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INTRODUCTION

The OPEC 01l embargo of 1973 and the natural gas curtailments
during the severe winter of 1976-1977 served to focus concern on the
energy supply-demand situation in the United States {Federal Energy
Administration; VanArsdall and Devlin). While many alternative solu-
tions to the 'energy crisis' and the 'natural gas shortage' have been
proposed, all include one or more of the following major objectives:
(1) an increase in natural gas supplies, (2) a decrease in natural gas
demand, and/or (3) development of alternative energy sources (Texas
Governor's Energy Advisory Council). These proposals differ in pricing
mechanisms, degree of governmental involvement, and other aspects; but
it seems certain that energy users, particulariy natural gas users,
can expect higher prices for energy over the next 5 to 10 year period.

There is a pressing need for analysis of the potential effects of
increasing energy prices on different sectors of the economy. This
need is particularly critical in the case of agriculture, since farmers
are price-takers and cannot 'pass through' higher energy costs.

While higher energy prices and/or reduced energy supplies will
have significant impacts on agriculture as a whole, the impacts will
not be distributed equally between regions and enterprises. Irrigated
crop production is relatively more energy intensive than dryland pro-
duction; therefore, producers in irrigated regions will be more severely

affected. Higher energy prices will tend to reduce production and

Citations in this study follow the style and format of the
American Journal of Agricultural Economics.




increase crop prices. Since demand for farm products is generally
inelastic, total farm income will be increased. But irrigated regions
will incur the majority of the increased costs and only a portion of
the increased income resulting in a shift of comparative advantage to
dryland farming regions (Dvoskin and Heady).

The Trans Pecos Region of Texas has already experienced severe

price increases for natural gas and substantial adjustments in irrigated
farming. This region, with irrigated acreage totaling less than five
percent of that in the High Plains, received national attention in 1975
as the price of natural gas dramatically increased over 450 percent
from $.40 to $1.85 per thousand cubic feet (MCF). This translates into
a 60 percent increase in pumping costs or a 10-15 percent increase in
the cost of producing cotton {(Condra, Lindsey, Neeb, and Philley).
Many farms have been abandoned and other farmers are near default on
land and/or operating loan payments. Lenders are also reluctant to
foreclose or make new loans because the collateral value of land has
been severely reduced under the depressed land market conditions

(Newsweek, American Cotton Grower, Lynch, 0dle). Land prices have

fallen from $500 per acre in the 1960's (Sindt) to $200 per acre in
1972 (Schmedemann) and finally to current levels of $100-200 per acre
{Lynch).

Cost and return budget projections indicate that the Trans Pecos
region can compete with many other irrigated regions in the production
of cotton and other crops if improved management practices are adopted
(Condra 1978). However, these changes generally require the committment

of resources, and herein lies the basic problem. The future of irri-



gated crop production is uncertain in many regions, but there is even
greater uncertainty in the Trans Pecos. This uncertainty leads to re-
luctance of new farmers to move in, investors to buy land, and lenders
to furnish capital. More information is badly needed concerning the
future of irrigated crop production in the Trans Pecos.

Farmers, investors, and lenders need the answers to two basic
questions: (1) Can an irrigated farm survive in the Trans Pecos? and
(2) If an irrigated farm does survive, how profitable will it be? The
answers to these questions are of critical importance to the Trans
Pecos, but they also have important implications for other irrigated
regions facing energy price increases. Thus policy makers also need
the answers to these questions as they consider energy and farm program
legislation.

Therefore the Trans Pecos, unlike other irrigated regions, provides
the best opportunity in the United States to analyze directly the im-
pacts of a dramatic energy price increase. Furthermore and more impor-
tantly, the Trans Pecos offers an opportunity to analyze alternatives
which may lead to the survival of irrigation in this and other irrigated

regions.

Objectives

The overall objective of this study was to investigate the future
economic implications of irrigated crop production in the Trans Pecos.
Specific objectives of this study were:

1. To develop a computerized model to plan, simulate, and evaluate

a farm's organizational activities, incorporating capital,
risk, and time considerations.



2. To estimate the profitability and rate of survival for an irri-
gated farm in the Trans Pecos under alternative future crop and
energy price scenarios.

3. To compare the estimated profitability and rate of survival for
an irrigated farm in the Trans Pecos with similar estimates
from another irrigated area.

4. To test the sensitivity of the results to changes in the

assumptions regarding tenure situation and risk-aversion
behavior of the farmer.

The Study Area

The Trans Pecos is a vast region of over 18 million acres in far
west Texas with elevations ranging from 2500' to 8750' above sea Tevel.
Annual rainfall over most of the area is less than 12' (Godfrey, Carter,
and McKee), so all crop production is under irrigation. There are 14
irrigated areas; but over 70% of the irrigated acreage is Tocated in
the Pecos Valley, which is comprised of 10 of these areas located in
Pecos, Reeves, and Ward Counties. The other areas are the Wild Horse
and Lobo Valleys in Culberson County, the Dell Valley in Hudspeth
County, and the Presidio Valley in Presidio County (Longnecker and
Lyerly; Texas Water Development Board). Most of the irrigation is from
ground water sources and natural gas powers over 60 percent of the
pumping plants {Texas Crop & Livestock Reporting Service 1976).

Development of large-scale irrigation with ground water in the
Trans Pecos began in the 1940's and reached a peak in the mid-1960's.
Total irrigated acreage reached 290,000 acres in 1964 and declined by
about 37 percent to 184,000 acres in 1974. This dramatic reduction in
irrigated acres in the decade between 1964 and 1974 has been attributed

to a number of factors including: (1)} declining cotton yields, (2)



increased production costs, and (3) changes in the government farm
program, The decline in cotton yields has been partially explained by
climatic changes and the advent of mechanized harvesting. As yields
declined, farmers increased irrigation and fertilizer levels in an
effort to regain previous high yields (Sindt}; which, in turn, in-
creased the insect pest problem resulting in even greater yield reduc-
tions (Pate, Hefner, and Neeb}. Production costs increased because

of (1) increased insect pest control costs; (2) increased input costs,
i.e., inflation; (3) increased pumping costs (associated with declin-
ing well yields and increased pumping 1ifts}; and (4) reduced crop
yields without corresponding reductions in fixed and variable produc-
tion inputs (Sindt).

Cotton, the primary cash crop, accounted for 43 percent of the
irrigated acreage in 1964. As the profitability of cotton produc-
tion decreased, cotton acreage declined in relatively the same propor-
tions as total irrigated acreage. Sorghum and small grains remained
marginally profitable, but the net returns from these crops were not
sufficient to maintain the typical farm unit (Sindt)}. Vegetables
also remained profitable {Extension Economists-Management), but
their replacement of cotton as a primary crop was limited because of
their relatively high market risk. Vegetable production has tradi-
tionally required a substantial degree of financial stability on the
part of the producer, a condition unrepresentative of most producers
in the Trans Pecos (Sindt).

The dramatic increase in the price of natural gas in 1975-76



led to even greater reductions in irrigated acreage {Texas Crop &
Livestock Reporting Service 1976). Many producers have moved, gone
bankrupt, or simply left their land idie {Newsweek). While the increase
in the price of natural gas in 1975-1976 was not responsible for the
decline in irrigated acreage in the decade preceding 1974, it has contri-
buted significantly to the situation which exists today in the Trans
Pecos.

The Trans Pecos region is characterized by significant variation in
soil types, ground water quality, pumping depths, and annual rainfall.
Therefore, to minimize aggregation errors this study was limited to one
area, the Coyanosa area in the Pecos Valley (Figure 1). Development of
irrigation in the Coyanosa area began in 1948 and reached a peak in
the early 1960's, with approximately 40,000 acres under irrigation
and over 300 wells lifting water from the Pecos aquifer. The water
quality varies but generally total dissolved solids are less than 2000
ppm (Texas Water Development Board). The typical well in this area is
drilled 500-1000 feet deep with a T1ift of 350-400 feet (Kent).

The soils of the Coyanosa area are silty clay loams and clay lToams.
which are well suited to crop production under irrigation (Soil Conser-
vation Service). The growing season ranges from 215 to 230 days and
annual rainfall is about 14 inches (Hildreth and Orton; Griffiths and

Orton).

Review of Literature

The following review of literature was developed to address two

major points. The first section includes studies dealing with the
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impact of increasing energy prices on agriculture. The second section
includes studies which represent applications of various quantitative

techniques which are especially relevant to this research effort.

Impact of Increasing Energy Prices

The prospect of increasing energy prices has raised.many questions
regarding potential impacts on the economy as a whole, the food and fiber
system, and the consumer, Penn and Irwin estimate that in the shortrun
a 10 percent reduction in natural gas usage would decrease employment
and GNP by 7.5 percent and 6.8 percent respectively. These results
include a projected 5.4 percent reduction in ocutput from the agriculture,
forestry, and fisheries sector. Another study (Moriak) estimates that
a 20 percent annual increase in energy costs would result in sharply
higher crop prices, substantially higher livestock prices, and one-third
reduction in net farm income. Thus, it-becomes apparent that the poten-
tial impact of energy prices and energy legislation on the U.S. economy
and the food and fiber system is significant.

The magnitude of the impact of increasing energy prices on irri-
gated agriculture will be significantly affected by the Tevel of
exports. Dvoskin and Heady estimate that doubling of energy prices by
1985 with exports at 1972-1973 Tevels would result in a 22 percent reduc-
tion in U.S. irrigated acreage. In a more recent study, based on ex-
port levels somewhat higher than 1975 levels, Dvoskin, Heady and English
project a reduction of less than two percent in irrigated acreage with
doubled energy prices. These same results show a four percent shift of

irrigated acres from the South Central Region to the Great Plains



Region. This acreage represents a shift from irrigated to dryland cotton
in the South Central Region. Based on these results, it appears that
irrigated crop production is more vulnerable than dryland production to
energy price increases and/or supply reductions, and that the South
Central Region (Texas, Oklahoma, et al.) is more vulnerable than other
irrigated regions.

Irrigation is vital to Texas Agriculture with over 60 percent of
the total crop value produced under irrigation (Knutson, et al.). In
1974, 8.8 million acres were irrigated with 13.1 million acre-feet of
water, over 78 percent of which was pumped from ground water sources
(Texas Water Development Board). According to Coble and LePori, some
39 percent of total energy used in agriculture was to power irrigation
wells and about 76 percent of the irrigation pumping fuel used in 1973
was natural gas. The fact that ground water is the primary irrigation
source and that natural gas is the primary pumping fuel explains why
Texas irrigated crop production is so vulnerable to increases in energy
prices and/or reductions in energy supplies.

The High Plains is one of the mopst important irrigated regions
in Texas in terms of acreage, crop output, and cash receipts. This
region has over 6 million irrigated acres {Texas Crop and Livestock
Reporting Service 1976) or about 68 percent of the irrigated acreage in
the state. In 1974, 68 percent of the ground water pumped for irriga-
tion in Texas was used on the High Plains (Texas Water Development
Board). This irrigation water was pumped with over 80,000 pump motors,
59 percent of which were fueled with natural gas {Texas Crop & Livestock

Reporting Service 1976). Understandably a major portion of the effort
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to identify the probable effects of energy price increases and energy
supply reductions on irrigated agriculture in Texas has centered on the
High Plains.

A 10 percent reduction in the supply of irrigation-fuel availabie
(i.e., rationing)} to the High Plains could result in a similar decline
in irrigated acreage and a three percent decrease in producer net returns
(Casey, Lacewell, and Jones). However, the effect of natural gas price
increases in the High Plains will be directly related to crop price
levels. Assuming 1971-1974 average crop price levels, regional irri-
gated acreage would likely begin to decline with natural gas price in-
creases over $2.00/MCF. However, the region can sustain much higher
natural gas prices if crop price levels are in the 1975-1976 range
(Condra and Lacewell; Lacewell, Condra and Fish}. These results include
the effects of an energy price increase on regional net farm income but
largely ignore implications for the individual producer relative to net
income or economic viability. Thus, the point must be made that regional
results may not be particularly meaningful for a specific farm because
individual situations and cash requirements to meet fixed obligations
differ greatly. Likewise, failure to consider the effects of energy
price increases on net farm income and financial position of the indivi-
dual farm may obscure the long run effect of energy price increases at
the regional Tevel {Lacewell, Condra, and Fish). More recent analyses
confirm that 'break-even energy prices' vary greatly depending upon
tenure situation, management level, and other factors associated with
the individual farm {Hardin and Lacewell; Shipley and Goss).

It is interesting to note that, while all this attention has
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centered on the potential impacts of energy price increases in the
‘major' irrigation areas, many of these impacts have become a reality

in the Trans Pecos region of Texas. The cost of pumping water increased
from $2.12 to $3.40 per acre-inch due to the 450 percent increase in

the price of natural gas. This translates into increased per acre costs
of $56 for cotton, $36 for grain sorghum, $31 for wheat, and $92 for
alfalfa (Condra 1975).

The increasing cost of energy has stimulated (1) the adoption of
more efficient irrigation pumping and distribution systems, (2) the
search for crops requiring less water, and {3) the development of
improved management production systems for traditional crops in the area.
Efforts to improve the efficiency of irrigation systems have included
re-engineering of existing furrow irrigation systems and changing to
other types of irrigation systems; 1i.e., sprinkler and drip. Many crops
are being evaluated because of their lower water requirements (e.g.,
guayule, jojoba, and tall wheat grass), but there are insufficient data
at this time to adequately assess the economic feasibility of these
crops. However, a great deal of progress has been made in the develop-
ment of an improved management production system for upland cotton. The
ECONOCOT system is designed around the principle of applying only that
level of irrigation water and/or other inputs {(e.g., fertilizer) which
yields the greatest potential profits---not the greatest potential
yield. Demonstrations of this system have resulted in reductions in
costs of production of upland cotton from 70¢ to 50¢ per pound of lint

(Condra, Lindsey, Neeb, and Philley).
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Quantitative Techniques

Sindt developed representative farm and regional linear programming
{LP) models for the Pecos Valley (Reeves County) in 1972. A profit-
maximizing mode] was used to generate optimum production strategies under
alternative Tevels of crop prices. Lacewell, et al. also used represen-
tative farm and regional LP models to analyze long run adjustments of
Texas High Plains farms to changes in the prices of natural gas and
crops. The normative characteristics of LP were modified in this
study through the use of flexibility restraints. Neither of these
studies explicitly consider the effects of cash flows or risk-aversion
on farm adjustments.

Multiperiod linear proaramming (MLP) was used by Martin and Plaxico
to analyze the investment activities of a farm in the Rolling Plains of
Texas; however, alternative enterprise organizations were not considered.
Boehlje and White incorporated enterprise selection into an MLP model
for study of corn-hog farms in Indiana under conditions of known prices
and production levels. Johnson also included risk in an MLP model by
generating stochastic yields for each year of a fifteen year period.

Quadratic programming (QP), which was proposed by Markowitz for
portfolio analysis, was utilized by Adams, et al. to estimate the
effects of energy cost increases on field crop and vegetable production
in California. Whitson, et al. used a multiperiod QP model (MQP) for
analysis of alternative ranch organizations. This study focused on the
trade-off between risk and return for different horizontal and vertical

growth strategies of a model ranch in the Rolling Plains of Texas.
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Recursive programming {RP), a technique developed by Day, was
applied in analyzing alternative policy effects on farms in northern
Germany {Heidhues). This model, unlike most LP models, provided for
investment-disinvestment activities and a functional relationship
between sequential periods. This approach differs from MLP and MQP in
that annual solutions are generated sequentially rather than simul-
taneously. Mapp and Dobbins used RP to investigate the implications of
rising energy costs for irrigated farms in the Oklahoma Panhandle,
including consideration of the effects of changes in pumping costs
associated with exhaustion of ground water supplies of the Ogallala
aquifer.

The previous methods which have been discussed are basically
normative techniques. Computer simulation (CS) is a non-normative
technique which has also been used to study these types of problems.
Patrick and Eisgruber developed a CS model of a farm operation which
included the selection of a farm plan based on the goals of the family,
price expectations, and a consumption function. Hinman and Hutton also
used CS to estimate the returns and risks associated with expanding
dairy farms in Pennsylvania with different levels of equity. This model
included stochastic prices and yields for consideration of risk.

Martin, Lard, and Al-Bandar used MLP, RP, and CS in a farm growth
model for the Texas High Plains. A similar approach was used by Chien
and Bradford in modelling a Kentucky beef farm. Both of these models
modified the previous dynamic-certainty characteristics of MLP, but
neither accounted for the farmer's consideration of risk in planning

enterprise combinations. However, Chien and Bradford did include be-
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havioral restraints to account for personal preference, lumpiness of
inputs, and uncertainty.

Hazell's modified LP model for minimization of total absolute devi-
ations (MOTAD) was used by Schurle and Erven to analyze the addition of
tomato and cucumber enterprises to a traditional farm plan. Shumway and
Gebremeskel also used the MOTAD model to study cow-calf operations in
East Texas and the impact of risk-averse behavior on fertilizer demand
for tame forages.

Chen and Baker have proposed the use of a marginal risk constraint
(MRC) in LP as an alternative to MOTAD or QP for consideration of risk
in farm planning. Separable programming has also been used to study
similar problems {Thomas, et al.).

While this review has briefly presented some applications of quan-
titative technigues to problems which are similar to the problem in this
study, many examples of each approach have not been included, nor have
advantages and disadvantages associated with each technique been dis-
cussed, The following section, dealing with development of the model,
will include relevant discussion of these techniques. This review has
served to show, however, that a variety of approaches have been taken

to similar problems.
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THE MODBEL

A General Description

This mode]l generates estimates of the potential survival and profit-
ability of a farm by simulating its planning and operation under condi-
tions of stochastic prices and yields. Multiple time periods are simu-
lated recursively to consider the effects of outcomes in one time period
upon another and the effects of timing of both favorable and unfavorable
outcomes. The dynamic nature of the model also allows the analysis of
cash flows, Tumpiness of input purchases, and other variables as they
affect the survival and profitability of the famm.

There are four basic steps in the simulation process of this model.
This process is initiated by providing the current, or beginning, farm
situation and proceeds, as follows: (1) an optimal farm enterprise plan
is developed, based on the restraints specified in the beginning situa-
tion and expected crop prices and yields; (2) simulated ('actual')
prices and yields are generated; (3) the operation of the farm is simu-
lated (using 'actual' prices and yields}, including evaluation of the
financial outcome of the farm plan (developed in step 1), payment of
fixed obligations, determination of year-end financial position, and
replacement of machinery; and (4) the planning situation is updated to
reflect adjustments in expected prices and yields, changes in resource
availabilities, and credit restrictions. The process then returns to
step 1 for recursive simulation of the planning and evaluation of the

next year's farm operation. This simulation process is carried out by
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four sub-models: (1) planning, (2) price-yield, (3) financial-account-
ing, and (4) update. The following sections will discuss the character-
istics, functions, and thecoretical considerations associated with the

development of each sub-model.

The Planning Sub-model

Theoretical Development

Many economic studies in the area of farm planning and adjustment
have assumed that the farmer either should or does select a farm plan
to maximize expected net returns. However, there is sufficient evidence
that this assumption often does not describe actual behavior (Lin, Dean,
and Moore; Freund, R.J.), nor does it necessarily serve as a suitable
foundation for deriving farm plans which will meet the objective of the
farmer (Schurle and Erven; Whitson). In fact, Lin, Dean, and Moore
point out that employment of the profit maximization hypothesis has
"generally provided results inconsistent with observed or plausible be-
havior." For this reason, the explicit consideration of risk was in-
cluded in the planning sub-model.

Markowitz's theory of portfolio selection proposed the inclusion of
both expected income (E) and variance (V) of income in the evaluation
of investment alternatives. By minimizing variance of income for each
given level of income, he developed an efficient E-V frontier (Figure 2).
The frontier is efficient in that the investor must accept greater
income variance (V) or risk in order to select a plan with higher

expected income (E). The assumption underlying E-V analysis is that
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Figure 2. Selection of an Optimal Investment Combination from the
Efficient E-V Frontier.
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most investors are risk-averters, thus an investment combination with a
given level of income (E) and risk (V) will provide greater utility to
the investor than another combination with the same level of income (E)
and greater risk (V). The selection of the optimal investment combina-
tion is shown in Figure 2 using iso-utility curves {u;, us, and us)
developed for different combinations of (E} and (V).

Selection of a technique. Developemnt of an E-V frontier requires

the use of a nonlinear programming technigue since the objective func-
tion (V) which is minimized is nonlinear. Quadratic programming (QP) is
one nonlinear technique which has been used in farm planning and adjust-
ment studies (e.g., Freund R.J.; Whitson; Barry and Willman) by consid-
ering different combinations of farm production and marketing activities
as investment alternatives. Using this technique, an efficient E-V fron-
tier can be generated for alternative farm plans. However, QP is less
efficient in terms of computational time and more restrictive in problem
size than linear programming (LP). These comparative disadvantages have
stimulated the development of several Tinear alternatives for approxi-
mization of the E-V frontier (e.g., Chen and Baker; Hazell),

Hazell's MOTAD (Minimization of Total Absolute Deviations) was
selected as the basic technique for development of the planning sub-model
because it provides the advantages of LP and more flexibility than the
other linear alternatives. The MOTAD model uses the mean absolute devi-
ation of returns (A) as a measure of risk, rather than the variance of
returns (V). By minimizing the mean absolute deviation of returns this
model generates an efficient E-A frontier which is an approximation of

the E-V frontier. It has been noted that there is a loss in reliability
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associated with the use of (A) rather than (V) in the generation of
efficient E-V farm plans (Hazel1); but Thomson and Hazell used a Monte
Carlo technique to show that the loss in utility exceeded 10 percent
only in cases of high correlation and/or large samples.

Selection of a utility function. Once the efficient E-V frontier

of farm plans has been identified, two major approaches have been used
to select the optimum plan. The selection of the optimum plan as shown
in Figure 2 represents the use of a Bernoullian utility function.
This approach is based on the development of iso-utility curves for dif-
ferent levels of expected income and risk. The point of tanaency be-
tween the E-V frontier and the iso-utility curve represents the famm
plan which will maximize utility for the farmer with respect to expected
income and risk (Lin, Dean, and Moore). The second approach is based on
the assumption that most farmers have multiple goals which can be
ranked in importance (Smith and Capstick). It includes the development
of a lexicographic utitity function, in which a plan is selected to
maximize a lesser goal subject to a satisfactory level of achievement
for one or more other goals which are ranked as more important by the
farmer. Examples of this approach are the maximization of expected
net returns subject to a required level of ‘certain' income (e.q.,
Whitson) and the maximization of expected net returns subject to a max-
imum acceptable level of income variation (e.g., Shumway and
Gebremeskel).

Empirical tests have not clearly established either the Bernoullian
or the lexicographic approach to be superior in predicting actual be-

havior. However, it has been shown that either will provide a better



estimate of actual behavior than the profit maximization utility
function (Lin, Dean, and Moore; Lin and Chang). The lexicographic
approach has the advantages over the Bernoullian function of (1) approx-
imating the actual decision-making process of the farmer, (2) being

more easily derived, and (3) being more easily adapted for use by

Jarge numbers of farmers (Whitson).

The lexicographic utility approach was selected for this model to
increase the usefulness of the results for large numbers of farmers and
to allow the sensitivity testing of the survival estimates for changes
in the assumed level of risk-aversion, The planning sub-model employs
this approach to simulate the planning process of a farmer who attempts
to select a plan which will maximize expected net returns, but only if
he has some degree of certainty that the actual net returns from this
plan will be sufficient to meet his fixed obligations (e.g., family

living, land payments, etc.).

The Modified MOTAD Model

The planning sub-model simulates the development of a farm plan by
selecting a set of crop activities to maximize expected net returns,
subject to the available resources and given level of risk-aversion. A
simplified structure of the model is shown in Table 1, which represents
a matrix for the following linear programming problem:

(1) Maximize Z=2C'X
Subject to

(2) AX > B

(3) EX +ID2 0
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(4) C'X - r(ID) = F
(5) X, D=0
Where
A = a matrix of technical coefficients for farm

enterprise activities

a vector of resource levels

a vector of prices or costs

a vector of activity levels for MOTAD (risk)

activities

E = a matrix of historical annual deviations! in

returns for each farm production activity

a specified level of fixed obligations

an identity matrix which serves as the techni-

cal coefficient matrix for the MOTAD (risk)

activities

r = a coefficient chosen to describe the level of
risk-aversion

X = a vector of activity levels for farm enterprise
activities

Z = net returns above specified costs

o0
[ 11|

—
nn

1t is evident that equations (1) and (2) are characteristic of a
standard LP problem, An enterprise combination is selected which maxi-
mizes net returns in equation (1) subject to a set of resource re-
straints in equation (2). The empirical model includes multiple crop
production, crop sales, and input purchases activities, as well as,
multiple restraints for owned resources, purchased resources, and yield
transfers.

Equations (3) and (4) utilize the MOTAD approach to incorporate a
Jexicographic utility function in the model. This formulation differs
from Hazell's model in that expected net returns are maximized subject
to the risk restraint. Thus, risk consideration does not explicitly

enter the objective function. The procedure used here is similar to

IAn mxn matrix, where m = the number of years' historical devia-
tions and n = the number of production activities.
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the formulations in other applications (Shumway and Gebremeskel; Brink
and McCarl). Specifically, equation (3) requires that expected net
returns {C'X) Tess a function {r) of previous over-estimates of returns
(D} must be greater than or equal to the level of fixed obligations (F}.
From equation (4) it can be seen that (D) is a vector of annual negative
deviations (actual less expected) in returns for a given farm plan and
(ID) equals the total negative deviation. The risk-aversion coefficient
(r) is a measure of the degree to which the farmer desires to avoid
risk. When (r = 0), the risk-aversion criterion is inoperable and the
farmer will select the plan which maximizes expected net returns. As
{r) increases, the model will select less risky plans with lower ex-
pected net returns. Equation (5) simply restrains all enterprise and
activity lTevels (X and D) to non-negative values.

Hazell's original formulation of the MOTAD model includes the
assumption that the total negative deviation equals one-half the total
absolute deviation. This assumptionis logical because mean returns are
used for expected returns and annual deviations for activities are cal-
culated as deviations from the respective means. This is important be-
cause it allows the selection of (r) to reflect probabilistic estimates
for alternative levels of returns.

However, there are two components in this model which result in the
inequality of total negative and positive deviations. First, this model
uses a procedure for developing expected prices and yields (to be dis-
cussed in the next section) which differs from the use of average prices
and yields. Secondly, this model extends the MOTAD approach to a re-

cursive application with stochastic prices and yields, so the expected



prices and yields used for calculation of deviations will change each
year. These two factors insure that an equality of total negative and
positive deviations is quite unlikely and the validity of probabilistic
statements regarding the variance of net returns is questionable (Hazell;
Brink and McCarl).

Two alternative approaches for overcoming this probiem were con-
sidered but rejected for the following reasons. First, mean prices and
yields could have been used as estimates of expected prices and yields.
This alternative would have improved the statistical efficiency of the
model if deviations of returns were recalculated prior to each year of
the recursive simulation process. This alternative was rejected because
it would have required the unreasonable assumption that the farmer's
expectations and perceptions of risk for year (t-1) are functions of the
outcomes in year (t). A second alternative which was considered was the
use of total absolute deviations of returns as a measure of risk, rather
than total negative deviations. This alternative was not used because
it would tend to penalize a crop for which the farmer consistently
underestimates returns as heavily as one for which the farmer consis-
tently overestimates returns. It is highly unlikely that the farmer
attaches as much disutility to an underestimation of returns as he does
to an overestimation of returns.

This model was designed to simulate the planning process, thus a
high degree of importance was attached to the logic of the underlying
assumptions. In this case some statistical efficiency was given up to
achieve, in the author's opinion, a more logical and realistic simula-

lation of the planning process. Certainly this trade-off would have
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been more serious had the model been designed to generate E-A frontiers.
However, in its present application, this risk constraint should serve
adequately to simulate the incorporation of risk into the planning pro-
cess. In fact, there is a possibility that the actual planning process
may have an even lower degree of accuracy and statistical efficiency

than the simulation.

The Price-Yield Sub-model

This sub-model develops expected prices and yields for use in the
planning sub-model and stochastic ('actual') prices and yields for use
in the financial-accounting sub-model. Deviations of actual returns
from expected returns are also calculated for use in the modified-MOTAD

model {planning sub-model).

Expected Prices and Yields

An adaptive expectations model was selected for the development of
expected prices and yields because this approach has been shown to pro-
vide a reasonable description of the process utilized by farmers to
develop price and yield expectations (Fisher and Tanner). The basic

mode1’ was proposed by Nerlove and applied by Chien and Bradford in

2z*t+'| = a(zt) + (.I_a)(Z*t)

a = the coefficient of expectations
Z = the actual price or yield

Z*= the estimated price or yield
Can be expanded, as follows:
Z*t+1 = a(Zt) + a{1-a)(z

Khere

toq) +a(1-a)2(Z,
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their sequential model of the farm firm growth process. The price
expectations model was also augmented with an exponential smoothing
trend model to overcome the tendency of the Nerlove model to lag a con-
tinuing trend (Brown and Meyer; Chien and Bradford)}. The model is rep-

resented mathematically as follows:

(6) Xeq = 8(Z,) + (1-2)(2%))

(7) Teaq = 90Xy - X + (1-0)(T)

(8) T B I

Where

a = the coefficient of expectations (0<a<1.0)
g = the trend smoothing constant (0<g<1.0)
X = the estimate of price or yield without trend
T = the estimate of price or yield trend
Z = the actual price or yield
7*= the estimate of price or yield with trend

This model is based on the hypothesis "that farmers revise the price
they expect in proportion to the error they have made in prediction,"
thus the expected price is a geometrically weighted average of past
prices (Nerlove). In equation (6) the estimate (without trend) for year
(t+1) is calculated as a weighted average of the actual value in year
(t) and the estimate {with trend} in year (t). In equation {7) the
estimated trend is calculated as a weighted average of the previous
trend estimate in year {t) and the difference between the untrended
estimates for years (t) and (t+1). The estimate without trend and the
trend estimate are summed in equation (8) to yield the expected price.
The coefficient of expectation (a) is chosen to represent the farmer's
actual behavior. This choice may be made based on previous studies,

expert opinion (e.g., Chien and Bradford), or the number of years of
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history normally used by the farmer in developing his expectations3.
This adaptive expectations model was also used for development of yield

expectations without the trend component.

'"Actual' Prices and Yields

Random prices and yields are drawn from a triangular distribution
to represent the actual outcomes for these variables in the financial-
accounting sub-model. The triangular distribution was chosen because
it allows the use of producer and/or expert subjective estimates, it
does not require a symmetrical distribution, and it has provided satis-
factory performance in other investment analyses (e.g., Cassidy, Rodgers,
and McCarthy; Sprow; Taylor and North; Richardson and Mapp). Frequently,
as was the case in this study, sufficient data are not available to
develop statistical probability distributions for an individual farm.
Also, probability distributions developed from historical data may not
be relevant for a future period. Three subjective estimates {the mini-
mum, most likely, and maximum values) are required for the triangular
distribution. These estimates may be developed from historical data;
but in the case of individual farm yields, subjective estimates from
farmers themselves may be more meaningful. These parameters define a
triangular probability density function, as shown in Figure 3. The
farmer is asked to estimate the (a) lowest, (b) most likely, and (c)

highest annual yield over a given period of years; e.g. ten years.

3Hi11lier and Liebermann show that the use of a smoothing constant,
or coefficient of expectations, (a) is equivalent, in terms of variance,
to use of a moving average with (2-a)/(a) observations.



Frequency

minimum

most likely

ma X imum

a b c Yield
(or Price)

Figure 3. Probability Density Function for a Triangular Yield (or
Price) Distribution,
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The same approach can be used for prices using expert estimates from
marketing specialists, historical relationships, etc. Once the parame-
ters of the probability density function are identified, a random number
is drawn from a uniform distribution (0-1). This random number repre-
sents a cumulative probability associated with a unique value of {x)%.
Use of this procedure permits the generation of a series of independent,
stochastic prices and yields to represent the risk faced by the farmer
in terms of 'actual' versus expected prices and yields.

The procedures outlined above are standard in the generation of
stochastic values for variables in simulation models (Naylor, Balintfy,
Burdick, and Chu). However, this procedure was modified in the price-
yield sub-model to allow correlation of the stochastic values which are
generated®, This modification was made based upon a procedure which
has been developed for correlation of normally distributed values
(Anderson, T. W.; Clements, Mapp, and Eidman; Maylor, Balintfy, Burdick,
and Chu). The steps in this modified procedure are as follows: (1)
generate random normal deviates with mean equal to zero and variance
equal to one; (2) correlate random normal deviates, using procedures
outlined by Moonan for normally distributed values; (3) convert corre-
lated random normal deviates to cumuiative probabilities, which are dis-

tributed uniformly between zero and one; and (4) evaluate the cumulative

“Following procedures 1n<Ca5§1dy, Rodgers, and McCarthy:
a + {F(x){c-a)(b-a)}%, a ~x = b
c -~ {1-F{x}(c-a}{c-b}}¥%, b<x <¢

>
H nu
ot

5This is an empirical procedure which may be subject to error
depending upon the distributions which are specified. However, if the
correlation between the variables being simulated is reasonably constant
throughout the entire range of values for all distributions, the error
is not expected to be large (Freund, R.}.
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probabilities in terms of the specified triangular distributions
(Richardson and Condra).

Provisions are made for trends in prices and/or yields by specify-
ing triangular distribution parameters as percentages of a given base.
Thus a trend can be included in the simulation process by simply apply-

ing a trend to the base without changing the triangular parameters.

The Financial-Accounting Sub-model

The simulation process for the financial operation of the farm is
a five step process. This process includes (1) implementing the farm
plan, (2) replacing machinery, (3) paying fixed obligations, (4) devel-
oping financial statements, and (5) evaluating credit capacity. The
farm plan which is developed in the farm planning sub-model is imple-
mented by borrowing investment and operating capital, purchasing inputs,
and selling outputs. 'Actual' prices and yields from the price-yield
sub-model are used for implementation of the plan.

The machinery complement is depreciated on a straight-line basis
over an assumed life. As each piece of equipment is fully depreciated,
it is replaced at current (based on trend) replacement cost; and invest-
ment credit, depreciation recapture, and capital gains are taken into
account. Machinery replacement also includes the borrowing of capital
with a specified down-payment requirement.

Fixed obtigations include property taxes and insurance, full-time
labor, income tax, loan principal and interest payments, and family
living expenses. Property taxes and insurance are calculated as a

specified percentage of new cost. Full-time labor is specified in the
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beginning farm situation. Income tax is calculated for the current
year and treated as a Tiability. Payment of income tax of a given year
refers to the previous year's 1iability. Amortization of loan principal
and interest payments for Tand and machinery loans is approximated to
provide equal annual payments (principal and interest) for a given loan.
Family Tiving expenses are specified exogenously in the farm situation
at a fixed yearly level and inflated annually.

Annual financial statements include an income statement, a balance
sheet, and a cash flow statement. Market values are used for machinery
in the balance sheet to provide a more accurate assessment of the
current financial position. However, land is included at cost with no
provision for appreciation in land value.

Credit capacity of the farm is evaluated based on the current
financial position, the previous year's financial position, and oper-
ating loan repayment performance. This procedure (Figure 4) simulates
the role of a tender in analyzing the credit worthiness of the farm.

If there is not sufficient cash to fully repay the operating loan after
the fixed obligations are met, the operating loan carryover for the
previous year is examined. Credit is extended if the operating loan
carryover has decreased from the previous year. However, if the oper-
ating loan carryover has increased, the process moves to an evaluation
of changes in net worth. Credit will be extended if net worth has in-
creased from the previous year by more than the increase in operating
loan carryover. Essentially this procedure is based on the premise that
operating capital will continue to be extended as long as the farmer
'pays out' no more than one consecutive year, and/or the financial con-

dition of the farm is improving. While these decision rules were
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Figure 4. A Flow Chart of the Credit Evaluation Process
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developed through interviews with agricultural lenders in the area
(Russell; Stewart); it should be noted that one very important factor,
personal evaluation of the farmer by the lender, is beyond the scope of
this simulation.

Operating credit is extended to the farm by calculating the maximum
permissible operating loan based on an exogenously specified maximum
debt-equity ratio. This calculation includes operating, machinery,
and land debt with the operating loan as a residual borrower, i.e., the
debt-equity ratio including maximum permissible operating loan must not
exceed a specified parameter. Cash on hand and operating capital re-
quirements are compared to the maximum permissible loan to determine
the level of borrowing by the farmer for operations. It should be
noted that the maximum permissible operating loan is a constraint in
the planning sub-model, but the required operating loan is determined
after the plan is developed with an associated Tevel of required oper-
ating capital. The farm is considered insolvent if (1) the required
conditions for extension of operating credit are not met, or (2) the
maximum permissible operating loan is not sufficient to cover fixed

obligations.

The Update Sub-model

This sub-model annually updates {1} expected prices and yields,
(2) 'actual' prices and yields, (3) annual deviations in actual
returns, and (4) price trends. Expected prices and yields are updated
in the planning sub-model to reflect changes in the farmer's expecta-

tions. This price update includes adjustments in resource prices for
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specified trends. The annual deviations (MOTAD elements) in enterprise
returns are added to the planning model for the current year and deleted
for the earliest year. 'Actual prices and yields, including trend ad-
Justments, are changed in the financial-accounting sub-model for use in
simulating the farm operation. In this manner, the update sub-model
provides a link between each annual simulation, allowing recursive oper-

ation of the model.
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PROCEDURES

The procedures in this study are divided into four categories
representing steps in the analysis. The categories are (1) specifica-
tion of alternative scenarios for inflation, crop and energy prices,
and interest rates; (2) St. Lawrence area model specification for com-
parison with the Coyanosa model results; (3) modification of the St.
Lawrence model for Coyanosa; and (4) application of the models to
provide comparative estimates of risk and profitability for the two
regions which were analyzed.

The St. Lawrence-Midkiff area, located in portions of Glasscock,
Reagan, Upton, and Midland Counties, was selected for comparison with
the Coyanosa area for a number of reasons. First, although St. Lawrence
is located in the Edwards Plateau Region, not the Trans Pecos, the two
areas have similar soils and ciimate. Secondly, the farmers in the St.
Lawrence-Midkiff area are well known for their expertise in managing
limited water supplies. And thirdly, many farmers in this area have
indicated an interest in expanding or relocating their operations to
the Coyanosa area, hence indicating excellent producer cooperation for
this study.

The Trans Pecos region, as discussed earlier, has suffered a dra-
matic decline in irrigation. The availability of capital for irricated
crop production is severely restricted. Also the number of producers
still in operation is greatly reduced and their financial reserves are
generally 1imited. Therefore this discussion of the future of irriga-
tion in the region centers around new farmers, new technology, and new

capital. A comparative analytical approach was chosen which compares
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the risk and profitability of a healthy, growing St. Lawrence area
with the distressed Coyanosa area of the Trans Pecos; however, the
results are applicable for any farmer, given the availability of cap-

ital and adoption of new technology.

Alternative Scenarios

As a basis for the analysis, five alternative scenarios for infla-
tion rates, energy prices, crop prices, and interest rates were devel-
oped. These scenarios are shown in Table 2. The BASE, MOD1, and MOD2
scenarios represent realistic situations based on the current situation.
However, to establish boundaries, or brackets, LOW and HIGH scenarios
were developed. The LOW scenario represents the 'worst' situation
that the farmer may face with low crop prices and relatively high energy
costs, and the HIGH scenario represents the 'best' situation which the
farmer may face with high crop prices and relatively low energy costs.
These scenarios are assumed situations which may face the producer,

and no attempt has been made to assess the probabilities of occurrence.

Inflation

The rates of inflation for the scenarios range from 4 percent in
the LOW scenario to 10 percent in the HIGH scenario, with 7 percent
specified for the BASE. While these rates are somewhat higher than
those used in most studies (e.g., Quance, Plato, and Smith; Yeh;
Davison and Ericksen), they do not seem unrealistic considering the

current and historical rates of inflation. During the most recent 10
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Table 2. Alternative Scenarios for Inflation, Energy Prices, Crop
Prices, and Interest Rates, 1978-1987
Scenario
Ttem BASE  LOW MODT  MOD2  HIGH
___________________ Y morm i m
Rate of Inflation 7.0 4.0 10.0 7.0 10.0
Rate of Increase in
Energy Prices® 10.0 10.0 10.0 7.0 10.0
Rate of Increage in
Crop Prices™:
Cotton 7.5 3.4 7.5 7.5 12.0
Sorghum 7.5 3.4 7.5 7.5 11.8
Wheat 7.5 4.0 7.5 7.5 13.6
Short-term Interest Rate 9.0 6.0 12.0 9.0 12.0

%nominal, i.e. including inflation

Sources:

1.
2.

h O W

~d

Christian, R. Caprock Electric Cooperative. Personal
Communication. March 3, 1978.

Dvoskin, D., E.Q. Heady., and B.C. English. Energy Use in
U.S. Agriculture: An Evaluation of National and Re-
gional Impacts from Alternative Energy Policies. The
Center for Agricultural and Rural Development, lowa
State Univ. CARD rpt. 78, Mar, 1978.

Federal Reserve Bank of St. Louis. "National Economic
Trends." June 5, 1978.

Fox, A. USDA-ESCS. Personal Communication. Apr.-Aug. 1978.

Stevens, J. Community Public Service Co. Personal Communi-
cation. March 17, 1978.

. Tidwell, M. Rio Grande Electric Cooperative, Inc. Personal

Communication. March 8, 1978.

. U.S. Department of Agriculture. "Regional Planning Series

of Food and Agriculture Projections to 1985 and 2000."
USDA-ERS-NEAD Working Paper, 1978.
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year period {1968-77) the consumer price index increased at an annual
rate of 6.4 percent, while the implicit price deflator and wholesale
price index increased at rates of 6.2 and 7.4 percent, respectively
(Federal Reserve Bank of St. Louis,May 1978). During the first quarter
of 1978, consumer prices increased at an annual rate of 9.0 percent and
wholesale prices increased at an annual rate of 12.6 percent (Federal
Reserve Bank of St. Louis, June 1978). The rate of inflation has not
been Tess than 4.0 percent annually for any 10 year period since 1964,

and the rate has increased steadily for each successive period, i.e.,

1964-73, 1965-74, etc.

Energy Prices

The future levels and relationships between individual fuel prices
will depend on a number of factors, including national energy policy,
foreign policy, and advances in technoloay. Therefore, rates of price
increase for individual fuels and energy-based inputs were not speci-
fied. Instead, the scenario rates were applied to all energy-based in-
puts. The rate of nominal, i.e., including inflation, energy price
increase is 10 percent for all scenarios (except MOD2), but the rate
of increase in real (nominal less inflation) energy price ranges from
zero in the HIGH scenario to 6 percent in the LOW scenario. The BASE
scenario uses a 3 percent annual increase in real energy prices. This
translates into a 35 percent increase over a ten year period which com-
pares to a 'most Tikely' estimate of 27 percent used by the U.S. Depart-
ment of Agriculture in their studies {e.g., VanArsdall and Starbird).

The HIGH scenario (no real increase in energy prfces) is the most
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favorable situation which can be projected at this time, and the LOW
scenario rate (6 percent annual increase or 79 percent over ten years)
is comparable to rates used in other studies (e.g., Adams, King, and
Johnston; Dvoskin, Heady, and English). The M0OD2 scenario also repre-
sents the assumption that there will be no real increase in energy
price. This modification has been included toc allow analysis of a more
favorable energy price situation with baseline assumptions for other
variabies.

Future price increases for electricity may vary significantly
between individual utility companies (Baughman and Cooper, et al.),
however, the rates which have been used in this study are generalily
consistent with projections provided by utility companies serving the

study area (Christian; Stevens; Tidwell).

Crop Prices

The BASE 1978 crop prices for Texas were assumed to be the mid-
point between the loan and target price for each crop, based on pro-
jections of Extension marketing specialists that crop prices received
by Texas producers (including deficiency payments) may not be as high
as the farm program target prices.

The rates of increase for crop prices shown in Table 2 represent
a combination of inflation, supply-demand, and energy effects. For
example, in the LOW scenario the various effects for grain sorghum were
specified as +4.0 percent for inflation, -1.6 percent for supply-demand,
and +1.0 percent for energy price increases. Combining these effects

provides +3.4 percent as the estimated rate of annual increase in
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nominal (including inflation) crop prices. The following discussion
deals with the derivation of these individual effects.

Inflation effects. The inflation effect was specified as the rate

of inflation for all crops in all scenarios, except MOD1. This means
that there will be no real change in crop prices due to inflation. This
procedure is based on the assumption that real crop prices for the BASE
scenario are at equilibrium, thus any changes in real crop prices will
stimulate a supply-demand effect. However, the MOD1 scenario was devel-
oped to represent a situation in which crop prices (target and loan) lag
inflation. This scenario is justified as a 'likely' situation because
of normal delays which occur in the legislative process of raising loan
and target prices.

Supply-Demand effects. The basic supply and demand attributes of

the NIRAP regional planning series (Quance, Plato, and Smith; U.S. De-
partment of Agriculture; Fox) were modified for incorporation into the
scenarios for the study. Annual percentage deviations from the NIRAP
baseline real crop prices were used as supply-demand effects for the

LOW and HIGH scenarios. In the LOW scenario {low demand-high supplies)
these effects were a 1.0 percent decrease per year for wheat and a 1.6
percent decrease per year for cotton and grain sorghum. In the HIGH
scenario (high demand-low supplies} these effects were a 3.6 percent
increase for wheat, a 2.0 percent increase for cotton, and a 1.8 percent
increase for grain sorghum.

Energy price effects. The effects of eneragy price increases were

incorporated in the BASE scenario by assuming that a 3 percent annual

increase in real energy prices would increase U.S. crop production costs
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by 0.5 percent. Under the current farm program this would result in a
corresponding increase in the target price (Johnson and Ericksen). This
figure is somewhat higher than the estimates made by VanArsdall and
Devlin on a national basis, but it is lower than estimates of the in-
crease in production costs for an energy-intensive irrigated area
(Condra 1978).

The LOW scenario includes a 1.0 percent annual increase in real
crop prices, corresponding to the 6.0 percent annual increase in real
energy prices. In a study by Dvoskin, Heady, and English, crop shadow
prices were increased by approximately this rate for a doubling of real
energy prices over a 10 year period.

The HIGH scenario does not include an energy price effect on crop
prices because the rates of inflation and energy price increases are
both 10 percent annually. Thus, this scenario includes no real increase

in energy prices.

Interest Rates

Short and intermediate term interest rates for the BASE scenario
were assumed to be 9 percent annually. Since a 7 percent rate of infla-
tion was assumed for the BASE scenario, this yielded a real rate of
interest (i.e., nominal interest rate less inflation rate) of 2 percent.
This assumed real interest rate was held constant across all scenarios.
Long term interest rates were fixed at 8 percent at the beginning of
the period and held constant for all scenarios. This assumption does
not have great significance since new long term borrowings were not

made during the simulation.
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The St. Lawrence Model

The St. Lawrence Cotton Grower's Association cooperated in this
project by providing assistance in development of a model farm for
St. Lawrence and adjustment of this farm to represent a St. Lawrence
farmer purchasing land in Coyanosa. Thirteen individual interviews were
conducted with members of the Board of Directors and other farmers se-
lected by the Board, representing typical producers in the St. Lawrence
area. A model farm and projected crop budgets {Condra 1978) for the
St. lLawrence-Midkiff area were developed from these interviews and
presented to the Board of Directors for validation of acreages, machin-
ery complement, yields, etc. An additional meeting was held with the

Board to provide final verification and agreement on the estimates.

Farm Characteristics

The model farm for the St. Lawrence area, based on producer inter-
views, includes 960 acres with the farmer purchasing 320 acres and rent-
ing 640 acres. Rental arrangements are such that the Tandlord receives
one-fourth of the cotton crop less ainning and one-third of the grain
crop less harvest.

There are 20 irrigation wells equipped with 7.5 horsepower electric
submersible pumps. These wells each yield 60 gallons per minute, 1ift-
ing water from 300 feet. ATl wells are linked together with underground
lines to provide more efficient distribution of the water. The Tandlord
owns the 13 pumps and the underground lines which are Tocated on the

rented property, but the farmer is responsible for repairs.
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The general cropping pattern is two-thirds cotton and one-third
grain which allows a rotation every third year. This cropping pattern
is also associated with the limited irrigation supplies, which are
sufficient to irrigate only two-thirds of the acreage in summer crops.

The farmer provides the management and his own labor. In addition,
he has one man employed on a full-time basis. Seasonal labor is hired
for hoeing and cotton harvest.

Projected costs and returns crop budgets, including inputs, machin-
ery operations, and yields, correspond to the Extension Edwards Plateau

IT crop budgets for the St. Lawrence-Midkiff area (Condra 1978).

The Basic Model ({STL1)

Planning sub-model. The LP matrix for the planning sub-model is

shown in Appendix A. Crop production activities include cotton, wheat,
grain sorghum, and set-aside with dryland and multiple irrigation
levels for each crop. Separate activities are specified for crop pro-
duction on owned and rented land. Selling activities for all three
crops, and purchasing activities for electricity, diesel, other energy
inputs, and seasonal labor are also provided. The risk activities
operate within the framework of the modified-MOTAD model described
earlier.

The objective function values represent non-specified variable
costs for production activities, receipts for selling activities, and
expenditures for specified purchasing activities. The risk activities
have zero values in the objective function and affect the objective

function value only indirectly through the risk restraint. The
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objective function in this model is maximized, resulting in the maximi-
zation of net returns above variable costs (subject to the restraints
included in the model).

The input coefficients for each crop production and set-aside
‘activity were developed from Extension crop budgets for the St.
Lawrence-Midkiff area of the Edwards Plateau II region (Condra 1978).
Most of these coefficients appear in the matrix as variable costs;
however, discussion of relevant input levels and assumed input prices
has been provided in this section. The reader should refer to the
source budgets for details concerning other input Tevels, assumed input
prices, and machinery operations.

The levels of resources available for crop production are shown
in Table 3. Only 90 percent of the 960 total acres in the farm is
available for cultivation based on the assumption that the remaining
10 percent is taken up in roads, turnrows, homesteads, etc. Each acre
of crop production requires one acre of land, either rented or owned.

The model assumes that the farmer will participate in the farm
program provisions as specified in the Food and Agriculture Act of 1977
(Johnson'and Ericksen); however, the recent uncertainty surrounding the
exact provisions and the effective time periods led to the adoption of
several simplifying assumptions. A 10 percent set-aside for cotton and
grain sorghum and a 20 percent set-aside for wheat was assumed. Also
set-aside, disaster, and prevented planting payments were not included.
Deficiency payments were assumed to be included in the price received
for the crop. These assumptions were held constant across scenarios,

therefore the provisions may be too restrictive in the case of the HIGH
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scenario and not restrictive enough in the case of the LOW scenario.

The normal crop acreage (NCA) available under the farm program,
based on assumed 1977 plantings, is shown in Table 3. Cotton is normal-
ly grown in the St. Lawrence area in a skip-row (2 in - 1 out) pattern
to more effectively utilize rainfall and the Timited irrigation water.
With this practice, one acre of land is the equivalent of two-thirds of
an acre of planted cotton. Other crops are normally planted in a solid
pattern. It was assumed that the farmer had two-thirds of the farm in
skip-row cotton and one-third in solid grain sorghum in 1977.

Cropping patterns were Timited in the model to reflect traditional
practices in the area. Cotton acreage was limited to two-thirds of the
total acreage to simulate the normal cropping rotation for weed control
and efficient use of limited water supplies. Although this proportion
varies somewhat from year to year, depending upon crop prices, the re-
straint is expected to accurately reflect practices in the area over
time. The model also assumes that the proportion of acreage planted to
cotton cannot be greater for owned land than for rented land. This
restraint reflects the reluctance of a landlord to allow the renter to
plant grain crops, which have tended to return less rent than cotton in
the past.

The 20 irrigation wells (7 owned and 13 rented) are assumed to
be available to pump water 27 days per month, 24 hours per day. This
leaves approximately 10 percent of the time each month for repairs, etc.
The availability of irrigation water under these conditions, by critical
irrigation periods in the crop production cycle is shown in Table 3.

Assumed levels of pumping required in the production of each crop
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alternative are shown in Appendix B, Table 1 (preplant = 12" and post-
plant = 6") represent averages derived from producer interviews. It is
recognized that there is a large degree of variability in application
rates among crops and within the season for a given producer, as well

as variability among producers. Therefore, this model, which represents
an average situation, does not adequately account for variation in
application rates.

Labor availability is divided into family labor and full-time hired
labor in Table 3. Family labor refers to the farmer and is based on 60
hours per week during each period. This is time available for general
overseeing of the farm, machinery operation, and irrigation. It does
not include management practices such as keeping records, planning,
reading, and participating in farm organizations. Full-time labor
availability is based on 40 hours per week during each period. Seasonal
Tabor may be hired by the hour through a purchasing activity.

The labor requirements for each crop production activity include
machinery operation, irrigation, miscellaneous activities, and cotton
harvest. However, hoe-labor for cotton was not included as a Tlabor re-
quirement. Instead it was assumed that hoeing would be contracted, and
this item was included in non-specified variable costs.

For farming operations the model farm includes two 125 horsepower
tractors. Tractor hours available in each period (Table 3) are based
on 80 percent of Tabor hours to represent additional time required for
maintenance, travel, etc. Specific equipment requirements and re-
straints are not included in the model, since the assumption is made
that these requirements can be met in a timely manner if both the tabor

and tractor are available.
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Purchasing activities are included for all energy and energy re-
lated inputs. Electricity requirements per acre for irrigation are
based on a 300 foot 1ift with 60 percent pump efficiency (Condra 1978).
The assumed electric rate for 1978 is $.03 per kilowatt-hour {KWH) based
on current rates in the area {Christian). This results in a cost of
$1.42 per acre-inch of water for electricity. Fuel costs are based on
1978 prices of $.45 per gallon for diesel and $.55 per gailon for gaso-
line. Herbicide, fertilizer, insecticide, and desiccant cost require-
ments are combined under the category of other energy requirements.

A1l other variable costs (except interest, ginning, and custom
harvest costs) which are not specified in a purchasing activity are in-
cluded in the objective function value for each crop production activ-
ity. These costs represent seed, repairs (machinery and irrigation},
insect scouting, and hoeing. In the case of wheat, Tivestock grazing
income has been credited against these other variable costs.

Historical gross return deviations are included in the MOTAD por-
tion of the matrix for a three year period (1976-1977 for the 1978 be-
ginning matrix), based on the assumption that the farmer's expectations
are not significantly affected by favorable or unfavorable outcomes
over three years in the past. The actual development of the deviations
used in the 1978 matrix is discussed in the section on the price-yield
sub-model.

The risk-aversion coefficient (r) for the basic St. Lawrence model

was assumed to be 1.419.% Thus the model develops a plan to maximize

8This value was originally seTected to represent a specified level
of probability that net returns above variable costs would exceed the
Tevel of fixed obligations. However, further investigations have shown
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expected net returns above variable costs, subject to the following

restraint:
(9) C'X - 1.4190 = F
Where
C'X = the value of the objective function
1.419 = the assumed risk-aversion coefficient (r)
D = the total negative deviation for the
previous 3 year period
F = the Tevel of fixed obligations

This simulates the farmer's desire to maximize net cash profits subject
to some degree of certainty that profits will be great enough to cover
all fixed obligations.

If the planning sub-model cannot achieve a farm plan which will
meet the risk criterion, the level of fixed obligations (F) is arbi-
trarily reduced to zero. The risk criterion is still operable, but
consideration is now aiven to some degree of certainty that net returns
above variable costs will not be negative. In the event that a farm
plan still cannot be developed, the risk restraint is eliminated com-
pletely; and the farm plan is derived as a straight LP, profit maximiz-
ing solution.

Price-yield sub-model. As stated earlier, 1978 base crop prices

for Texas were specified as the mid-point between the loan and target

price for each crop.’ St. Lawrence base crop prices for 1978 (Table 4)

that characteristics of the model are such that no probabilistic state-
ments can be made. Comparison of this risk-aversion coefficient to
values from other studies (e.g., Brink and McCar1) indicate that this
model describes a very risk-averse farmer.

7These prices are $.50 per pound for cotton, $2.83 per bushel for
wheat, and $3.73 per hundredweight for grain sorghum (Johnson and
Ericksen).
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Table 4. Base and Expected 1978 Crop Prices, St. Lawrence Model

Crop Units Base Price Expected Price
1978 1978

Cotton ¢/1b. 47.5 46.6

Wheat $/bu. 2.46 2.34

Grain Sorghum $/cwt. 3.21 3.1
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were then developed by adjusting these state prices through the use of
historical percentage factors.® These factors were developed to account
for the normal difference between state and St. Lawrence prices and to
reduce prices by those yield-determined expenses which are shared by

the renter and landlord. The latter adjustment was made to facilitate
the handling of crop-share rental agreements in the model.

Stochastic crop prices for simulation of the St. Lawrence farm
operation were generated using the triangular distributions shown in
Appendix B, Table 2. Two alternative distributions were developed for
each crop price. Farm Program 1 represents a situation in which price
fluctuations are Timited by the loan price as a floor and the target
price as a ceiling (Johnson and Ericksen). Farm Program 2 represents
a less restrictive program in which prices fluctuate as widely as the
extremes of the period from 1968 to 1977 (Texas Crop and Livestock Re-
porting Service 1968-77b). Farm Program 1 was assumed for the BASE,
MOD1, and MOD2 scenarios; and Farm Program 2 was assumed for the LOW
and HIGH scenarios.

The simulated prices were correlated using a correlation matrix
(Appendix B, Table 3) developed from the de-trended historical price
series for the state (Texas Crop and Livestock Reporting Service

1968-77b}.

SHistorical percentage factors which were developed for the St.
Lawrence area are 95 percent for cotton, 86 percent for grain sorghum,
and 87 percent for wheat. Cotton prices were net of excess of ginning
costs over seed credit. Grain prices were net of harvest costs.
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Expected prices for use in the planning sub-model were generated
with a price-expectations model. The coefficients of expectations®
were chosen to be equivalent to a three-year moving average based on the
assumption that the farmer forms his expectations with major consider-
ation of only the previous three years' outcomes. Trend smoothing coef-
ficients10 were selected to minimize the standard error of the estimate
for a historical price series (Texas Crop and Livestock Reporting Service
1968-77b), given the specified coefficient of expectations. Expected
crop prices for 1978 (Table 4) were developed by using this historical
series as input for the expectations model.

Historical yield series for crops in the St. Lawrence area were not
available for individual producers because most of the farmers who par-
ticipated in this study have been farming for only a few years. There-
fore, long-term expected yields for each crop alternative were derived
from the producer interviews and group meetings. Consensus estimates
of the highest and lowest expected yields for a ten year period were

also developed. Using these estimates, the county average yield series

2From Hillier and Liebermann, the coefficient of expectations which
is equivalent, in terms of variance, to a three year moving average was
calculated as follows:
(2-a)/(a) = Number of years, where (a) equals the coefficient
of expectations

Therefore
(2-a)/(a) = 3
2-a = 3a
da = 2
a=.5

10Trend smoothing constants for the St. Lawrence price-expectations
model were .70 for cotton and .60 for wheat and grain sorghum.
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(Texas Crop and Livestock Reporting Service 1968-1977a) was converted to
a simulated individual farm yield series.!!}

The base crop yields shown in Table 5 represent an expected ten
year average, as identified by producers in the St. Lawrence area. Sto-
chastic crop yields for the simulated farming operation were generated,
using these base yields and the triangular distributions shown in Appen-
dix B, Table 4. The maximum and minimum parameters of these distribu-
tions relate the highest and Towest expected yields for these producers
during a ten year period.

The correlation matrix used to generate stochastic crop yields is
shown in Appendix B, Table 5. A positive relationship between the
various crop yields was expected, a priori; hence, negative coefficients
which were not statistically significant were assumed to be zero. Per-
fect correlation was also assumed between irrigation levels for a given
crop.

The coefficient of yield expectations was specified in the same
manner as the coefficient of price expectations, but trend smoothing
constants were not used. The simulated individual yield series was
then used as input for the yield expectations model to develop the ex-
pected 1978 crop yields (Table 5) for use in the planning sub-model.

The historical expected price and yield series were used to calcu-

late the annual deviations in returns for inclusion in the initial 1978

11This was done by (1) transforming the county yield series to
standard normal deviates and (2) using a composite individual mean and
standard deviation to develop a new series based on county deviations
from mean. This procedure was used by Lin, Dean, and Moore to provide
a series with adjusted means and standard deviation.
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Table 5. Base and Expected 1978 Crop Yields, St. Lawrence Model

Crop Irrigation Units Base Yield Expected Yield
Level 1978 1978
Cotton
Dryland 1bs./ac.? 110 107
PP+0 . 250 247
PP+1 " 400 395
PP+2 " 550 543
PP+3 ) 650 642
Wheat
Dryland bu./ac. 15 18
PP+0 . 25 25
PP+1 " 35 35
Pp+2 ) a4 44
PP+3 . 50 50
PP+4 " 53 53
Grain Sorghum
Dryland cwt./ac. 10 11
PP+0 " 21 23
PP+] " 35 38
PP+2 ! 45 49

2land acres as opposed to planted acres.
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LP matrix. After each simulation, the earliest set of deviations is
deleted and a new set is added.

Financial-accounting sub-model. The beginning balance sheet for

the St. Lawrence model (Table 6) was developed from interviews with pro-
ducers and Tenders (Russell; Stewart). The farmer is assumed to own 25
percent equity in 320 acres of land at $325 per acre (including wells
and underground lines, but excluding pumps). The machinery complement,
which is shown in Appendix B, Tab]e‘6, has a book value of $113,558 and
is composed of both new and used machinery. The machinery loan amount
was calculated by assuming that the farmer purchased all equipment new
and has made payments during the entire period of ownership. The begin-
ning cash balance was then specified to provide sufficient net worth to
borrow required operating capital.

After the farm plan has been implemented, net returns above variable
costs are calculated by: (1) calculating returns based on 'actual'
prices and yields, and (2) deducting variable costs of production. Fixed
obligations are deducted to determine the ending cash balance. Fixed
obligations include: (1) property taxes and insurance, (2} full-time
labor, (3) loan principal and interest payments, (4) income tax, and (5)
family 1iving expenses.

Property taxes and insurance are calculated at one percent of total
machinery and land value. Full-time labor expenses consist of one man's
salary at $8000 per year. This represents an hourly wage for 40 hours
per week, a house, utilities, and payment of social security taxes.

A 25 percent down-payment is assumed for machinery and land loans,

and principal payments are based on a repayment period of 5 years for
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Table 6. Beginning Balance Sheet, St. Lawrence Model, January 1, 1978

Assets:
Cash $ 7,600
Land 104,000
Machinery 113,558
Total Assets $225,158
Liabilities:
Operating Loans $ -0-
Land Mortgage 78,000
Machinery Loans 46,511
Income Tax Due -0~
Total Liabilities $124,511

Net Worth $100,647
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machinery and 20 years for land. Interest is calculated on the average
balance over the term of the loan. This assumpticn, while contrary to
some land mortgages, was required to simplify calculations. The
interest rate used for land mortgages is 8 percent in all cases, but the
interest rate for machinery and operating loans varies as specified in
the particular scenario selected.

Straight-1ine depreciation for machinery is calculated, using the
assumed Tife in Appendix B, Table 6 and salvage value from the Extension
budgets (Condra 1978). When a piece of machinery is fully depreciated,
it is automatically replaced. Then depreciation recapture, first year's
depreciation, and investment credit are calculated. The depreciation
procedure does not allow for the extension of the useful Tlife if annual
hours of usage are less than the assumed levels in the source budgets.

Non-farm investment is allowed at 6 percent annually if cash on
hand exceeds that required to operate. This feature was incorporated in
the model because growth, in terms of additional rented or owned acreage,
is not allowed.

Income tax is calculated at the end of each year's simulated opera-
tion and added to the 1iabilities for payment in the next year. However,
the simulation is begun with no income tax 1iability. Four exemptions
are assumed and the calculation is based on 1977 regulations (U.S.
Department of Treasury).

Family living expenses are withdrawn as a fixed amount ($15,000 per
year in 1978). This figure corresponds to a young farmer who is estab-
lishing a viable farm and building his equity. It is assumed that

family 1iving expenses rise with inflation, but do not fluctuate with
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profits or net worth. This assumption may tend to understate consump-
tion expenditures as net worth increases. Management charges are not

explicitly assessed in this model since family living expenses pay for
both management and family labor.

After all obligations are paid to the extent of available cash, the
credit position of the farm is evaluated to establish the maximum
operating loan available for the next year. 1If the farm fails to repay
the operating loan for two consecutive years, and the operating loan
'carry-over' balance is greater than the previous year; the change in
net worth is examined. If the increase in operating loan 'carry-over'
is greater than the increase in net worth, the farm is considered to be
insolvent. Essentially, this means that operating credit will be ex-
tended as long as the credit position of the farm is improving. If the
evaluation process finds the farm worthy of operating credit in the next
year, the maximum level of this loan is calculated as three times net
worth Tess liabilities. This formula simulates the requirement that the
farmer maintain a 25 percent equity in operating capital, represented
by his net worth. The operating cash restraint provided to the planning
sub-model for the next year is the sum of the cash on hand and the maxi-
mum operating Tloan.

Update sub-model. The update sub-model operates based on the

various inflation rates specified in the selected scenario. The general
inflation rate is used to update labor costs, family Tiving expenses,
replacement costs for machinery, and non-energy input prices. ATl
energy-related input prices are inflated with the energy inflation rate.

The annual deviations in the planning sub-model LP matrix are updated,
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along with operating cash and expected crop prices/yields. Base prices
for triangular distributions in the price-yield sub-model are also up-

dated based on the trend rates for crop prices.

The Coyanosa Model

The Coyanosa model was developed by modifying the St. Lawrence
model (STL1) to reflect differences between the two areas in water re-
sources, climate, and management practices. Modifications in management
practices were limited to those deemed necessary by Experiment Station
and Extension Service personnel to deal with salinity, pest problems,
and soil fertility in the Coyanosa area. This approach was taken based
on the assumption that a St. Lawrence farmer (relocating to Coyanosa)
would make only those changes in his production system which were immed-
iately necessary. Other modifications which might become necessary

and/or desirable cannot be identified at this time.

The Basic Model {COY1)

The LP matrix of the planning sub-model is shown in Appendix C.
Crop production activities for an additional irrigation level were added
for cotton and grain sorghum because the spring and summer rainfall in
the Coyanosa area is about 2 inches less than in the St. Lawrence area
(Griffiths and Orton). Dryland alternatives were also deleted for the
same reason.

Levels of resources which are assumed to be available are shown

in Table 7. Note that both land and normal crop acreage are identical to
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the St. Lawrence model. This avoids distortion of the comparison between
the St. Lawrence and Coyanosa models with effects of the present farm
program.

The Coyanosa model farm is assumed to have 10 irrigation wells (4
owned and 6 rented), 1ifting water from 400 feet. These wells are equip-
ped with 30 horsepower electric submersible pumps which deliver 200 gal-
lons per minute each. This equipment was chosen because it is more com-
patible with the management practices of the St. Lawrence area than
larger pumps powered with natural gas, which are typical of the Coyanosa
area. These smaller electric wells have higher fuel costs than natural
gas units, however, these higher costs are largely offset by reduces
maintenance and fixed costs (New). The irrigation water available rep-
resents a 20 percent increase over the levels indicated for the St.
Lawrence farm; but, the Coyanosa area does not have a dryland alterna-
tive.

Electricity requirements per acre for irrigation in the Coyanosa
model are based on a 400 foot 1ift and 70 percent pump efficiency. The
1ift is greater than the St. Lawrence area, but a higher pump efficiency
was assumed for the Coyanosa area. The St. Lawrence ground water re-
sources are such, that even the small pumps that are used may exceed the
capacity of the ground water supplies, resulting in less efficient oper-
ation. This is not the case in the Coyanosa area for the equipment used
in this study. The cost of electricity for pumping, $2.17 per acre-inch
based on $.04 per kilowatt-hour (Stevens; Tidwell), and the pumpage re-
quirements in Appendix D, Table 1 were used to develop the electric cost

coefficients in the LP matrix.
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Other energy-related input coefficients in the Coyanosa model were
increased to reflect Extension budget (Condra 1978) values for ferti-
1izer, herbicide, and insecticide. St. Lawrence producers indicate that
there is an increasing trend in that area to use fertilizer and herbi-
cides, and that they would likely follow these recommendations in the
Coyanosa area. However, there is great reluctance to use insecticide in
the St. Lawrence area, particularly on cotton. Thus, the increased in-
secticide costs in the Coyanosa model probably reflect more difference
between the two areas than actually exists.

Other variable costs were also increased to reflect the higher
irrigation repairs associated with the greater 1ift at Coyanosa (Condra
1978).

Base and expected crop prices for 1978 (Table 8) were developed
using the procedures described for the St. Lawrence model.12 Triangular
distributions and the correlation matrix for crop prices are the same as
these parameters in the St. Lawrence model.

Base crop yields (Table 9) for the Coyanosa area were derived from
ECONOCOT result demonstration data (Condra, Lindsey, Neeb, and Philley),
research data from the Pecos Station (Moore and Murphey), and Extension
budgets (Condra 1978). Production functions developed in other areas
(Grimes; Shipley) were also used to specify relationships between irri-
gation levels. The expected 1978 yields were developed using the yield

expectation model described for St. Lawrence (Table 9). The maximum and

12Historical net percentages which were developed for the Coyanosa
area are 112 percent for cotton, 94 percent for grain sorghum, and 87
percent for wheat.



Table 8. Base and Expected
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1978 Crop Prices, Coyanosa Model

Crop Units Base Price Expected Price
1978 1978
Cotton ¢/1bs. 56.0 2.8
Wheat $/bu. 2.46 2.43
Grain Sorghum $/cwt. 3.51% 3.53
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Table 9. Base and Expected 1978 Crop Yields, Coyanosa Model

Crop Irrigation Units Base Yield Expected Yield
Level 1978 1978
Cotton
PP+0 1bs./ac. 250 250
PP+] : 500 501
PP+2 ! 615 616
PP+3 : 690 691
PP+4 " 720 721
Wheat
PP+0 bu./ac. 16 18
PP+1 " 29 33
PP+2 ! 39 44
PP+3 " 47 53
PP+4 " 52 59
Grain Sorghum
PP+0 cwt./ac. 5 6
PP+1 v 21 24
PP+2 " 32 37
PP+3 " 42 48
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minimum parameters of the triangular yield distributions and the corre-
lation matrix of crop yields were also not altered for the Coyanosa
model.

The beginning balance sheet for the basic Coyanosa model (COY1) is
shown in Table 10. Beginning cash was specified to equate net worth to
that of the St. Lawrence model. The Coyanosa farmer is assumed to own
25 percent equity in 320 acres of land purchased at $200 per acre, in-
cluding pumps (Seawright). This price includes renovation of existing
well casing to include gravel-pack (Kent). The machinery and equipment
complement {Appendix D, Table 2) differs from the St. Lawrence comple-

ment in terms of irrigation pumps and additional surface irrigation pipe.

Alternative Levels of Risk-Aversion

Two models were developed to test the sensitivity of model results
to changes in the risk-aversion assumption. These models are identical
to the basic model {COY1) except for the risk-aversion coefficient (r).
The risk-aversion coefficient (r) was arbitrarily increased to 2.99113
in the more risk-averse model, representing an extremely high Tevel of
risk-aversion. In the less risk-averse model (COY3) the risk restraint
was removed to provide a standard LP solution or profit-maximizing farm

plan with no consideration of risk.

1305 in the case of the basic model, this coefficient was chosen to
represent a specified level of probability that net returns above var-
jable costs would exceed fixed obligations. However, characteristics
of the model will not allow such probabilistic statements.
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Table 10. Beginning Balance Sheet, Coyanosa Model {COY1), January 1, 1978

Assets:
Cash $ 16,748
Land 64,000
Machinery 116,249
Total Assets $196,997
Liabilities:
Operating Loans $  -0-
Land Mortgage 48,000
Machinery Loans 48,350
Income Tax Due -0-
Total Liabilities $ 96,350

Net Worth $100,647
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Alternative Tenure Situations

A model (COY4) was developed to represent a situation in which the
farmer is renting 960 acres and purchasing no Tand. The beginning
balance sheet {Appendix D, Table 3) differs from the basic model (COY1)
in that land assets and liabilities are zero. Owned pumps were also
deducted from the machinery complement assets and liabilities. This
model was developed specifically to estimate the projected rates of
survival and profitability for a farmer with all rented land and to
identify the possible need for development of modified crop-share rental
agreements for the Coyanosa area.

A model (COY5) was also developed to represent a situation in which
the farmer is purchasing 960 acres and renting no land. Modifications
in the beginning balance sheet (Appendix D, Table 3) include increased
assets, liabilities, and equity in land and irrigation pumps. This
model was developed to estimate the rates of survival and return for a
farmer with all purchased land and to analyze the potential profitabil-

ity of land investment in the Coyanosa area.

Application of the Models

Selected applications of the $t. Lawrence and Coyanosa models are
shown in Table 11. The code for each model represents the farm model
and the scenario; e.g., STLIBASE is the basic St. Lawrence model {STLT)
applied under conditions of the BASE scenario.

A11 of the STL1 and COY1 applications, except COYIMOD2, were made

to compare the two areas in terms of risk and profitability.
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Table 11. Selected Applications of the St. Lawrence and Coyanosa Models
with Alternative Scenarios for Inflation, Energy Prices, Crop
Prices, and Interest Rates

Scenario?

Mode1 BASE LOW MODT MOD2 HIGH
STLT STLIBASE  STLILOW  STLIMODI STLIHIGH
coY1 COYIBASE  COYILOW  COYIMODI  COYIMOD2  COYTHIGH
CoY2 COY2BASE

CoY3 COY3BASE

cov4 COY4BASE

COY5 COY5BASE

#Scenario attributes are presented in Table 2.
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The COYIMOD2 application is based on the assumption that the price
of electricity in the Coyanosa area may not increase faster than the
rate of inflation (see the earlier discussion of scenario attributes).
This situation is quite possible because the price of electricity in
the Coyanosa area has already risen to a level one-third higher than
the St. Lawrence area. Thus the extreme increases in energy prices
may already have occurred in the Coyanosa area.

Additional applications were made to test the sensitivity of model
results to alternative levels of risk-aversion (COY2BASE and COY3BASE)
and to alternative tenure situations (COY4BASE and COY5BASE) .

The simulations were Timited to a 10 year period because develop-
ment of meaningful scenarios for a longer period was beyond the scope
of this study and extension of the period would greatly increase compu-
tational costs. For each application, the given situation was simulated
20 times to develop probability distributions for estimates of risk and

profitabiltiy.
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RESULTS

Results are presented in this section for the farm simulations
which were outlined earlier in Table 11. These results include (1} a
comparison of the basic St. Lawrence (STL1) and Coyanosa (COY1) models
under alternative future scenarios, (2) a comparison of the basic Coya-
nosa model with more risk-averse (COY2) and less risk-averse (COY3)
models, and (3) a comparison of the basic Coyanosa model with renter-
only (COY4) and purchaser-only (COY5) models.

Examples of the computer output from the simulation model are
shown in Appendix E. Each report summarizes the simulation of one year's
operation. As stated earlier, each situation, i.e., a given scenario
for one location for a ten year period, was simulated 20 times to de-
velop a distribution of outcomes for probability analysis. The 20 sim-
ulations were then summarized with a separate computer program. An ex-
ample of the output from the overall summary program is shown in Appen-

dix F.

Alternative Future Scenarios

Five alternative future scenarios for the ten year period (1978-87)
were considered in this analysis. These scenarios represent an array
of outlooks for inflation, energy prices, crop prices, and interest
rates from very pessimistic (LOW) to very optimistic (HIGH). The most
1ikely scenario {Base) was also modified to reflect higher inflation
(MOD1) and lower energy prices (MOD2). For additional details of these

scenarios, refer to Table 2.
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Effects on Farm Plans

Coyanosa. Average cropping patterns for the basic Coyanosa model
(COY1) under alternative future scenarios are shown in Table 12. The
averages which are shown are mean values for 20 simulations of a 10 year
period. There was considerable variation which is not refiected in
these statistics, i.e., among simulations and years; and the variation
among scenarios was not uniform.

Considering only the most Tikely (COY1BASE), pessimistic (COY1LOW),
and optimistic (COY1HIGH} cases, cotton was the primary crop, ranging
from 405.1 acres (73 percent) for COYILOW to 573.3 acres {84 percent) for
COYIHIGH. Wheat was the next most important crop with acreage ranging
from 90.0 acres (16 percent) for COYILOW to 103.7 acres (17 percent) for
COY1BASE. Grain sorghum comprised only 8.4 acres {less than 1 percent)
for COY1HIGH at the minimum to 61.6 acres (11 percent) for COYILOW at the
maximum. Total crop acreage varied from a low of 556.7 acres (COY1LOW)
to 684.9 acres {COYIMIGH). Total crop acreage, cotton acreage, and
wheat acreage generally increased in response to higher overall levels
of crop prices. However, grain sorghum acreage decreased in response to
increases in the overall level of crop prices.

If higher inflation rates are assumed to be most Tikely (COYIMOD1),
the relationships identified for the previous comparison are still
relatively consistent. However, if somewhat lower energy prices are
assumed to be most likely (COYIMOD2}, only the acreage in cotton in-
creases in direct response to a higher overall level of crop prices.
There is no consistent scenario effect on wheat, grain sorghum, and total

crop acreage. These results suggest that the competitive positions of
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absolute levels of crop prices, but alsc to the relationship between
input price and crop price increases.

Comparing trends in crop acreage within scenarios, total crop
acreage was relatively stable in all applications except COYILOW where
it decreased 11.6 percent annually. Wheat and grain sorghum maintained
or increased their share of crop acreage in this situation, whereas
cotton and grain sorghum maintained or increased their shares under the
COY1BASE and COY1HIGH situations. Only cotton increased its share
under COYIMOD1 and only wheat increased its share under CUOYIMOD2

St. Lawrence. Table 13 displays average cropping patterns for the

basic St. Lawrence model (STL1) under alternative future scenarios.
Considering only the most 1ikely (STL1BASE), pessimistic (STLILOW), and
optimistic (STL1HIGH) cases, cotton acreage was lower for St. Lawrence
than for Coyanosa, both in absolute terms and in terms of percentage

of total crop acreage. It ranged from 389.3 acres (55 percent) for
STLILOW to 450.4 acres {61 percent) for STLIBASE. Wheat was relatively
more important in the St. Lawrence results with a Tow of 257.4 acres
(35 percent) for STLIHIGH and a high of 289.9 acres for STL1LOW. Grain
sorghum acreage ranged from 25.1 acres (4 percent) for STLILOW to 36.6
acres (5 percent) for STLIHIGH. Total crop acreage was higher for the
St. Lawrence model than for the Coyanosa model, ranging from 608.1 acres
(STL1LOW) to 674.6 acres (STLI1HIGH). Total crop acreage and grain
sorghum acreage increased in response to increased overall crop price
levels, but there was no consistent scenario effect on cotton and wheat

acreage.
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Assuming higher infiation for the most 1ikely situation (STLIMOD1)
does not change the comparison with the Coyanosa results, but it does
remove the consistent scenario effect on grain sorghum acreage. A most
Tikely situation with lower energy prices was not considered realistic
for the St. Lawrence area.

Based on trends, total crop acreage was relatively stable for all
scenarios in the St. Lawrence model; however, dryland acreage increased
at the expense of irrigated acreage for each scenario. Trends in indi-
vidual crop acreages differed from the Coyanosa model in that (1) cotton
declined in relative importance in all scenarios, (2) grain sorghum did
not maintain its share of crop acreage under the low scenario and (3)
both wheat and grain sorghum increased their shares of crop acreage
under the MOD1 scenario.

This model tended to develop farm plans which included higher levels
of irrigation on cotton than are typical in the area. Wheat acreage
in the simulation was also generally higher than actual, and grain
sorghum acreage was generally lower. The St. Lawrence producers are
extremely reluctant to use insecticide on cotton; therefore, they
seldom apply higher levels of irrigation, which favor increased insect
pest activity on cotton. It is not known whether this aversion to the.
higher levels of irrigation is an absolute restriction, or whether it
simply represents much higher perceived insect control cost than that
included in this model. The higher wheat acreage and lower grain acreage
of the model relates to customs of the atea and the weakness of the model
in dealing with variability in irrigation. Both deficiencies of the

model in development of representative farm plans tend to inflate esti-
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mates of both the mean and variance of net income and rate of return.

Effects on Farm Survival

Coyanosa. Farm survival in this study was equated with solvency;
thus, the simulated farm 'survived' as long as it had or could borrow
sufficient resources to operate and meet fixed cash obligations. Se-
lected measures of farm survival for the Coyanosa model under alternative
scenarios are shown in Table 14. On the average, the Coyanosa farm
survived about 5 years for all scenarios except the HIGH scenario where
the average 1ife was 7.9 years. The differences between the average
lives of the other scenarios were not statistically significant, which
is explained by examining the high degree of dispersion in terms of
the standard deviations.

The probabilities of surviving a given number of years, as shown in
Table 14, provide more information on the implications of alternative
scenarios for farm survival. These probabilities are based on the 20
simulations of each 10 year period for each scenario. Thus, a 50 percent
probability of surviving eight years means that the simulated farm was
still solvent at the end of eight years in 10 of the 20 simulations.
Comparing the most likely (COY1BASE), pessimistic (COY1LOW), and opti-
mistic (COYIHIGH)} situations, the survival rate for the Coyanosa farm
for the entire 10 year period ranged from 15 percent (COY1LOW) to 65
percent (COYIHIGH). Under the most Tikely situation with higher infla-
tion (COYIMOD1) the rate of survival was even lower than the COY1LOW
situation with only a 10 percent probability of survival. However,

assuming the most 1ikely situation with lower energy prices (COYIMOD2),
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the probability of survival incroased from 20 percent for COY1BASE to
30 percent for COY1MODZ.

Over one-half of the insolvencies in all scenarios occurred within
the first five years of the period. Therefore, caution should be used
in applying these results directly as a probability of survival. The
failure pattern suggests that changes in the assumed equity position
of the farmer would likely change the average 1life and influence the
probability of survival for the 10 year period.

St. Lawrence. The average number of years survived for the St.

Lawrence farm (shown in Table 15) was not significantly different under
the alternative scenarios. However, for every scenario it was signifi-
cantly higher than the average number of years survived by the Coyanosa
farm; e.g., 9.3 versus 5.6 years for pessimistic {LOW) scenario and 10.0
versus 7.9 years for the optimistic (HIGH) scenario. Likewise, the sur-
vival rate was much higher for the St. Lawrence farm, ranging from 80
percent for the pessimistic (LOW) scenario to 100 percent for the most
1ikely (BASE) and optimistic (HIGH) scenarios. These results indicate
that the probability of survival for the given farm situation is signi-

ficantly higher in the St. Lawrence area than Coyanosa area.

Effects on Profitability and Growth Potential

Coyanosa. Selected measures of profitability and growth potential
for the Coyanosa model {COY1) are shown in Table 16. The internal rate
of return on equity capital was selected as the primary measure of pro-

fitability for this study. The internal rates of return were negative
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and not significantly different for all situations except the optimistic
case (COYIHIGH). COY1HIGH had a positive 36.8 percent annual rate of
return, but the coefficient of variation (1.285) represents a large
variation in rates of return.

Mean annual net farm income ranged from $1040 per year for COY1LOW
to $108,717 per year for COY1HIGH. There was very little difference
between COY1BASE and COYIMOD2 net farm income, but there was a signifi-
cant difference between these values and the net farm incomes for
COYILOW and COYIMOD1. This result is not consistent with the finding
of non-significant differences between the rates of return for all
scenarios except COY1HIGH. Hbwever, the trends on net farm income were
positive for COY1BASE and COY1IMODZ; whereas the trends were negative
for COY1LOW and COYIMOD1. Therefore the discounting process tended to
of fset the growing divergence in later years between the net farm incomes
for these scenarios.

] COY1HIGH provided a fairly good opportunity for arowth with an ex-
pected rate of return of 36.8 percent and increasing net income. After
adjustment for the 10 percent rate of inflation, the real rate of return
was still 26.8 percent (36.8 - 10.0) and the trend in net income was
greater than the rate of inflation indicating that the real rate of re-
turn was increasing through time. COY1BASE and COYIMODZ provided only
marginal opportunities for growth with negative, but increasing rates of
return., COY1LOW and COYIMOD1 provided little opportunity for growth
with negative and decreasing rates of return.

St. Lawrence. Internal rates of return for the St. Lawrence model

(STL1), shown in Table 17, ranged from 11.8 percent for STLILOW to 52.1
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Table 17. Selected Measures of Profitability and Growth Potentla]
for Alternative Scenarios, St. Lawrence Model (STL1)",
1978-87.

Scenariob
Ttem Units BASE LOW MODT HIGH
Internal Rate
of Return:

" Mean Percent 26.7 11.8a° 14.5a 52.1
Std. Dev. " 6.9 21.6 20.7 13.1
Maximum h 40.0 43.4 38.0 75.6
Minimum " 8.7 -37.2 -62.3 31.1

Net Farm Income:
Mean $/yr. 64,763 43,687 50,939 142 ,606
Trend $/yr. 4,026  -2,91N 1,004 18,250

35TL1 is the basic St. Lawrence model as described in the text.
cScenario attributes are presented in Table 2.

Means followed by the same letter were not significantly different at
the 5% level using analysis of variance and Duncan's Multiple Range
test. Means for net farm income were not tested.

dLinear trend.
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percent for STL1HIGH. STLIMOD1 at 14.5 percent was not significantly
different from STL1Tow and STL1BASE was intermediate with a 26.8 percent
rate of return. The rate of return for St. Lawrence was higher than
Coyanosa for all scenarios except the HIGH scenario. Although STLIHIGH
had a 52.1 percent rate of return compared to a 36.8 percent rate of
return for COYIHIGH, the difference was not significant. The net farm
income was also greater for St. Lawrence than for Coyanosa in all
scenarios.

Growth potential for the St. Lawrence situation was more favorable
than for the Coyanosa situation under the BASE, LOW, and MOD1 scenarios.
Where growth potential was marginal for Coyanosa under the BASE scenar-
jo, it was quite favorable for St. Lawrence with a fairly stable 26.7
percent rate of return and increasing net farm income. There was little
or no growth potential for Coyanosa under the LOW and MOD1 scenarios,
but even these situations showed a healthy rate of return for St. Law-
rence with net income declining for only the low scenario. These re-
sults did not indicate a significant difference in growth potential for

the two areas under conditions of the HIGH scenario.

Alternative Levels of Risk-Aversion

The effects of alternative levels of risk-aversion upon cropping
patterns, survival, profitability, and growth potential in the Coyanosa
area under the most likely situation (BASE) were analyzed by comparing
results from the more risk-averse (COY2) and the less risk-averse (COY3)
models to results from the basic Coyanosa model {COY1). While the basic

model (COY1) represents a relatively risk-averse farmer based on other



85

studies, the results seem to indicate that 'he' may not be as risk-averse
as the St. Lawrence farmer. The more risk-averse model describes a very
risk-averse farmer, and the less risk-averse model describes a strict
profit-maximizer {(risk-neutral).

Average cropping patterns for the alternative risk-aversion models
are shown in Appendix G, Table 1. As the level of risk-aversion de-
creased, total crop acreage increased from 509.4 acres to 684.9 acres.
Cotton acreage increased proportionately more from 287.0 acres to 573.3
acres or nearly double. Grain sorghum and wheat acreage both declined,
in terms of absolute acreage and share of total crop acreage, in response
to the decreased risk-aversion. These results indicate that total crop
acreage tended to increase and cotton tended to replace grain crops as
the Tevel of risk-aversion was reduced.

The rate of farm survival also increased in response to decreased
risk-aversion (Table 18). The average years of survival for COY1BASE
and COY2BASE were not significantly different at 4.6 and 3.1 years,
respectively. However, the average years of survival for COYABASE (the
profit-maximizing model) were significantly increased to 8.3 years.

The probability of survival was also greater for COY3BASE in all years
from three to ten, i.e., 55 percent probability in year 10 for COY3BASE
compared to O percent probability for COYZBASE.

Table 18 also shows measures of profitability and growth potential
for the alternative levels of risk-aversion. The internal rate of re-
turn increased as the level of risk-aversion was decreased; however, the
difference between COY1BASE and COY2BASE and difference between COY1BASE

and COY3BASE were not significant. Dispersion of the rates of return
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Table 18. Selected Measures of Farm Survival, Profitability and Growth
Potential for Alternative Levels of Risk-Aversion, BASE
Scenario, Coyanosa Models (COY1, COY2, COY3), 1978-87.

Model?
[tem Units COYT COY2 COY3

Years of Survival: b

Mean Years 4.6a 3.1a 8.3

Standard Deviation " 3.0 0.7 4.1
Probability of Surviving:

2 years Percent 100.0 100.0 100.0

3 " " 75.0 85.0 90.0

4 " 50.0 20.0 80.0

5 " " 35.0 5.0 75.0

6" . 20.0 5.0 65.0

7 " " 20.0 5.0 65.0

g " " 20.0 5.0 60.0

g " ! 20.0 5.0 55.0

10 " ! 20.0 0.0 55.0
Internal Rate of Return:

Mean Percent -12.0bc ~15.0b 1.8¢

Standard Deviation " 29.2 11.4 31.8

Maximum " 28.5 4.7 51.4

Minimum " -114.8 -41.6 -72.0
Net Farm Income:

Mean $/year 25,505 -7,048 31,433

Trend® " 4,049 -4,939 1,634

3Alternative levels of risk-aversion are represented by the basic
Coyanosa model {COY1), a more risk-averse model {(COY2), and a less
risk-averse model {COY3). These models are fully described in the
text
Means followed by the same letter were not significantly different at
the 5% Tevel using analysis of variance and Duncan's Multiple Range
ctest. Means for net farm income were not tested.
Linear trend.
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also increased as the level of risk-aversion was decreased. Net farm
income increased from negative $7,048 for COYZBASE to $31,433 for
COY3BASE. The trends in net farm income indicate that the difference
between COY1BASE and COY2BASE was widening and the difference between
COY1BASE and COY3BASE was narrowing through time.

1t was expected that acreage, rate of return, and net farm income
would increase with decreased risk-aversion. It was also expected that
the dispersion around the mean rate of return would increase in response
to Tower levels of risk-aversion. These hypotheses were borne out in
results just presented. However, it was also expected that the rate of
survival would be higher for increased levels of risk-aversion, which
was not the case. Instead, COY3BASE with decreased risk-aversion had
a greatly increased rate of survival at 55 percent compared to zero for
COY2BASE and 20 percent for COY1BASE. The explanation for these results
Ties in the effects of increased risk-averison on acreage and net income.

Total crop acreage decreased in response to increased levels of
risk-aversion (Appendix G, Table 1), reflecting the reluctance of the
more risk-averse farmer to purchase resources to plant crops on rented
land. This result is theoretically valid since the profit potential of
all crops is decreased by the requirement for payment of a crop-share
rental. Net farm income also decreased in response to increased levels
of risk-aversion because of (1) reduced crop acreage, (2) Tower levels
of input use, and (3) selection of Tower return crops with less varia-
bility in income. In fact, net farm income for COYZBASE was reduced
below the levels required to meet fixed obligations. Thus, the higher

level of risk-aversion reduced annual net farm income to a point which
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guaranteed financial disaster over time, as equity was eroded. This

was not as clearly shown in the case of COYIBASE. The rate of survival
for COY1BASE was 20 percent compared to 55 percent for COY3BASE, but
average net farm income was not greatly different at $25,505 versus
$31,433. These net farm incomes are averages, however, and comparison
of the trends in net farm incomes show that COY1BASE net farm income

was much lower in the earlier years than COY3BASE. In fact, as shown in
Table 18, all the failures for COYLBASE occurred in the first five years;
whereas, the failures for COY3BASE were more evenly distributed over the
10 year period.

These results still appear inconsistent with the theory since the
risk restraint is specified to require that the farm plan maximize net
income above variable costs subject to some degree of certainty of
meeting fixed obligations. However, in cases where there was no feasible
solution which met these criteria, the risk restraint was modified to
require that the plan maximize net income subject to some degree of
certainty (same parameter as before modification) of covering variable
costs. When the modification took place, fixed obligations were no
longer considered in development of the plan, resulting in plans with
reduced variation around the mean of net returns above variable costs.
Under the modified risk-restraint, there was no reference to fixed
obligations and, hence, no reason to expect that net returns above
variable costs would be greater, less than, or equal to fixed obliga-
tions. Insolvency of the farm occurred through a failure to meet
fixed obligations, i.e., loan payments; and the more conservative

plans generated under the modified risk restraint were less Tikely to
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meet fixed obligations than plans ¢2nerated under the original restraint.
Finally, increasing the level of risk-aversion decreased the chance that
any feasible plan could be developed under the risk restraint. Thus,
increasing the level of risk-aversion increased the chances that the

farm plan would be generated under the modified, rather than the ori-
ginal, risk restraint. In turn, the chance that fixed obligations would
not be met and that the farm would not survive was increased.

Based on these results, it appears that the risk restraint should
be re-specified to provide a less conservative, rather than a more
conservative, plan when there is no feasible plan under the original
risk restraint. Therefore, these findings regarding the relationships
between risk-aversion, survival, and profitability are valid only as
they represent the results of the model as specified. It is not known
if these relationships would hold under the model with the above-mention-
ed re-specification of the risk restraint, and they may or may not be
representative of the true relationships between risk-aversion, survival,
and profitability in the Coyanosa area.

The levels of risk-aversion represented by the COY1l and COY2 models
appear to be relatively high. Therefore, the absolute values for sur-
vival and profitability may be too conservative. The results of the
profit-maximizing model {COY3) certainly indicate that the level of

risk-aversion is a critical assumption.

Alternative Tenure Situations

The effects of alternative tenure situations upon cropping patterns,

survival, profitability, and growth potential were analyzed by comparing
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results from the basic Coyanosa Model (COY1) with renter-only (COY4) and
purchaser-only (COY5) models under conditions of the most likely (BASE)
scenario. Total acreage, terms for land purchase, and rental arrange-
ments were held constant for all three models. COY1BASE represents a
farmer purchasing 320 acres and renting 640 acres, COY4BASE represents
a farmer renting 960 acres, and COYSBASE represents a farmer purchasing
960 acres. Assumed rental arrangements were traditional crop-share
rental with the landlord receiving one-third of the grain (less harvest
cost) and one-fourth of the cotton (less ginning cost). Terms for land
purchase were a required down-payment of 25 percent with the balance
financed for 20 years at 8 percent annual rate of interest.

The effects of the alternative tenure situations on average crop-
ping patterns are shown in Appendix G, Table 2. Total crop, wheat
and grain sorghum acreage were highest for the purchaser-only situa-
tion{COY5BASE) and Towest for the renter-only situation (COY4BASE).
Cotton acreage was lowest for the purchaser-renter situation (COYIBASE)
and highest for the renter-only situation (COY4BASE). As a share of
total crop acreage, cotton was relatively stable or increasing and
wheat was decreasing in all situations. Grain sorghum was decreasing
in the purchaser-only (COY5BASE) situation and relatively stable or
increasing in all other situations.

The average years of survival (Table 19) for COY1BASE and COY4BASE
were not significantly different at 4.6 and 4.75 years respectively.
The purchaser-only situation (COY5BASE) was considerably higher at 7.7

years. Likewise, the probabilities of surviving for a given number of



97

Table 19. Selected Measures of Farm Survivail, Profitability., and Growth
Potential for Alternative Tenure Situations, BASE Scenario,
Coyanosa Models (COY1, COY4, c0Y5), 1978-87.

Mode??®
Ttem Units COVT COv4 COY5

Years of Survival: b

Mean Years 4.6z 4.8a 7.7

Standard Deviation " 3.0 3.3 3.3
Probability of Surviving:

2 years Percent 100.0 95.0 100.0

3 " " 75.0 65.0 90.0

4 " " 50.0 40.0 85.0

5 " . 35.0 35.0 65.0

6 " " 20.0 35.0 65.0

7 " " 20.0 25.0 65.0

g ! 20.0 25.0 65.0

g " 20.0 25.0 65.0

10 " " 20.0 25.0 65.0
Internal Rate of Return:

Mean Percent ~12.0 -25.4 8.7

Standard Deviation " 29.2 23.4 21.0

Maximum " 28.5 22.5 42.6

Minimum i -114.8 -5£8.6 -29.6
Net Farm Income:

Mean $/year 25,505 21,995 58,871

Trend® " 4,049 1,395 1,760

ap1ternative tenure situations are represented by both purchase and
rental of land {COY1), rental only (COY4), and purchase only (COY5).
bThese models are fully described in the text.

Means followed by the same letter were not significantly different
at the 5% level using analysis of variance and Duncan's Multiple
CRange test. Means for net farm income were not tested.

Linear trend.
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years were similar for COYIBASE and COY4BASE. The rate of survival for
the 10 year period was 20 percent for COY1BASE and 25 percent for
COY4BASE. The rate of survival for COYSBASE was much higher at 65 per-
cent for the 10 year period. A1l the failures under the purchaser-only
situation occurred within the first four years.

Internal rates of return (Table 19) ranged from -25.4 percent for-
the renter-only to 8.7 percent for the purchaser-only. The purchaser-
renter situation was intermediate with -12.0 percent. Net farm income
also ranked in the same order with the purchaser-only net farm income
almost twice as large as that of the purchaser-renter or the renter
only.

These results suggest that the rental arrangements which are typical
of the St. Lawrence area are not suitable for the Coyanosa area. By
reviewing the acreages in Appendix G, Table 2, it can be observed that
the total acreage available was not planted in either the COY1BASE or
the COY4BASE situations. On the average, the renter-only planted 75
percent (including set-aside acreage) of total acreage available and the
purchaser-renter planted only 74 percent. The purchaser-only, however,
planted 97 percent of the available acreage. In terms of the rental
arrangements which were analyzed, the ownership tenure situation was
much more profitable than either of the situations involving rent.
Alternative rental agreements were not analyzed, thus, these results may
not hold for different rental arrangements.

Growth potential was good for the purchaser-only situation
(COY5BASE) since rate of return was positive and net farm income was

healthy with an upward trend. Net farm income for the renter-only
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situation (COY4BASE) and the purchaser-renter situation {COY1BASE) was
trending upward, but from a much lower level than the purchaser-only
situation. However, the purchaser-only had additional land principal
payments which were made from net farm income. Therefore, the differ-
ences in cash flow available for growth were not as great as they appear
for the different tenure situations. The negative rates of return for
the renter-only and purchaser-renter situations did not indicate a

favorable growth potential.

Profitability of Land Purchase

The results of this study do not provide a true analysis of the
net return to land. They do however, provide some proxy measures of the
profitability and risk associated with the purchase of irrigated farm
land in the Coyanosa area. Several points should be re-emphasized
concerning the internal rate of return shown in Table 19 for the farmer
purchasing 960 acres of land. First, the rate of return of 8.7 percent
is an after-tax rate which embodies the tax rate of the model farmer
in this study. Therefore, a direct application of this rate to an inves-
tor in a different situation may not be valid. Secondly, this rate of
return is a return to total eguity, implying the same rate of return for
equity in cash, machinery, and land. Thirdly, this rate inciudes 6 per-
cent return to excess cash which tends to infiate the estimate.
Fourthly, since the purchaser is making land principal and interest
payments, a portion of the return to tand has been deducted as interest
expense. Fifthly, family Tiving expenses were used as a proxy for a

return to management. A case can be made that the farmer who is purchas-
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ing land and building equity actually re-invests a portion of the 'mar-
ket' return to management by maintaining a lower standard of family
living. In this study this tends to over-state the rate of return to
capital which would be available to an investor who purchased land and
hired the management of the farm. Lastly, the procedure for computing
the internal rate of return includes the assumption that net cash out-
flows from the farm will be re-invested at the same rate of return.
Therefore, the land purchaser would have to have sufficient capital to
continue to expand the investment, or have access to alternative invest-
ments which were equally profitable. The rate of return would be reduced
if excess resources were allowed to remain in the business.

The 8.7 percent expected after-tax rate of return for the land
purchase alternative at Coyanosa is reasonably high providing a real
rate of return of 1.7 percent; i.e., the nominal rate of return (8.7
percent) less the rate of inflation (7 percent). The purchaser has an
alternative investment for excess funds by paying off machinery loans
which have a 9 percent interest rate. However, this rate is subject to
the considerations mentioned above. For the non-farmer investor the
rate of return would probably be lower because of the higher cost of
management and the differences in income tax rates.

These results provide information on two kinds of risk which the
purchaser may face. First, as shown in Table 19, he has a 35 percent
probability that the farm will not survive for the ten year period.
Secondly, if the farm survives there is a possibility of a Tower return
than 8.7 percent. In terms of the survival risk, the purchaser's

chances of survival increase with each year he survives. At the begin-
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ning of the period, he has a 65 percent probability of survival; but

at the end of the fourth year, his chances are increased to 100 percent.
This suggests, as expected, that alternative levels of beginning equity
may increase the probability of survival. In turn, the reduced number
of failures may increase the expected rate of return, since each failure
has a negative rate of return.

The risk for a land purchaser of a lower rate of return than 8.7
percent is represented by the results for COY5BASE in Table 19. Notice
that the standard deviation is 21.0 percent which gives a coefficient of
variation of 2.41. Thus, the rate of return is subject to a high degree
of variation, which is confirmed by the range from the maximum rate of
42 .6 percent to the minimum rate of -29.6 percent. Referring to the
previous discussion of the effect of equity levels on survival rate and
rate of return, the expected rate of return for simulations which had
no failure was 21.8 percent, with a range from 6.0 percent to 42.6 per-
cent. The standard deviation for simulations without failures was 11.8
percent giving a coefficient of variation of 0.54. Thus, if the farm
survives for four years, the purchaser faces a much higher expected
rate of return. However, these results do not mean that increasing
the equity level to insure survival will increase the expected rate of
return from 8.7 percent to 21.8 percent, because the rate of return for
the simulations with failures is not known for different equity levels.

One alternative for the land purchaser which has not been discussed
is that of renting land to a tenant operator. The only results from
this study which reflect on this alternative are the results from the

renter-only model (COY4BASE) shown in Tables 19. Since these results
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show a very low expected survival rate and rate of return under the
assumed rental arrangements, renting the land to a tenant does not
appear to be a viable alternative. It can not be determined from these
results if different rental arrangements would provide a profitable
alternative for the purchaser and for the renter.

This analysis also has not included the possibility of Tand value
appreciation. These resuits seem to indicate that land values could
appreciate, particularly under the HIGH scenario. However, to make
estimates of the rate of land appreciation would require the assignment
of probabilities to the various scenarios and the development of a cap-
jtalization rate for land purchasers. Referring to Table 17, the basic
Coyanosa model had increasing net income for all except the LOW and MOD1
scenarios, which would indicate a rising land value for the BASE, MODZ,
and HIGH scenarios. However, it is not possible from these results to

quantify an estimate.



97

SUMMARY AND IMPLICATIONS

Introduction

The 'energy crisis' and general inflation in price of production
inputs has caused much concern about the potential effects of continued
price increases upon the U.S. food and fiber system. This concern has
been dramatically justified in the Trans Pecos region of Texas where
natural gas prices have increased by over 450 percent. This price in-
crease, which increased irrigation costs by over 60 percent and produc-
tion costs for cotton by 8-9¢ per pound of lint, has contributed signi-
ficantly to the idling of thousands of acres of irrigated farmland and
the departure of many farmers from the region.

Cost and return projections for cotton and other crops indicate
that the Trans Pecos can compete with many other irrigated regions if
currently available improved irrigation management practices are adopted.
However, due to uncertainty about the future of irrigation in the
region, new farmers are reluctant to move into the region, investors are
reluctant to buy land, and Tenders are reluctant to furnish capital.

The purpose of this study was to provide information to farmers,
investors, and lenders, regarding the future of irrigated crop produc-
tion in the Trans Pecos. Primary emphasis was placed on answering two
questions: (1) Can an irrigated farm survive in the Trans Pecos? and
(2) If it survives, how profitable will it be? The answers to these
questions also have implications for other irrigated areas. Thus,

policy makers need this type of information as they consider energy and
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farm program legislation. The Trans Pecos provides an excellent oppor-
tunity to analyze alternatives which may help improve the probability of

survival of irrigation.

The Study Area

The Trans Pecos is a vast, semi-arid region in far west Texas with
isolated areas of irrigated crop produciton. Development of large-
scale irrigation from groundwater sources began in the 1940's and
peaked at about 290,000 acres in 1964. In the following decade, irri-
gated acreage declined by a third to 184,000 acres. Various factors
have been cited for this decline, including (1) declining cotton yields,
(2) increased production costs, and (3) changes in the government farm
program,

The dramatic natural gas price increase of 1975-76 led to an even
greater reduction in irrigated acreage. While the increase in the price
of irrigation fuel was not responsible for the total decline of irri-
gated crop production in the Trans Pecos, it has contributed significant-
1y to the siutation which exists today.

There is great variation across the Trans Pecos, in terms of soil
type, groundwater quality, pumping depths and annual rainfall. For
this reason, the study was limited to one area to minimize aggregation
error. The Coyanosa area of Pecos County, which was selected for this
study, has had approximately 40,000 acres under irrigation. The soils
are generally well suited to irrigated crop production, and both pump-
ing depths and water quality are more favorable than the average for

the Trans Pecos.
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The Model

A computer model was developed to generate estimates of potential
survival and profitability by recursive simulation of multiple time
periods. The four basic steps in the simulation process of this model
are (1) development of a farm plan with a mathematical model, (2) gener-
ation of stochastic ('actual') prices and yields, (3) simulation and
evaluation of the farm plan in operation, and (4) update of the planning
situation to reflect changes in expected prices, expected yields, and
credit restrictions. The model then returns to step 1 for simulation
of the next time period (year). These steps are accomplished by four
sub-model: (1) planning, (2) price-yield, (3) financial-accounting, and
(4) update.

The planning sub-model simulates development of a farm plan by
selecting a set of crop activities to maximize expected net returns,
subject to resource and risk restraints. This is accomplished with a
modi fied-MOTAD Tinear programming model, incorporating a lexicographic
utility function. Under this approach, the farmer is assumed to select
a farm plan to maximize profits providing the plan has some degree of
certainty of meeting fixed obligations.

The price-yield sub-model generates random (‘'actual’) prices and
yields and expected prices and yields for the next simulation period.
Random prices and yields are drawn from a triangular distribution by a
procedure which correlates the values based on a given correlation
matrix. These random prices and yields are used to simulate the opera-

tion of the farm under the plan selected in the planning sub-model.
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Expected prices and yields are then developed with an adaptive expecta-
tion or Nerlove-type model for use in the planning sub-model in the
next simulation period.

The financial-accounting sub-model implements the farm plan, re-
places machinery, pays fixed obligations, develops financial statements,
and evaluates credit capacity. Through this process, the operation of
the farm is simulated and credit restrictions are developed for the next
simulation period.

The update sub-model annually updates the 'actual' prices and
yields, expected prices and yields, the risk restraint, and price trends.
Updating of prices includes input prices which are changed based on

exogenous trends to reflect inflation and energy price increases.

Procedures

Representative model farms were developed for the Coyanosa and St.
Lawrence areas. The St. Lawrence model was required to provide compara-
tive estimates of risk and profitability. St. Lawrence, located on the
Edwards Plateau, was selected as a comparison area because of (1) simil-
arity to Coyanosa in terms of soils and climate, (2) the well-known
expertise of St. Lawrence farmers in managing limited water supplies,
and (3) the interest of many young St. Lawrence farmers in relocating
to the Coyanosa area.

The St. Lawrence model (STL1) was developed through the cooperation
of the Board of Directors of the St. Lawrence Cotton Grower's Associa-
tion and other interested farmers selected for this project. Both

individual interviews and group meetings were utilized to develop crop
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budgets, yield distributions, machinery complements, financial state-
ments, and farm characteristics for the 3t. Lawrence model farm. This
model was then modified to reflect required management changes and farm
characteristics for the Coyanosa area, based on research and demonstra-
tion data and expert opinion of research and extension personnel in the
Trans Pecos.

Five alternative future scenarios were specified for inflation
rates, energy prices, crop prices, and interest rates to be used in
application of the farm models. Three of these scenarios represent
pessimistic (LOW), optimistic (HIGH), and most Tikely (BASE) situations.
The most 1ikely scenario (BASE) was also modified to assume a higher
inflation rate (MOD1) and lower energy prices (MOD2).

The basic Coyanosa model (COY1) was modified to analyze the effects
of alternative levels of risk-aversion with a more risk-averse model
(COY2) and a less risk-averse model (COY3). The effects of tenure
situation were also examined by comparing the basic purchaser-renter
situation (COYl) with a renter-only situation (COY4) and a purchaser-
only situation (COY5).

Each model application included 20 simulations of a 10 year planning
horizon to develop a distribution of outcomes. The basic Coyanosa and
St. Lawrence models (COY1 and STL1) were applied under alternative
future scenarios to provide comparative estimates of the potential
effects of inflation, crop prices, energy prices, and interest rates
upon farm survival and profitability. The sensitivity of these estimates
to the assumed level of risk-aversion were also tested by applying the

more risk-averse {(COY2) and less risk-averse (COY3) models under most
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1ikely (BASE) conditions. The renter-only (COY4) and purchaser-only
(COY5) models were compared to the basic purchaser-renter model (COY1)
under the most likely (BASE) scenario to estimate the effects of

alternative tenure situations on farm survival and profitability.

Results

Alternative Future Scenarios

Total crop acreage, cotton acreage and wheat acreage generally
increased in response to higher levels of overall crop prices in the
Coyanosa model. Grain sorghum acreage decreased under these same
situations. The scenario effects were not as clear-cut, or consistent
when the modified most 1ikely scenarios {MOD1 and MOD2) were considered.
Total crop acreage was relatively stable under all scenarios, except
the LOW scenario where it decreased through time. Relative importance
of the crops was identical for all scenarios with cotton the most im-
portant and grain sorghum the least important.

Comparing the St. Lawrence results to those of the Coyanosa model,
total crop acreage also increased in response to higher crop prices.
However, the effects of alternative scenarios on acreage of each crop
were much less consistent for St. Lawrence than they were for Coyanosa.
The ranking of the crops in importance was the same for the two areas,
but cotton was relatively less important and wheat was relatively more
important for St. Lawrence. The importance of cotton, relative to other
crops, declined throughout time under all scenarios for the St. Lawrence
model.

[t can be concluded from these results that higher irrigated acreage
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can be expected under optimistic conditions than under pessimistic
conditions. Also, cotton will remain the primary crop, but comparison
of model results with current farm plans in the St. Lawrence area make
any conclusion regarding the relative importance of wheat (compared to
grain sorghum) questionable. These results also indicate that changes
in the relationship among inflation rate, crop prices, energy prices,
and interest rate may affect the relative importance of individual crops
as much as changes in the absolute levels within each of these variables.
Firm survival in this study was equated to solvency, thus the simu-
lated farm 'survived' as long as it had, or could borrow, sufficient
resources to meet fixed obligations. The Coyanosa farm survived about
5 years for all scenarios except the HIGH scenario where the average
life was 8 years. There was no significant difference in the average
life for other scenarios. The most Tikely rate of survival was 20 to
30 percent with a high of 65 percent under the optimistic situation and
a tow of 15 percent for the pessimistic situation. However, the most
Tikely situation with higher inflation had a survival rate of only 10
percent. Over one-half the insolvencies occurred in the first five
years suggesting that changes in the assumed beginning equity position
of the farm would 1ikely affect the estimates of average 1ife, proba-
bility of survival, and profitability {rate of return to eguity capital).
The average life of the St. Lawrence farm was higher than the
Coyanosa farm under all scenarios, ranging from 9.3 years under the LOW
scenario to 10.0 years under the HIGH scenario. The survival rate was
also higher for St. Lawrence with 80 percent for:the LOW scenaric and

100.0 percent for the BASE and HIGH scenarios.
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From these results it can be concluded, given the farm éituations
in this study, that the average life and probability of survival will
be significantly higher at St. Lawrence than at Coyanosa. It is parti-
cularly important, however, that this conclusion be limited to the
assumptions of the comparison model farms. Extrapolation to other
situations is not justified without futher study.

The internal rate of return, selected as a measure of profitability,
was negative and not significantly different for the Coyanosa model in
all cases (scenarios) except the HIGH scenario, which returned 36.8
percent annually. The HIGH scenaric also provided the only favorable
opportunity for growth.

Rate of return, net farm income, and growth potential were higher
for St. Lawrence than Coyanosa under all scenarios except the HIGH
scenario. The HIGH scenario rates of return {36.0 percent for Coyanosa
and 52.1 percent for St. Lawrence) were not significantly different.
These results indicate that the St. Lawrence farm will be more profitable
and provide greater growth potential than the Coyanosa farm under all but
the most optimistic siutation. No conclusions can be drawn regarding
the HIGH scenario comparison, and the conclusion for other scenarios

must be restricted to the situations described by the two models.

Alternative Levels of Risk-Aversion

Total crop acreage, cotton acreage, rate of return, average life,
and probability of survival increased in response to decreased levels of

risk-aversion for the Coyanosa model. Wheat and grain sorghum acreage
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decreased under decreased levels of risk-aversion. Profitability was
expected to increase under this situation; but average 1ife and probabil-
ity of survival were expected to be highest under higher levels of risk-
aversion. It appears that these unexpected results are related to the
manner in which the risk restraint was specified in the planning sub-
model, rather than to a true relationship between farm survival and
risk-aversion. In the more risk-averse model the farm plans, which

were selected, had a greater chance of covering variable costs. However,
these same plans had a lower chance of covering total costs, i.e., vari-
able plus fixed. Thus, in the more risk-averse model! financial failure
was less likely in a given year, but more Tikely over time as equity

and credit capacity were eroded,

The level of risk-aversion assumed for the basic models appears to
be very high compared to other studies, but somewhat low for the St.
Lawrence area farmers. Therefore, generalization of these results to
other situations must include consideration of the effects of decreased
levels of risk-aversion on survival and profitability. However, from
these results it can only be concluded that profitability will be in-

creased for lower Tevels of risk-averison.

Alternative Tenure Situations

Total crop acreage, wheat acreage and grain sorghum acreage were
highest under the purchaser-only tenure situation and lowest under the
renter-only situation. However, the effects of tenure situation did
not impact consistently upon cotton acreage. Average life and probabil-

lity of survival were significantly higher for the purchaser-only situa-
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tion at 7.7 years and 65 percent, respectively. Internal rate of return
ranged from -25.4 percent for the renter-only to 8.7 percent for the
purchaser-only, and the purchaser-renter was intermediate with -12.0
percent.

These results indicate that the purchaser-only tenure situation
will provide a higher rate of survival and profitability than either of
the other two situations. They also indicate that the traditional
crop-share rental arrangements are not suitable for the Coyanosa area.
It is not known if these conclusions would hold under conditions of
more suitable rental arrangements.

Analysis of the profitability of land purchase in the Coyanosa
area was limited to the model farm situation because the results did not
provide a true net return to land estimate. According to the model
results, land purchase may be a viable alternative, given the most likely
or optimistic scenarios. However, there are indications that there is
significant risk of failure and/or low returns which may be greatly

influenced by the level of beginning equity.

Limitations and Needs for Further Research

This study uses the representative farm approach, thus, aggregate
or regional implication may be subject to bias. Likewise, it must be
realized that these results will not likely apply directly to any farm
because of the 'average' nature of the input data. Other limitations to
the study are the model input data. These limitations are particularly

critical as they relate to (1) parameters of the adaptive expectations
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models and risk restraint, (2) input-output coefficients for new tech-
nology, and (3) groundwater depletion rates.

The coefficients of expectation and risk-aversion were assumed
a priori in this study. Sensitivity analysis has shown that the esti-
mates of survival and profitability are particularly sensitive to the
assumed level of risk-aversion. More research is needed to provide a
better basis for estimation of these parameters in a representative
farm model.

Input-output coefficients for new technology were estimated subject-
ively, based on research and extension data. However, additional re-
search is needed to more adequately specify physical relationships;
e.9., production functions for water, field efficiency studies of al-
ternative irrigation distribution systems, etc.

Ground water depletion rates were assumed to be zero for both the
St. Lawrence and Coyanosa areas. Pumping costs are sensitive to this
parameter, but data are not available to project these rates for differ-
ent assumptions regarding regional irrigated acreage. Depletion rates
will 1ikely be greater than the assumed level for this study, decreasing
both survivial and profitability estimates. But the comparative effect
can not be estimated with' the available data.

Further application of this model can eliminate many of the
Timitations on the conclusions. Specifically, analysis is needed for
alternative beginning equity levels, rental arrangements, and land value
appreciation rates. However, application of this model is costly, both
in terms of data acquisition and of computer time. Therefore, limita-

tions of the theoretical model should be investigated before extending
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these analyses.

Insufficient data were available to provide a historical validation
of this model. Logical validation revealed some theoretical problems
with the specification of the risk restraint; however, even more impor-
tant questions surround this model. This model has extended the metho-
dology by linking a modified MOTAD model with a farm simulation model,
but this study provides no basis to assess the effectiveness of the
model. Research is needed to compare the cost-effectiveness of this

model to that of less sophisticated, less costly models.
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APPENDIX A

THE LINEAR PROGRAMMING MATRIX
OF THE ST. LAWRENCE (STL1)
PLANNING SUB-MODEL
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Definitions of Linear Programming Activities and Restraints

Columns (Activities or Enterprises)

Crop production:

Cols. 1-2 CT = cotton
WT = wheat
GS = grain sorghum
Cols. 3-4 DR = dryland
PP = preplant irrigation
Col. 5 number of postplant irrigations
Col. 6 roduction on owned land

1=p
2 = production on rented land

Set-aside activity:

Cols. 1-4 STSD = activity for compliance with farm program

Input purchase:

Cols. 1-2 BY

Cols. 2-3 EL = electricity
DS = diesel
OE = other energy inputs
SL = seasonal labor

Crop sale:

Cols. 1-2 SL

Cols. 3-4 CT = cotton
WT = wheat
GS = grain sorghum

Coi. 6 sales from owned tand

—
inon

sales from rented Tand



Transfer activities:

Cols. 1-8 COWNSTSD
CRNTSTSD
CSt
CsL2
CSL3
CSL4

MOTAD activities:
Cols. 1-4 RISK

120

set-aside

seasonal labor
n "

Cols. 5-8 year of deviation

Right hand side:

Cols. 1-8 RHSL9999

Rows (Restraints)

Objective function:

Cols. 1-3 OBJ

Resource requirements:

Cols. 1-8 QWNDLAND
RENTLAND
OWNDWAT _
RENTWAT_
LABORHR _
TRACTHR™
ELECCOST
DSLCOST
QENGCOST
OPCASH

Farm program restraints:

Cols. 1-8 OWNDNCA
RENTNCA
STSDOWND
STSDRNTD

nnmnn

owned land

rented land

owned water in period {Col. 8)
rented n " n 1

labor hours " " i

tractor hours in period (Col. 8)
electricity requirements in dollars
d.iese] 1l n H
other energy ! ! "
operating capital requirements

normal crop acreage on owned lan
n it 1] u

" "

set-aside on owned Tand
n 1 11 rented 1]
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Cropping pattern restraints:

Cols. 1-8 MAXCOTAC
COTEQUAL

maximum cotton acreage
ratio of cotton on owned and rented land

H

Yield transfers:

Cols. 1-4 YELD

Cols. 5-6 CT = cotton
WT = wheat
GS = grain sorghum
Col. 8 1 = production from owned land
2 = production from rented land

Other transfers:

Cols. 1-8 STSDTRNS
SLTRNS

set-aside
seasonal labor

Hou

MOTAD rows:

risk restraint
gross return deviation in period
(Cols. 7-8

Cols. 1-8 RISK
MOTAOO

nn
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APPENDIX B

SUMMARY OF SELECTED CHARACTERISTICS
OF THE ST. LAWRENCE MODEL




Table B~1. Irrigation Water Pumped Per Acre for Crop Production,
St. Lawrence Model Farm

Period
Crop Nov.-Dec, Jan.-Apr. May-Aug. Sep.-0ct.  Annual
------------------------ Ac.-Ing, mm=mmm e e
Cotton
Dryland
PP+02 12.0 12.0
PP+1 12.0 6.0 18.0
PP+2 12.0 12.0 24.0
PP+3 12.0 18.0 30.0
Wheat
Dryland
PP+0 12.0 12.0
PP+1 12.0 6.0 18.0
PP+2 12.0 12.0 24.0
PP+3 12.0 18.0 30.0
PP+4 12.0 18.0 6.0 36.0
Grain Sorghum
Dryland
PP+0 12.0 12.0
PP+1 12.0 6.0 18.0
PP+2 12.0 12.0 24.0

8PP stands for preplant irrigation; +0 refers to the number of postplant
irrigations.

Source: Condra, Gary D., Edwards Plateau Il Crop Budgets, 1978.
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Table B-2. Parameters of the Triangular Crop Price Distributions,
St. Lawrence Model

Crop Most Farm Program 12 Farm Program 2P
Likely Minimum Max imum Minimum Maximum
----------------------- % of Base~-====m=-ommmmoonem

Cotton 100 96 104 63 169

Wheat ! 80 120 66 195

Grain Sorghum " 91 109 74 171

8assymes a policy which restricts price movements within ranges approxi-
mating the current spread between loan and target prices {BASE, MOD1,
and MOD2 scenarios).

PAssumes a policy which allows price movements approximating the
extremes of recent historical records (LOW and HIGH scenarios).
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Table B-3. Correlation Matrix for Crop Prices, Texas

Crop Cotton Wheat Grain
Sorghum
Cotton 1.0 0.80 0.75
Wheat 1.00 0.95
Grain Sorghum 1.00

Source: Texas Crop and Livestock Reporting Service, Prices Paid and
Received By Farmers, 1968-77.
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Table B-6. Beginning Machinery and Equipment Complement, St. Lawrence
Model, 1978

Item Number Age Life Replacement

Owned (Years) (Years) Cost New
Tractor (125 H.P) 2 N,5 9 $25,500
Shredder (4R) 1 2 9 2,300
Tandem Disk 1 5 6 2,200
MB Plow (4B w/ Packer) 1 5 15 3,700
Chisel (13 shank) 1 5 15 2,200
Lister (7R) 2 N,5 15 2,000
Planter (6R) 2 N, 15 2,400
Cultivator (6R) 2 N,3 10 1,800
Rolling Cultivator (6R) 1 5 15 2,400
Blade 1 5 15 1,300
Cotton Trailer (32') 1 2 8 2,700
Stripper (2R) 2 N,3 8 10,500
Module Builder 1 2 8 18,000
Grain Drill (14') 1 5 15 2,400
Pickup (% ton) 2 N,1 3 5,000
Irrigation Pump #1] i N 4 2,000

1] i #2 1] 111 1 11

It It #3 L1} ‘I n il

i [} #4 n 1 it "

1] n #5 H 2 [l n

I " #6 it 1 1] 1]

1] 13 #7 H 3 ir 1
Irrigation Pipe N/A N 10 4,500
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APPENDIX C

THE LINEAR PROGRAMMING MATRIX
OF THE COYANOSA (COY1)
PLANNING SUB-MODEL




Definitions of Linea

141

r Programming Activities and Restraints

Columns (Activities or En

terprises)

Crop production:

Cols. 1-2 (T =
WT =
GS =
Cols. 3-4 DR =
PP =

Col. 5 numb

Col. 6 1
2

Set-aside activity:

Cols. 1-4 STSD

Input purchase:

Cols. 1-2 BY

Cols. 2-3 EL =
DS =
OE =
SL =

Crop sale:

Cols. 1-2 SL

Cols. 3-4 (T =
WT =
GS =

Col, 6 1=
2 =

cotton
wheat
grain sorghum

dryland
preplant irrigation

er of postplant irrigations

production on owned land
production on rented land

= activity for compiiance with farm program

electricity

diesel

other energy inputs
seasonal labor

cotton
wheat
grain sorghum

sales from owned land
sales from rented land
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Transfer activities:

Cols. 1-8 COWNSYSE
CRNTSTSD
CSty
CsL2
CSL3
csL4

set- as1de

seasonal labor
n

|1 I I | I B

MOTAD activities:
Cols. 174 RISK

Cols. 5-8 year of deviation

Right hand side:
Cois. 1-8 RHSL9999

Pows {Restraints)

Objective function:

Cols. 1-3 0BJ

Resource requirements:

Cols. 1-8 OWNDLAND = owned land
RENTLAND = rented Tand
OWNDWAT__ = owned water in per1od 5501 8)
RENTWAT = rented " "
LABORHR_ = labor hours " " o
TRACTHR = tractor hours in period_{Col.
ELECCOST = electricity requ1rements 1n 0 ars
DSLCOST = diesel "
QENGCOST = other energy ; " "
OPCASH = operating capital reguirements

Farm program restraints:

Cols. 1-8 CWNDNCA
RENTNCA
STSDOKND
STSDRNTD

normal crop ac“eaﬁe on owned 1and

set aside on owned land
n * rentad *

nononon
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Cropping pattern restraints:

Cols. 1-8 MAXCOTAC
COTEGUAL

maximum cetion acreage
ratic of cotton on owned and rented land

Yield transfers:

Cols. 1-4 YELD

Cols. 5-6 CT = cotton
WT = wheat
GS = grain sorghum
Col. 8 1 = production -from owned land
2 = production from rented land

Other transfers:

Cols. 1-8 STSDTRNS
SLTRNS

set-aside
seasonal labor

MOTAD rows:

Cols. 1-8 RISK risk restraint
MOTACC ?ross return deviation in period

Cols. 7-8)



€000V 10N -00025"5 - -0opBt*9nt =000Sc 11t ~000S2Z*66 -00069°00 -000SC" O - EDODYLIDN
2000v10m oocogz st . 0D0SE OeE O00EL*ICE o00L9"S62 DOOBL*0WZ 0061021 - Z2000ViI0ON
10C0VLIDN 0oos2Z*s . 000vi"6L DODZv 9L 0O0DZYI*RY CDOBE*SS 00086922 - T000YADN
MG 1y 00002 - ~00092* V18 -00D06°0S ~-000EZ oY -000RG*GY ~00091*0y . WSIH
HSY a0 -00005°*2 . 00092* 1S 00006°05 ooo0Ez‘eY 000865 000510y . HSYJd0o
TOLROTIEA -00000" 81 - . . - - - . I04ROTI2A
rQ10a73A .- . -00Qo0*1224 -00000%169 -00000*919 -0O0000*10S -00000°0G62 . 1010073a
1S02%KN320 00QOS* LY - onozZer ve C0OZE*wY GOOZEYHE opozZe T If BODZLC*52 . 15029N30
1503575 cocvL*e - ocooLLvot 0002 L" 0 o00LL*0Y oooLL"01 Q0055 "6 - 1502750
1503533713 CO0eC*9Z . o0oZt*ud 0000159 0008028 0C090*AC coovD" o2 hd 153233373
LY HL . . coocL GDoEL" ooogL" ooors* 00009* . S LDV
CHHLDVYHL co0S0" . oools” oogts" o006 00016° GOOE9"™ . fHHLDIVEL
= ZUHLDW L - . ooosze1 000G2Z" ) UL - FA | 0005Z* 1 000G2Z*1 . ZHHidvyy
L= [ L] ] [:1:2- 2 FR hd . - - . . hd THHLIDVYHL
— *HHHOAY Y . - oooesc*e Q008s*? o0o0us*? cooes*e 000tTe*2 s YyHBOOYY
CHHBOBY Y LA R . 00060*S 00neYy OOCAB*E O0ORZ'E oooec 2 . £HHE00Y T
CUHUHORY T [LEE . 0DOELE 0pOCL *E DOOLL*E Q0CEL"E o0CEL* ¢ - ZHAYDNEY ]
THHBOGY Y oooDE"R - oooeL™ onogE* 000BE" aooswE" 000BLC"* hd THHHOHY T
WN03IL0D . . 0opoo*t 000001 aco00* oooco*t 00000"1 . AvNO3L0D
IVI0IXYNW - . 0coo0*1 000001 000001 00Qoo*t 000Q0* 1! . IVIOIXVY W
£1¥RANND . . 00000° %2 coaoo gy 000002y 000009 - . CiveOnmD
ZLYMONMKO . . onoQ0*21 0p000*2t oo0po0*2Z1 ooopo°*21 ooooo "t - 2IvvaonsD
T1VRONMD ocoo0o0" 2t . . . . . . - T1vsaNRQ
ONMOQSIS cocoz* - 00L90" 00LGO* 00r90* 00250" 00L90* . ONMTAaSi s
YIROMMOD 00000*1 . oco0Lg" o00L 9" a00Lg" 000L29° 00029* - YINONMD
ONYIONAO coooo*I 00000 0S ooo00" 1t ooooot1 00c00" 1 o0000* 1 ogooo*ty 00c00"0S ONYIONKD
rao 0ooecs2 0006866 ~0009z" 1§ ~00006%0S 000528y ~0008H°SY -00091° 0¥ ~G0066*66 rap
|l | ZZ10ddinA 1210uaLn 911vadld SI1IEddlD *112ad1) E1ttddld Z110dd4id T110801)

gter/es ~- € ELL 4 MBA3IT AON 1 IASYINIn  XSdN  "HOANIIXI  *CLNTA-XSIN**




145

£000VLION
2000V 10N
1000v¥ilm
b 1]

HSY D
10590734
TO0LAQIIA
1503D9N30
1502750
15033373
£a+iIVHL
EHH1IVvEL
TBMiIVYEL
*HHHOBY
[ To)-Tal:}
ZurHaav
1aHBOUY D
ELYMONAD
SiVYRONRD
1iYMONMD
GANRDOS LS
YIONCGNRD
aNYWANRD
rep

Jeneegz

COOE1*9
~00009° 62
-000ED" 22
~00026 %41

0002621
~00000 28

L]
coocL“OVw

oo0LE s

0008025

0co2s.

0005€° 1

000ve*

00022*€
00028*€

00062"

0000021

0cooo 2t

.
ccoot*

00000

00000 %1
~00026* L1

1 2ddSD

gLesoL -~

00020 v
~coozzB1
~0009v ¥
~000ZVv*91

000Zv* 91
0000042

.
0000L%0¥
000LE"L
00090°*6€
00029+
0009¢ "

.

Liirlel Foig

000292

co02e*E

ooQve*

cao000*9

gocoo*g1l
-

o000T*
000001
oQoeo0*l
-000Zv* 91
£f11ddSD

v 3ovd

00096°
~000L% %
-000vveE
—000Z6* ¥l
00026 %1
—00000°%
.
00004%0%
CO00LE®L
000¥0°92
coozo*
0009¢* Y
L]

000¥ce”
0Qoz0*2
00028 L
coQwg"

o000y
20001
ooocD* 1
oo000*1
~000Z6" ¥}

eE10ddSD

LI T I T BTN I R R B

*+ s 8 &

00000 0%
=-00066*66

1£10M4Q5D

-000£6%21
000596
000S0°0E
000669

—-00066°9

.
~00000°65
00008°41
000t2"2
000218
oooso*

-

000vs*

.
boeces*
il J R
0c00E* 2
00009
00000491
o000 2t
ooooc*
00000*1Y
ooooo*t
000669

SZivddim

=-00012°91

aooeEe* e

0009142

0006%" 8

-0006%"E
-

-00D000*¢CS
Qooos i1
Qoower*2
0000159
aooso*

L]

000¥z*
.
00061+
000¥0*2
0000£*2
.

0000081
oco000*21
ooooe*

oQo00*tE
ooo00" Y
ocoev*d

SZIfddlIA

4 FA3T aow

-Q00Ge"£TY
000¥2 LT
0005 2¢
ooocoot

-00000"01

.

-DoC0O* ¥y
00005"21
ooovL*Z
oooBD 28
vooso*

goceL*
-

cocet*®
000vy"1
0000£+2
.

00000 ZY
0000021
00002°
cocoo=1
000001
00000* 01

YZTI2ddim

T JE¥YINID  HSdW

~00o000"01
00069%42
0009L" 91
[-E-Tlt3 "Rl B
—0o0gos" 1t
.
=00000°EC
0000G*2Y
000wl 2
00020°6E
00050*

aooeL”
.

oooa1*
adove*
Go00L*E
.

000009
o0000*eT
oooo2*
aoogo*1
000001
0000S* 11

EZTladin

*HOLNDIAXD

CONAYIDK
ZONOVWL0DN
1000Y 10N
WSy
HEYIdO
1050013A
101m0734A
150239N30
150578
£5022373
FHHLIYYL
2uAdldvel
THHLOVYHL
YHHEIGY T
£ ¥HEOaY Y
TuHdavY
1 aHMOAY Y
LAvAgKNAD
ZLYMCONND
TivmONa{()
ONaA%LS
YONONMRD
ANYTIANRD
a0

*EAINTA-XSON® "



£0GOVYIDN b -00bol*L8 -00565* L9 -000E T~ 66 —~00025'0% —0COwE® OF - 000D E CO000VYLION
Z000V1IOw . 0009 652 0000 642 ooor9*Ie onoAZe0AY Qo0BE*06 - 00085 LL 2000%4CH
1000V I0ON hd ogoveTes c00IE"LS 00o90 "1 OOOES*TY 00026802 . -0N026*BT 1000¥10N
NG 1Y s ~-000g2* 1S -0QO00&*0% -0DOEZ e —00006*SY =000 1°0% - -opoRT bl AS o
HSY DO . Qo0092"1s 0000605 eoore ey 000RG Sy GU0S IO b coogeier HSY L,
Z0i20E4A . ~00000° 145 -0D000" €18 -00000*29% =00000°*9LE -0a000 69T - . EN10CI3A
10500734 . . . . . hd . -0B000*Be 105DCTAA
4S0D2TN30D . 000"y QO0Z8* e 000Z2E *RE CO00ZR*IE 0002E*S2 - QeC0Lc O LEADORED
1503750 . 000LL*01 000LL"0 000LL*01 ocoosLc0t 000%9°s - QoolcTL 502556
45033213 . 000z 8L 0000159 20080*ZS 00090*6C LeLiil o R . cooc1*59 182353713
*UMLOVYHL . cooEL" 000EL" 000K L" GQoEeL" o009 - * YuHLOYA]
fEHADYHL - 0o016"® coo16* 000T56* 00016* CO0E9* h a00Ts” EHHLIYHL
ShH1DYHEL . 000521 00052*1 000se"1 gose*1 oooszZ 1 . Qo9 e SuldvHl
*HHN0BY h oo0es5*2 cooEs*T ooces*e 0008%*2 coosten? hd 2GOvE* Al iDL ]
cuHrIeY . 00069 *S 000Rv* Y ooree”c oooeRZg couevE*2 . 000LE6"E £5ru0ay
SHHUOBY . QOQEL"E ooy Q00NEL"E 000EL " E 000EL *E - 00028°E ZHHA498Y T
MW THHBOBYY . oooBLE" ooogL* aooec* oooge * so006etc* . 000 2" IHHaGaY Y
— N3N0 - ~-0000G* -Q300%* ~0000G" -0goas*” ~0000S5* . . avnn3ILnD
J¥L0D ¥ww - oo0co"Y ooogo*Y onooo*t conno*Y 00000* 7T * + AVLIIXY N
ClvmAINZY . DO00D*" 2 felefilodolg: N ) oo0ec0*21 o0o0C*9 . - . Eivaindn
cl¥YmMiN3Y . o000zt ooocacz1 00000-21 0000621 coocot2y . . ZAivRINTL
CLYRQRRD - e - . - - d 00o00*81 CLlywmuNa0
ZAYRONKO - . e . - ° - oagcoezl ZiveaNeG
tNINASLS . o0L9D* opLso” QoL90* coLo0* coL90" - . FLUEL LY
ORMOOSAS . . - - . . . oooni* ONRDOS)ES
YIN1IH3M . booL9* 0B0L9" ocooL9* 00029* oooL9* . . ¥ONLNZE
¥ IINONRQ . . - . . he * 0o0Q0C* 1 ¥INON&OD
ONYTAN3H 00000 *0S c0006*1 odoo00" 1t ocoo0*Y o0oo0*1 c0000"1 00000 0% . QuvILNIN
ONYICNMD . . . hd . * . (1 lelod Ay | ONYTIONNKD
red ~0006L" 66 ~00092° 1% ~00DEE v ~000FZ*EY -000R&6* 5y -0009t "0V ~0006A" 66 =-Dgoee*el rec

| Rl 1Z220HTLN 912%dd1D SiZ2E€ddl ) ¥lg2ddld £12Tduld 2120dd1D F1Z0¥01D> SE£ 1EdatSD

eLerel - § 3o%vd 2 WIAITY cowm T ASYITIY  HSdW  *HIANIIAXI "IN TA-XSdN**




147

£000VION
Z000VYLONW
1000v 10K
AS 1D
HSYI 0
20590734
20418073 A
1S0D29NEN
4502750
145033393
CuHidvul
ZuH1Dvdl
TuHlOYHL
*HHHOBY
£HHHOTYT
2uHyoav
1 HHUOBEYT
Ei1¥YMINIY
ZAYMLNIY
IFLLFLEL)
AN HOS 1S
YINLINSH
ONY1LN3Y
reo

greasy

000892
-000T1S"Z1
~009¢9° 6
=0Q02Z¢*91

acoce* 9l
-00DoC* %1

-

00004 0%
000LF*d
00090% 68
00029°
0009E* 1

.
ooovz®
000252
000ZHE
coovz*
000009
0600021

.
cooo1*
000001
000001

~000Zv*91

£E21dds5D

gleseL -

00025"
-00009°T
-000L20°2
-000246*w1

oaoz6° vl
~-00000*€C

-

0000L"0¥
000iE°L
000v0*92
00029"
0009€E"T
.
000Z*
000L0°2
000z28°€
oDovZ*

oo00Q0*24
oooo1”

000001t
oneoo*?
-00026° %1

2820ddsSd

9 3A0vd

5 8 8 2 8 8 0 B AP RPN gt

-00D00"0S
-00066* 66

1E20205D

-000Z0*21
000Z%*£E
ooogzroz
cOoOsG*S

-00000* 0%
0000521
aoowL*Z
oooei*gl
00050 "

oo0eL*

-
ooceL”
coovoee
oonoE*~2
00000"9
0c00o*BY
ooooo*2l
ocooc*
oococ*1
coco0*!l
coo66*9

9ZZvddlim

-00069°CT
00009°62
o000 16°LY
Qoobtv @

000698

.

-00000*5E
oooo0s Lt
ooovLE*2
Q000159
00050*

coov2*
.

oooat*

oocoe0*2

oocooe*e
L]

oo000*8B1
ocooao* 2zl
oooo0Z*
ooo00" 1T
ovo000"1
oocoevr e

SZ2fddim

-00526°0
000Z8°42
000£0°ST
00000°01

-00000°01

-

—Q0000°0E
ooo00S5*L1
oo0¥L®2
Q00RO TS
00050"

.

coowL*
.
ocoont*
cooseel
0000£"2
-

00000°21
0000021
oooo0z*
000001
op0a0"T
00000°0T

vEZ2ddin

4 T3A2T 00w

~00065*9
ooov1°01Y
00006°010
00005°11
0000511
-

-00000° 22
ogooes Lt
ooowL*C
00090 68
0oo0s0*

ooowL®
.
oooet*
coonep*
0000£°2
-

00000°9
00000°Z1
oooo0z*
000001
00000}
0000S° 11

E2Z1dd A

1 ASy3INIH X SdW

~D006L E
0eo0s*oL
0009¢"9
000052

-00005°2

-

—-gooo0*21
oco0s* L1
113 T 84
000v0* 97
oc00s0*

-

oooeL®
L]

agoel*
000e2"
ooooL*z

000002
oopooz*

00000* 1
coooc*t
o006 2

2220dd1M

*HOANIINT

£000Y 10N
ZOoOOYiDw
1000V LION
AS1H

HSY 2dl}
Z0SDQ73A
FA L L EFN
1S039KN30
1503750
15032373
CHHLOVYHL
JUH L IVHL
[ R-1 30l 2:p}
*YyHNITY Y
C e tb0BY Y
ZuHNDAY
LyHEO8BY T
EAvmiINTd
ClyaiNIH
tavaiN3y
AnIHAS LS
¥ININTY
ANVILINSH
raa

oY NTA-XSdN®"



148

£o0OVION
c000VYLION
1000VYLONW
HNETY
SNHL1TS
SNHLOSLS
HS¥JdO
20S9D03A
10L2Q33A
1SD2ONI0D
1502759
450223313
CHHLDYHL
THHLIDYHL
TuHLDvdl
*HHB0EY
€uHEDEY
2uHs0B8Y7
THHHQEY Y
ELymINTH
ZivmiNgy
ANIHOS1S
YONINSH
CNYVINID
rao

gerreg

L] L ]

- L]

- -
ooBzZs* ~00052%2

* -00000°1

hd L2107 Bk

- -
00000 *1 b
-

LI I I I T I ]

L
aoezs*

-000542

81101078 69001548

8LcreL - & ELL L]

L]

L ]

L]
~00000* 1

-
60000"1

-

-

-00000*1

~00000* 1

6003048

-00000° 1

000001
-

-00000°"1

-0o000* Y

6Z00S0A8

-00000°1

-

~-30000

LIS S T T R I A L B B

-00000° 1

6100T3A8

-

»

-
-00049°1

-
<00000*1
000L9%1

L

-

L]
000202

-
s

oo0eS®
-

oooZ1*
000e2Z"
ooo98*

-00029*1

o000ASLS

4 TIAI aDM

Q009€*S
~000EDN*SZ
-pooa2 6t
—-00082*61

-
LJ
oooeT*E81
=-00000*2E
-

0000L° 0%
0002842
00001*59
00029
0009C*1

.
cooez*
oopie "t
vooze s
coovz*
00000° 81
ooo00"2T
cooot*
goo00"t
000001

e LLEERT)

SEZEAd5D

T 3ISY3T12H  XSdN

ooozo*e

~0o00LL BT

=0009¢%*»?

-000Z6* L1
L]

oooze*Lte
=00000" 2
.

00002%0%
0002€%2
00080°25
00029°*
0009E"T

.
coowz*
00022°€
0002R*¢
ooowz-
00000-21
00000*21
00001+
000061
000001

—000Z6%21

*E€22daSD

*HDANIIXI

€000V 10N
2000V LIOW
T000v 10N
NSI1u
SNHLTS
SNul10S1S
HS¥2dO
205820734
10120734
AS029N3AN
15027590
15032373
TUH1DdVYHE
ZuHiOvVHL
THHEIDYEL
yHHUDORY
fuHyHOav
ZuHE0BvY Y
1HHE0GY Y
€ivymiNIY
ClywsiN3Id
1N3IwaSLS
¥ONLINIY
(ONY TiNDE
fao

CCINTA-XSAN" "



149

aShe
SNELTS
SNY1OS1S
FOSHO0MZA
20LROTIIA
€01D5a73A
TO0S9QI5A
101003 A
THHHOAYD
ANIHASLS
ONMDQSLS
¥IONLNI3Y
YINONRQ
ONYIINTY
QONYIONRD
raeo

IEEEET

-

000001

-00000

622/04

.

-
-
-
.
-
-
.
[]

182

000001

-00Co0"t}
-
000001

ocooo*t

a5 ASANED

Aovd

&« o " 8

»

oono0t1

L I I

L]
~00000*7
oo0000" ¢

00000*1
.

Q5 LSNROD

000ES*E
-

00000*t

(R R B N L

S00ES“E

HETOSOS

cOoO0EY*"S
-

-
Qo0000"t
-

000Ev 2

RETOLATS

o0@25s"*

P " p % a0 e o B

008ZS

212010718

4 ¥RAATT aOm

000ES

000DES

-8 8111

P Asvanay

b 4
.
.
.

*

» & 5 9 s

£

DS

XSdn

000EY 2

codo00*?

« 4 6 g s s

000L¥*2

BTI0LMTTS

*2dANDINI

ASTH
SHH1S
SNYLQSLES
2053073 A
ZOLs0AA
2015G734
105940734
10100024
1HHE0aYY
inIaAS LS
aGNMQOs1S
VYONLNIY
YONOQNA(D
ONYTINAM
QNYIUNMD
a0

teimIA-XSdR®* "



150

*000ViON
*000VYL10M
£000V1I0ON
Z2000v10n
1000V LON
PR3-
SHuLS
*uHYUOBYY

CyHN0aY

ZuHH0aYTY
ren

jresay

00000*1

=-go6&le*t
-

-000t10*
&L6LNSTIY

8Lz/8L -

]

L]
00000° 1

L]

-

-0o61v"t
-

-000t0*
8L61NS1Y

39vd

* L
L] -
00000* Y .
. 000001
L -
-006Tv" 1 ~0061%*1
L] -
. .
- -
L L)
- -
2261518 9:61uStY

o0C00*
Q06 Te"

- -

SIGTHS TY

ogon0*1
-00000* Y

*5D

& NIAFT OON

-

00000~y
L]

=00000*1

€152

T ASVYIANIY XSdW

o0o0D*Y

-
.

-00000°* 1
-

27182

*Y¥OLNI3IX3

SD0OYION
*000Y10W
Eo00VION
000V LOW
1o000vion
LR E-
SNHLTS
*HHHOAYA
Cur20eY
ZHHHDPY 1
a0

TOLINTA-XSOn""



151

ZI00V1I0NW
THOOYLIOM
QI100Y LADN
6J00YLION
BO00OVIODON
L000Yi0N
Q000YLION
nsig
H5 % 2d0
Yo A2V HL
EHHLIY ML
ZHHL1DYHL
T idvHd
*uHE0B8Y
CHHHOUY
2uHEOOYT
TaHu0EY 1
AVLIDIXY W
EAVALNIY
CivmiN3Y
TLvyMAINIY
ELYRONAD
ZlymGNAaD
TLYRONAD
YINAMNIY
YINONMD
QNYTLINTY
AONYIONRM D
ran

1400

-

-
o0t BO006Y
00*000S22
00000 *999
0000 vECT
0000~ %EE T
00000°699
00000 CES
00004991
600D~ 2991
00000 “£€@
00000%64%
0000*NEwL
0000*0642
0000"GYLE
DOOOECOY
00DO*ECOY
o000 L1102
000008t e
000c0*¥22
00000*92S
00000°882

.

666671SHY

8iz/84 =~ OI

o000t

~306TY

=-00010

906 1INSIYy

3ovd

S » 4 5 % 0 3 " F e & 2R g s s oo

00000

-

-006TY

@ 8 2 % B s r F AR P

~-00010

SOHINSTY

000001

0061w

[ AN N A LI I D R I DN I R I T B B BT R B ]

-000%Y0

Y6 INSIN

00000"
-

0081+ 1
L]

L I BN I R I I T I Y N ]

a8 e % &8

-00010

EB6INS 1Y

00008"

=00614*1

L I R R N A )

" a0 e

=-pootTe*
286151 Y

4 IIAIT OOwW

ovooo

-0061e

-00010

LI R

-

= s ¢ s 8 3 F e " e

126151y

1 3IFVYITIY

X Sdn

o0og0"t
-006T Y

-000%0*

096t NStY

*HOLND XD

FRLeil Bt ]
1100v1I0N
oiooviOw
&6000VIOR
BOCOYLICH
24000vi0w
900CVYi0W
WSl
HLY¥2a0
1OV HL
CdH12vH L
ZHH1DvHl
THHIDYHL
*HHSORYY
CoHzoaY
Z2usid0RY
TuEu0aY
IVIADXYH
ElvmiNgY
Ziva NIy
livminay
EiVMOINND
ZLYROANRD
TLYMAONMKD
¥INLINIY
YINONRO
ONYTINTY
QNY TONRD
an

CEIATA=XNSAN®®



153

APPENDIX D

SUMMARY OF SELECTED CHARACTERISTICS
OF THE COYANOSA MODEL
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Table D-1. Irrigation Water Pumped Per Acre for Crop Production,
Coyanosa Model

Period
Crop
Nov.-Dec. Jan.-Apr. May-Aug. Sep.-0ct.  Annual
------------------------ Ac.-Ins.-=--=-=-rmrmmmammm—— e
mtmna
PP+0 12.0 12.0
PP+1 12.0 6.0 18.0
PP+2 12.0 12.0 24.0
PP+3 12.0 18.0 30.0
PP+4 12.0 24.0 36.0
Wheat
PP+0 12.0 12.0
PP+1 12.0 6.0 18.0
PP+2 12.0 12.0 24.0
PP+3 12.0 18.0 30.0
PP+4 12.0 18.0 6.0 36.0
Grain Sorghum
PP+0 12.0 12.0
PP+1 12.0 6.0 18.0
PP+2 12.0 12.0 24.0
PP+3 12.0 18.0 30.0

8pp stands for preplant irrigation; +0 refers to the number of postplant
irrigations.

Source: Condra, Gary D., Edwards Plateau II Crop Budgets, 1978.
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Table D-2. Beginning Machinery and Equipment Complement, Coyanosa
Model (COY1), 1978

Item Number Age Life Replacement
Owned (Years) (Years) Cost New

Tractor (125 H.P.) 2 N,5 9 $25,500
Shredder (4R) 1 2 9 2,300
Tandem Disk 1 5 6 2,200
MB Plow (4B w/ Packer) 1 5 15 3,700
Chisel (13 shank) 1 5 15 2,200
Lister (7R} 2 N,b5 15 2,000
Planter (6R) 2 N,5 15 2,400
Cultivator (6R) 2 N,3 10 1,800
Ro1ling Cultivator (6R)} 1 5 15 2,400
Blade 1 5 15 1,300
Cotton Trailer (32') 1 2 8 2,700
Stripper (2R) 2 N,3 8 10,500
Module Builder 1 2 8 18,000
Grain Drill (14') 1 5 15 2,400
Pickup (% ton) 2 N,1 3 5,000
Irrigation Pump #1 1 ) 4 4,000

1] n #2 n 'l n n

1 " #3 n 2 n 1t

H (1] #4 " 3 1} un
Irrigation Pipe N/A N 10 6,750
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Table D-3. Beginning Balance Sheet, Coyanosa Models (COY4 and COY5),
1978
Item coY4 COY5
Assets:
Cash $ 16,748 $ 16,748
Land -0- 192,000
Machinery 106,649 140,249
Total Assets $123,397 $348,997
Liabilities
Operating Loans -0~ -0-
Land Mortgage ~0- $144,000
Machinery Loans $ 41,150 66,350
Income Tax Due ~0- -0-
Total Liabilities $ 41,150 $210,350
Net Worth $ 82,247 $138,647
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APPENDIX E

AN EXAMPLE OF THE FARM SIMULATION MODEL
COMPUTER OUTPUT
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APPENDIX F

AN EXAMPLE OF THE SIMULATION
SUMMARY PROGRAM COMPUTER OUTPUT
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APPENDIX G

RISK AVERSION AND TENURE RESULTS
OF THE COYANOSA MODELS




183

Table G-1. Cropping Patterns for Alternative Levels of Risk-Aversion,
BASE Scenario, Coyanosa Models (COY1, COY2, CoY3), 1973-87

Mode]?
[tem Uni ts COYT COY2 COY3

Cotton Acreage:

Mean b Acresd 460.3 287.0 573.3

Trend Percent 5.6 7.5 -0-
Wheat Acreage:

Mean b Acresd 103.7 140.4 103.2

Trend Percent -20.5 -12.2 -13.6
Grain Sorghum Acreage:

Mean Acresd 41.4 82.0 8.4

Trend Percent 21.7 -43.2 30.0
Total Crop Acreage®:

Mean b Acresd 605.4 509.4 684.9

Trend Percent 0.5 1.0 -1.8
Dryland Acreage:

Mean b Acresd -0~ -0- -0-

Trend Percent -0- -0- -0-
Irrigated Acreage®:

Mean Acresd 605.4 509.4 684.9

Trend Percent 0.5 1.0 -1.8

®Alternative levels of risk-aversion are represented by the basic
Coyanosa model (COY1), a more risk-averse model (COY2), and a less
risk-averse model (COY3). These models are fully described in the
text.
Trend estimated as continuous rate of change.

GDoes, not include set-aside acreage,
Land acres, not planted acreage.
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Table G~2. Cropping Patterns for Alternative Tenure Situations, BASE
Scenario, Coyanosa Models (COY1, COY4, COYS), 1978-87
Mode1?
Ttem Units cov1 cov4 COY5

Cotton Acreage:

Mean Acresd 460.3 529.6 503.2

Trend Percent 5.6 2.4 -0.1
Wheat Acreage:

Mean Acresd 103.7 54.1 171.9

Trend Percent -20.5 -15.5 -1.6
Grain Sorghum Acreage:

Mean Acresd 41.4 3.7 71.1

Trend Percent 21.7 -0- -6.9
Total Crop Acreage®:

Mean Acresd 605.4 587.4 746.2

Trend Percent 0.5 0.1 -0.5
Dryland Acreage®:

Mean b Acrasd ~(- -0~ ~0-

Trend Percent -0- -0- -0-
Irrigated Acreage®:

Mean Acresd 605.4 587.4 746.2

Trend Percent 0.5 0.1 ~0.5

3The alternative tenure situations are represented by both purchase and
rental of land {COY1), rental only (COY4), and purchase only COY5).

b

d

These models are fully described in the text.

cTrend estimated as continuous rate of change
Does not include set-aside acreage.-

Land acres, not planted acreage.
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