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Abstract 

The production response of a farm in the High Plains 
of Texas to the elimination of support programs for 
certain agricultural commodities in the united states 
is estimated using duality theory. Linear programming 
methods were used to derive optimal profit maximizing 
combinations of enterprises with current farm programs 
and without farm programs for a cotton/grain farm. An 
indirect profit function was estimated using ordinary 
least squares methods. Duality theory was used to 
derive the farm supply functions for each commodity 
with and without farm programs. The results indicate 
that a short-run increase in the supply of each 
commodity due to shifts of the supply curves would be 
expected. 

Introduction 

Commodity support programs have been an integral part 
of the united states' agricultural policy for many 
years. with the start of the Uruguay round of GATT 
(General Agreement on Tariffs and Trade) there has been 
an impetus toward the elimination of domestic price 
support programs in connection with a liberalization of 
trade policies (ConAgra, Inc.). Thus, the impact of 
the elimination of domestic commodity support programs 
in the U. S. on production of supported crops and the 
demand for production factors is of interest. 

Product supply functions and factor demand functions 
are often derived for an industry or geographic region. 
These functions are estimates of the aggregation of the 
supply and demand functions of individual firms. The 
response of product supply and factor demand can be 
measured at the farm level by the use of the dual 
approach as it applies to production theory. 

The product supply and factor demand equations are 
derived from an indirect profit function where profit 
is a function of product and factor prices. The 
advantage of using duality theory is in the convenience 
of estimation of supply and demand relationships and 
the generation of functional specifications of these 
relationships. The use of duality theory provides a 
means of estimating product supply and factor demand 
functions for an individual farm (Beattie and Taylor). 
The purpose of this paper is to estimate the product 
supply and factor demand functions for an owner 
operated irrigated cotton/grain farm in the High Plains 
Region of Texas and to determine the change in these 
relationships with the elimination of U. S. commodity 
support programs. 

Methods and Procedures 

An irrigated cotton/grain farm located in Parmer 
County, Texas was used in this study. This farm is 
comprised of 685 crop acres and is representative of 
farms in the area with farm program acreage bases being 
two-thirds feed grains and one-third cotton. This area 
of the Texas High Plains has a diversified cropping 
history of grain and cotton production. 

A linear programming model was used to estimate the 
optimal maximum profit combinations of enterprises. 
Enterprises considered in the linear programming model 
were corn, grain sorghum, and cotton. The amounts of 
irrigation water available during the time periods when 
irrigations for each crop are expected to be applied 
were determined as were the amounts of labor and 
capital available. Production cost estimates were 
obtained from Texas Agricultural Extension service crop 
budgets developed for the Texas Righ Plains Region 
(Smith) • 

Production functions developed for this region were 
used to estimate the expected yields for corn (Petty), 
grain sorghum (Shipely and Regier) and cotton (Segarra 
et al.). Yield levels for each crop were estimated at 
various irrigation levels and represent separate 
enterprise activities. Corn production activities were 
for three irrigation levels, grain sorghum production 
activities were for two irrigation levels and dryland 
production, and cotton production activities were for 
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irrigated and dryland production. Irrigation 
constraints in the model specified the availability of 
water for irrigation in each irrigation time period. 

Price levels for each crop were determined using a 
twelve year time period, 1977 through 1988. Three 
price levels were used in the model - mean price and 
plus and minus one standard deviation from the mean 
price. Price levels for corn were $3.18, $2.66 and 
$2.15 per bushel. Price levels for grain sorghum were 
$2.82, $2.35 and $1.88 per bushel. Price levels for 
cotton were $.62, $.53 and $.45 per pound. Irrigation 
costs were varied from $2.50 to $7.50 per acre inch in 
$1.00 increments. The amounts of labor and operating 
capital available were specified in the model with the 
ability to purchase additional labor and operating 
capital, therefore, preventing labor and operating 
capital from restricting optimal solutions. 

To determine the effect of the elimination of 
commodity price support programs, the linear 
programming model was solved for combinations of prices 
and irrigation cost levels with"participation in the 
1990 crop year farm program and without participation 
in the farm program. Farm program set-aside provisions 
were 10% for feed grains and 12.5% for cotton. Target 
prices used to calculate deficiency payments were 
$2.75jbu for corn, $2.61jbu for grain sorghum and 
$.729/lb for cotton. The objective function values 
produced by the linear programming solutions represent 
returns to land, capital, management and risk for the 
owner operated farm. 

A total of 324 optimal profit solutions were obtained 
at all possible combinations of product prices and 
irrigation costs with program participation and without 
participation. A quadratic equation was estimated for 
each set of solutions using ordinary least squares 
methods to obtain the indirect profit functions for 
participation and non participation. The application 
of Rotelling's lemma by preforming partial 
differentiation of the indirect profit functions with 
respect to product prices and factor cost yields the 
product supply and irrigation demand functions for the 
farm under each situation (Beattie and Taylor). 

Implicit in the specification and estimation of the 
model are assumptions relating to the linear properties 
of the objective function and constraints within the 
linear programming framework. A quadratic functional 
form specification was chosen for the indirect profit 
function because the first partial differentiation 
yields a linear equation which is consistent with the 
linear assumptions of the linear programming solutions . 
Also implicit in the linear programming model to obtain 
maximum profit solutions is the assumption that the 
farm operator seeks to maximize profits in the short
run time frame. 

Results and Discussions 

Tables 1 and 2 give the estimated indirect profit 
functions, product supply equations, and input demand 
equations with and without commodity price support 
programs. The indirect profit function shown in table 
1, with commodity support programs, had a high degree 
of goodness of fit as indicated by the coefficient of 
determination of .95 and F-statistic of 398.09. The 
coefficients for the corn and sorghum price variables 
were statistically significant while the cotton price 
coefficient was not significant. The coefficient for 
the irrigation cost variable was significant. The 
product supply equations gave the expected positive 
relationship between price and quantity supplied while 
the irrigation demand function exhibited the expected 
negative relationship between price and quantity 
demanded. 

The indirect profit function shown in table 2, 
without commodity support programs, had a high degree 
of goodness of fit as indicated by the coefficient of 
determination of .82 and F-statistic of 90.04." The 
coe~ficients for ,th7 ,corn, sorghum and cotton price 
var~ables were s~gn~f~cant. The coefficient for the 
irri~at~on,c~st variable was significant for the price 
and ~ns~gn~f~cant for the price squared. The product 
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supply equations and the irrigation demand equation 
exhibited the expected relationships between price and 
quantity. 

Figures 1, 2 and 3 show the supply relationships 
given in tables 1 and 2 for corn, grain sorghum and 
cotton for a representative farm in Parmer county, 
Texas with farm program participation (W) and without 
program participation (WO). Table 3 gives the 
estimated production levels for each commodity at mean 
price levels, with and without program participation. 

Supply relationships for corn and grain sorghum as 
shown in Figures 1 and 2 shifted structurally to the 
right in the absence of commodity support programs, 
indicating increased supply response at a given price 
level. Production without support programs increased 
57.6% and 112.4%, respectively, for corn and grain 
sorghum at mean price levels. In the analysis with 
support programs, substitution of corn and grain 
sorghum was allowed with the limiting constraint being 
the level of feed grain base. In the analysis without 
support programs, substitution between corn, grain 
sorghum and cotton was allowed with the limiting 
constraint being total cropland in the farm. In both 
cases, SUbstitution was allowed between specified 
irrigation levels and dryland production. 

The cotton supply relationships shown in Figure 3 
indicate that with the commodity support program cotton 
supply was extremely inelastic due to farm program 
provisions. cotton was not allowed to SUbstitute for 
other commodities within the farm program which tended 
to fix supply at a given level. Also, because the 
cotton target price of $ .729 per lb. was above the 
highest price level used in the analysis, profits did 
not change significantly due to changes in the market 
price for cotton. The analysis without the farm 
program allowed cotton to substitute for corn and grain 
sorghum, therefore the cotton supply function without 
farm programs exhibits a positive relationship between 
price and production. cotton production at the mean 
price increased by 307.4% without farm program 
participation versus participation. 

The dramatic increases in the supply for each 
commodity, particularly cotton, may be explained by the 
ability, with the elimination of farm programs, of the 
farm operator to increase acreage of each crop beyond 
the commodity acreage bases contained in the farm 
program. As the farm operator seeks a profit 
maximizing level of production without farm programs, 
the restricting constraint on production is the total 
acres within the farm, rather than the acreage bases 
established in the farm program. 

The supply functions represent short-run sectorial 
supply relationships that reflect actions by the firm 
for maximization of returns in the short-run, subject 
to the constraints contained in the linear programming 
model formulation. Supply functions derived using the 
dual approach with optimal linear programming solutions 
implicitly reflect the substitution between 
commodities, when allowed, and substitution between 
production levels of the same commodity. The indicated 
short-run response of the farm operator to the 
elimination of farm programs is to increase production 
in an effort to maintain returns at maximum levels. 
The production response, if experienced throughout a 
particular commodity market, would reduce prices beyond 
the immediate short-run time frame, causing the firm to 
produce along the new supply curve with an equilibrium 
production level at lower price levels than on the 
supply curve with farm programs. 

Table 4 presents the estimated point elasticities of 
supply and demand at the mean price and quantity. The 
supply elasticities for corn and sorghum are elastic in 
each situation with elasticities being relatively more 
elastic with government programs. The supply 
elasticity for cotton is perfectly inelastic with 
government programs and elastic without government 
programs. The demand elasticity for irrigation is 
inelastic in each situation. 

The mean profit levels derived from the linear 
program solutions at the various output price levels 
and irrigation cost levels with program participation 
and in the absence of program participation were 
$74,634 and $71,165, respectively. The range in profit 
levels with participation was $41,389 to $119,464 
compared to a range without participation of $3,107 to 
$127,993. The standard deviation of profits without 
participation was $28,310 compared to $19,134 with 
participation ·which is a 48% increase. While the mean 
values of profits are relatively stable, increased risk 
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associated with elimination of farm programs is 
reflected in the range of profits and the standard 
deviation of profits. 

The irrigation demand curves shown in figure 4 
represent the relationship between the cost of 
irrigation and the amount of irrigation demanded with 
participation and without participation. The shut-down 
cost of irrigation decreased from $18.88/acre inch with 
participation to $16.40/acre inch without 
participation. At $9.86/acre inch the two curves are 
equal with more irrigation demanded without 
participation at costs less than $9.86/acre inch and 
more irrigation demanded with participation at costs 
greater than $9.86/acre inch. The indicated increase 
in irrigation demand without participation at 
irrigation cost below $9.86/acre inch is consistent 
with the indicated increases in production of crops 
without participation. 

Concludinq Remarks 

The results indicate that with the elimination of 
farm programs, producers in the High Plains of Texas 
would increase production of corn, grain sorghum and 
cotton in the short-run time frame. The structural 
shift of the supply curves for each crop to the right 
suggest that the short-run equilibrium combination of 
production and price will be at higher production 
levels and lower price levels than in the presence of 
farm programs. In the analysis, it was assumed that 
producers are risk neutral. The inclusion of risk 
aversion by producers would be expected to reduce the 
level of estimated production without price support 
programs because the level of risk, as measured by the 
standard deviation in profits, is greater without the 
program. Capital availability was assumed to not be a 
restricting condition in the linear programming 
solutions. It is possible that lenders would restrict 
capital in the situation without commodity price 
support programs, which would reduce the level of 
estimated production without programs. The indicated 
increases in supply without commodity support programs 
might be reduced if risk and capital availability were 
included in the analysis. 

Beyond the short-run some observations can be made. 
The increased variability in returns with the 
elimination of farm programs would suggest the 
possibility of long-run structural changes in supply. 
Increased production and lower price levels in the 
short-run would cause firms to adjust along the supply 
curves without farm programs. Those producers having 
the highest marginal costs would leave the industry, 
thus precipitating further adjustment of production and 
price to equilibrium levels. The increased risk levels 
associated with greater variation in returns would 
suggest reduced production in the long-run without farm 
programs (Sandmo). 
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Table 1. The Indirect Profit Function, Product Supply 
Functions, and Input Demand Function With Commodity 
Support Programs. 
Indirect Profit Function: 1 ,2 

n = 334,201 - 146,664 Pc - 62,373.1 p. +40,271 PeT 
(-10.37) (-4.17) (0.38) 

- 12,807.7 Px + 30,674.4 P~ + 15,384.5 P: 
(-9.54) (11.58) (4.84) 

+ 79.4 P~ + 339.5 P~ 
(.0008) (2.55) 

R:a = .95 F 398.09 

Functions: Supply 
CORN 
SORGHUM 
COTTON 

Qc = - 146,664 + 61,348.8 Pc 
Qs = - 62,373.1 + 30,769 Ps 
QCT = 40,271 + 158.8 PCT 

Demand Function: 
IRRIGATION Qx 12,807.7 - 678.4 Px 
1P", _ Corn Price: Ps = Sorghum Price: "'P,....c-t----=c""o""t""t""o=-n 
Price: Qc = Corn Production: Qs = Sorghum Production: 
and 
Qct = Cotton Production 

2The nu.bers in parenthesis below the coefficient 
estimates are the t-ratios. 
n = 162 

Table 2. The Indirect Profit Function, Product Supply 
Functions, and Input Demand Function without 
Co:mmod.i ty Support Programs. 
Indirect Profit Function: 1 ,2 

n = 586,137 - 179,373 Pc - 120,715 p. - 685,520PCT 
(-4.38) (-2.79) (-2.26) 

- 15,352.6 Pr + 38,614 P~ + 30,172.4 P~ 
(-3.96) (4.91) (3.28) 

+ 772,644.3 Pcf + 468.3 P~ 
(2.74) (1.21) 

R2 = .82 F = 90.04 

Functions: Supply 
CORN 
SORGHUM 
COTTON 

Qc = - 179,373 + 77,228 Pc 
Qs = - 120,715 + 60,344.8 P .. 
QCT = - 685,520 + 1,545,288.6 PeT 

Demand Function: 
IRRIGATION Qx 15,352.6 - 936.6 Px 
1P", _ Corn Price: p .. - Sorghum Price: "'P,....c-t----=c""o""t""t...,.o=-n 
Price: Qc = Corn Production; Qs = Sorghum Production; 
and 
Q"'t = cotton Production 

:aThe numbers in parenthesis below the coefficient 
estimates are the t-ratios. 
n = 162 

Table 3. Production Of Each Crop At Mean Prices With 
And Without Government Programs. 

Corn Grain Sorghum 
Cotton 
with Program 16,524 Bu 9,934 Bu 40,355 
Lbs. 
Without 

Program 
Lbs. 
Percentage 

Cnange 

Table 4. 
Mean Price 
Programs. 

CORN 
SORGHUM 
carroN 
IRRIGATION 

26,054 Bu 21,095 Bu 164,389 

+ 57.6 % + 112.4 % + 307.4 % 

Point Elasticities Of Supply And Demand At 
And Quantity, with And Without Goverruaent 

With G.P 
9.88 
7.28 
0.02 
0.44 

Without G.P 
7.88 
6.72 
4.98 
0.36 
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Figure 3. cotton supply functions. 
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