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SCALE ECONOMIES, TECHNICAL CHANGE, AND COMPETITIVE
'~ ADVANTAGE IN U.S. SOYBEAN PRODUCTION

Stephen C. Cooke and W. Burt Sundquist*

The Problem

A straightforward index procedure has emerged in the literature for measuring the
difference in cost efficiency” and productivity between enterprises producing the same
commodity (Diewert; Denny and Fuss; Cooke and Sundquist, 1989). This index procedure
has been used to analyze technical change, competitive advantage and scale economies of
U.S. corn and cotton enterprises (Cooke and Sundquist, 1989 and 1991; Hazilla and Kopp).

The analysis reported here derives a set of cost efficiency and productivity indexes
for representative soybean enterprises in selected regions of the U.S. between 1974-83.
These indexes were computed for enterprises in each of four homogeneous soil and rain fall
regions in Illinois, Iowa, Mississippi and Ohio. To determine scale economies within each
of these four production regions, cost efficiency and productivity indexes were computed for
very large and large soybean enterprises relative to medium size ones. Our analysis of U.S.
soybeans necessarily includes measures of cost efficiency and productivity across time
“(technical change) and between regions (competitive advantage). We have included an
abbreviated discussion of technical change and competitive advantage at the end. However,
the primary emphasis in this report is on analyzing the extent and sources of scale
economies in U.S. soybean production by size categories.

The Data

The primary data on U.S. soybean enterprises used in this study are from the original
cost-of-production surveys conducted by USDA through its Firm Enterprise Data System
(FEDS) program. FEDS surveys were conducted in winters of 1975, 1979, 1984, for the
1974, 1978, and 1983 production years, respectively. The FEDS cost data were augmented
with yield and production data, as referenced in this report, from other USDA and Census
of Agriculture sources.

The enterprise survey data for each year and region were sorted in ascending order
by total planted acres and then partitioned into very large (91st to 100th percentiles), large

*Stephen C. Cooke is an assistant professor, Department of Agricultural Economics
and Rural Sociology, University of Idaho, and W. Burt Sundquist is a professor, Department
of Agricultural and Applied Economics, University of Minnesota.
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194 Cooke and Sundquist

(71st to 90th percentiles), and medium (41st to 70th percentiles) size enterprises. The
smallest 40 percentiles of soybean enterprises, many of them part-time, included so much
variation in size and production technology so as to defy the identification of representative
enterprises for which production costs per acre could be validly approximated.

Once sorted and partitioned, the FEDS data were used to construct a total of 36
representative enterprise budgets used in our analysis (3 time periods x 4 production regions
x 3 size categories). The capital components of these 36 enterprise budgets were
constructed by the authors using the USDA Economic Research Service budget generator
from which total fixed costs of capital were expressed as a flow of annual costs. These
budgets then provided the basis for determining input prices, quantities and expenditures
for capital, labor, energy, fertilizer, materials and land or KLEFMA input categories. These
data were also separated into an expanded KLEFMA input category scheme in which the
capital input category was disaggregates into tillage, applications, plantings, harvesting, and
hauling subcategories. Methodologically, total and partial productivity and cost efficiency
indexes were constructed using both input classification schemes and the results were
compared.

Table 1 shows the location of the four homogeneous FEDS substate production
regions as well as the total number of very large, large and medium size soybean enterprises
in these regions in each of the three time periods. Table 2 shows the average planted acres
for the very large, large, and medium soybean enterprises in the four soybean regions in
each time period. Also shown is the weighted average enterprise size in planted acres
across the production regions and enterprise sizes. The weighted averages are based on
soybean production by enterprise size published in the 1974, 1978 and 1982 editions of the
U.S. Census of Agriculture. As shown in Table 2, average enterprise size was higher for
enterprises in the 1983 sample as compared to 1978 and 1974 with the exception of the very
large Mississippi enterprise. Significantly, by 1983, average sample enterprise size in all
study regions was 684 acres or more for the very large category. Since the sampling
objective of the three surveys was to provide an equal probability of inclusion for any
specific acre of soybean in the sample region, no claim is made that equal probability is
provided for inclusion of soybean enterprises on individual farms.

The Models

The objective of our analysis of scale economies is to determine both the cost
efficiency and the productivity indexes based on transcendental-logarithmic (translog) models
of the cost and production functions, respectively. For a cost function, unit cost is a function
of input prices and discrete variables for time, region, and size of enterprise. For a
production function, output per acre is a function of the quantity of inputs per acre adjusted

for time, regions, and size. These functions in translog form are shown in equations 1 and
2.
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Unit Cost Function;

(1)  InCyy = f(n Py, T, R, U).

itrw

Where Ctru is total cost per bushel of soybean in time t, region r and enterprise size u; T
is time; R is region and U is enterprise size; P;,, is price per unit of input i in time
t, region r and size u; and i is capital (k), labor ZB'} energy (e), fertilizer (f), materials
(m), and land (a) for the KLEFMA input scheme; the expanded KLEFMA scheme
expands the capital category only to include tillage (kt), application (ka), planting
(kp), harvesting (kh), and hauling (kl); and, finally, all categories of factors are
variable while factors within a category move in fixed proportion.

Production Function:

(2) InQyy, = 8(ln X T, R, U).

Where Q;,, is bushels of soybeans per acre in time t, region r and enterprise size u; X;,
is the input quantity i per acre in time t, region r and size u; all other notation an
assumptions are the same.

Equations 1 and 2 are the dual cost and production functions, respectively. The
presence of one output precludes the problem of separability.

These translog functions are evaluated relative to the geometric mean of the chosen
point (a) and reference point (b), as the average of the factor shares Sa and Sb, (using
Diewert quadratic lemma), to determine the Fisher input price and Tornquist input quantity
indexes (Diewert, p. 120-21). The cost efficiency index is possible to determine because it
has been shown that the change in unit costs equals the change in input prices weighted by
the geometric means of the substitution effect” ceterus paribus (Diewert, p. 121). There
is a analogous relationship between output per acre and its share-weighted input quantities
per acre (Diewert, p. 120). The cost efficiency and productivity indexes are exact in that
they reflect a second order approximation of a linearly homogeneous functions (Diewert,
p. 120). The results are two models that provide "superlative" second-order discrete
approximations of technical change, competitive advantage and scale economies in terms
of cost efficiency and productivity indexes that can be determine arithmetically using
observable data and are shown in equations 3 and 4.

Fisher cost efficiency indexes:
(3) l/2((:ytta+ atb)(Tb-Ta) + l/2(0:1.3'-?- arb)(Rb-Ra) + l/z(czua + aub)(Ub-Ua) = 1n(Ctmb

/ Ctrua) - 1/2"“i(sitrua * Sitrub) ln(Pitrub / 1:.itrua)'
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Tornquist productivity indexes:
(4)  Ya(Byy+ Byp)(TyT,y) + Ya(Ba+ Bp)(Ry-Ry) + Va(B, + Bup)(Up-Uyp) = In(Qypry

/ Qrua) - YEiGitrua * Sitrub) 2 Kitrub / Xitrua)-

The log of cost efficiency measure of scale economies between enterprise size
categories can be expressed as the difference between the log of unit-cost ratio and the
share-weighted average of the log of input prices ratio where time and region are held
constant and equal to zero. Similarly, the difference between the log of production per acre
ratio and the share-weighted average of the log of the input quantity per acre ratio between
enterprise size categories equals the productivity measure of scale economies, assuming time
and region differences are zero. The key assumption is that both the cost and production
functions are linearly homogeneous within size categories. The cost efficiency and
productivity indexes are conceptually equal and empirically approximately equal to the
inverse of the other. In particular, when the factor shares are approximately constant, as
ina Cobb-Douglas function, then the cost efficiency or the productivity mdex is very nearly
equal to the inverse of the other (Diewert, p. 124).

In summary of method, data on total cost, yield, factor shares and input prices and
quantities, disaggregated on the bases of time, region and enterprise size, are used to
approximate cost efficiency and productivity indexes for a set of 36 representative soybean
enterprises. Tables 3, 4, 5, and 6 present the yield,4 total cost, unit cost and factor share
data used in this study. The key analytical concepts are Diewert’s approximation to the
Fisher input price and Tornquist input quantity indexes in the context of translog cost and
production functions. These algorithms are explained in additional detail in Cooke and
Sundquist (1989 and 1991).

Finally, it have been pointed out that the "augends and addends” of the total indexes
can be used as partial productivity indexes to determine the sources of the technical change
(Cooke and Sundquist, 1991). By analogy, we can use the partial productivity indexes of the
cost and production functions to determine the sources of pecuniary and technical
economies of scale.

An Example

An illustration of the procedure used to determine the Tornquist input quantity index
and associated productivity index of scale economies between the very large and medium
Iowa soybean enterprises in 1983 is shown in Table 7. Very large soybean enterprises in
Iowa, FEDS area 201, in 1983 have a 6% technical economies of scale advantage relative
to the medium size enterprises. This 6% productivity difference is traceable to the
combination of a 1% higher yield and 5% lower input use per acre by very large soybean
enterprises in Iowa. We can also see that all of the input reduction for very large
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enterprises appears in the materials category. This category includes such inputs as
pesticides, seed, repairs, and custom work. We know from examining the disaggregated data
that the difference in this particular case is due to the additional expense for custom tillage,
planting, cultivating, harvesting and hauling (without a comparable reduction in capital
inputs) paid on average by the medium size enterprises.

Table 8 shows the procedure for determining the Fisher input price index and
associated cost efficiency index of scale economies using the same Iowa enterprise data as
in table 7. The inverse of the cost efficiency index of 6% is the same as the productivity
index, which suggest that factor shares between enterprise are sufficiently constant to imply
the same Cobb-Douglas function across both enterprises in this region. The Fisher price
index shows that input prices were 5% higher for very large enterprises and yet their unit
costs were 1% lower resulting in a 6% inverse cost efficiency index. Very large Iowa
soybean enterprises paid more per unit of input for capital (3%) and materials (2%) than
medium size enterprises. This analysis suggests that the 6% technical economies of scale
of very large Iowa soybean enterprises in 1983 slightly more than offset the 5% pecuniary
diseconomies of scale relative to the medium size enterprises.

The Results Using the KLEFMA Input Categories

We repeat the above two procedures for the very large and large enterprise sizes
relative to the medium in each of the four regions for each of the three time periods for a
total of 24 indexes for each procedure. In addition, we estimate an additional six indexes
as the weighted average across regions by size category. In this section of the study, we
report on results based on the KLEFMA input categories. Subsequently, we will
re-estimated each of these indexes using the extended KLEFMA input categories.

Table 9 shows the 24 Tornquist productivity indexes of scale economies for the
soybean enterprises (2 size groups x 4 regions x 3 time periods) and the 6 weighted averages.
On average, between 1974-83, across the selected soybean regions, very large enterprises
were 3-6% and large enterprises were 0-3% more productive than medium size enterprises.
The implication is that for a proportional increase in inputs on both medium and very large
soybean enterprises, output would increase 3-6% more than inputs on the very large
enterprises i.e., increasing returns to scale. This represents an arc output elasticity of
1.03-1.06 between medium and very large enterprises. This contrasts with the .98 "pseudo
increasing returns" to U.S. soybean production from 1939-78 reported by Thirtle (p. 40).
The size of percentage change in productivity did vary between production regions and
across time within individual regions. In 1983, very large and large enterprises in Mississippi
had a 9-13% productivity advantage compared to medium size enterprises, while Iowa and
Illinois very large enterprises had a 6-7% productivity advantage. Over all, the largest
diseconomies (-2%) in scale between very large and medium enterprises was realized in
Ohio in 1974 and the largest economies (28%) in Mississippi 1978.
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Table 10 shows the partial productivity indexes for very large and large relative to
medium size enterprises in 1974, 1978 and 1983 as a weighted average across the four
regions. We can use these partial productivity indexes to determine the source of technical
economies of scale differences. The increasing economies of scale are technical in that
input use becomes increasingly specialized with an increase in enterprise size (Jensen, p.
11-12). Yield difference represent 0-3% of the 0-6% scale economies. Input differences
account for the remaining 3-6% of the difference in technical scale economies. Within the
input contribution to scale economies, capital (1-3%) and materials (-1-2%) are the sources
of productivity gains. The breakdown of total scale economies (0-6%) into the yield,
materials, and capital categories corresponds approximately to a biological (0-3%), chemical
(-1-2%) and mechanical (1-3%) technology designations.

Table 11 shows the disaggregation of the Fisher cost efficiency indexes for the same
categories as table 10. The inverse of cost efficiency index (0-6%) equals the productivity
index. This result suggests that factor share are sufficiently constant across size categories
(see table 6) such that a Cobb-Douglas functional form can be used in the future to
determine scale economies across soybean enterprise size categories in a given region at a
point in time (Diewert p. 124).

Unit cost measures ranges from (-2 to 0%) less for the very large and large soybean
enterprises relative the medium size. Prices are -2 to 5% more for the very large and large
enterprises. As with Iowa in 1982, capital (0 to 3%) and materials (-4 to 3%) categories are,
on average, more expensive per unit for the very large and large enterprises except in 1974.
The higher capital and material prices for very large enterprises represent pecuniary
diseconomies of scale. In general, we can say that the technical scale economies (0 to 6%)
for very large and large soybeans enterprises are slightly more than enough to make up for
the pecuniary diseconomies of scale (-2 to 5%) associated with capital and materials inputs.

The Results Using the Extended KLEFMA Input Categories

The above indexes were determined using the KLEFMA input categories. We can
get even more insight into the sources of scale economies in soybeans in the U.S. by using
the extended KLEFMA input categories. Tables 12 and 13 represent a recalculation of
table 10 and 11 in term of the extended KLEFMA categories. This restructuring of the data
underlying the indexes resulted in an 2 percentage point increase in the range of the index
of scale economies for very large and large enterprises from 0-6% to -1-7%.

Restructuring the categories alters array of inputs that are substitutes and
complements. If we assume inputs are perfect complements when they are substitutes, we
depress the expression of productivity. Alternatively, the intermingling of a large number
of complementary inputs into a single category can give the specialization of one important
input the additional factor share weight of the entire category when productivity is
measured. S. C. Ray concluded in his study of U.S. agriculture productivity using a translog
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function that "... this study should have used farm level behavioral data. Use of aggregate
data here ... introduces a measure of aggregation bias." Yet our results suggests that
separating inputs into Leontief and non-Leontief categories introduces an aggregation bias
even when enterprise level data is used. Therefore, a prudent rule of thumb to avoid
aggregation bias when determining Fisher and Tornquist indexes is to keep the input
categories as disaggregated as possible.

Tables 12 and 13 also show that the technical scale economies appear in the tillage
and harvesting capital and materials categories. It is also these categories that exhibit
pecuniary diseconomies of scale.

Technical Change

Tables 14 and 15 shows weighted average total and partial productivity and cost
efficiency indexes of technical change for the very large, large, and medium size soybean
enterprises in 1983 and 1878 compared to 1974. Total productivity and cost efficiencies
were, on average, about 12-18 percent higher in 1983 than in 1974 over all three size groups
or about 1.1-1.7% per year. The size of the percentage change in productivity and cost
efficiency did vary between production areas and between sizes within individual areas. The
smallest average productivity gain (10-13%) was realized on medium size enterprises and
largest (14-18%) on the very large and large enterprises.

Thirtle reported a 1.1% biological productivity increase and a 2.5% mechanical
productivity increase for a total of 3.6% productivity increase per year for U.S. soybeans
between 1939-78 (p. 38). Thirtle’s overall annual productivity gains are about triple the
gains we have found between 1974-83. However, if we assume that the mechanical gains
i.e., the substitution of capital for labor, are largely behind us since labors’ current share of
cost is down to about 5% of total cost, then Thirtle’s biological productivity gains (1.1%)
match the overall gains found in this study (1.1-1.7%) quite closely.

The source of productivity gains were from a reduction in the use of capital and
labor, which was partially offset by increases in fertilizer and material use. Yield increases
were the principle contributor to productivity gains in soybeans. The price level for soybean
inputs doubled and tripled in 1978 and 1983 relative to 1974. Land price increases was the
major cause of the input price inflation.

Competitive Advantage

Table 16 shows the total and partial productivity indexes of competitive advantage
for 1983, 1978, and 1974 with the indexes for the Illinois enterprises set equal to 100. These
indexes show a relative loss in competitive advantage by Iowa enterprises and a relative gain
for Ohio enterprises. The Mississippi soybean enterprises were much less efficient in 1974,
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relative to Illinois, and this situation changed very little in 1978 and 1983. The quantity of
input use per acre was about the same in Ohio, Iowa and Illinois and 10-14% higher in
Mississippi. Thus, yield variations largely account for the difference in competitive
advantage.

The Conclusions

The discussion presented here provides an analytical procedure by which total and
partial Tornquist productivity and Fisher cost efficiency indexes of soybean production
among enterprise sizes, over time, and between regions can estimate the extent and sources
of scale economies, technical change and competitive advantage.

Our analysis suggest that, on average, there were only small positive technical scale
economies (3 to 7%) for very large and (-1 to 3%) for large enterprises relative to the
medium size category between 1974-83.° Lower input use accounted for 2-5% of the scale
economies for very large and 0-3% of the gain for large soybean enterprises over this
period. The lower input use categories include tillage and harvest capital and materials in
which it is assumed that increases specialization has taken place.

Pecuniary economies of scale (1-7%) for very large enterprises were found relative
to the medium size. Pecuniary diseconomies were associated with the tillage capital,
harvesting capital and materials input categories. These pecuniary diseconomies
approximately offset the technical economies of scale for very large soybean enterprises.
The fact that the input categories for the source of technical scale economies match those
for the source of pecuniary diseconomies suggests that the resource owners rather than the
producers are the principle beneficiaries of productivity increases associated with scale
economies. This result is consistent with the Ricardian theory of economic rent for inputs
available in less than perfectly elastic supply, in which producers’ quasi-rents are passed on
as rent to resource owners.

We learned two items regarding the methodology for determining scale economies,
one specific and one general. Specifically, we found that the total productivity and cost
efficiency indexes for scale economies for soybeans are approximately equal to the inverse
of the other across four regions. This suggests that the simpler Cobb-Douglas functional
form could be use to determine scale economies in soybeans for other regions of the United
States. In general, the expanded KLEFMA analysis shows that aggregation bias is possible
even at the enterprise level. Consequently, we would suggest using as disaggregated a set
of input categories as possible when determining index numbers of the type in this analysis.
Finally, our analysis suggest (1) that there were substantial increases in productivity due to
technical change (1.1 to 1.7% per year) between 1974 and 1983, and (2) that Illinois has a
9 to 45% competitive advantage in soybeans production relative to Iowa (9%), Ohio (11%),
~ and Mississippi (45%) in 1983.
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Table 1. The Number of Soybean Enterprises and Production in Selected Regions of the U.S.

Soybeans State Illinois Iowa Mississippi Ohio Totall Percent
FEDS Area 300 201 200 101 of
Location (E. Cent) (No.Cent.) (Delta) (W. Cent.) Total
1983 Very Lar;cz ] 1883 376 517 488 3275 g
Large ¢ L6429 2519 477 2156 9581 27
Medium L ] 4430 11176 477 6575 22658 64
Total ¢ 10742 14071 1471 8230 35514 100
1978 Very Large ¢ 850 3228 3is 410 4803 9
Large ¢ 4827 8142 315 2207 15481 30
Medium 4 14719 8142 1144 7981 31988 61
Total ¢ 20396 19513 1774 10598 52281 100
1874 Very Large [ 4 2603 2031 585 928 6157 11
Lacge ¢ 2603 7874 595 928 12000 21
Medium ¢ 21417 7874 1317 8541 39148 68
Total ¢ 26622 17779 2506 10396 57303 100
1983 U.S. production? H 7.80 5.25 1.90 3.40 18.35
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1 Weights for average enterprise size across regions and within size categories are based on 1879-85, 1875-
80, and 1972-76 average county-level USDA/SRS data as a ratio of a region's production to the sum of
production across regions.

2 Source: USDA/SRS data tapes on county level planted acres and production for 1872-1876; 1876-1980 and
1979-1985. Also, 1874, 1878, and 1982 Census of Agriculture Table 41 "Specified Crops by Harvested Acres”
data were use to detemine the number of very large, large and medium size enterprises in the state. This
number was then multiplied by the ratio of FEDS region multiple-year average production from USDA/SRS data
to COA 1982 production data to obtain the number of enterprises by size for the regiom.

3 Source: USDA/SRS data tapes on county level production 18798-1985 and USDA/ERS Ag. Info. Bull. No. 476

“Soybeans: Background for 1985 Farm Legislation,” Appendix Table 7 on U.S. aggregate production 1978-1883.
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Table 2. Average Soybeans Enterprise Size by Production Region (Planted Acres).

State Illinois Iowa Mississippi Ohio Weighted Size
FEDS Area 300 201 200 101 Average!  Index
Location (E. Cent) (No.Cent.) (Delta) (W. Cent.) (M=100)

1983 Very Large 684 707 1262 897 794 259
Large 418 361 894 493 464 151
Medium 270 210 795 244 307 100
Average? 44l 291 1085 436 472 154

1978 Very Large 579 572 6504 550 1243 460
Large 330 261 1232 298 04 150
Medium 215 203 782 194 270 100
Average? 2399 260 2649 284 544 201

1974 Very Large 384 302 2000 4es 557 31
Large 282 188 697 264 289 161
Medium 171 126 427 131 179 100
Average? 222 189 1083 217 307 172

Source: Mean of USDA/ERS FEDS survey planted acres for very large, large and medium size enterprises.

1 Weights for average enterprise size across regions and within size categories are based on 1979-85, 1875-
80, and 1972-76 average county-level USDA/SRS data as a ratioc of a region's production to the sum of
production across regioms.

2 Weights for average snterprise size within a region and across size categories are based on 1982, 1978,
and 1874 Census of Agriculture Table 41, "Specified Crops by Harvested Acres”™ as a ratio of production of
this size category to the sum of production across size categories.
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Table 3. Soybean Yields for Selected Regions (Bushels / Planted Acre).

State Illinois Iowa Mississippi Ohio Weighted Yield
FEDS Area 300 201 200 101 Average!  Index
Location (E. Cent) (No.Cent.) (Delta) (W. Cent.) (M=100)
1983 Very Large 40,50 37.40 24.90 37.00 37.30 103
Large 38.60 37.20 23.50 36.10 36.50 100
Medium 39.60 36.90 23.50 35.70 36.40 100
Wt Ave? 38.90 37.00 24.30 36.00 36.70
1978 Very Large 37.80 37.10 23.20 36.90 35.80 101
Large 38.80 36.60 23.20 35.90 35.90 101
Medium 38.60 36.50 20.80 35.80 35.50 100
Wt Avel 38.60 36.60 22.30 36.00 35.70
1974 Very Large 34.70 33.90 21.40 31.50 32.40 100
Lacge 34.70 33.90 21.40 30.40 32.20 100
Med:ium 34.90 33.90 21.60 30.30 32.30 100
Wt Ave? 34.80 33.90 21.50 30.50 32.30

Source: USDA/SRS data tapes on couxty level planted acres and production for 1972-1976; 1976-1980 and 187¢-

1985. Also, 1974, 1978, and 1982 Census of Agriculture Table 41 "Specified Czops by Earvested Acres" data

were use to detemine the ratio of very large, large and medium size yields to state-wide average. This ratio



Scale Economies, Technical Change, and Competitive Advantage in U.S. Soybean Production 205

was then multiplied by the FEDS region multiple-year average yield from USDA/SRS data to obtain yisld by
size for the region.

1 Weights for average enterprise size across regions and within size categories are based on 1879-85, 187:5-
80, and 1872-76 average county-level USDA/SRS data as a ratio of a region's production to the sum of
production across regions.

2 Weights for average enterprise size within a region and across size categories are based on 1882, 1978,

and 1974 Census of Agriculture Table 41, "Specified Crops by Harvested Acres” as a ratio of production of

this size category to the sum of production across size categories.
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Table 4. Total Costs of Production in Selected Regioms for Soybeans (Dollars / Acre).

State Illinois Iowa Mississippi Ohio Weighted Cost
FEDS Area 300 201 200 101 Averagel  Index
Location (E. Cent) (No.Cent.) (Delta) (W. Cent.) (M=100)
1983 Very Large 3as1 361 280 358 350 102
Lazge 368 3ss 297 333 3s0 99
Medium 375 asg 285 335 3s3 100
We Ave? 374 ase 285 338 3s3
1578 Very Large 236 218 148 216 217 101
Large 231 216 163 217 217 101
Medium 233 209 159 213 214 100
Wt Avel 233 213 157 214 215
1874 Very Large 114 115 85 114 111 98
Lazge 116 112 88 110 111 98
Medium 118 116 93 109 113 100
We Avel 117 114 88 110 C 112

cemmcc e o -- e T e m---

Source, Total costs are based on FEDS survey data

1 Weights for average enterprise size across regions and within size categories are based om 1979-85, 197S-
80, and 1872-76 average county-level USDA/SRS data as a ratioc of a region's production to the sum of
production across regions.

2 Weights for average enterprise size within a region and across size categories are based on 1982, 1978,
and 1874 Census of Agriculture Table 41, "Specified Crops by Barvested Acres” as a ratio of production of
this size category to the sum of production across size categories.
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Table 5. Unit Costs of Production in Selected Regions for Soybeans (Dollars / Bushel).

State
FEDS Area

Location

1983 Very Large
Large
Medium

Wt Avel

1978 Very Large
Large
Medium

Wt Avel

1974 Very Large
Lazge
Medium

Wt Ave2

Illinois

300

(E. Cent)

6.05

6.04

3.28

3.35

Iowa

201

(No.Cent.)

9.64

9.54

9.73

9.67

v

.87

5.83

Mississippi

200

(Delta)

11.26

12.65

12.13

11.71

4.09

4.29

Ohio Weighted Cost
101 Av.n;o1 Index
(W. Cent.) (M=100)
8.70 8.73 29
8.22 8.71 89
8.38 9.82 100
9.38 8.72
5.84 6.07 100
6.04 6.08 100
5.94 6.11 100
5.96 6.08
3.62 .48 98
3.61 3.47 98
3.59 3.53 100
3.60 3.45

07

: Weights for average enterprise size across regions and within size categories are based on 1979-85, 1875-

80, and 1872-76 average county-level USDA/SRS data as a ratio of a region‘'s production to the sum of

production across

2 Weights for average enterprise size within a region and across size categories are based on 1982, 18978,
and 1974 Census of Agriculture Table 41, “Specified Crops by Harvested Acres” as a ratio of production of

regions.

this size category to the sum of production across size categories.
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Table 6. Interenterprise Factor Shares for Soybeans in 1983, 1978 & 1874 for the Extended KLEFMA Model

(Percent).
Soybeans =00 o===<-- +===1883-=====c  ~ccccco--- 1978-c~=c=cos  cccccccoao- 1974-=-2-ccooeun
(Size) V Large Large Medium V Large Large Medium V Large Large Medium
Tillage L] 4 5 5 5 5 6 7 7
Planting 2 1 1 2 2 2 1 1 1
Applying 1 1 1 1 0 0 0 0 1
Harvest 6 6 6 6 6 6 7 8 7
Hauling 2 2 2 2 2 2 3 3 2
Capital 16 - 15 15 15 15 15 18 19 18
Labor 3 3 3 & 4 & 6 7 7
Energy 3 3 3 2 2 2 4 4 &
Fertilizer 3 1 2 1 1 1 3 1 1
Materials 13 14 14 16 16 14 17 16 17
Land 62 64 63 62 63 83 53 53 52
Total Share 100 100 101 100 101 99 101 100 89

Weights for average enterprise size across regions and within size categories are based on 1879-85, 1975-80,
and 1972-76 avezage county-level USDA/SRS data as a ratio of a region's production to the sum of production

across regions.
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Table 7. Scale Economies cf Very-Large Iowa Soybean Enterprises in 1983: The Tornquist Productivity Index

Capital Labor Energy Fert. Materials Land Total

Costs === Saas e S e e “*
IO VL 1983 (S/acre) 57.06 10.21 11.71 4.29 41,45 235.87 36C.59
IO M 1883 (S/acre) 47.61 10.43 10.894 .12 50.18 235.87 2%8.15
Cost: SHares Fesecssmmsesssosmemsmss e s e Sbahdis e ettt S
10 VL 1983 () .16 .03 .03 .01 .12 .65 1.00
IO M 1983 () .13 .03 .03 .01 .14 .66 1.00
1/2 (SvpL+SM) (2) .14 .03 .03 .01 .13 .66 1.00
Inputs & Input Indexes ===-~---- e e - e - e - o i i e
"IO VL 1983 (Units/Acre) 1.01 2.58 10.48 22.52 3.7 1.00

IO M 1983 (Units/Acre) 1.97 2.65 9.64 22.486 5.35 1.00
Ln(IvL/IM) (Input Ratio) -0.03 -0.02 0.08 0.00  -0.36 0.00
1/2(SypL+SMILn(IvL/IM) -0.00 -8.00 0.00 0.00 -0.05 0.00 -C.C5
Yields & Results -=--===-==--=- e ettt SRedeesSSREscrRSREmdioSinRdsssansnadEsRasASSoEan
IO VL 1878-85 (Ave Bushels/Acre) 37.40
IO M 1979-85 (Ave Bushels/Acre) 36.90
La(QuL/Q¢) (Yield Ratio) 0.01
Z1/2(Svp+SMILn(Ivy/IM) (Torngquist's Input Ratio) =0.05
1/2(Byp+0M) (UyL-UM) (Scale Economies Measure) 0.06

100 o1/2(BVL+RN(UVL-MM) (gca14 Economies Index, Medium = 100) 106

e
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Table 8. Scale Econcmies of Very-lLarge lowa Soybean Enterprises in 1983: The Fisher Cost Index.

Costs

Cost Shares

Capital Laboz Energy Fert. Materials Land Total
IO VL 1983 (S/acre) 57.06 10.21 11.71 6.29 41.45 235.87 360.59
IO M 1983 (8/acre) 47.61 10.43 10.94 4,12 50.18 235.87 358.15
I0 VL 1983 (1) .16 .03 .03 .01 12 .65 1.00
I0 M 1883 (X) .13 .02 .03 .01 .16 .66 1.00
1/2 (SyL+SM) () .14 .03 .03 .01 .13 .B6 1.00
Prices & Price Indexes - - N e
I0 VL 1983 ($/Unit) 29.90 3.94 1.12 .18 11.07 234.93
IO M 1983 (S/Unit) 24,15 3.84 1.13 .18 g.38 234,93
Ln(Pvy,/PM) (P:in Ratio) 0.21 0.00 -0.02 0.04 0.17 0.00
1/2(SyL+SMILn(PvL/BM) 0.03 0.00 -0.00 0.00 0.02 0.00 0.05
Yields, Costs & Results ---- - #eBddddememmmm e e e e e S S S SRR LSS S SEF LG L E L L
I0 VL 1979-85 (Ave Bushels/Acre) 37.40
I0 M 1979-85 (Ave Bushels/Acre) 36.80
Ln(QvL/Q4) (Yield Ratio) 0.01
Ln(TCvL/TCM) (Total Cost Ratio) Q.00
Ln{(CvL/CM) (Unit Cost Ratio) -0.01
Z1/2(SyL+SM)Ln(PyL/PM) (Fisher's Pzice Ratio) 0.05
=1/2(ayLtayM) (UyL-UM) (Scale Econonies Measure) 0.06

100 ¢ 1/2(aVL+a2d) (UVL-UM) (Scale

———-—

Economies Index, Medium = 100)
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Table 8. Intesrenterprise Productivity Indexes for Soybeans in 1883, 1978 & 1974 (Medium = 100).

Soybeans Illinois Iowa Mississippi Ohio Average
(Size) Area 600 Area 500 Area 200 Area 200
1983 Very Large 102 106 113 107 105
Large 103 88 108 105 103
Medium 100 100 100 100 100
1978 Very Large 101 102 128 110 108
Large 102 103 109 103 103
Medium 100 100 100 100 100
1874 Very Large 106 101 104 98 13
Lazge 103 84 100 102 100
Medium 100 100 100 100 100

Interpretation: Since the index is computed relative to the medium = 100 base, numbers greater than 100

indicate the extent to which very large and large enterprises are more productive than the medium s:ze

category, and conversely for numbers less than 100.
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Table 10. A Decompostion of Interenterprise Productivity Ilndexes for Soybeans in 1983, 1878 & 1974 (Medium =

100).

Soybeans === %0 ====------ 1883 - - =~1978~m=rrinme cecccecsmces 1974====ccecac--
(Size) V Large Large Medium V Large Large Medium V Large Large Medium
Capital a8 99 100 87 99 100 97 98 100
Labor 100 100 100 99 100 100 99 100 100
Energy 100 100 100 100 100 100 100 100 100

Fertilizer 101 100 100 100 100 100 102 100 . 100
Materials 88 88 100 100 g9 100 101 101 100
Land 100 100 100 100 100 100 100 100 100
Input Index g7 97 100 96 98 100 97 100 10¢
Yield 103 100 100 101 101 100 100 100 100
Productivity 105 103 100 108 103 100 103 100 100

Weights for average enterprise size across regions and within size categories are based on 1979-8S5, 1975-80,
and 1972-76 average county-level USDA/SRS data as a ratio of a region's production to the sum of production

across regions.
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Table 11. A Decompostion of Interenterprise Cost Efficiency Indexes for Soybeans in 1883, 1878 & 1874

(Medium = 100).

Soybeans sececcecac]gfIocamn=- LL R b s%]197@=ssnsnens  susessew ===19%4-===v=- SR
(Size) V Large Large Medium V Large Large Medium V Large Large Medium
Capital 103 101 100 103 100 100 103 102 100
Labor 100 100 100 100 100 100 100 100 100
Energy 100 100 100 100 100 100 100 100 100
Fertilizer 100 100 100 100 100 100 100 100 100
Materials 102 101 100 102 103 100 98 96 100
Land 100 100 100 100 100 100 100 100 100
Price Index 105 102 100 105 103 100 101 98 100
Unit Costs g9 8s 100 100 100 100 98 98 100
Total Costs 102 98 100 101 101 100 98 98 100
Yield 103 100 100 102 101 100 100 100 100
Input Index 97 97 100 96 98 100 97 100 100
Efficiency ! 105 103 100 106 103 100 103 100 100

Weights for average enterprsise size across regions and within size categories are based on 1575-85, 1575-8C,
and 1972-76 average county-level USDA/SRS data as a ratio of a region's production to the sum of productiocn

across regions.



214 Cooke and Sundquist

Table 12. A Decomposition of Interenterprise Productivity Indexes for Soybeans in 1983, 1978 & 1974 for the

Extended KLEFMA Model (Medium = 100).

Soybeans = ==eeece-- -1983 1878 =ssmssen  sosesisiaa~ 184 semsrcennns
(Size) V Large Large Medium V Large Large Medium V Large Large Medium

Tillage 28 99 100 88 98 100 98 99 100
Planting 9 99 100 100 100 100 100 100 100
Applying 100 100 100 100 100 100 100 100 100
Harvest o8 100 100 1] 100 100 100 100 100
Bauling 100 100 100 100 100 100 100 100 100
Capital a8 99 100 96 88 100 87 99 100
Labor 100 100 100 99 100 100 89 100 10C
Energy 100 100 100 100 100 100 100 100 100
Fertilizer 101 100 100 100 100 100 102 100 100
Materials 98 99 100 100 99 100 101 101 100
Land 100 100 100 100 100 100 100 100 100
Input Index 96 97 100 5 98 100 s8 100 100
Yield 103 100 100 101 101 100 100 100 100
Productivity 106 103 100 107 103 100 103 99 100

Weights for average enterprise size across regions and within size categories are based on 1978-85, 1975-80,

and 1872-76 average county-level USDA/SRS data as a ratio of a region's production to the sum of production

across regions.
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Table 13, A Decomposition of Interenterprise Cost Efficiency Indexes for Soybeans in 1883, 1978 & 1874 for

the Extended KLEFMA Model (Medium = 100).

Soybeans

(Size)

Tillage
Planting
Applying
Harvest
Bauling
Capital
Labor
Energy
Fertilizer
Materials
Land
Price Index
Unit Costs
Total Costs
Yield
Input Index

Efficiency !

-==e--ee=-1983

Large

101

101

100

102

100

104

100

100

100

102

100

106

99

102

103

106

Large

100

100

100

101

100

100

100

100

102

100

97

103

Medium

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

V Large

100

101

100

104

100

100

10C

102

100

100

100

101

85

107

Large

100

100

100

100

100

100

100

100

103

100

103

100

101

101

98

103

Medium

100

100

100

100

100

100

100

100

100

100

100

100

100

100

V Large

102

100

100

100

100

103

100

100

100

98

100

101

98

g8

87

103

Large

100

100

100

96

100

98

98

100

100

100

100

100

100

100

100

100

100

100

100

100



216 Cooke and Sundquist

Table 14. Intertemporal Partial and Total Productivity Indexes for Soybeans in the U.S. by Enterprise Size

in 1983 & 1978 (1974 = 100).

Soybeans measa e ~emm—m 1883-====con==== ==  ==ssscecccce 1978~==~=~ cmeee=-

(Time) V Large Large Medium V Large Large Medium !
Capital 87 95 98 87 97 87 i

Labor 99 89 98 29 89 28

Energy 100 29 100 100 100 100
Fezzilizer 103 101 101 -1} 101 101 ‘
|

Materials 101 103 106 102 101 103

Land 100 100 100 89 99 99

Tornquist Quantity Index a9 a7 100 97 a7 98
[
Yield Index 115 113 113 Ill 112 110 \

Total Productivity 116 118 113 115 116 112

Interpretation: Since the total productivity indexes are computed relative to the 1974 = 100 base, numbecs
greater than 100 indicate the extent to which enterprises were productive in 1878 and 1883 than previously.
For the partial productivity indexes, number greater than 100 indicates the extent to which input use anc

yield were more in 1578 and 1983 than previously, and conversely for numbe: less than 100.
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Table 15. Intertemporal Partial and Total Efficiency Indexes for Soybeans in the U.S. by Enterprise Size in

1983 & 1978 (1974 = 100).

Soybeans === ~--eseceaa- ====]1983-=-====ce= sssane sme- - 1978-=====- m-———-
(Time) V Large Large Medium V Large Large Medium
Capital 124 122 123 113 111 112
Labor 103 103 103 102 102 102
Enezgy 104 104 104 101 101 101
Fertilizer 101 100 101 100 100 100
Materials 112 112 108 107 110 103
Land 217 220 217 162 162 162
Fisher Price Index 326 327 312 200 203 192
Yield Index 115 113 113 111 112 110
Cost Index 323 316 314 194 196 1983
Total Efficiency * 116 117 112 114 115 110

Interpretation: Since the total efficiency indexes are computed relative to the 1974 = 100 base, numbers
greater than 100 indicate the extent to which enterprises were productive in 1978 and 1983 than previously.
For the partial cost efficiency indexes, number greater than 100 indicates the extent to which input prices,

costs and yields were more in 1978 and 1983 than previously.
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Table 16. Interregional Partial and Total Productivity Indexes for Soybeans in 1883, 1978 & 1874 (Illinois =
100).

Soybeans Illineis Iowa Mississippi Chio
(Region) Area 600 Area 500 Area 200 Area 200

1983 Capital 100 98 102 100

Labor 100 100 100 100

Energy 100 100 100 100

Fertilizer 100 101 101 104

Materials 100 104 105 a8

Land 100 100 102 100

Total Inputs 100 102 110 102

Yield 100 93 61 91

Total Productivity 100 g1 55 89

1978 Capital 100 28 104 100

Labor 100 100 101 100

Energy 100 100 101 100

Fertilizer 100 99 89 101

Materials 100 29 106 8

Land 100 100 101 100

Total Inputs 100 97 112 100

Yield 100 95 58 a3

Total Productivity 100 98 52 a3

1974 Capital | 100 99 102 99

Labor 100 100 101 100

Energy 100 100 100 100

Fertilize:z 100 100 103 104

Materials 100 97 105 100

Land 100 100 101 101

Total Inputs 100 96 114 102

Yield 100 97 62 88

Total Productivity 100 101 54 86

Interpretation: Since the total productivity indexes are computed relative to the Illinois = 100 base,
numbers less than 100 indicate the extent to which enterprises were less productive than those in Illinois,
conversely for numbers greater than 100. For the partial productivity indexes, number greater than 100

indicates the extent to which input use and yields were greater than in Illinois , and conversely for number
less than 100.
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Endnotes

The difference in cost efficiency between two enterprises is defined as the ratio of
unit costs of output divided by the ratio of input prices for the chosen and reference
points i.e., the ratio of the quantity of inputs to the ratio of the quantity of output.

The difference in productivity between two enterprises is defined as the ratio of the
quantity of output to the ratio of the quantity of inputs for the chosen and reference
points i.e., the inverse of cost efficiency.

The substitution effect is equal to changes in an input’s shares of total cost (S;, -
S:).
ib

In order to minimize the effects of year-to-year variability in soybean yields on cost
efficiency per bushel, we used a 7-5 year moving average of soybean yields in our
calculations of cost efficiency and productivity indexes.

Our analysis did not include the smallest 40 percentiles of enterprises and we would
expect that these smaller scale enterprises were less productive than those studied.
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