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What Determines Productivity Growth of
Agricultural Cooperatives?

Chatura B. Ariyaratne, Allen M. Featherstone, and

Michael R. Langemeier

This paper examines productivity of a sample of grain marketing and farm supply coop-
eratives from 1990 to 1998. The cooperative industry’s productivity or growth was mainly
due to improvement in technology rather than improvement in pure efficiency or scale.
The cooperative industry’s productivity was primarily associated with the grain, fertilizer,
and agrochemical product lines. Policies that raise fertilizer prices would encourage a
cooperative to be technically more productive. In general, policies that raise prices of grain,
fertilizer, and agrochemicals would encourage a cooperative to be more productive overall.
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Productivity growth is the main driving force
of the future competitive balance of an indus-
try. Productivity statistics play an important
role in a short-run analysis of trends in prices
and in the competitiveness of a nation’s ex-
ports (Dean, Harper, and Otto). Multi-factor
productivity measures reflect a change in out-
put that cannot be accounted for by a change
in the combined inputs. Multi-factor produc-
tivity measures the joint effects of new tech-
nologies, economies of scale, and managerial
skill.

Grain marketing and farm supply cooper-
atives are a prominent institutional form in
U.S. agriculture, and the question of their pro-
ductivity growth has not received considerable
attention. Increased competition and consoli-
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dation have intensified the interest in the anal-
ysis of the structure and the factors affecting
the productivity growth of the grain marketing
and farm supply cooperative industry. Ariyar-
atne et al. found that many agribusiness co-
operatives operated on the decreasing region
of their average cost curves during the past
decade. Thus, incentives encouraged agricul-
tural cooperatives to get larger by diversifying
or specializing their operations. Farmer Co-
operative Statistics (Kraenzle et al.) reported
that nominal net cooperative business volume
increased from $72.1 billion in 1989 to $104.7
billion in 1998, but the total number of mar-
keting and farm supply cooperatives declined
from 4,799 in 1989 to 3,651 in 1998, a net
decline of 1,148. The long-term decline in the
number of cooperatives reflects, in part, the
decreasing number of farmers in the United
States.

Bruno used a factor price frontier frame-
work to estimate productivity growth and to
find sources of productivity growth for the
manufacturing sectors of the United States, the
U.K., Germany, and Japan. He found much of
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the slowdown in manufacturing productivity
during the 1970s to be due to the rise in rel-
ative input prices. Adelaja examined produc-
tivity in food manufacturing using New Jer-
sey’s food manufacturing sector as a case
study. He found that greater factor productiv-
ity is encouraged by rising raw material prices,
wage rates, and regulation and by declining
food prices. Ball et al. (1997) and Ball et al.
(1999) estimated productivity growth and
identified patterns of state productivity growth
in the U.S. agriculture sector. Most of the stud-
ies used econometric methods to estimate pro-
ductivity. Relative to other agricultural and
nonagricultural sectors, very little economic
research has been conducted to explain the ag-
ricultural cooperative sector’s productivity
growth.

This paper complements the work of other
researchers who have examined the theoretical
aspects of productivity and approaches to
measure productivity. It also complements the
work of other applied economists’ research on
agricultural cooperatives. A traditional para-
metric analysis of productivity may give re-
sults that are sensitive to the particular para-
mefric specification utilized. In this context,
analysis of productivity that is less dependent
on the parametric specification of the model
could be more insightful. Specifically, the first
objective of this study is to determine the pro-
ductivity of grain marketing and farm supply
cooperatives using nonparametric methods,
which place no functional form restriction on
the technology. The second objective is to es-
timate input and output biases. The third ob-
jective is to determine the factors affecting
productivity growth of grain marketing and
farm supply cooperatives in Colorado, Illinois,
Towa, Kansas, Missouri, Nebraska, Oklahoma,
South Dakota, and Texas.

Productivity

Productivity is the change in outputs in rela-
tion to the change in inputs and occurs when
the efficiency of converting inputs to outputs
changes and/or technical change (TC) occurs.
Changes in efficiency relate to the distance
that an observation is from the production

frontier, whereas TC involves the shifting of
the production frontier (Fire et al.). In this pa-
per, we closely follow Fire et al. (1994) and
Fire and Grosskopf (1996) in defining input-
based Malmquist productivity indices (MPIs)
and their decomposition into efficiency change
and TC. To estimate the Malmquist input-
based productivity index, we need to define
input distance functions with respect to two
different periods. Distance functions are rep-
resentations of multiple-output and multiple-
input technology, which require data on input
and output quantities. The MPI is a primal in-
dex of productivity change and does not re-
quire cost or revenue shares to aggregate in-
puts and outputs (Fidre and Grosskopf 1994).

We assume that there are n inputs x = (x,,

Xy .., X,) € RY, moutputs y = (¥, ¥y, . ..,
y.) € R*, k cooperatives (k = 1,2, ...,K), ¢
time periods (r = 1, 2, ..., T), and the pro-

duction technology S'. Throughout this paper
k' represents an individual cooperative. We as-
sume that the set $* is nonempty, closed, and
convex and that both inputs are freely dispos-
able. The input distance functions for within
period (time #) and adjacent period (time 7 and
t+ 1) are:

(D Di(y', x) = sup[h,: (¥, x'/A)eS’] and

2) D,{()"[H, Xty = SUpD\b:(}"H], x’“/)\b)sS‘],

By using period ¢ as the reference technology,
we can calculate the MPI by solving the fol-
lowing within-period and adjacent-period LP
models:

(3)  min N = [Di(y*, x| CRS]~!
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where CRS stands for constant returns to scale
technology. Through use of Equations (3) and
(4), the MPI with reference to the fth period
is represented as follows (Caves, Christensen,
and Diewert):

DIy, x)|CRS]  _ AE

5 M) = = da
©) MO = DG e CRS] g

M{(-) compares (¥, x) to (y"*!, x**!) by scaling
y™*! to the Di(y™*!, x*!) distance function and
using period ¢ technology as a reference. Al-
though Di(y,x) = 1, it is possible that
Diy™!, x™*1) > 1, because period ¢ + 1 data
may not be feasible with period ¢ technology.
The input distance functions for within period
(time ¢ + 1) and adjacent period (time 7 + 1
and 7) are:

(6) D)_‘+](yt+l’ xl+l)
= sup[A: (™, XTI )eS™! and

(D) Dy, x) = sup[Ai: (v, x'/AHeS1].

We can calculate the MPI with ¢ + 1 as the
reference technology by solving the following
within-period and adjacent-period LP models:

(8) min Mg" = [DI{H(yk’,r»H’ xk’]H—l)lCRS]—l
()\kj.:]
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The MPI with reference to the ¢ + 1 period is
computed using Equations (8) and (9):

[D*Y(y", x)| CRS] _ ﬁ
[D,{H()’H], x'*')ICRS] 7\5.

(10) M =

Fire et al. decomposed the MPI into TC, pure
efficiency change (PEC), and scale change
(SC) components by using the geometric mean
of Equations (5) and (10):

(11 My, x™1, yt, x1)
Diy', x7) Dy, x) ]|
= DI{(yHLl, Xr+l) D}‘+](yt+l, x’“) )

Following Fére et al., we can rewrite Equation
(11) as:

(12) Mi(yrﬂ, XH‘I, yt’ xt)
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The ratio outside the brackets (A/C) in Equa-
tion (12) represents the efficiency change
component, and the geometric mean of the ra-
tios inside the brackets (C/B times D/A) rep-
resents the TC component. This decomposi-
tion allows for the evaluation of the source of
changes in productivity. The TC component
represents productivity growth due to inno-
vation or the shifting of the production fron-
tier. A change in efficiency indicates that the
firm is moving towards or away from the in-
dustry’s production frontier.

The efficiency change component is cal-
culated relative to CRS technology. It can be
decomposed into a PEC component, which is
calculated relative to the variable returns to
scale (VRS) technology, and a residual scale
component, which captures changes in the de-
viation between variable returns and constant
returns to scale technology. The PEC and SC
can be estimated as follows:
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(13)  Pure efficiency change

_ _ DIy, x| VRS)]
[D’(-H (y"“' , xl | VRS)]

and

[Di(y', x'| CRS)]

14
4 [Di(y', x| VRS)]

Scale change =

. DIy, x’“lCRS)]
' (D1 (3!, x| VRS)]

The distance functions under VRS can be
found by constraining the z’s defined in Equa-
tions (3) and (8) to sum to 1. With reference
to the above information, if the MPI is greater
than 1, productivity has improved; if the MPI
is less than 1, productivity has deteriorated. A
value of 1 reflects no change in productivity.

Fédre and Grosskopf (1996) further dem-
onstrated how the TC component in Equation
(12) could be decomposed to examine bias.
Specifically, they proposed the following de-
composition:

(15) Technical change
_|DEOY, X
Di(y', x1)
y { Dy, x) lD;ﬂ(y”-*, xfﬂ)}”
DGy, 0] [ DIy )

D A C 172
= -A' X <B X 'B-> .
The ratio of D/A measures the magnitude of
TC along a ray through period ¢ data. The geo-
metric mean of the identity inside the bracket
(A/D times C/B) measures the bias of TC be-
tween periods ¢ and ¢ + 1. It is the geometric
mean of the ratio of the magnitude of TC
along a ray through ¢ + 1 data to the magni-
tude of TC along a ray through period r data.
It is possible to further decompose the bias
index into an input bias index and an output
bias index:

(16)  Bias index

D{(yt’ ')(‘-)‘)D):+l(y)‘7 xl+])
" Do, DG, 1)
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172
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D E B F

= input bias index X output bias index.

The period ¢ input bias index holds the output
vector constant at y’ and compares the mag-
nitude of TC along a ray through x*! with the
magnitude of TC along a ray through x'. The
period ¢ output bias index involves the input
vector from period 7+ 1 and output vector
from both periods. By holding the input vector
constant at x'*!, the magnitude of TC along a
ray through y’ is compared. Thus, an oppor-
tunity is provided to isolate the magnitude of
the TC and efficiency change by making ad-
justments for input and output biases. The dis-
tance functions labeled £ and F can be esti-
mated with mixed period LP models (Fire and
Grosskopf 1996). In summary, the MPI can be
written as a product of the efficiency change
(A/C), magnitude of TC, input bias, and out-
put bias indices.
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Factors Explaining Productivity

Induced innovation theory suggests that tech-
nical progress is determined by relative factor
and product prices. It is expected that increas-
es in relative factor prices induce research to
save the more scarce factors of production,
and increases in relative product prices direct
research toward the more valuable commodi-
ties (Binswanger). Bruno explains why input
price increases cause sectoral productivity
growth. That is, input price increases encour-
age input substitution in the short run and in-
duce input-saving TC in the long run. Factors
other than input prices that affect productivity
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include product prices, input intensity and
quality, public regulation, and general eco-
nomic conditions (Adelaja). Based upon these
theoretical relations, the following ordinary
least square (OLS) models were formulated to
explain the productivity and its components,

(18) (1) PEC,,, = f(Pk,, Pl, Prm,, Pgr,, Pfer,,
Pchm,, Ppet,, Pfd,, Po,, MPI,)
2y SC. = f(Pk, Pl Prm,, Pgr,, Pfer,,
Pchm,, Ppet,, Pfd,, Po,, MPI,)
3) TC.,, = f(Pk/Pl, Prm,, Pgr,, Pfer,
Pchm,, Ppet,, Pfd,, Po,, MPI,)
(4) MPIL., = f(PkPl, Prm,, Pgr, Pfer,,

Pchm,, Ppet,, Pfd,, Po,, MPI,)

where PEC, SC, TC, and MPI are pure effi-
ciency change, scale change, technical change,
and Malmquist productivity index, respective-
ly. Prices of capital, labor, raw materials,
grain, fertilizer, chemical, petroleum products,
feed, and other products are symbolized by Pk,
Pl Prm, Pgr, Pfer, Pchm, Ppet, Pfd, and Po,
respectively. Because the previous year’s pro-
ductivity gain or loss affects the current year’s
productivity, lagged MPIs were used (Adela-
ja).

To explain input and output bias indices
and the magnitude of TC, the input-biased in-
dex, the output-biased index, and the magni-
tude component of the TC index were re-
gressed on shares of inputs, outputs, and both
inputs and outputs, respectively.

Data

Annual time series financial records from
1990 to 1992 and 1996 to 1998 were obtained
from the Cooperative Finance Association
(CFA), a subsidiary of Farmland Industries.
The CFA data contains complete balance sheet
and income statement data taken from audited
financial statements. The CFA database did
not contain disaggregated expenditure and
revenue data from 1993 to 1995; hence, the
years 1993, 1994, and 1995 were excluded
from the analysis. To investigate productivity,

input and output quantity data or indices and
firms’ output and input prices or indices are
required. Because only financial records were
available, transformations of several data se-
ries were necessary. In addition, dollar values
of the expenses and the annual sales are ad-
Jjusted for inflation by converting to 1998 con-
stant dollars. Fiscal year differences in a co-
operative’s annual financial data records were
accounted for when the annual expenses and
the annual sales values were converted to real
dollar quantities. Six outputs were defined for
the cooperatives: grain, fertilizer, agrochemi-
cals, petroleum products, feed, and other
goods (antifreeze, tires, batteries, automotive
parts, and miscellaneous goods) and services.
Input expenses for the cooperatives included
capital, labor, and all the other expenses ex-
cept capital and labor. Capital expenses were
defined as the sum of annual depreciation, to-
tal assets times the interest rate for the Federal
Reserve Bank of New York, and rents and
leases. Labor expenses included management
expenses.

A total of 107 cooperatives had data for
each year from 1990 to 1992 and from 1996
to 1998. The cooperatives were spread across
nine states: Colorado (13), Illinois (3), Iowa
(10), Kansas (41), Missouri (7), Nebraska
(15), Oklahoma (14), South Dakota (3), and
Texas (1). One cooperative was not involved
in providing other goods and services during
at least some of the study period. Twelve of
the cooperatives were not involved in grain
marketing during at least some of the study
period. Seventy of the cooperatives did not
sell feed at least 1 year during the study pe-
riod. Sixty-seven, 74, and 91 of the coopera-
tives did not sell fertilizers, agricultural chem-
icals, and petroleum products, respectively,
during at least part of the study period.

Summary statistics for the agribusiness are
presented in Table 1. All dollar values are ex-
pressed in 1998 constant dollars. The mean
dollar value of the capital expenses in 1998
was $0.71 million. Capital expenses varied
from $0.01 to $3.89 million. The mean dollar
values of labor expenses and other expenses
in 1998 were $1.15 million and $0.94 million.
The mean dollar value of the grain sales in
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1998 was $13.38 million with a standard de-
viation of $15.5 million. The means of fertil-
izer sales, agrochemical sales, petroleum prod-
uct sales, feed sales, and other sales in millions
of 1998 dollars were $1.62, $0.97, $1.43,
$0.86, and $0.99, respectively.

Summary statistics for the price indices are
presented in Table 2. Input prices for capital
were based on interest rates for the Federal
Reserve Bank of New York (U.S. Department
of Labor). Input prices for labor were the state
average hourly earnings of production workers
on manufacturing payrolls from the Depart-
ment of Labor’s Employment and Earnings.
The producer price index for crude materials
for further processing (U.S. Department of La-
bor) was used as the other input price. The
shares of corn, sorghum, soybean, and wheat
production (U.S. Department of Agriculture,
various issues) for the state in which the co-
operative was located were multiplied by their
respective price indices (U.S. Department of
Agriculture 1999) to construct a producer
price index for grain. The U.S. producer price
index for mixed fertilizers, the U.S. producer
price index for agrochemicals, the U.S. pro-
ducer price index for petroleum products (re-
fined), and the U.S. producer price index for
prepared animal feed were used (U.S. Depart-
ment of Labor). A chained-type gross domes-
tic product deflator (U.S. Department of La-
bor) was used as the other products and
services price.

The intermediation approach from the
fsanking literature is adopted to define outputs.
Two approaches have typically been used in
the banking literature: the production approach
and the intermediation approach. The inter-
mediation approach views depository institu-
tions as providing services related to their role
as a financial intermediary, whereas the pro-
duction approach assumes that they are pro-
ducers of services (Clark). Marketing and sup-
ply cooperatives, in many respects, act more
like an intermediary than a producer. To be
consistent with the intermediation approach
(value added), outputs are defined as follows.
First, the output sales are divided by the output
price index found in Table 2 to determine the
quantity transacted. Next the gross margin on

each of the outputs is determined and divided
by the quantity determined above to obtain a
price index. This price represents the mark up
(value added) that the cooperatives use capital,
labor, and other inputs to produce. Thus, the
cost of goods sold is accounted for in the val-
ue-added approach.

Productivity Results

This section discusses the MPI and TC (input
bias TC, output bias TC, and magnitude of
TC), PEC, and SC components from 1990 to
1992 and 1996 to 1998. The MPI and its com-
ponents for the two periods were estimated by
taking geometric averages of individual co-
operative productivity indices across the 3-
year periods. Recall that values of the MPI or
any of its components that are greater than 1
denote improvements in performance, whereas
values less than 1 denote deterioration in per-
formance. These measures capture perfor-
mance relative to the best practice in the sam-
ple, where best practice represents an industry
frontier. Cochran’s r-test procedure was used
to test whether the indices were significantly
different from unity (Griffiths et al.).

Tests showed that all of the indices were
statistically different, except the SC compo-
nent of the MPI. The geometric mean of the
input-based MPI for the periods from 1990 to
1992 and 1996 to 1998 were 1.061 and 1.121,
respectively (Table 3). Average MPIs of 1.061
and 1.121 imply that the average cooperative
experienced increased productivity of 3% per
annum from 1990 to 1992 and 6% per annum
from 1996 to 1998. Of the 107 cooperative
operations, 74 increased their productivity and
33 experienced deterioration of their produc-
tivity from 1990 to 1992. From 1996 to 1998,
88 cooperatives increased their productivity
and 19 experienced deterioration of their pro-
ductivity. The geometric mean of the TC com-
ponent of the MPIs from 1990 to 1992 and
1996 to 1998 were 1.112 and 1.063, respec-
tively. Of the 107 cooperatives, 95 experi-
enced technological progression and 12 faced
regressive technology or a downward shift in
the production function from 1990 to 1992.
From 1996 to 1998, only 83 cooperatives were
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Table 3. Summary Statistics of Productivity and Its Components
Technical Change Pure
Summary Productivity Technical Input Output Efficiency  Scale
Statistics Change Change Bias Bias Magnitude Change  Change
1990-92 Geo. Mean 1.0605 1.1123 1.0515 1.0448 1.0124 0.9623 0.9908
Std. Deviation 0.1496 0.0890  0.0426  0.0643  0.1132 0.1147 0.0431
Minimum 0.6644 0.9220 09512 09622  0.7139 0.6362 0.7812
Maximum 1.5058 1.3702 1.2100 1.3743 1.2944 1.4053 1.0926
M, > 1 74 95 96 86 61 33 41
M, =1 0 0 0 0 0 27 17
M, <1 33 12 11 21 46 47 49
1996-98 Geo. Mean 1.1212 1.0630 1.0193 1.0369 1.0057 1.0456 1.0088
Std. Deviation 0.1647 0.0884  0.0325  0.1113  0.1195 0.1032 0.0544
Minimum 0.7694 0.8819  0.9147  0.8741 0.4923 0.7662 0.8611
Maximum 1.9244 1.3400 1.1105 1.8325 1.2770 1.4004 1.4361
M, > 1 88 83 83 77 60 62 58
M, =1 0 0 0 0 0 26 16
M, <1 19 24 24 30 47 19 33

technically progressive. The geometric aver-
age of the PEC components from 1990 to
1992 and 1996 to 1998 were 0.962 and 1.046,
respectively. The geometric mean of the SC
components from 1990 to 1992 and 1996 to
1998 were 0.991 and 1.009, respectively.

On average, the productivity, technology,
pure efficiency, and scale improvements from
1990 to 1992 were 6.1%, 11.2%, —3.8%, and
—0.9%, respectively. During this period, the
cooperative industry’s productivity or growth
was mainly due to improvement in technology
rather than pure efficiency and scale. On av-
erage, the productivity, technology, pure effi-
ciency, and scale improvements from 1996 to
1998 were 12.1%, 6.3%, 4.6%, and 0.9%, re-
spectively. During this period, the cooperative
industry’s productivity or growth was mainly
due to improvement in technology and pure
efficiency.

Decomposition of the TC component of the
MPI into input bias TC, output bias TC, and
magnitude of TC was performed to determine
contribution of these indices to TC. Input bias
involves a rotation of the isoquants, and output
bias represents a rotation of the production
possibilities curve. On average all three indi-
ces were greater than one for the 1990 to 1992
and 1996 to 1998 periods (Table 3). Although
all three indices were positive, their magni-

tudes were different. From 1990 to 1992, the
contribution of the input bias index to TC was
prominent. The contribution of the output bias
to TC was much higher from 1996 to 1998.
After making adjustments for input and output
biases, the magnitude changes for the 1990 to
1992 and 1996 to 1998 periods were 1.24%
and 0.57%, respectively.

Regression Resuits

The relationships between productivity indices
and the input and output prices are examined
in this section. Price and lagged TC index val-
ues were checked for collinearity using prin-
ciple component analysis. Results suggested
that high degrees of collinearity existed among
the fertilizer price index and the petroleum
product price index and the other products in-
dex and the chemical price index. This led to
exclusion of the petroleum product price index
and the other products index from the analysis.
The error terms of each of the individual OLS
models were tested to determine whether they
were normally distributed using the chi-square
goodness-of-fit test for normality. The chi-
square goodness-of-fit test statistics were
23.18, 21.83, and 23.36, for pure efficiency
change (PEC), technical efficiency change
(TE), and MPI models, respectively. The x*
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critical value with nine degrees of freedom
and the 0.5% level of significance was 23.59.
The null hypothesis of normally distributed er-
ror residuals for OLS estimates could not be
rejected at the 0.5% level of confidence with
the chi-square goodness-of-fit test for estima-
tion of models PEC, TC, and MPIL. However,
for the scale efficiency change (SC) model, the
chi-square goodness-of-fit test statistic of
85.34 was greater than the x? critical value of
23.59 with 9 degrees of freedom and the 0.5%
level of significance. The null hypothesis for
the SC model could thus be rejected. OLS pa-
rameter estimates for the period from 1990 to
1992 and OLS parameter estimates for the pe-
riod from 1996 to 1998 were tested for chang-
es using the Chow F-test. Chow F statistics of
1.97, 1.78, 1.43, and 1.53 for the models PEC,
SC, TC, and MPI, respectively, were less than
the critical value of 2.41 with 9 and 196 de-
grees of freedoms and the 1% level of signif-
icance. Thus, the productivity indices were
pooled over time, resulting in 214 observa-
tions for a particular productivity measure
(107 cooperatives times 2 periods). Table 4
presents OLS regression results.

The feed price index was negatively cor-
related to the PEC and statistically significant
at the 10% level. A negative relation among
product price indices and the dependent vari-
able can be explained by using Bruno’s find-
ing, which suggests that higher output prices
reduce the incentive to substitute inputs and
implement input saving measures by adjusting
resource allocations. The grain price was pos-
itively correlated to the PEC and statistically
significant at the 5% level. Increased grain
prices encouraged cooperatives to gain pro-
ductivity from resource allocation. Falling out-
put prices encourage cooperatives to find new
technical relations to reallocate their inputs
more efficiently to attain the industry’s pro-
duction frontier, but it does not necessarily
mean cooperatives substitute factors of pro-
duction for each other. The capital, labor, and
other input price indices were positively relat-
ed to the PEC. Both capital and labor input
price indices were not statistically significant.
The other input price index was positively cor-
related to the PEC and statistically significant

at the 5% level. These results suggest that dur-
ing the study period, labor and capital input
prices did not encourage cooperatives to move
towards the industry’s production frontier. A
positive coefficient for the other input price
indicates that an increase in other input prices
encourages pure efficiency gain through input
substitution and input saving technologies.
Lagged MPI change was negatively correlated
to the PEC and statistically significant at the
5% level, suggesting that previous periods’
productivity progress negatively affected a co-
operative’s movement towards the industry’s
production frontier.

The price index for fertilizer was positively
correlated to TC and statistically significant at
the 5% level (Table 4). Increases in the fertil-
izer price encouraged cooperatives to shift the
industry’s production frontier by finding new
technologies. The capital and other input price
indices were positively related to the TC and
statistically significant at the 5% level.

In the final regression model (Table 4), the
grain, fertilizer, and agrochemical prices were
positively correlated to the MPI and statisti-
cally significant at the 5%, 10% and 10% lev-
els, respectively, while feed price index was
negatively related to the MPI and statistically
significant at the 10% level. The other input
price index was positively correlated to the
MPT and statistically significant at the 5% lev-
el, whereas previous periods’ productivity pro-
gress was negatively related and statistically
significant at the 5% level.

The input-biased index, output-biased in-
dex, and magnitude component of the TC in-
dex were regressed on shares of inputs, out-
puts, and both inputs and outputs to explain
input and output biases. Because these regres-
sion models did not give statistically signifi-
cant evidence to explain input and output bi-
ases, they are not reported.

Overall, the cooperative industry’s produc-
tivity was mainly related to the grain prices,
fertilizer prices, and other input prices. Be-
cause labor price was not statistically signifi-
cant with any of the productivity measures,
labor price did not affect the grain marketing
and farm supply cooperative industry’s pro-
ductivity. This is surprising because some
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studies (Bruno, Adelaja) indicated the impor-
tance of labor prices in an industry’s produc-
tivity growth. It is interesting that an increase
in capital rental rate drives cooperatives pro-
ductivity. It is important to note that this study
did not use any random sampling procedures;
therefore, generalization of the results is lim-
ited. Cooperatives in the CFA database may
possess some special characteristics that non-
participating cooperatives do not possess. Par-
ticipating cooperatives may be financially well
managed, technologically progressive, or the
opposite. These types of cooperatives’ finan-
cial characteristics can affect productivity es-
timates. Because the CFA database did not re-
port cooperative specific inputs and outputs
and prices, the study used several aggregate
indexes to convert the annual expenses and the
annual sales values to the real dollar quanti-
ties. Those data conversion procedures may
not be completely representative of an actual
individual cooperative’s inputs and outputs.

Summary and Implications

This study used nonparametric approaches to
measure productivity using a sample of grain
marketing and farm supply cooperatives in the
Great Plains for the period from 1990 to 1998.
The MPI for the period from 1990 to 1992 and
1996 to 1998 were 1.061 and 1.121, respec-
tively. An average productivity index of 1.061
implies that the average cooperative from
1990 to 1992 in the sample experienced 6.1%
increased productivity in its cooperative op-
eration during the period. Of the 107 cooper-
ative operations, 74 cooperatives increased
their productivity, while 33 experienced dete-
rioration of their productivity during 1990 to
1992. From 1996 to 1998, 88 cooperatives in-
creased their productivity, while 19 experi-
enced deterioration of their productivity. Dur-
ing the study period, the cooperative
industry’s productivity or growth was mainly
due to improvement in the technology rather
than pure efficiency or SC.

To identify the factors related to productiv-
ity, OLS regressions were used to examine the
relationship between productivity indices and
prices of inputs and outputs. Productivity

changes in the cooperative industry have been
related to increases in grain, agrochemical, fer-
tilizer, and other input prices and to decreases
in feed prices. The effects of increasing output
prices on an industry’s future productivity are
similar to those of decreasing input prices. Un-
der declining output prices, cooperatives may
look for alternatives for increased market
share or nontraditional products. This analysis
helps to explain consolidation in the industry.
To be a leader in the industry, a cooperative
needs to become more productive whether by
adjusting input use or by adjusting output mix.

Some important implications of this study
are as follows. Cooperatives could further in-
crease their productivity through efficient uti-
lization of inputs and operating at the optimum
capacity, as indicated by the pure efficiency
and SC indices. In addition, changing tech-
nology has rotated the production possibilities
curve on the output side (output bias) and has
rotated the isoquant (input bias). Cooperatives
can gain productivity by including such prod-
ucts as fertilizer, grain, and agrochemicals in
their product portfolio. Because fertilizer,
grain, and agrochemical products prices are re-
lated to productivity growth in the industry,
cooperatives with those product lines need to
be aware of the future trends related to these
commodities.

[Received January 2004; Accepted August 2005]
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