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Cooperative and Investor-
Oriented Firm Efficiency:
A Multiproduct Analysis

Jay T. Akridge and Thomas W. Hertel

A multiproduct variable cost function was used to compare the efficiency of
midwestern cooperative and investor-oriented grain and farm supply firms. Results
suggest that cooperatives are no less efficient in a variable cost sense than their
investor-oriented counterparts. Concerning fixed input-variable cost elasticities,
investor-oriented firms may be more effective in their use of plant and equipment,
but cooperatives make more efficient use of other fixed inputs. However, both types
of firms are overinvested in both types of fixed inputs.

With public support of cooperative agribusinesses generating closer scru-
tiny, the performance of cooperatives relative to investor-oriented agribusi-
nesses continues to be an important area of research (Lang et al.; Schrader
et al.).? In particular, there has been considerable debate about potential
differences in economic efficiency between these two forms of firm organiza-
tion (Babb and Keen; Porter and Scully). The primary purpose of this
research is to analyze the issue of relative efficiency in the context of a
multiple product cost function. By controlling for output level and mix,
the multiple product cost function framework permits cost comparisons
between hypothetical firms producing identical output bundles. Such a
direct comparison allows cost differences due solely to variation in product
mix to be disentangled from those differences that result from inefficiency.
This approach represents an important extension of previous research in
this area, which has failed to treat the issue of output diversity properly
when making efficiency comparisons between cooperative and investor-
oriented firms.
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levels at K, and C,, is the total variable costs incurred by investor-oriented
firms to produce the same output vector, again holding variable input
prices and fixed input levels constant. It is important to note that (H1)
could be rejected for some combinations of {Y,W,K) and not for others—
i.e., cooperative firms could be more efficient than investor-oriented firms
for some output, variable input price, and fixed input levels and less effi-
cient for others.

This formulation of (H1) controls for any cost differentials having to do
with subsidized inputs, tax preferences, or differing output choices, given
firm level data on output, variable input price, and fixed input levels. These
are frequently offered as explanations for observed differences in firm effi-
ciency, but this theoretical formulation abstracts from them by evaluating
both cost functions at the same output, input price, and fixed factor levels.

Although this theoretical multiproduct model permits more accurate cost
comparisons than more traditional single product models, models that
ignore input prices, or models that assume long-run cost minimization,
data limitations remain an issue. In practice, firm level price data are
extremely difficult to obtain. In addition, measures of fixed inputs may be
subject to the standard limitations of accounting data (Akridge; French).
Hence, some measurement errors may persist even with this formulation,

Of additional interest is the question of efficient use of fixed inputs. In
long-run equilibrium, the firm will substitute fixed inputs for variable
inputs until the reduction in variable costs from an additional unit of
capital stock is equal to the rental rate of a unit of capital:

V.C(Y.WK) = -R (3)

where Vy is the gradient of C(Y,W.K) (i = c or io) with respect to K, and R
is the vector of (positive) fixed input rental rates facing the firm. Due to the
convexity of C{Y,W,K) in fixed inputs (K), VxC,(Y,W,K) = —R, implies
overinvestment in K. Without data on fixed input rental rates, it is impossi-
ble to draw any conclusions about fixed input use if this gradient is nega-
tive. However, if the gradient of the variable cost function with respect to
a fixed input is positive, the firm is overinvested in this fixed input, regard-
less of the actual rental rate.

Comparison of the respective gradients at identical output, variable input
price, and fixed input levels provides insight into the relative efficiency
of fixed input investment by cooperative and investor-oriented firms. If
cooperatives and investor-oriented firms are assumed to face the same
vector of fixed input rental rates, then cooperatives are relatively more
inefficient in their use of fixed inputs if the gradient of their variable input
cost function with respect to a particular fixed input quantity is greater
than the corresponding gradient for investor-oriented firms. The grain
and farm supply firms in this study employ two fixed inputs—plant and
equipment and other fixed inputs. For this case, the fixed input efficiency
hypotheses can be stated formally as:

(H2) Cooperative firms are relatively more inefficient in their use
of plant and equipment relative to investor-oriented firms:

Vi CAY,W.K) > Vi, C, (Y, W,K) (H2)
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where V_K;Ci(Y,W,K) is the gradient of the variable cost function with
respect to the quantity of plant and equipment.

{H3} Cooperative firms are relatively more inefficient in their use
of other fixed inputs relative to investor-oriented firms:

Via CAY,W.K) > Vi Co(Y.W.K) (H3)

where V,C{Y, W K} is the gradient of the variable cost function with
respect to the quantity of other fixed inputs.

For both {H2) and (H3), V,C.(Y,W,K) must be greater than zero. Note
that if both gradients are negative, this test is inconclusive.

The second general hypothesis posed in the introduction cannot be
directly tested in the framework summarized by equations (1) and {2) since
output levels are exogenous in this model. In fact, if the difference between
cooperative and investor-oriented firms is simply a matter of the level of
services to be provided (all else constant), then equations (1) and (2) take
full account of this difference and there is nothing to be tested. However,
the issue is more complex due to problems measuring the actual type and
quality of service. If the service output is not measured correctly and if
cooperatives do provide more of this output, then it would be possible to
conclude that cooperatives were inefficient when in fact the cost difference
was due to differences in product mix. The suggested relevance of services
in cooperative firms’ product mix suggests that an indirect test of the
hypothesis that cooperatives provide more service is needed.

Services like feed grinding, custom fertilizer application, and petroleum
delivery tend to be relatively high cost/low profit outputs, but they are
presumably in demand by farmers. The level at which these services are
provided is difficult to measure with available budget data. Firms typically
track revenues generated from such services. However, in many instances,
the price charged for the service does not cover the full cost of providing
the service and some of the cost is recovered through the margin earned
on an associated product. An example would be the cost of delivering and
applying fertilizer for a farmer. Some firms may price such a service at full
cost, while other firms may charge a lower per-acre price for the service,
recovering the remainder of the cost through a higher price for the fertilizer.
This practice leads to an understatement of the level of services provided
when service revenue dollars are used to measure the service output.

If cooperatives’ service prices are typically lower than those of investor-
oriented firms and both types of firms are equally efficient in the provision
of services, then a measure of service quantity based on sales dollars will
understate the true gquantity of services provided by cooperatives. Hence,
for any given observed level of service output, cooperative variable costs will
be higher than those of investor-oriented firms since the observed level of
services for cooperatives is understated. This cost difference, driven solely
by measurement error, would be attributed to inefficiency in the model
presented in equations (1} and (2}). Evidence on the likelihood of this prob-
lem will make interpretation of the (H1) test more straightforward.

Among the outputs of a retail grain and farm supply operation, services
are unique. For most products typically handled by these firms such as
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Table 1.—Tabulation of Retail Grain and Farm Supply Firms by State
and Form of Organization

Form of Organization

Cooperative Investor-Oriented Total
State Number Percent Number Percent Number Percent
Illinois 22 18.3 12 10.0 34 28.3
Indiana 34 28.3 23 19.2 57 47.5
Iowa 10 8.3 10 8.3 20 16.7
Kansas 8 6.7 1 0.8 9 7.5
Total 74 61.7 46 38.3 120 100.0

grain, fertilizer, feed, petroleum, chemicals, and so on, the firm acts as a
reseller, buying the products from a wholesaler or manufacturer and then
selling them to farmers with little or no physical transformation of the
product. For services, the retail grain and farm supply firm combines capi-
tal, labor, and energy in order to provide a transformed product. Hence, we
would expect a firm that has a higher quantity of services in the product
mix to use more labor and energy than does a firm producing a lower
quantity of services. The labor and energy intensive nature of the service
output can be used to formulate two indirect tests of the service hypothesis:

(H4) Cooperative firms are more labor intensive than investor-
oriented firms:

S (YYWK) >SS, (Y,WK) (H4)
where S, (Y,W,K) is the labor variable input cost share.

(H5) Cooperative firms are more energy intensive than investor-
oriented firms:

Sl(Y,WK) > S, :(Y,W,K) (HS)

where S(Y,W,K) is the energy variable input cost share.

Note that S;(Y,W,K) is obtained by partially differentiating InC(Y,W,K)
(i = c or io) with respect to the logarithm of the jth variable input price.
Again, all tests are conducted holding output, variable input price, and
fixed input levels constant for both groups of firms.

Data

Output, variable input cost, and fixed input data were obtained from a
cross-section survey of 301 retail farm supply firms conducted in 1980 for
a study comparing cooperative and investor-oriented firm performance
(Babb and Keen; Keen). Sample firms were located in Illinois, Indiana, lowa,
and Kansas (table 1). Single location firms and branches of multiple-outlet
firms were included in the sample. The output mix for the sample firms
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included a maximum of seven products—grain, fertilizer, petroleum, feed,
chemicals, services, and other farm supplies.

After correcting coding errors, using available price information to
impute missing output quantities and eliminating any remaining observa-
tions with incomplete data, a sample of 120 usable observations remained.
Summary statistics for the 120-firm sample are presented in table 2. Some
62 percent of the sample firms were cooperatives and the remaining 38
percent were investor-oriented firmms. The cooperative firms tended to be
larger than the investor-oriented firms. In particular, the average coopera-
tive reported much higher volumes of fertilizer and petroleum sales than
did the average investor-oriented firm (table 2).

Construction of the cost, output, variable input price, and fixed input
guantity variables is outlined below. A detailed discussion of the data set
is presented in Akridge.

Variable Costs: Total variable costs were defined as those costs that
change in response to changes in the level and mix of outputs produced by a
firm during its fiscal year. Variable costs were divided into three categories:
labor, energy, and other variable inputs. The labor category included all
salary and wage expenses, payroll taxes, personnel insurance, and other
personnel benefits. The energy category consisted of utility expense, grain
dryer expense, and outlays for gasoline and motor oil. The residual category,
other variable inputs, included selling and communications expenses,
repair and maintenance outlays, demurrage, and other variable operating
expenses such as office and warehouse supplies.

Outputs: Of the seven output categories, four were measured in physical
units and three were based on sales dollars. Grain (bushels/year) was mea-
sured by total bushels of corn, soybeans, wheat, and other grains pur-
chased during the fiscal year. Fertilizer (tons/year) represented the total
annual sales of dry and fluid fertilizer and anhydrous ammonia. Petroleum
{(gallons/year) included all gasoline, diesel fuel, LP gas, and fuel oil sales.
Feed (tons/year) was the total of bulk, bagged, and liquid feed sales.

In many instances, output sales dollars were reported but sales tonnages
or bushels were not. Dropping all observations where output quantity data
were missing would have severely limited the size of the data set. To infer
the needed quantity data from available sales data reported in dollars, the
data set was broken into 20 clusters (five from each state) of four contiguous
counties each. The cluster median output price was obtained from those
firms in the cluster reporting both sales dollar and physical unit data.
This cluster median price was used to impute the missing physical sales
quantity data from available sales dollar data.

The chemical output {(dollars/year) was defined as total chemical sales
divided by a chemical price index. Service revenue included receipts from
grain drying and storage, feed grinding and mixing, and fertilizer custom
application. The sum of revenues from these sources was deflated using a
service price index to arrive at the service (dollars/year) output. Total gen-
eral farm supply sales—including sales of seed, lumber, and hardware—
were deflated using a general farm supply price index to measure the other
farm supplies (dollars/year) output.

Variable Input Prices: No variable input price data were available from
sample firms. Department of Commerce county-level wage data provided



Table 2.—Descriptive Statistics for Sample of 120 Retail Grain and Farm Supply Firms

Investor-Oriented

Cooperative Firms Firms Full Sample
Standard Standard Standard  Minimum Maximum

Variable® Mean Deviation Mean  Deviation Mean  Deviation Value Value
C—Variable Cost ($4r.} 168,443 137,830 114,926 77,955 147,928 120,973 17,494 774,065
Y,—Grain (bu./yr.) 1,055,233 806,720 795,990 556,356 955,856 729,588 0 4,054,578
Y,~Fertilizer (tons/yr.) 2,356 2,972 573 1,597 1,673 2,672 0 13,209
Y;—Petroleum (gallons/yr.} 451,578 863,667 12,252 58,985 283,170 710,567 0 4,189,554
Y,—Feed (tons/yr.) 1,155 1,219 1,159 1,161 1,157 1,192 0 6,000
Y;—Chemicals ($/yr.) 153,584 203,906 65,991 156,186 120,006 191,205 0 905,573
Ys—Services (S/yr.) 112,778 89,730 67,483 61,834 95,415 82,910 0 416,782
Y,—Other Farm Supplies ($/yr.) 279,655 732,836 120,439 225,843 218,622 595,634 0 4,624,082
W,—Labor Price (8/yr.) 7,703.70 1.143 7,961.95 849.58 7,802.69 1,044.46 4,697.66 9,606.76
W,—Energy Price ($/mil. btu) 3.24 0.28 3.26 0.23 3.25 0.26 2.75 3.63
K,—Plant and Equipment ($) 294,303 254,464 127,066 98,711 230,196 223,771 4,475 1,302,571
K,~—Other Fixed Inputs (8} 27,446 19,752 22,729 17,241 25,638 18,896 3.369 97,457
5,—Labor Share

(% of Variable Cost) 59.95 8.70 57.11 13.82 58.86 10.98 24.36 78.12
S,—Energy Share

{% of Variable Cost) 156.57 7.62 24.89 12.60 19.14 10.79 2.68 54.16
S;—Other Variable Inputs Share

{% of Variable Cost) 24.49 10.76 18.01 8.96 22.00 10.55 5.33 52.52

#Costs and variable input prices measured in 1977 dollars.
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the needed labor price information. The wage rate for the nondurable
wholesale goods industry was averaged over the four counties in each
cluster, and this cluster average was used as the labor price (dollars/year)
for all firms in the cluster. The state average energy price for the commercial
sector served as a proxy for the price of energy (dollars/million btu). Finally,
other variable inputs were assumed to follow the general price level of the
economy. The implicit GNP price deflator was used as a proxy for the price
of all other variable inputs.

Fixed Inputs: The accounting book value of assets as reported on the
balance sheet was divided by a price index for machinery and equipment
to arrive at the measure of plant and equipment investment. Other fixed
inputs included insurance, state and local taxes, professional services, and
rent and lease expense. The sum of these items was divided by the implicit
GNP price deflator to determine the quantity of other fixed inputs employed.

Procedure

Empirical Model: The multiproduct variable cost model should permit
neutral shifts in costs between cooperative and investor-oriented firms. In
addition, the fixed input elasticities and variable input cost shares should
be allowed to vary in order to test the hypotheses that cooperatives are more
inefficient in their use of fixed inputs and that they provide higher levels
of service than investor-oriented firms.

The general model takes a form similar to the Lau and Yotopoulos effi-
ciency model:

C = f(D.Y,WK) (4)
S = g(D.Y,WK) (5)

where D is a zero-one variable permitting differences in cost response
between cooperative and investor-oriented firms. The variable D is incorpo-
rated in the empirical formulation of equations {4} and {5) to (a} permit a
neutral cost shift between the two groups, (b} reflect relative differences in
fixed input investment, and (c) allow the variable input cost shares to differ.

Functional Form: Various flexible functional forms are available to for-
mulate the estimating model. The translog is a popular choice, but is
inadequate when the number of zero output observations is large (Cowing
and Holtman). In this sample, no single firm produced all seven outputs.
And, although 117 (97.5 percent) of the firms provided services, only 40
(33.3 percent) sold petroleum. An alternative functional form is the general-
ized translog (Caves, Christensen, and Tretheway).?

The generalized translog uses the Box-Cox metric on the output terms
to eliminate the problem caused by zero output values. Applying the Box-
Cox metric to the output variables gives:

: 5 — 1.0
y, = (Yy - ) (6)

where y,; is the transformed observation on the jth output (i = c or io) and
\ is the Box-Cox parameter (which must be estimated).
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Estimation: The full estimating form of the generalized translog model
is shown in the appendix. All variables are scaled over their (full sample)
arithmetic mean. This is the point of local approximation in the generalized
translog model. Nonlinear seemingly unrelated regression using the Gauss-
Newton iterative minimization algorithm was employed to estimate the
generalized translog model {SAS). Nonlinear SUR estimates have unknown
small sample properties, but are asymptotically efficient.

Hypotheses Testing: The modifications of the standard multiproduct
variable cost model that permit the hypotheses tests are shown below:

InC = 6,0 + 6,DW, + 6,DW, + v,DK, + v.DK, + ... (7)

where W, is the price of labor, W, is the price of energy, K, is the quantity
of plant and equipment, and K, is the quantity of other fixed inputs. {The
full model is shown in the appendix.)

Given the logarithmic formulation of the model and the arithmetic mean
scaling of the data, all variables except the intercept term dropped out when
the cost function was evaluated at sample mean output, variable input
price, and fixed input levels. Hence, testing (H1) required a standard t-test
of the estimated parameter 6, above. The remaining hypotheses were also
tested using a t-test of the appropriate estimated parameter from equation
(7). Finally, a joint test of all the parameters on the zero-one variables was
conducted as a more general test of differences in the cost structure of
cooperative and investor-oriented firms.

Results

The estimated parameters for the generalized translog variable cost func-
tion are presented in table 3. The estimated model generally satisfied the
cutput monotonicity condition. Only the grain cost elasticity was negative
when evaluated at the arithmetic mean for all variables.® The variable input
cost shares were positive, implying monotonicity in variable input prices.
Symmetry conditions and homogeneity in variable input prices were
imposed on the estimating model. These results implied that the estimated
variable cost function was generally consistent with economic theory
{Varian).

When all output quantities, variable input prices, and fixed input quanti-
ties were held at arithmetic mean levels, we rejected the hypothesis that
cooperatives are less efficient than investor-oriented firms (H1). The esti-
mated parameter on the zero-one intercept variable D (4,) was not statisti-
cally significant at the 0.10 level (table 3). In fact, the parameter carried a
negative sign, which suggested that cooperatives are actually more efficient
than investor-oriented firms when the cost function is evaluated at the
arithmetic mean for all variables. Although the cost difference was not
statistically significant, the cooperative firm producing the sample mean
output vector incured total variable costs of $159,252—6.6 percent less
than the $170,526 it cost the investor-oriented firm to produce the same
output vector {table 4).

For the formulation of the estimating model given by equations (4) and
{5), it is possible that investor-oriented firms would be more efficient than



