
1.00 50 1.43 65
2.50 100 .182 100
2 vl 90 .167 91
Alfalfa seed 2,00 80 s LD 85
(seed part) 1.73 70 <145 79
1.50 60 118 64
1.25 50 .101 55
1.50 100 1s30 100
1.35 90 183 94
Alfalfa seed 1.20 80 1.38 92
(hay part) 1.05 70 1.32 88
.90 60 1.20 80
53D 50 1.12 15

= e e < e e e e e e P = —=
Sttt S ==

Source: (3, p. 1439).
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ANALYSIS AND PRESENTATION OF THE RESULTS

Optimum Enterprise Combination

Associated With the Normal Supply of Water

The normal supply of water as computed Fullerton (5) in his work
was combined with the rest at the input-output coefficients gathered
from farmers and other sources, to obtain an optimum enterprise
combination using the linear program procedure.

The general result is shown in Table 6. This table lists the

labor force and water used, and net return to the overall land unit.

Table 5, Net return, labor force and water used by months, water supply

normal.

—— P A S

e —

Labor force used

2 (hours)
($) April May June July

Net return

August Sept.

518,925.11 19,702,88 19,800.00 2,831.68 6,055.52 13,441.34 426.50

Water used
(acre feet)

518,925.11 ~ 3,002.88 298,06 1,566.68 3,640,444 2,241.29 130.52
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The enterprises include two different types of alfalfa hay, alfalfa
seed, two types of barley, corn for silage, selling corn silage and
calf feeding.

With the "normal" water supply the land is not used completely.
The result is a slack variable on the land activity of 204.72 acres.

Available labor is only limiting in the month of May.

The "normal" water supply, 10,879.87 acre feet, is utilized or

called for by the linear program by months as shown in Table 6.

Therefore, in a normal water year, given the ''slack'" 205 acres,
water is a constrained input and additional water would have value.
Under the situation postulated the marginal value product of water is

$20.83.

The return to the land unit 1is $518,925.11 which represents an
average return per acre of $66.39. The average farm size of the area

is 118.42 acres. Thus, the average return to an average size farm is

$7,861.90.

Sumsion (12) stated in his work that the average return per acre
in the Delta area varies from $31.64 per acre to $156.83 per acre, using
different combinations of water, yield levels and available capital.
Thus it is assumed that the return obtained from the linear programming

model may be considered as representative of the area.

On the basis of an average size farm the optimum enterprise,

combination would be as shown in the acreage of Table 7.

There is a land surplus of 3.18 acres, because in this optimum

enterprise combination with a '"'mormal" water supply, all the land is
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Table 7. Optimum crop acreages for an average size farm, Delta, Utah,
1971.

—— — x
—

Crop Index # Acre feet

Alfalfa hay 6 ekl
Alfalfa hay 8 7.66
Alfalfa seed 3 63.96
Barley 4 3ak) 7
Barley 2 .00
Corn 2 38.44

Total o BT

not fully utilized. Alfalfa hay 6 and barley 2 may be ruled out due
to the very small areas involved on the "average farm."

With respect to the labor force used in this optimum enterprise
combination, the month of May is the only tight period. 1In that month

all the labor supplied by the farmers is fully used.

Changes in Benefits

Associated With a Reduction in Water Losses

Mijares (10) in his work found an 18.33 percent of water losses
for the whole irrigation system under a demand management scheme.
However due to the fact that his model is not completed, the quantity

of water which could be saved through a change in irrigation management

schemes is not available. For this reason it is necessary to assume

hypothetical reductions in losses that might be associated with
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management shifts. Therefore imposition of rotation or continuous
flow system may be imagined to reduce loss between 10 and 25 percent
of the factor computed by Mijares. Consequently the range of possible
increases in water supply varies from 199.43 acre feet to 498.57 acre
feet. These increases in wéter supply, permit computations of new

optimum enterprise combinations. Table 8 shows the increase in benefits

Table 8. Net return to the total land unit with allowance for effects
of additional water loss savings due to shifts in management

system.

e —— —— o
Water Return

Concept (acre feet) ($)
Normal or
average supply 10,879.87 518,925.11
Assumed increase 11,079.30 523,079.68
due to shift in
water management 11,378.44 529,269.31
L L e O R e S e e e e O T S o S o i e e e 2 —— ———

associated with a hypothetical reduction of water losses. Under these
assumptions the total benefits from 7,816 acres might be increased as

much as $10,344.20 above the value if the L.P. solution based on an

average water year supply.
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Under a demand system, operation and maintenance costs are
expected to be higher than for rotation or continuous flow schemes.
This difference must also be taken into account. The amount is
estimated at $2,000 per growing season.

Thus, the total increase in benefits is increased by about
$2,000 when a shift is made from the demand delivery method. Table 9
shows the total net increase in benefits for both of the assumed water

loss reductions. The range of increased benefits (6,000 - 12,000) is

Table 9. Net change in benefits with a shift from demand delivery

system.

Increasing Decrease in cost with  Total
net return a shift from increase
to the area demand delivery in benefits

Concept ($) ($) ($)

Normal supply of

water plus 10 per-

cent reduction in

water losses 4,154.57 2,000.00 6,154.57

Normal supply of

water plus 25 per-

cent reduction in

water losses 10,344.20 2,000.00 12,344.20

therefore due to a combination of reduced O and M costs and the oppor-

tunity to alter enterprise patterns to include more profitable

activities.
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Changes that Occur in Optimum Enterprise

Combinations Given Variations in Known Seasonal Water Supplies

Suppose that at the beginning of the irrigation season a change
in water supply occurs. What kinds of changes in the enterprise

pattern are necessary in order to achieve the maximum possible

benefi;s?

The optimum enterprise combination obtained using the ''normal
supply" of water is the same as discussed in the first part of this
section. The only difference is that the livestock and selling
activities were not mentioned at that time. The total area and

activities are divided as shown in Table 10.

Table 10. Optimum crop acreages with normal water supplies, Delta,
Utah, 1971.

Crop Index # Acres

Alfalfa hay 6 Ila 73
Alfalfa hay 8 505.68
Alfalfa seed 3 4221.72
Barley 1 335.06
Barley 2 .03
Corn silage . 2580.01
Calf 7958.43

(heads)
Selling corn silage 18,804.13

(tons)
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In this section the shadow prices and optimum enterprise combi-
nations are obtained for a range of water supplies between 50 and 120
percent of normal. Thus, it is necessary to vary parametrically the
water supply by increments of 1 percent on each side of the supply in

order to observe the change in the objective function and enterprise

pattern.

Changing values are.shown in Table 11. Discussion of the results
are confined to substantial changes in the activities included and/or

in the value of the objective function.

When water supply is reduced by 1 percent of the original avail-
ability, the first important change occurs. Alfalfa hay 6 is dropped
out of the solution, and the acreage of the enterprise alfalfa hay 8
is increased by 15 acres. The other changes are a reduction in the
acreages of alfalfa seed 3, and corn 2, while the rest of the enter-
prises are held at their original level. Those changes are due to
the fact that the water requirements of alfalfa hay 6 are greater than
alfalfa hay 8. Thus, when the ''water supply'" is reduced by 107.89 acre
feet, it is more profitable to irrigate a less profitable crop (alfalfa
hay 8) and reduce in some quantity other crops than irrigate alfalfa
hay 6. The value of the objective function reaches $516,627.24,

Between 98 and 78 percent of the 'mormal supply' of water the

observed changes are a decrease of corn 2 activity and a corresponding

reduction in the selling corn enterprise. The rest of the activities




Table 11. Optimum enterprise combinations associated with different pre-season water supplies

A Velue

rea vater of the

supply ss a Shadow

objecgiv
P*;::::lol Vater supply ,uiclion. price 4::;1:0 A;:;l:n :l:;l;- llr:-y l-r;ly CO;n C-:l ci::ll A::nl:u A:l-l:n Co;n A:f.];.
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remain at their original level. The total return to the land unit
is reduced to $468,132.36.

The next reduction in water availability brings in 207.24 acres
of enterprise, alfalfa hay 3. The corn selling activity is dropped
out of the solution, because with water available at this level, it
is more profitable to feed livestock than sell the product. The
alfalfa hay 8, alfalfa seed 3 and corn 2 activities are reduced in
size, while barley and calf activities do not change. The value of
the objective function is reduced by almost $4,000.00.

Between 76 and 55 percent of the normal supply of water the
observed changes are the decrease of activities alfalfa hay 8, alfalfa
hay 6 and alfalfa seed 3, with a marked increment in the activity
alfalfa hay 3. The calf enterprise and barley maintain their original
levels. The net return is reduced to $356,124.47.

At 54 percent of water available, the alfalfa seed 3 is dropped
out of the optimum solution, and the alfalfa hay 8, corn, barley 1
and calf activities decrease their size. Barley 2 increase its acreage
by the number of units by which barley 1 was decreased. Alfalfa hay 3
continues its increase in size. Those changes can be explained in that
at this level of water supply (5,983.87 acre feet) it is more profitable
to irrigate crops with lower return per unit but even less water
requirements.

The last change observed occurs when water suppiy is reduced to
51 percent. Here the alfalfa hay 8 activity is out of the solution,

and the other activities continue their observed trend. The value of

the objective function is reduced to $334,898.16.
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It is now necessary to describe the changes that occur when water
is above normal at the beginning of the season.

Between the normal supply of water and an increase of 5 percent,
the observed changes are an increase in the size of enterprises alfalfa
hay 6, alfalfa seed 3, corn 2 and selling corn, while the alfalfa hay 8
activity is reduced; the remainder are held constant. The net return
to the land unit increased to $530,191.35.

When available water is increased by an additional 1 percent, the
activities alfalfa hay 8 and barley 2 are dropped out of the solution,
and a new enterprise comes in (alfalfa hay 4) with a size of 44.20
acres. This new activity is more profitable than alfalfa hay 8. Calf
enterprises maintain their levels, while all the other activities
increase their size. The value of the objective function is increased
by almost $2,000.00.

The next change observed is when water available is increased by
8 percent of the ''mormal supply.'" At this point, a new enterprise
enters (alfalfa hay 1) with an acreage of 228.81 acres. The barley 2,
corn 2 and calf activities do not change in size, while the rest of
the enterprises reduce their size. The net return to the land unit
is $534,236.96.

At 9 percent increase of available water two enterprises are
dropped out of the solution (alfalfa hay 4 and 6) with the inclusion

of a new activity (corn 1). The activity corn 2 reduces its size. Tt

can be observed that all other enterprises increase their sizes except

barley 1. The value of the objective function increases to $535,155.37.
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Between 10 and 20 percent increase in water supply, the alfalfa
seed 3, barley 1, alfalfa hay 1 and calf activities hold their sizes
stable. Corn 2 decreases, and selling corn and corn 1 increase their
sizes. The net return is increased to $544,286.95.

The value of the objective function for each different avail-

ability of water is plotted in Figure 3. It is observed in Figure 3
that there is a direct relationship between water available and the

return to the land unit. Whenever the farmers expect an increase in
normal supply of water for the area, they are able to consider sizes

and types of enterprises, which are going to maximize their net

returns.

Shadow Prices and Observed Market Prices

To achieve the third objective, that is to compare computed or
implied marginal value products (shadow prices) with the observed
market prices of the area, the water availability (constraint) was
varied by increments of l:percent above and below the normal supply.

Table 12 contains the different shadow prices associated with
each assumed water supply. From the linear programming model stand-
point each assumed supply is given at the start of the crop year.

The value of the marginal product of water in the study area was
found to be a declining function with respect to increased water
deliveries. These values (shadow prices) for water indicate the

marginal contribution to net income from the last acre foot employed

in crop production.
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Table 12. Marginal value product of water corresponding to different
availabilities of water.

Availability of water Shadow price (MVP)
(% of the normal) ($)
120 7.63
109 7.63
108 9.50
107 10.01
106 10.01
105 20.29
104 20.29
103 20.83
100 20.83
99 21.23
78 21.23
77 38.79
75 38.79
74 46.12
55 46.12
54 47.65
52 47.65
21 i 4
50 55.07

The derived value of the marginal product function is shown as
Figure 4. A quadratic equation with an r2 of .90 was calculated using

the least squares method:

Y = 103.29 - .0099X + .00000018 X2,
Where:
Y = MVP of water

X

annual area water supply in acre feet.

Figure 4 illustrates the movement in shadow prices as various

amounts of water were assumed to enter into the L.P. model solutions.
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Figure 4 may be interpreted as an approximation of a possible

demand curve for water in the Delta area during the period when this
study was made.

The arc elasticity of the demand curve between the normal supply
of water (10,879.87 acre feet) and 6,527.87 (60 percent of the '"mormal"
supply of water) is -.662.

The inelastic demand can be explained on the basis that if farmers
could not obtain the minimum water required for crops, the reduction in
the benefits will be greater than the prices paid for water.

In order to make the shadow and market price comparisons, it is
necessary to develop intervals of water availability due to fact that
the percentage and ranges of observed water supplies and prices do not
correspond exactly to the water supply percentages associated with the
calculated shadow prices. To calculate the '"in between' shadow price
a weighted average of the prices bracketing the extra water availability
is employed. The weighting factor is the observed frequency of each
of the "bracketed" shadow prices. In some selected water availability
intervals, three shadow prices are known; only one weighted average
price is computed.

Table 13 shows the observed average market prices for water
at different levels of water supply in various years for the Delta

area. 1

lThe values are averages of prices observed within one irrigation
season.
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Table 13. Observed market prices for water at different levels of
water supply for Delta Area, Utah.

Water available per Rental price per
irrigated acre acre foot\ad

Year (acre~feet per acre) S

1961 .8249 19.94
1963 .8809 16.95
1956 <9441 10.40
1957 x 9713 15.13
1960 1.0327 15.89
1964 1.0454 15.00
1954 1.3772 6.46
1951 1.3938 5.66
1955 1.3951 6.44
1959 1.4131 6.96
1962 1.4644 9.94
1950 1.8168 i
1958 1.8475 4.98
1953 22250 2.70
1952 2.2417 3.95

(a)Rental price adjusted to real terms by using U.S. Wholesale Price
Index, 1957-59 base. ;

Source: (5)

The calculated shadow prices of water imply that everybody assoc-

n '

iated with the irrigation system has equal 'water rights.'" Thus, once
the pre-season supply is known, the price is assumed to stabilize and

remain fixed. In the '"real world" water rental prices vary throughout
the season among other things, to natural disasters and abrupt changes

in the price of other inputs or products. Nevertheless, the known pre-

season water supply has an important bearing on prices. Fullerton (5)

found that 75 to 90 percent of the variability in rental prices was

explained by changes in the water supply.
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Table 14 and Figure 5 show the comparison between average weighted
shadow prices of water obtained from the linear program and the ob-
Both series are adjusted to

served average water prices for the area.

1959 price levels.

Table 14. Comparison among average weighted shadow prices of water
and the observed market prices for water in the Delta area.

Water supply M.V.P. Observed market

(acre feet of water (8) prices of water (P)
per irrigated acre) ($) ($)
.65 - .85 42.46 19.94
«89 = 1.05 40.35 14.10
1.05 - 1.25 20.85 14.77
1.25 - 1.45 18.63 6.38
1.45 - 1.65 7.88 9.94
1.65 - 1.85 6.75 3:33

(a)Weighted average. Adjusted to real terms by using U.S. Wholesale
Price Index, 1957-59 base.

(b)Average prices obtained from a range of 15 years (1950-1965).

Source: (5)

The test of the reliability of the model by this comparison is
not all that might be hoped. Certain refinements could be employed.

For example, it would be more accurate to introduce into the linear

programming the selling and input prices prevailing in the years
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observed by Fullerton. (1) The water prices observed by Fullerton (5)
could also be corrected for long term trends due to technological

advances, etc.

Possibility of Adapting This Work to Virgin Areas

For new irrigation systems, this methodology appropriately
adapted to the given conditions of the area will be a powerful planning
device.

A brief explanation of one possible way of adaptation of this

(Das a rough check on whether the differentials between the observed
(market) and shadow prices of water (Figure 4) might be reduced if
contemporary crop prices were employed, 1950, 1961 and 1969 data are
shown below for 3 of the selling activities, Based on Tables 13 and
14 the 1961 shadow prices would be above the observed prices, while
the reverse is true in 1950. It is evident that on balance intro-
duction of 1950 prices would probably widen the differential and the

same is true for 1961.

Adjusted prices 2@

1950 1961 1969
Enterprise i # i
Alfalfa seed 46.52 38.75 30.42
Corn silage 7.05 8.33 433
Calf 25,19 2300 28.76

2 )
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research to virgin areas follows. After the preliminary studies are
completed in the area, the cost of the project has to be calculated
under different irrigation layouts. A priori the less expensive
irrigation alternative is taken as the best possibility. Employing
synthetic crop budgetg while introducing constraints associated with
the given conditions of the area permits an optimum enterprise combi-

nation to be obtained by the use of linear programming.

According to the physical characteristics of soil, climate, etc.,
a water loss coefficient could be calculated for each irrigation
delivery system. With that coefficient it is possible to measure the
change in water availability due shifting from one management method
to another one. Linear programming optimizations can be obtained for
each new availability of water. The present value of construction plus
operation and maintenance costs for the different management schemes
could be compared with the present value of benefits for each avail-
ability of water. This would reveal the irrigation construction and
management which is going to give the best use of the resources of
the area.

There are also other interesting possibilities of the use of this
methodology. The shadow prices of water obtained from the linear
program procedure could be considered as an initial indication of the
maximum possible price to be paid by farmers included in the project.

The problems encountered in this work when total area results are
related back to the original number of farms will be avoided when

developing new irrigation projects by means of specialization sub-areas

within the projects.
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SUMMARY AND CONCLUSIONS

The objectives of this study were: (1) to create an optimum
enterprise combination by means of linear programming; (2) to measure
the change in benefits associated with a reduction in water losses;
(3) compare shadow prices obtained from the linear program method
with observed market prices of the area; (4) measure the change in
benefits and in optimum enterprise combination whenever a change in
water supply occurs; and (5) observe the possibility of adaptation
of this work to new irrigation projects.

The first objective was reached using the input-output coefficient
obtained from the area, other sources of information, and assuming the
normal supply of water to be 1.39 acre feet per irrigated acre.

To achieve the second objective it was necessary to assume a
reduction in the quantity of losses when changing management between
10 and 25 percent. This means was employed because the exact figures
are unknown. A reduction in losses of 25 percent would be worth about
$12,000 per year in the Delta area.

In reaching the third objective, the shadow prices obtained by
the increase and decrease of water supply by 1 percent, were adjusted
using the U.S. Wholesale Price Index, in order to make them comparable

with a time series of observed water market prices in the area. The

model does not predict the market prices very accurately.




The fourth objective was achieved by comparing the value of the
value of the objective function and cﬁanges in enterprise patterns
when changes in the normal supply of water would be anticipated early
in the season. A 50 percent cut in water availability has a great
effect on area income. A 25-30 percent cut has a 15 percent effect.

The possible adaptation of this work to virgin areas was treated
by explaining a possible way of planning irrigation systems using
the methodology followed in this work.

According to the results obtained, the shift from demand delivery
method to a more efficient one (whether this is rotation, continuous
flow or any combination of those) might be adopted in the Delta
area, because the reduction in losses associated with the change in
the irrigation scheme represent an increase in the beneifts through
an increase in the value of the objective function and a decrease in
the costs of operation and maintenance. But this is an priori
conclusion because it first is necessary to find the costs associated
with the system alternations generated by the management change. If
this value is subtracted from the loss benefits obtained previously,
it could be possible to have a net increase in benefits with a shift
to a non-demand system. However, a demand system has certain conven-
iences, the values of which are hard to measure.

The shadow prices obtained for water in the Delta area are
observed as a declining function with respect to available water.

The same characteristic is observed in the water market prices for

the same area. The difference in water rights, changes in prices,

and other factors, explain why the observed market prices are lower
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than the calculated marginal value product of water for the same
availability of water for the whole area.

The necessary adjustments, that the farmer might be able to make
when the predicted supply of water changes at the beginning of the
irrigation season, were taken into account in this research. Farmers
could know which crops they have to plant in order to achieve the
maximum possible benefits.

Adaptation of this work to the planning of new irrigation systems,
is possible to achieve, taking into account the existing conditions
of the proposed project area.

To complete this work, estimation of the costs associated with

the alternate management of the system is necessary.
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NEED FOR FURTHER RESEARCH

ON INTRATEMPORAL WATER ALLOCATION

Whenever a change in water availability occurs during an irrigation
season, the farmers have to decide what will be the best irrigation
practice adjustment to follow in order to maximize their income.

To work on this problem it is necessary to include in the linear
programming model some method of changing the water supply within the
irrigation season, in order to maximize the net returns to the land
unit.

Suppose the farmers are faced with a normal supply of irrigation
water and rainfall. With this pre-season expectation they establish
the cropping pattern and enterprise combination to maximize their
incomes. Later the expected rainfall is reduced by some quantity.

This shortage could be viewed in two ways:

(a) The rainfall shortage is for only one month, after which
the water fainfall remains as predicted;

(b) the rainfall shortage continues for the rest of the season
according to the new predictions of meteorological reports.

What do the farmers have to decide? They need to know whether
to reduce the amount of irrigation to some crops in a '"short'" month (a)
while returning to the previous schedule later or to hold at a reduced

level the remainder of the season (a)(b). When should they short an

existing crop and begin new enterprises (b)? What is needed is

technical information about what happens to growth, yield and quality




when crops are put under short moisture stress at various stages of
their growth cycles. If this were available it would be possible to
introduce the necessary data and constraints into the L.P. model.
The other side of the temporal problem is increase in water
supply during the irrigation season. In that case, the farmers must

decide whether to save water for the next irrigation period or sell

1Es
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APPENDIX: STUDY DATA




Table 15 Selected crops, yields, costs, water, and labor requirements - Delta, Utah, 1971

T —

Water requirement Labor requirement
Crop Yield Cost Net (hours) (hours)
return &
(ton) (%) (%) April May June July. August  Sept. April May June July  August Sept.
Alfalfa hay 1 5.50 65.20 .50 .50 .50 1.00 .50 .50 2.65 .77 1.50 2.00 .50 1.25
Alfalfa hay 2 4.00 47.67 .50 .50 .50 .50 2.65 +21 1.25 1.25 .50 .25
Alfalfa hay 3 2.50 32.87 .50 .50 2.65 .27 1.00 .50 .25
Alfalfa hay 4 5.20 61.58 45 .45 .45 .90 .45 45 2.55 s 71 1.40 .45 1.15
Alfalfa hay 5 5.06 60.97 .40 .40 .40 .80 .40 .40 2.45 .66 1.31 1.71 .40 1.08
Alfalfa hay 6 4.84 60.25 .35 .35 35 .70 .35 435 2.35 .61 1.21 1.56 35 1.01
Alfalfa hay 7 4.40 57.53 .30 .30 .30 .60 .30 .30 2.30 .56 1.1 1.40 .30 .90
Alfalfa hay 8 4.13 54.87 .25 .25 .25 .50 .25 .25 2.25 .50 1.00 1.25 .25 .82
Corn 1 20.00 62.29 1.00 1.00 1.00 1.00 .80 1.40 1.25 1.00 5.00
Corn 2 12.00 47.55 1.00 1.00 .80 1.40 1.25 2.40
Corn 3 18.60 58.63 .90 .90 .90 .90 .80 1.30 1.15 .90 4,62
Corn 4 16.60 54.67 .80 .80 .80 .80 .80 1.20 1.05 .80 4,11
Corn 5 15.00 50.91 .70 .70 .70 .70 .80 1.10 .95 .70 3.70
Corn 6 12.00 46 .45 .60 .60 .60 .60 .80 1.00 .85 .60 3.00
Corn 7 11.00 42.99 .50 .50 .50 .50 .80 .90 .75 .50 2.70
Barley 1 1.90 54,73 1.00 .50 2.30 .50 .60 1.00
Barley 2 1.14 47.36 1.00 2.30 .10 .60
Barley 3 1.71 51.51 .90 .45 45 2.20 .45 55 .90
Barley 4 1.61 48.76 .80 .40 .40 2.10 .40 .50 .85
Barley 5 1.52 46.07 .70 .35 .35 2.00 .35 45 .80
Barley 6 1.33 42 .85 .60 .30 .30 1.90 .30 .40 A5
Barley 7 1.23 40.10 .50 25 .25 1.80 .25 £35 .70
Alfalfa seed 1 .182 89.09 42 .91 1.50 1.00 .37 1.93 2.10
Alfalfa seed (hay) 1 1.50 43,11 .50 .50 .50 1.03 .77 1.25
Alfalfa seed 2 .159 76.92 38.58 1.00 .50 .37 1.43 1.48
Alfalfa seed (hay) 2 1.00 28.12 .50 .50 . 1.03 .77 .50
Alfalfa seed 3 .136 70.43 38.57 .50 .50 .37 .60 1.35
Alfalfa seed (hay) 3 1.00 24 .43 .50 253 iy ; .50
Alfalfa seed 4 .167 86.28 35.16 1.35 .90 .37 1.78 1.91
Alfalfa seed (hay) 4 1.43 32.67 45 .45 45 .98 o 1:10
Alfalfa seed 5 . 155 83.59 28.61 1.20 .80 .37 1.63 1.65
Alfalfa seed (hay) 5 1.38 31.33 .40 .40 .40 .93 .65 1.08
Alfalfa seed 6 . 145 81.14 24.46 1.05 .70 .37 1.48 1.44
Alfalfa seed (hay) 6 1.32 29,95 35 +3 3 .88 .59 1.00
Alfalfa seed 7 +«118 7752 8.28 .90 .60 + 37 1.33 1.23
Alfalfa seed (hay) 7 1.20 28.28 .30 .30 .30 .83 .53 .90
Alfalfa seed 8 .205 97.39 51.11 1.50 1.50 37 1.93 2.73
Alfalfa seed (hay) 8 1.50 34,11 .50 1.00 .50 1.03 1.27 1,25
Alfalfa seed 9 .155 75.91 36.29 1.00 .50 .37 1.10 1.95
Alfalfa seed (hay) 9 1.00 24.43 .50 .53 .77 .50

99
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Table 16. Cost (1) and returns per unit (1 calf) in the calf-yearling I
enterprise, Delta, Utah, 1971.

Receipts
1 yearling x $212.00 x .988 = $209.45(2)

Expenses

Calf purchase $135.00

Veterinary expenses 1.00

Rent of range 4.50(3)

Supplements and minerals 2.50(4)

Various 1.40

Total $144.40

Returns 5 65.05

Requirements of food per unit

Corn silage 2.5 tn during 7 months
Alfalfa hay .8 tn during 7 months
Barley .08 tn during 7 months

——

(1)

Does not include the cost of food produced in the farm.
(2)2% of death losses per annum.

(3cost of renting range is $3.00 per month per A.V. The calf
is assumed to have an average of .5 A.V., and they are on the
range for 5 months.

(4)

Includes expenses for corral, etc.
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Table 17. Cost and returns per unit (1 calf) in the calf-yearling II
enterprise, Delta, Utah,* 1971.%*

Receipts
1 yearling x $190.80 x .988 = $188.47.

Expenses

Calf purchase $135.00

Veterinary expenses 1.00

Rent of range 4.50

Supplements and minerals 2,50

Various 1.40

Total $144.40

Returns $ 44.01
Requirements of food per unit

Corn silage 2.25 tn during 7 months

Alfalfa hay .72 tn during 7 months

Barley .07 tn during 7 months

* See notes, Table 16.




Table 18. Cost and returns per unit (1 calf) in the calf-yearling III
enterprise, Delta, Utah, 1971.%

Receipts
1 yearling x $171.72 x .988 = $169.66

Expenses
Calf purchase $135.00
Veterinary expenses 1.00
Rent of range 4,50
Supplements and minerals 2.50
Various 1.40
Total $141.40
Returns $ 25.16

Requirements of food per unit

Corn silage 2.00 tn during 7 months
Alfalfa hay .64 tn during 7 months
Barley .06 tn during 7 months

*See notes for Table 16.




Table 19. Costs(l)and returns per unit (1 cow and 1 calf) of the
beef cow-calf feed enterprise I, Delta, Utah, 1971.

Receipts
1 yearling x $212.00 x .98 x .90 x .84 = $157.06(§)
1 cull cow x $170.00 x 16 = 27,2043
1 heifer replacement x 600 lbs. x $.26 x .20 = $31.20(5)
Total $§215.46
Expenses
Veterinary expenses $ 4.20
Breeding charge 3.15
Supplements and minerals 14.00
Various 1.40
Range rent (4) 24,30
Total S 47.05
Returns $168.41
Requirements of food per unit(6)
Corn silage 17.34 tn (10.7 x 1.62)
Alfalfa hay 5.56 £tn (3.43 x 1.62)
Barley .56 tn (.343 x- 1.62)

—— —

— —

(l)Does not include the cost of the food produced in the farm.
(2)2 percent of dead losses per annum
90 percent of calf crop
84 percent of calves are sold
(3)Average weight - 1,000 pounds
Price per unit - 17 cents
(A)Percent of replacement - 16
1.62 AV x $3/month/AV x 5 months = $24.30
(5) 20 percent of replacement, $26/100 pounds

(6)Cows 1.00 av.
Calves « 3%
Heifer .16

Yearling .12
1.62

70
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Table 20. Costs and returns per unit (1 cow and 1 calf) in the
beef cow-calf enterprise II, Delta, Utah, 1971.%*

Receipts
1 yearling x $190.80 x .98 x .90 x .8¢ = $141.36
1 cull cow x $153.00 x 18 = 24,48
1 heifer replacement x 600 lbs. x $.26 x .20 = 27.60
Total $193.44
Expenses
Veterinary expenses S 4.20
Breeding charge O 4.0
Supplements and minerals 14.00
Various 1.40
Range rent 24,30
Total $ 47.05
Returns $146.39
Requirements of food per unit
Corn silage 15.61 tn/yr
Alfalfa hay 5.00 tn/yr
Barley .50 tn/yr

*See notes for Table 19.
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Table 21. Costs and returns per unit (1 cow and 1 calf) of the beef
cow-calf feed enterprise III, Delta, Utah.®

Receipts

1 yearling x $171.72 x .98 x .90 x .84 = $§127.23

1 cull cow x $137.70 ¥ 216 = 22.03

1 heifer replacement x 600 lbs. x $.21 x .20 = 25.20

Total $174.46

Cost S 47.05
Returns 512741
Requirements of food per unit

Corn silage 13.88 tn/yr

Alfalfa hay 4.44 tn/yr

Barley .44 tn/yr

*See notes for Table 19.




Table 22. Linear programming matrix

Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa
Hay 11 Hay 12 Hay 13 Hay 21 Hay 22 Hay 23 Hay 31 Hay 32 Hay 33 Hay 41 Hay 42 Hay 43 Hay 51

Ohjertive Function -21.44 -25.13 -18.63 -15.43 -19.12 -13.12 -13.12 -13.12 - 6.63 -20.62 -23.54 -17.42 -19.96
April Labor 1.55 .55 «55 1.55 .55 29 1:55 .55 55 1.45 <35 0D 1:35
May labor Y .27 «27 1L .66
June Labor 1.00 .50 o o .50 .50 .50 .95 .45 .91
July Labor 2.00 1.25 .50 1.85

August Labor .50 .50 45

Geptember labor 1«25 1.25 1.15

October Labor

Novenmber Labor
Cerember Labor
Jaruary Labhor

February Labor
March Labor

Alfalfa Hay ~ 2.00 - 2.00 - 1.50 - 1.50 - 1.50 - 1.00 - 1.00 - 1.00 - 50 - 1.90Q - 1.90 - 1.40 - 1.84
Corn

Barley

Water, April .50 .50 .50 W45 .40
Water, May .50 <45 <40
Water, June .50 .50 «45
Water, July 1.00 .50 .50 .90

Water, August .50 .50 45
Water, Septemher .50 45

Land

e
.

1.00 1.00 1.00 1.00

Convent ional
Convent {onal
Conventional
Convent {nnal
Convent{onal
Conventional
Conventional
Conventional
Conventional
Conventional 10
Conventiounal 11
Conventional 12
Conventfonal 13
Conventional 14
Conventional 19
Conventicnal 16
Conventional 17
Conventional 18
Conventional 19
Conventional 20
Conventional 21
Conventional 22
Conventional 23

- 1.00

88 8

- 1.00

- 1.00
- 1.00

28

- 1,00

O DN ARSWN

b
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Table 22. (Continued)

Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa 41falfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa
Hay 52 Hay 53 Hay 61 Hay 62 Hay 63 Hay 71 Hay 72 Hay 73 Hay 81 Hay 82 Hay 83 Seed 11 Seed 12

Dhjecrive Function ~-23.28 -17.73 -19.59 -22.91 -17.75 -18.86 -22.18 -16.49 -18.39 -20.31 -16.17 §2.91 -34.11
April Labor «33 «55 1.25 o b +35 1.20 «55 35 1.15 .35 +35
May lLabcr .61 .56 .50

June Labor .40 .86 .35 .81 .30 > 25
July Labor 1.71 1.56 1.40 1.25
August Labor .40 + 33 .30

September labor 1.08 1.01 .90

October labor

November Labor

Decermber Labor

January lLahbor

February Labor

March Labor

.37 1.03
77
1.25

.25 2.10
.82

Alfalfa Hay - 1.84 - 1.38 - 1.76 -1.76 - 1.32 -1.60 - 1.60 - 1.20 - 1.50 -1.50 - 1.13 - 1.50

Corn
Barley

Water, April .35 .30 .25

Water, May .35 .30 .25 .50
Water, June . &0 .35 .30 .25 .50
Water, July .80 .70 .60 .50 .50
Water, August .40 539 .30 25 1.50

Water, September .40 .35 .30 .25 1.00

Land 1.00 1.00 1.00 1.00

Conventinnal
Convent {onal
Conventional
Conventional
Conventiconal
Cocnventional
Convent{onal
Convent fonal
Conventional 9 - 1.00

Conventional 10 - 1,00

Conventlonal 11 1.00 - 1.00
Conventional 12 1.00
Conventional 13 1

Conventlonal 14 1 - 1.00
Conventiunal 19 1.00
Conventional 16 1.00
Conventional 17

Conventional 18

Conventional 19

Conventional 20

Conventional 21

Conventional 22

Conventional 23

[« - BRI SRV N N

- 1.00
.00 - 1.00
06

- 1.00
1.00
1.00 - 1.00

L




Table 22. (Continued)

Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa Alfalfe Alfalfe Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa

Seed 21 Seed 22 Seed 31 Seed 32 Seed 41 Seed 42 Seed 51 Seed 52 Seed 61 Seed 62 Seed 71 Seed 72 Com 1

Objertive Function 38.58 -28.12 38.57 -26.43 35.16 -32.67 28.61 -31.33 24,46 -29.95 8.28 -28.28 -62.29
April Labor 37 1.03 «37 «33 «37 .98 +37 .93 .37 .88 37 .83 .80
May Labor 17 s AT o77 .65 39 «53 1.40
June Lahbor .50 .50 1.10 1.08 1.00 .90 1:25
July Labor 1.43 .60 1.78 1.63 1.48 1.33 1.00
August Labor 1.48 1.35 1.91 1.65 1.44 1.23 5.00

Septerher labor
Ortohber Labor
Hoverber Labor
December Labor
January Labor
February Labor
March Labor

Alfalfa Hay - 1.00 - 1.00 - 1.43 -1.38 - 1.32
Corn

Barley

- 1.20

Water, April

Water, May .50 .45 .40 +35 1.00
Water, June .50 «50 .45 .40 .35 .30 1.00
Water, July .45 .40 .35 .30 1.00
Water, August 1.00 .50 1.35 1.20 1.05 .90 1.00
Water, September .50 .50 .90 .80 .70 .60

Land 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Convent ional
Conventional
Conventfional
Conventional
Conventi{rnal
Convent {onal
Conventional
Conventlonal
Counventlonal
Conventi{cnal 10

Conventional 11

Conventlional 12

Conventional 13

Conventional 14

Conventional 1%

Conventional 16

Conventional 17

Conventional 18 1.00 - 1.00

Conventional 19 1.00 - 1.00

Conventional 20 1.00 - 1.00
Conventional 21

Conventional 22

Conventional 23

VDR N S WN -

1.00 - 1.00
1.00 - 1.00
1.00 - 1.00

GL




Table 22. (Continued)

Corn 2 Corm 3 Corn 4 Corn 5 Corn 6 Corn 7 Barley 1 B;rley 2 Barley 3 Barley &4 Barley 5 Barley 6

Barley 7
Objective Function -47.55 -58.63 -54.67 -50.91 -46.45 -62.99 -54.73 -47.36 -51.51 -48.76 -46.07 -42.85 -40.10
Apri{l Labor .80 .80 .80 .80 .80 .80 2.30 2.30 2.20 2.10 2.00 1.90 1.80
May Labor 1.40 1.30 1.20 1.10 1.00 .90 .50 .45 .40 «35 .30 «25
June Labor 1.15 1.05% .95 .85 .75 .60 .10 «S55 .50 .45 .40 35
July Labor 1.25 .90 .80 .70 .60 « 50 1.00 o735 .90 .85 .80 .75 .70
August Labor 3.00 4.62 4.11 3.70 3.00 2.70
Septecber lLabor
October Labor
Novez=ber Labor
Dececber Labor
January Labor
February Labor
March Labor
Alfalfa Hay
Corn -15.00 -18.60 -16.60 -15.00 -12.00 -11.00
Barley - 1.90 - 1,43 -1.17 - 1.61 - 1,52 = 1.33 -1.23
Water, April 1.00 1.00 .90 .80 .70 .60 .50
Water, May 1.00 .90 .80 .70 .60 .50 .50 .45 .40 +35 .30 «29
Water, June .90 .80 .70 .60 .50 .50 45 .40 .35 .30 «23
Water, July . 50 .90 .80 .70 .60 .50
Water, August .50 .90 .80 .70 .60 .50
Water, September
Land 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

9¢




Table 22. (Continued)

Sell Sell Sell
Calf 1 Calf 2 Calf 3 Beef 1 Beef 2 Beef 3 Alfalfa Alfalfa Alfalfa Sell Sell Sell Sell
Hey 1 Hay 2 Hay 3 Corn 1 Corn 2 Corn 3 Barley 1

Objective Function 65.05 §4.01 25.16 108.41 146.39 127.41 17.00 15.00 13.00 6.00 5.00 4.00 42,10
April Labor 1.50 1.00 1> .80 .50 .50
May Labor 1.50 1.00 19 .80 .50 .50
June Labor .80 .50 .50
July Labor .80 .50 )
August Labor .80 .50 .50
Septenber Labor 1.80 1.00 1.00
October labor 1.80 1.00 1.00
Noverber Labor 1.50 1.00 .75 1.80 1.00 1.00
Dece=ber Labor 1.50 1.00 L 1.80 1.00 1.00
January Labor 1.50 1.00 13 1,80 1.00 1.00
February Labor 1.50 1.00 w15 1.80 1.00 1.00
March Labor 1.50 1.00 .75 1.80 1.00 1.00
Alfalfa Hay .80 il . 64 5.56 5.00 .44 1.00 1.00 1.00
Corn 2.50 2.25 2.00 17.34 15.61 13.88 1.00 1.00 1.00
Barley .08 .07 .06 .36 .50 44 1.00

Water, April
Water, May
Water, June
Water, July
Water, August
Water, September

Land

LL




Table 22. (Continued)

Water Water Water Water Water-
Sell Sell Transfer Transfer Transfer Transfer Transfer
Barley 2 Barley 3 1 2 3 2 5

Objective Function 33.68 25.20
April Labor 19,800.00
May Labor 19,800.00
June Lahor 19,800, 00
July Labor 19,800.00
August Labor 19,800,00
Septerber Labor 19,800,00
October Labor 19,800.00
Roverber Labor 19,800.00
Decezber Labor 19,800.00
January Labor 19,800.00
February Labor 19,800.00
March Labor 19,800.00
Alfalfa Hay
Com
Barley 1.00 1.00
Water, April 1.00 10,789.87
Water, May - 1.00 1.00
Water, June - 1.00 1.00
Water, July - 1.00 1.00
Water, August - 1.00 1.00
Water, September - 1.00
Land 7,816.00
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