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Cost Efficiency and Scope Economies of
Crop and Livestock Farms in Missouri

Shunxiang Wu and Tony Prato

This study investigates productive efficiency for a sample of Missouri crop-only (special-
ized) and integrated crop-livestock (diversified) farms using a cost frontier approach. Re-
sults suggest that significant cost inefficiency exists among sample farms. Lower cost
efficiency in both types of farms was attributed to improper scale of operations and mis-
allocation of inputs. On average, diversified farms were as technically and scale efficient
as specialized farms. Lower allocative efficiency diluted gains in technical efficiency and
resulted in greater cost inefficiency for diversified farms than for specialized farms. Tech-
nical efficiency was independent of farm size, whereas allocative, scale, and scope effi-

ciencies were not.
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Structural transformation of agriculture has
been going on for many years in Missouri.
The number of farms has declined continu-
ously and average farm size has increased over
time. Many small farms have gone out of busi-
ness or been consolidated. From 1980 to 2001,
the number of farms decreased by 10% to
108,000, and average farm size increased by
6.1% to 277 acres (MASS 2003). The decreas-
ing number of farms and increasing average
farm size indicate that large, specialized farms
are replacing traditional small, diversified
- farms because of efficiency advantages.
Many have attributed recent structural
changes such as competitive pressure, price
decline, and policy changes. Intense competi-
tion from other countries, such as Canada and
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the EU, has resulted in the decline in exports
of Missouri agricultural products (MASS
2003). Recent declining trends in the global
prices of agricultural commodities, especially
food grains, have caused prices to fall well
below cost of production in Missouri. Mean-
while, input costs for feed, labor, machinery,
and supplies have continued to rise. Average
production expenditures in Missouri reached
$87,407 per farm in 2001 (MASS 2003). High
production costs and lower commodity prices
have reduced or eliminated farm profit mar-
gins, Net farm income in Missouri declined at
an annual rate of 7.2% since 1997, a trend that
has forced many farmers to explore alternative
management strategies for remaining compet-
itive. Changes in government farm policies
also stimulate structural change. The latest two
farm bills reduce payments to growers, but al-
low greater cropping flexibility and encourage
farmers to respond to market price incentives.

Movement toward a more dynamic and
competitive agricultural environment under-
scores the need for farmers to improve their
productive efficiency to remain competitive



540

and profitable. Given the tight farm economic
conditions in recent years, it is important to
understand the nature of production efficien-
cies, and identify the causes of inefficiencies.
The latter would help farmers to make more
informed production decisions. An analysis of
efficiency would also provide useful infor-
mation on how farm characteristics, such as
size, land ownership, degree of specialization,
and financial variables, inflzence farm effi-
ciency. Improving efficiency could strengthen
the competitive position of Missouri’s agricul-
tural industry.

This study evaluates the relative economic
competitiveness and cost efficiency of crop-
only (specialized) and integrated crop-live-
stock (diversified) farms in Missouri. A non-
parametric technique is applied to cost frontier
analysis to determine technical, allocative, and
scale efficiencies as well as economies of
scope. The relationships among cost efficiency
measures, profit, and farm characteristics are
examined using regression analysis. The sec-
ond section of the paper reviews literature rel-
evant to measuring farm efficiency. The third
section describes the theoretical framework
used to measure cost efficiency and its com-
ponents, followed by a description of the data
used in the regression analysis. The fourth sec-
tion discusses the empirical results. The last
section summarizes the analysis and draws
conclusions.

Previous Studies of Farm Cost Efficiency

Beginning with the pioneering work of Farrell,
farm efficiency has been measured using pro-
duction, cost, or profit frontiers. A production
frontier shows the maximum output that can
be produced with any given input vector or
the minimum inputs needed to produce a giv-
en level of output. A cost frontier shows the
minimum expenditure required to produce any
scalar output for given input prices. A profit
frontier represents the maximum eXcess of to-
tal revenue over total cost attainable from giv-
en scalar output-input prices. Several tech-
niques have been used to estimate these
frontiers, which differ in terms of specification
(parametric vs. nonparametric), computation
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{programming vs. econometric), and interpre-
tation of deviations from the frontier (ineffi-
ciency vs. mix of inefficiency and statistical
noise) (Forsund, Lovell, and Schmidt; Seiford
and Thrall; Kumbhakar and Lovell). Advan-
tages of the nonparametric programming tech-
nique are that it: (1) does not restrict the func-
tional form of the underlying production
technology; (2) explicitly tests for efficiency
rather than treating it as a maintained hypoth-
esis; and (3) is computationally simple, re-
quiring only a standard linear algorithm. Sev-
eral studies have used nonparametric
techniques to estimate frontiers (Byrnes, Fiire,
Grosskopf, and Kraft; Weersink, Turvey, and
Godah; Wu, Devadoss, and Lu). These studies
measured efficiency in terms of the distance
an individual farm is from the optimal or
“best practice” farm on a production frontier.
Kumbhakar and Lovell criticized the produc-
tion frontier approach for the difficulty of ob-
taining the requisite data and its limiting def-
inition of efficiency.

Few studies have evaluated and decom-
posed efficiency using cost frontier analysis at
the farm level. Construction of a cost frontier
allows one to test for cost-minimizing behav-
ior (e.g., Featherstone, Moghnieh, and Good-
win). Featherstone, Langemeier, and Ismet
used cost frontier analysis to evaluate the cost
efficiency of beef production in Kansas. They
found a high correlation between profitability
and technical efficiency, and that farm ineffi-
ciency is related to farm size and degree of
specialization. Similarly, Rowland et al. eval-
uated the competitiveness of swine farms in
Kansas in terms of cost efficiency and deter-
mined that economic efficiency is positively
related to litter size and scale efficiency is neg-
atively related to farm size.

Kalaitzandonakes, Wu, and Ma used a pro-
duction frontier approach to evaluate the size-
efficiency relationship for a sample of 54 Mis-
souri farms over the period of 1987-1992.
They found that technical efficiency is posi-
tively related to farm size irrespective of the
estimation method (i.e., nonparametric, deter-
ministic parametric, and stochastic). Wu, Pra-
to, and Kaylen assessed cost efficiency for
Missouri grain farms using a cost frontier ap-



Wu and Prato: Cost Efficiencies and Scope Economies

proach, and Qiu, Kalaitzandonakes, and Well-
man cxamined changes in productivity for 53
crop farms and 46 dairy farms over the period
1970-1990 separately using a Mamlquist pro-
ductivity index. The latter study found sub-
stanttal productivity growth during the evalu-
ation period.

Other efficiency studies for Missouri farms
utilized crop or livestock sales as output mea-
sures. This procedure can give misleading re-
sults because many Missouri farms produce
both crops and livestock. Even if a crop or
livestock farm exhibits scale economies, an in-
tegrated crop-livestock farm may not.

Hallam discussed theoretical frameworks
for measuring economies of scope. Nehring,
Fernandez-Cornejo, and Banker compared the
relative performance of U.S. corn-soybean
producers with and without off-farm income
in terms of scale and scope economies. Their
study showed that economies of scale decrease
the competitiveness of small farms when off-
farm income is not taken into account. Corn-
soybean producers have partially adapted to
such pressures by increasing off-farm income,
thus achieving economies of scope. Ray found
that the marginal cost of producing crops is
negatively related to livestock production in
the United States, implying jointness in crop
and livestock production. Leathers found
economies of scope between milk and crop
production for large farms, and that small
farms are more likely to exhibit diseconomies
of scope. In contrast, Chavas and Aliber de-
termined that small Wisconsin farms benefit
from integrating crops and livestock. Fernan-
dez-Cornejo et al. identified the presence of
dynamic economies of scope between cattle
production and crop, hog, and milk production
in Germany.

The impact of hypothesized variables on
efficiency measures is typically determined us-
ing a two-step procedure {e.g., Deller and Nel-
son) that involves measurement of efficiency
scores and ordinary least-squares (OLS) re-
gression analysis of the relationship between
efficiency score and explanatory variables.
This procedure has been criticized on the
grounds that it results in biased estimates of
efficiency and regression coefficients (Kum-
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bhaker). However, Kalirajan defended the pro-
cedure on the basis that socioeconomic vari-
ables have a roundabout effect on production.
Using OLS regression in the second step is
inappropriate because the dependent variable
(efficiency score) is limited to the zero—one
interval. This limitation can be overcome by
using a logit model (Bravo-Ureta and Lee),
multiple regression analysis (Kalirajan and
Shand), or a Tobit model (Featherstone,
Langemeier, and Ismet; Latruffe, Balcombe,
Davidova, and Zawalinska; Wu, Devadoss,
and Lu).

Our analysis differs from other studies of
Missouri farm efficiency because: (1)} it uses
accrual incomes from crop and/or livestock
sales as an aggregate measure of farm output;
and (2) it measures relative farm performance
in terms of cost efficiency and its components
(1.e., economic and scale efficiencies), as well
as economies of scope,

Theoretical Framework, Estimation and
Data Reguirement

This study uses a nonparametric approach to
cost frontier analysis due to data availability
and our interest in investigating allocative ef-
ficiency and economies of scope for Missouri
farms.

Measurement of Cost Efficiency

To understand the theoretical basis for cost
frontier approach, consider the cost minimi-
zation problem under the assumption of per-
fect competition:

(H

c*(¥, Plers= min {r'x:x e L(y), x € RY},
(x}

where |cgs stands for constant returns to scale
technology, ¢*(y, ) denotes the cost frontier,
r'x = X, rx; is the expenditure on production
inputs for the ith farm, and L(y) is the pro-
duction possibility frontier, which reflects the
underlying technologies for producing the out-
puts designated by y. L(y) is assumed to satisfy
axiomatic properties (Kumbhakar and Lovell).
The cost frontier indicates the minimum ex-
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penditure required to produce any output for
given input prices.

Overall cost efficiency (OF), which is a
measure of production efficiency, is the ratio
of minimum feasible cost to actual input ex-
penditures as follows:

) OE( x 1) = M
rx

Since r'x = c*(¥, r)|crs, it follows that OF =
1. Unity values of OF occur only if x; =
x¥(y, r), so that r'x = 3, rxf(y, r) attains its
minimum value of c¢*(y, r). Here x* is the
cost-minimizing input demand function. Over-
all cost efficiency is the product of technical
efficiency (TE), allocative efficiency (AE),
and scale efficiency (SE) (Fire, Grosskopf,
and Lovell), as follows:

(3) OE(y, x, ry=TE(y, x) X AE(y, x, 1)
X SE(y, r).

OE = 1 if, and only if, TE = AE = SE = 1,
and implies that the farm is technically, allo-
catively, and scale efficient. OF < 1 indicates
the presence of technical, allocative, and/or
scale inefficiency.

Technical efficiency (TE) refers to the abil-
ity of a farm to minimize input use in produc-
ing given outputs, or maximize output for giv-
en levels of input use (Kumbhakar and
Lovell). An input-oriented measure of techni-
cal efficiency is

4) TE(y, x) = min{k:Ax € L(y}},
IS}

where 0 << A = 1 is a scalar variable measuring
TE, which can be estimated using the non-
parametric technique discussed below. TE = 1
implies the farm is producing on the produc-
tion possibility frontier for y, and TE < 1 im-
plies technical inefficiency (1 — TE) X 100 is
the largest reduction in input use that can be
achieved.

Allocative efficiency (AE) measures
whether a technically efficient farm uses the
optimal mix of inputs, given input prices. AE
is determined by dividing the minimum pro-
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duction cost with variable returns to scale by
the actual cost adjusted for TE.

_ ¢, Nlves
(5) AE(y, x, 1) S Trowm
where 0 < AE = 1 and |y stands for variable
returns to scale. AE = 1 implies that the farm
is using a combination of inputs indicated by
the tangency between the isoquant and the
negative of the ratio of the input prices. AE <
1 implies allocative inefficiency. (1 — AE) X
100 is the maximum proportion reduction in
cost that can be achieved by the technically
efficient farm.

Measures for technical and allocative effi-
ciencies are conditional on output y. Whether
a particular value of y is optimal for a farm is
analyzed using scale efficiency and economies
of scope. Multiproduct returns to scale can be
specified by the production technology and the
cost function (Chavas and Aliber). This study
uses the latter characterization. Scale efficien-
cy (SE) reflects whether or not a farm is op-
erating at the most efficient size. It is derived
using output losses due to deviation from con-
stant returns to scale technology, as follows:

c*y, r )lcns
6 SE(y, r) = ————.
© &, 7) c*(y, ")lvns

SE = 1 implies constant returns to scale and
SE < 1 nonconstant returns to scale. Ineffi-
ciency of scale occurs when a farm operates
in the region of nonconstant returns to scale.
A farm exhibits increasing returns to scale if
c*@, Plers = ¢*, Mlxprs> and decreasing re-
turns to scale if ¢*(y, Plers # c* worss
where c*(y, 7)luprs 15 the minimum cost de-
rived under the nondecreasing returns to scale
assumption, denoted by |xpgrs-

When a farm produces more than one prod-
uct, the concept of efficiency for a single out-
put is inadequate. For multiple outputs farms,
production efficiency can result from not only
increased farm size, but also the cost efficien-
cies of joint production. The effect of produc-
ing multiple outputs on production costs is in-
vestigated using the concept of scope
economies (SC), which measures the cost sav-
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ing of producing multiple products jointly
rather than separately, namely:

M

2 c*( Y, ?‘)lv:%s

7 SC( x 1) = Er—————,
) o x ) 0 Plhes

where c*(y,, r) is the minimum cost of pro-
ducing the mth output. If SC > 1, the cost of
producing each output separately exceeds the
cost of joint production, which implies econ-
omies of scope; specialization decreases costs.
If SC < 1, the cost of producing each output
separately is less than the cost of joint pro-
duction, which implies diseconomies of scope;
diversification decreases costs.

Nonparametric Technigue and Efficiency
Estimation.

Determining cost efficiency requires estima-
tion of cost frontiers under alternative returns
to scale assumptions. This study uses non-
parametric techniques to estimate the cost
frontiers. Farrell proposes a nonparametric
technique that builds a convex disposal huil
based on input and output data. An efficiency
index for one farm is determined by compar-
ing its input—output combinations to those of
other farms in the sample.

Consider a sample of K farms where each
produces M outputs using N inputs and faces
a vector of market input prices r. Suppose the
ith farm is of interest, ¢ is the period of time,
and y and x matrices of observed outputs and
inputs, respectively. Then

Yu e YhoorYh
Y= yeevil = : R
Yim* o Vi Yim
Xpyccxj) xh
=[x xoxf] = : Pl
Xig o Xy oo Xy
and
rt=1[r{ .- ri).

A typical nonparametric approach reduces
multiple inputs and outputs to a single virtual
input and virtual output. It is then possible to
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maximize the ratio of total weighted outputs
to total weighted inputs for a farm subject to
the constraint that the ratios for other farms in
the sample are less than or equal to one, namely:

where v and T are vectors of weights (for sim-
plicity, time subscripts are suppressed in sub-
sequent equations). Equation (8) can be solved
with nonlinear programming techniques. A
transformation of equation (8) developed by
Charnes and Cooper allows a linear program-
ming (LP) formulation of the optimization
problem, which greatly simplifies computa-
tion.

The value of technical efficiency is derived
using the following eguation, which allows
variable returns to scale and assumes strong
input and output disposability:

(9)  min X,

@ »

I3
.t 2 Xz =Nxy, Vi
oy

x

K
ViZe =Y Ezk=1 ;=0
= k=

where z is a K-dimensional vector of intensity
variables {or weights) to be estimated. Strong
input disposability does not permit overutili-
zation of inputs, and strong output disposabil-
ity does not allow production of undesirable
outputs, such as pollution. This LP model
minimizes A, a scale variable, subject to a set
of input and output constraints. The first con-
straint states that the optimal use of the jth
input for the ith farm must be at least as great
as a weighted sum of the amounts of the jth
input used by all of the farms. The second
constraint states that applying these same
weights to the outputs produced by all farms
must yield an output at least as great as the
level of output produced by the ith farm. Re-
stricting the sum of the elements in the inten-
sity vector, z, to one enforces variable returns
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to scale technology (Afrait). Disallowing the
elements z to take a negative value eliminates
the possibility of “running a production pro-
cess in reverse.”

The minimum feasible cost under the VRS
assumption, c*(¥, r)lvgr, is obtained by using
the following equation, which embodies
strong input and output disposability restric-
tions:

(10) C‘*(y; r)lvns = min r'x;"

@x*)

K
s.t. 2 Xy = x%, Y
k=1

K 1
2)’&11?—}’& Ezkzl 7, =0,
=i =1

This LP model minimizes the expenditure in-
curred by the ith farm subject to a set of input
and output constraints {Coelli, Prasada Rao,
and Battese), as interpreted above. The mini-
mum cost under constant returns to scale,
c*(, Nlcrr, is derived by solving equation
(10) without the sum-to-one constraint on the
zs. The minimum cost under nondecreasing re-
turns to scale, ¢*(¥, #)|nprs, 15 determined by
solving equation (10) with the constraint that
the sum of the z values is less than or equal
to one

Data Requirements

This study uses data for farms that were en-
rolled in the Missouri Farm Business Analysis
(MFBA) program during the period 1998—
2001. All input and output variables in the
MFBA dataset are in dollar terms. This is
problematic because estimation of the cost
frontier estimation requires data on quantities.
Following Rowland et al., implicit quantities
are calculated using nominal price indices
(USDA) and the price deflator for personal
consumption expenditures. Another issue that
arises in applying nonparametric technigues to
frontier analysis is how to aggregate variables.
Preckel, Akridge, and Boland suggest that ag-
gregation of inputs or outputs should be avoid-
ed if possible. However, Tauter, and Hanchar
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show that for a large number of inputs in the
model, all or most observations will be re-
garded as efficient. Therefore, a certain degree
of aggregation is necessary. Since no theory
of aggregation exists, we use the input cate-
gories in the MFBA program. According to
Fernandez-Cornejo, a dimensionality ratio
K/N + M) larger than five is sufficient to dif-
ferentiate efficiency differences in a sample of
farms, where K, N, and M are the number of
observations, inputs, and outputs, respectively.
The dimensionality ratio in this study is about
seven in a single year.

Total cost consists of livestock, material,
land, capital, labor, and a composite category
of all “other” costs. Livestock cost is the sum
of expenses for livestock, crops, and commer-
cial feeds purchased plus nonfeed expenses.
Material cost is computed from the annual ex-
penses, which include fertilizers, chemicals,
and seeds. Land cost is the current market val-
ue of land, which is assigned by the farmers
and adjusted by a rental rate of 5.5%. Capital
cost contains expenses on machinery, build-
ing, and utilities. Machinery expense is mea-
sured in terms of annual variable and fixed
costs, and includes hired machinery services,
depreciation, operating costs, and insurance.
Building expense consists of maintenance
costs plus depreciation. Utility expense in-
cludes electricity, water, heating fuel, tele-
phone, and lubrication. Labor cost is expen-
ditures for hired and contracted laborers plus
the opportunity cost for unpaid operators and
family fabor. Cost of hired labor includes wag-
es paid plus perquisites, social security and
employment insurance paid by the employer.
Other cost includes marketing and insurance
costs, tax, interest, and miscellaneous charges
adjusted by the inventory of supplies. Interest
cost excludes opportunity charge on owned as-
sets. Miscellaneous charge is expenses, such
as dues and office supplies.

Farm outputs are measured on a value-add-
ed basis and represented by gross income, in-
cluding accrual crop and/or livestock income.
Accrual crop income is the sales value of
crops (i.e., corn, soybeans, wheat, green sor-
ghum, and forage) adjusted for changes in
crop inventory. Accrual livestock income is
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the sales value of livestock (i.e., beef, hog,
sheep, and dairy) adjusted for changes in mar-
ket livestock inventory and breeding livestock.
The presence of yield and output price risks
makes the model coefficients stochastic. By
not pooling data across years and assuming
that weather is reasonably homogenous across
regions and that soil and other resources are
sufficiently uniform in their interaction with
weather, nonparametric techniques are appli-
cable,

Table 1 reports descriptive statistics for in-
put and output variables and farm character-
istics. For the sample farms as a whole, total
land averages about 1,000 acres, of which
85% is used for agricultural purposes. Total
cost averages about $256,000. Gross, accrual
crop, and accrual livestock income averages
about $242,000, $185,000 (76%), and $57,000
{24%%), respectively. One third of the laborers
are hired. Current assets average about
$922,000 per farm. Sample farms make new
annual inflation-adjusted investments in ma-
chinery, building, and land of about $35,000.
Among 55 sample farms, 19 specialize on
grain crop production and 36 jointly produce
grain crops and livestock. Production scale is
larger for specialized than diversified farms in
terms of gross income, land, and total crop
production. In addition, specialized farms
manage resources more efficiently, as revealed
by greater returns to assets. Coefficients of
variation (CV) show that specialized farms are
more clustered around the means than diver-
sified farms.

Factors Influencing Efficiency

This study uses a Tobit model to evaluate the
Ievel of inefficiency of farms in the sample, as
follows:

an T, = {B’xk te P +e=0,

0 otherwise
where I' represents the inefficiency measures
for each farm, which are obtained by subtract-
ing various efficiency measures from one; B is
a vector of estimated regression coefficients; x
is a vector of explanatory variables; and e is
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a normally distributed error term. The R? be-
tween observed and predicted values is used
as a goodness-of-fit measure for the model.

Three groups of explanatory variables are
generally included in investigations of farm
efficiency: (1) farm characteristics and tech-
nology; (2) human capital; and (3) farm en-
vironmental conditions. Explanatory variables
included in the Tobit model are farm size, spe-
cialization, hired labor, tenancy position, re-
turns to assets, and new investments in ma-
chinery, equipment, and land. Other variables,
such as farmers’ age and the degree of edu-
cation, have been traditionally used in the lit-
erature to explain variations in efficiency. Un-
fortunately, data on these variables are not
available in the MFBA dataset.

Gross income is used to measure farm size.
A negative coefficient on this variable sug-
gests that increasing farm size reduces ineffi-
ciency. Accrual income from crop sales as a
percentage of gross income is used to measure
the degree of specialization on a farm. A ratio
of one indicates that a farm produces crops
only. A negative coefficient for this variable
suggests that specialization reduces inefficien-
cy. Hired labor as a percentage of total labor
is vsed to measure the effects of hired labor.
Tenancy position, measured by the percentage
of land owned, is used to represent the effect
of land ownership on efficiency. A negative
coefficient for this variable suggests that plant-
ing crops on owned land reduces inefficiency.
Returns to assets are used as an indicator of
the financial managerial ability of the farmer.
A negative coefficient for this variable sug-
gests that high profit farms manage their re-
sources more efficiently than low profit farms.
A negative coefficient for new investment in-
dicates a decrease in efficiency as new invest-
ment increases.

Results and Discussions

Separate linear programming problems are
formulated using GAMS and run for each of
the LP models. Various efficiency measures
are determined using optimal solutions for
each of 220 observations (55 farms X 4
years). We begin by discussing results for the
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Table 1. Summary Statistics for a
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Sampie of 55 Missouri Farms, 1998-2001

Full Sample Diversified® Specialized®
Number of Unit Mean Mean CV© Mean cv
observations 220 144 — 76 s —
Revenue, cost, and profit
Total expense $1,000 256.3 226.0 78 3136 66
Livestock $1,000 31.0 31.0 479 _ —_
Materials $1,000 533 40.8 120 77.0 71
Land $1,000 404 31.0 91 584 70
Capital $1,000 58.6 522 87 70.7 69
Labor $1,000 337 23.7 111 525 96
General $1,000 39.3 31.0 115 55.0 82
Gross accrual income $1,000 241.5 213.7 81 293.8 74
Accrual ¢rop income $1,000 184.7 127.2 123 293.8 74
Accrual livestock income $1,000 56.8 56.8 88¢ —_ —
Farm characteristics
Crop yields 1,000 bushels 504 34.5 124 80.6 86
Forage Tons — 263.7  448¢ — —
Livestock production 1,000 1bs. — 107.2 1594 — —
Crop acreage Acres 883.9 834.5 83 986.1 75
% of land owned as total %o 56.3 57.4 57 54.4 55
% of forage acre as crop acre % 29.5 44.3 78 1.6 400
% of hired labor as total % 31.4 253 94 42.8 74
Current asset $1,000 922.1 756.0 86 1,236.6 65
Returns to Assets $1,000 61.8 46.2 182 91.4 124
New investment £1,000 - 35.0 331 246 38.5 121

2 Crop-livestock farms.

b Crop-only farms.

¢ Coefficient of variation.
48D.

overall cost efficiency analysis and its various
components. This is followed by examining
the regression results for the relationship
among the various efficiency measures, profit,
and farm characteristics.

The summary statistics and frequency dis-
tributions for the various efficiency measures
are given in Table 2. The overall cost efficien-
cy averages 0.59 (or 59%) for the 55 farms as
a whole for the period 1998-2001, which lies
between the results reported by Wu, Prato, and
Kaylen for Missouri’s grain farms (58%),
Featherstone, Langemeier, and Ismet for Kan-
sas dairy farms (60 percent), and Chavas and
Aliber (1993) for Wisconsin’s crop and live-
stock farms (32% to 100% of farms efficient
in the short run and 44% to 100% in the long
run). This result indicates that sample farms
exhibit significant cost inefficiencies. If all

farms produced on the cost frontier under con-
stant returns to scale, production cost could be
reduced by 41% in each time period while
maintaining the same output levels.

Overall cost inefficiency is decomposed
into its constituent elements of technical, al-
locative, and scale efficiency. The mean level
of technical efficiency is 0.92, with 65% of the
observations exhibiting full efficiency (TE =
1.00). Only 8% of the total observations pro-
duce less than the maximum feasible level of
outputs. The sample farms operate at between
90% and 100% efficiency in three out of four
years. These results indicate that farmers in
Missouri are generally producing at a high lev-
el of technical efficiency. Accordingly, tech-
nical inefficiency is not the major contributor
to overall cost inefficiency.

The main source of cost inefficiency for
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sample farms is the misallocation of inputs
and improper scale of operation. Allocative ef-
ficiency reflects the ability of farms to use in-
puts in optimal proportions, given input prices.
Only 12% of the total observations exhibit full
allocative efficiency; the remaining farms have
less than full altocative efficiency. Allocative
efficiency varies among sample farms, with a
-mean level of allocative efficiency of 0.70. On
average, production cost could be reduced by
30% without affecting the levels of output.
Therefore, significant cost saving can be
achieved by increasing allocative efficiency.

Overall scale efficiency estimates range
from 0.25 to 1.00, with a mean of 0.85. On
average, production cost could be reduced by
15% without affecting the levels of output. Of
the 220 observations, 88 (40%) exhibit in-
creasing returns to scale, 125 (57%) operate in
the region of decreasing returns to scale, and
the remaining six observations display con-
stant returns to scale. Accordingly, a majority
of sample farms exhibit some degree of scale
inefficiency. Average gross accrual income for
farms that exhibit increasing, constant, and de-
creasing retumns to scale is about $110,000,
$186,000 and $336,000 per farm (full sample),
respectively; about $111,000, $157,000, and
$391,000 per specialized farm, respectively,
and about $109,000, $244,000, and $299,000
per diversified farm, respectively. Small farms
clearly tend to operate in the region of increas-
ing returns to sale, while large farms are more
likely to operate in the region of decreasing
returns to scale.

Results for economies of scope (last col-
umn of Table 2) range between 1.00 and 1.80
with a mean of 1.14. Since a score for econ-
omies of scope greater than one implies that
the cost of joint production is less than the cost
of separate production, sample farms exhibit
scope economies. In other words, significant
cost savings are possible through joint pro-
duction of crops and livestock. Specifically,
the cost of joint crop and livestock production
is on average 14% less than the cost of spe-
cialized crop or livestock production on farms
of similar size.

The mean test results in Table 2 indicate
that, on average, diversified farm production
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is as technically and scale efficient as special-
ized farm production. This occurs because
most livestock production in Missouri is a sec-
ondary enterprise that utilizes forage produced
on the same farms. For instance, over 44% of
cropland on diversified farms is used for for-
age production, compared to only 2% for spe-
cialized farms (Table 1). However, diversified
farms show significantly lower allocative ef-
ficiency and, in turn, lower overall cost effi-
ciency than specialized farms. A possible ex-
planation of the greater allocative inefficiency
for diversified farms is that such farms are not
large enough to produce secondary products
and may encounter greater difficulties in mar-
keting (e.g., storing, processing, and trans-
porting) their products. Lower allocative effi-
ciency explains in part why the number of
small, diversified farms in Missouri has de-
clined in recent years. Allocative inefficiency
dilutes gains from technical and scale efficien-
cy for diversified farms causing them to have
relatively lower cost efficiency than special-
ized farms.

A comparison of farms in terms of farm
income is given in Table 3. Larger farms tend
to be more allocatively efficient and thus,
more cost efficient than smaller farms. This
result reflects that larger farms manage their
resources more efficiently and have more re-
sources for new investment than the smaller
farms. On the other hand, smaller farms ap-
pear to be as technically and scale efficient as
larger farms. In fact, farms with gross income
between $100,000 and $250,000 have the low-
est technical efficiency. This might explain in
part why the number of farms in this size class
has declined rapidly in recent years. Econo-
mies of scope appear to exist over the entire
range of farm sizes. There seems to be a slight
negative relationship between scope econo-
mies and farm size, especially for farms earn-
ing over $500,000. This indicates that the fi-
nancial incentive for diversification declines as
the farm size increases. Average gross income
is about $294,000 for specialized farms, and
$214,000 for diversified farms (Table 1). Larg-
er farms are more likely to become specialized
enterprises than smaller farms because the



Wu and Prato: Cost Efficiencies and Scope Economies

549

Table 3. Farm Income by Farm Size Class for the Full Sample

Gross Income Per Farm ($1,000)

Variable <100 100-250 250-500 >500 Total
Qverall efficiency 0.51 0.61 0.60 0.72 0.59
Economic efficiency 0.63 0.65 0.70 0.89 0.66
Technical efficiency 0.93 0.89 0.93 0.99 0.92
Allocative efficiency 0.64 0.65 0.73 0.90 0.70
Scale efficiency 0.78 0.94 0.82 0.80 0.85
Scope cfficiency 1.16 1.15 1.14 1.04 1.14
Current assets ($1,000) 262.30 723.08 1,398.07 2,241.87 921.98
Gross income ($1,000) 49.79 168.93 371.60 739.86 241.55
Return to assets ($1,000) 9.75 29.87 89.50 297.70 61.81
New investment (31,000} 3.31 29.40 50.69 109.30 3498
Number of farms 14 19 18 4 55

benefit from diversification diminishes and al-
locative inefficiency increases with farm size.

Table 4 reports the standard deviations of
the efficiency measures for each year and
across years. The across-year standard devia-
tion is obtained by averaging each farm’s ef-
ficiency measure over time and then taking the
standard deviation of the average efficiencies,
For each efficiency measure, the standard de-
viation is generally smaller across years than
for individual years. Hence, there is less var-
iability in farm efficiency over time than
among farms in a given year. Allocative effi-
ciency is for the most part more variable than
other efficiency measures. Technical, scale,
and scope efficiencies are unlikely to exhibit
rapid change in the short run after production
technology is adopted, farm size is deter-
mined, and products are selected. As indicated
by the results in last two columns of Table 4,
specialized farms have slightly higher vari-

ability in allocative efficiency than diversified
farms. However, specialized farms have slight-
ly lower vanability in scale efficiency than di-
versified farms. Overall cost efficiency tends
to be less variable for specialized farms than
diversified farms.

Results of the OLS regression analysis of
the relationship between net farm income and
alternative efficiency measures are given in
Table 5. A positive and statistically significant
relationship exists between net farm income
and overall cost efficiency. An increase of 1%
in overall cost efficiency increases net income
by $2,339 (233.9 X $1,000 X 0.01) per farm.
Diversified farms have an even greater in-
crease in net farm income than specialized
farms as indicated by the farm-type dummy
variable in all three models. Net farm income
has a moderately high correlation (0.57) with
overall cost efficiency, Model 2 indicates pos-
itive and statistically significant relationships

Table 4. Standard Deviations of Efficiency Measures

Year Farm®

Efficiency Observa- Full  Livestock- Crop
Measure tions 1998 1999 2000 2001 Sample Crop Only
Overall 220 0.18 0.14 0.16 0.17 0.11 0.12 0.09
Economic 220 0.22 0.24 0.22 0.22 0.15 0.13 0.17
Technical 220 0.12 0.18 0.12 0.12 0.09 0.09 0.10
Allocative 220 0.19 0.20 0.19 0.18 0.13 0.10 0.14
Scale 220 0.16 0.17 0.12 0.07 0.10 0.11 0.09
Scape 144 0.16 0.13 0.16 0.16 0.11 0.11 —

* Mean of per farm standard deviations.
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Table 5. Results for Regression of Net Farm Income ($1,000/Farm) on Efficiency Measures

Explanatory Model
Variable 1 2 3
Intercept —167.37* (16.06) —216.47* (28.52) —283.92*% (37.01)

Overall efficiency 233.91* (22.85)
Economic efficiency —
Technical efficiency —
Allocative efficiency —

Scope efficiency —
Farm-type dummy

(diversified = 1) 23.11* (8.89)

n 220
R? 0.33
r 0.57

209.64* (17.71) —
-— 34.92 (35.31)
— 243.27* (26.01)
56.63** (8.43) 57.79%* (25.74)

23.42* (8.43)
220 220
0.40 0.41

27.61* (8.63)

Note: Numbers in parentheses are SEs.
* Significant at the 1% level.
** Significant at the 5% level.

between net income and economic efficiency
and net income and economies of scope. How-
ever, results from Model 3 indicate that the
relationship between net farm income and
technical efficiency is not statistically signifi-
cant. The relative values of the coefficients
suggest that allocative efficiency is an espe-
cially strong determinant of net farm income.
A 1% increase in allocative efficiency raises
net income by $2,433 per farm. Accordingly,
farm operators should attempt to achieve an
efficient use of inputs in order to enhance net
income. '
Table 6 contains the maximum likelihood
estimate of the Tobit model obtained using
SHAZAM. Farm size has a statistically sig-
nificant effect on allocative, scale, and scope
inefficiencies. Coefficient signs indicate that
an increase in farm size reduces allocative in-
efficiency but increases scale inefficiency. The
effect of farm size on technical inefficiency is
statistically insignificant, which is consistent
with the results of the nonparametric program-
ming analysis. Hired labor has a significant
and positive effect on overall cost, technical
and allocative inefficiencies, and a significant
negative effect on scale and scope inefficien-
cies. Land ownership has an insignificant ef-
fect on overall, scale, and scope inefficiencies,
but significant negative effects on technical
and allocative inefficiencies. These results

suggest that planting crops on owned land in-
creases economic efficiency, but not necessar-
ily overall cost efficiency. The predominately
negative and significant coefficients of returns
to assets indicate that better farm financial
management rediuces economic inefficiency
and cost inefficiency. The effects of speciali-
zation on the inefficiency measures are insig-
nificant except for the statistically significant
positive effect of specialization on scope in-
efficiency. New investment does not have sta-
tistically significant effects on any of the com-
ponents of inefficiency. Coefficients of the
farm-type dummy variable indicate that diver-
sification increases economic inefficiency and
allocative inefficiency, but does not have a sig-
nificant effect on technical and scale ineffi-
ciencies.

Conclusions

This study examines the cost efficiency of
crops only (specialized) and crop-livestock
(diversified) farms in Missouri using a cost
frontier approach. Cost efficiency is decom-
posed into technical, allocative, and scale
components, which provides information on
the sources of farm inefficiency. Economies of
scope for farms are also investigated. Effects
of farm income and farm characteristics on
various efficiency measures are investigated
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Table 6. Results for Tobit Analysis of Effects of Farm Characteristics on Inefficiency Measures

Inefficiency Measure

Economic

Explanatory

Variable Overall Technical Allocative Scale Scope

Intercept 2.2 %** —-0.45 1.75%%* 0.52* —1.62%**
(0.38) 045 (0.37) (0.36) (0.36)

Farm size —0.0004 —0.0006 —0.0019%*x* 0.0015%* 0.0019%**
(0.0007) (0.0009) (0.0007) (0.0007) (0.0010)

Hired labor 0.76** 0.73%* 0.06*** —0.21* —1.01**
(0.34) 041 (0.34) (0.34) (0.48)

Land ownership —0.14 —0.69* ~0.70** 0.57 -0.22
(0.34) (0.44) (0.35) (0.34) (0.36)

Return to assets —0.003 1 %** —0.0040%** —0.0027** -0.0010 ~0.0004 ***
(0.0012) (0.0016) (0.0012) (0.0012) (0.0016)

Specialization -0.03 0.43 -0.09 0.07 1.20%**
(0.33) (0.41) (0.34) (0.33) 0.37)

New investment —0.0006 0.00007 -0.0014 0.0002 —0.0013
(0.0010) (0.0014) (0.0012) {0.0010) (0.0015)

Farm-type dummy

(Diversified = 1, 0.36** 0.22 0.60%** —0.09 —
specialized = 0?) 0.17) (0.20) 0.17) 0.17) —
n 220 220 220 220 144
R? 0.13 0.15 0.24 0.05 0.29

Note: Single (*), double (**), and triple asterisks (***) denote significance at the 10%, 5%, and 1% level, respectively.

Numbers in parentheses are standard errors.

» Diversified designates integrated crop-livestock farms and specialized designates crop-only farms.

using regression analysis. A Tobit analysis is
used to explain farm inefficiencies.

Results indicate significant cost inefficien-
cies exist for a sample of Missouri farms.
These farms are generally producing at a high
level of technical efficiency, only 8% short of
potential output. Lower cost efficiency is at-
tributed primarily to misallocation of inputs
and improper scale of operations. Technical
efficiency is independent of farm size; allo-
cative, scale, and scope efficiencies are not.
Small farms are more likely to operate under
increasing returns to scale, and large farms un-
der decreasing returns to scale. The Tobit anal-
ysis reveals that an increase in farm size and
family labor, planting crops on owned land,
and better financial management enhance al-
locative efficiency. Improvement in allocative
efficiency in particular enhances farm income.
A simple OLS regression analysis shows that
an increase of 1% in allocative efficiency re-

sults in a $2.433 increase in annual net farm
income,

Diversified farms could be as technically
and scale efficient as specialized farms. Allo-
cative inefficiency reduces gains in technical
efficiency, and results in greater cost ineffi-
ciency for diversified farms than specialized
farms. Net farm income has a moderately high
correlation with improvement of overall cost
efficiency, especially for diversified farms.
Farm characteristics, such as being a relatively
small farm and having better financial man-
agement, enhance scope economies for inte-
grated crop and livestock farms. Policies that
improve the fnancial management of small
farms and/or increase nonagricultural employ-
ment are likely to increase allocative efficien-
cy and economies of scope.

[Received September 2003; Accepted April 2006.]
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