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U.S. Agriculture: Commercial and Large Producer Concentration
and Implicationsfor Agribusiness Segments
Abstract

This study examines rate of concentration of farms and sales for aggregate

farm production and crop and livestock activities during the 1982 to 2002

period. Data from the Census of Agriculture are used to calculate Theil’s

relative entropy measure as an indicator of concentration. Results indicate

that Grain segments are lagging behind cotton, potato and hog segmentsin

terms of concentration of total sales, while concentration in the dairy

segment appears to be gaining steam.  Agribusiness serving less

concentrated industry segments should look to the more concentrated

segments as leading indicators for effective marketing strategies as

concentration increases.
1. Introduction
The structure of production agricultureis rapidly changing due in part to new production
and adoption of information technology, government subsidies, and globalization of
markets. These events have resulted in a more complicated market environment with
agribusiness companies facing larger, more integrated, more specialized, and more
demanding agricultural customers. In recent years, agribusiness companies have begun
tailoring marketing strategies to different farm segments grouped by farm sales
categories. Among these market segments, farms with more than $100,000 in total sales
represent a small percentage of farms but account for more than 70% of the market place
for agricultural inputs (feed, seed and plants, fertilizer and chemicals). In addition, this
market segment accounts for 80% of the livestock income and 87% of crop salesin the
U.S. (Table 1).

The overall objective of this study is to provide insight into the significance of

different farm size segmentsin terms of the total number of farms and total agricultural



sales. Moreover, this study will explore differencesin the rate of concentration of farms
and sales between aggregate and commaodity specific agricultura production, and
examine the implications of any differences for agribusinesses serving these markets. To
reach these objectives, three main hypotheses are tested: (1) concentration of agriculture
differs between aggregate and commodity level production, (2) the rate of concentration
isincreasing over time, and (3) concentration in salesis higher than concentration in

farms.

2. Data

This study uses the 1982 through 2002 Census of Agriculture to evaluate changesin the
distribution and concentration for the number of farms and total salesin aggregate and
commodity specific agricultural production. Aggregate agricultural production
represents all agricultural products. Disaggregate agricultural production consists of crop
and livestock segments. Crop segments analyzed in this study include corn, soybean,
wheat, cotton, and potatoes. Livestock segments include hog, cattle (including cattle and
calves), and dairy.

For aggregate agricultural production, data about number of farms and sales were
collected from the Agricultural Census tablestitled “ Economic Class of Farms by Market
Value of Agricultural Products Sold and Government Payments” (2002 census) and
“Market Value of Agricultural Products Sold and Direct Sales’ (census years prior to
2002). For crop segments, data about number of farms and production were gathered
from the Agricultural Census table titled “ Specified Crops by Area Harvested”. For

livestock segments, information about number of farms and value of sales were collected



from Agricultura Census tablestitled “Hogs and Pigs Inventory and Sales by Number
Sold per Farm”, “Cattle and Calves Sales’ and “Milk Cow Herd Size by Inventory and
Sales’. Nationa marketing year average prices for crops were gathered from the

National Agricultural Statistics Service (USDA, NASS) and used to compute sales for

each crop.

3. Methodology

The Agricultural Census tables used as the data source for this study classify farms by
value of sales (aggregate agricultural production) or size (based on acresin crop
segments and number of animalsin livestock segments). With the exception of crop
segments, sales per farm category were obtained from the census. For crop segments,
sales for each farm size category resulted from multiplying crop production by the
average crop year marketing price. Thisis calculated for each of the five census yearsin
the data set. The next sections describe the methodology followed in the distribution and

concentration anal yses.

3.1 Distribution Analysis

For aggregate and commodity specific agricultural production, farms were grouped into
three market segments based on sales. For aggregate agricultural production, sales
include sales of all agricultural products. Sales of commodity specific agricultural
production, on the other hand, include sales of a specific commodity (except for corn and
soybeans where it includes a 50/50 sale of each commodity). Small farms are defined as

farms that have below $100,000 in sales; commercia farms, farms that have between



$100,000 and $500,000 in sales; large or “mega’ farms, farms that have greater than
$500,000 in sales. Then, the percentage of total farms and the percentage of total sales
represented by each farm sales category were calculated. This set of information helps to
summarize the number of farms and the volume of salesthat is represented by each

market segment.

3.2 Concentration Analysis
The number of producers per farm category (farm sales categories in aggregate
production, farm size categories in commodity specific segments) and the volume of
sales represented by this category are used to compute Thell’ s entropy measure for
aggregate agricultural production and each crop and livestock segment’. Theil’ s entropy
isameasure of concentration that has been used as an index of industrial concentration in
several agricultural activities (poultry processing by Sporleder; hog production by
Hubbell and Welsh; hog, dairy and fed-cattle sectors by Herath et al.). However, these
studies have focused on geographical concentration of agricultural activities. In this
study, we will focus on concentration of farms and sales in aggregate and commodity
specific agricultural production.

Given an agricultural activity with n farm categories, let 6; represent the share of

the i™ farm category in that activity, absolute entropy H(6) is defined as

()  H(e)=>4log,8"

i=1
where 0< H(0) <logyn. If al sales (or farms) of agiven agricultura activity are
concentrated in thei™ farm classification 6,=1, then H(#)=0 (maximum degree of

concentration). If sales (or farms) of agiven agricultura activity are equally distributed



among the n farm classifications, al 6; will be equal resulting in H(6)= logzn (maximum
dispersion or minimum degree of concentration). Given that H(¢#) measures the
distribution among different farm classifications, H(#) will increase as the distribution of
farms or sales becomes more equally distributed among farm classifications. For
instance, smaller farms once accounted for the mgjority of farms. However, the
difference in the share of farms accounted for different farm size categories has narrowed
as the number of smaller farms has decreased. Thus, the decrease in the number of small
farms has resulted in amore equal distribution of farms among different farm
classifications which leads to an increase in H(6).

Relative entropy R(6) takes into account differencesin the number of farm
classifications. Therefore, relative entropy is ameasure of concentration that allows for
comparison between agricultural activities with a different number of farm
classifications. R(6) is defined as the ratio between the absolute entropy and the
maximum achievable level of dispersion:

(2 R@)=H(8)/log,n

where 0< R(¢) <1. If there is complete concentration of sales (or farms) of a given
agricultural activity in afarm classification R(#)=0. When there is compl ete dispersion of
sales (or farms) between different farm classifications R(6)=1. R(6) will be used in this
study to examine the differences in concentration and the rate of change in concentration

among aggregate agricultural production and agricultural commodities.



4. Results

The presentation of resultsis divided in two sections. aggregate and commodity specific
distribution analysis, and aggregate and commodity specific concentration analysis. In
these sections, results for aggregate agricultural production are followed by commodity

specific results.

4.1 Aggregate and Commodity Specific Distribution Analysis

Results indicate that the number of farms and sales represented by small farms decreased
over time in aggregate and commodity specific production (Tables 2 and 3). In contrast,
the number of farms and sales accounted by “mega’ farms increased over time. In all
cases, the highest increase in farms and sales in the “mega’ farms category occurred
during the 1992 to 1997 period. The increase in sales concentration toward larger farms
was much more than the increase in concentration of the number of farms.

Commercial and “mega’ farms represented a small percentage of farms but
accounted for the majority of the aggregate agricultural sales. The percentage of “mega’
farms moved from 1.2% of total farmsin 1982 to 3.5% of total farmsin 2002. However,
“mega’ farms share of total aggregate sales almost doubled over the 20 year period
increasing from 32.5% to 62.7%. In contrast, the percentage of total aggregate sales
accounted for small farms and commercial farms decreased by 16.7 and 13.5 percentage
points, respectively.

Small and commercia farms accounted for the majority of total grain
(corn/soybean and wheat) farms and total grain sales. In addition, there was afairly

modest increase in the number of “mega’ grain operations over time. Commercial and



“mega’ farms accounted for the mgjority of cotton sales while the number of cotton
farms belonging to the small farms category decreased by 23.2 percentage points over a
20 year period. Since 1992 “mega’ potato farms have represented the majority of total
potato sales (at least 72% of total sales) but the number of farms belonging to thisfarm
Size category remained relatively low (less than 15% of total farms). Moreover, the share
of total salesof “mega’ potato farms more than doubled over the 20 year period moving
from 33.9% to 85.5%.

Commercial and “mega’ farms accounted for the majority of total livestock sales
inthe U.S. However, in 2002 “mega’ farms accounted for at least 54.9% of total
livestock sales. In addition, sales of “mega’ farms presented a substantial increase over
timein hog and dairy production. For instance, “mega’ hog farms share of total hog
salesincreased from 10.9% in 1982 to 77% in 2002 with a dramatic increase occurring
during the 1992-2002 period. In contrast, there was only a modest increase in the share
of total salesof “mega’ cattle farms which moved from 45.6% in 1982 to 54.9% in 2002.

In summary, the distribution of farms and sales has changed in agricultural
production. Commercial and “mega’ farms share of total farms and total sales has
increased over time while the number and sales of small farms has declined. However,
this change has occurred at different rates of change for different commodity types. For
instance, small and commercial farms accounted for the mgority of grain farms and
sales. In contrast, commercial and “mega’ farms have captured the highest share of
farms and sales in cotton, potatoes and livestock segments. In addition, the concentration
of total sales at the aggregate level shows a substantial increase in concentration over the

20 year period.



4.2 Aggregate and Commodity Specific Concentration Analysis

Relative entropy measures for farms and sales by census year are presented in Tables 4
and 5, respectively. In addition, Figures 1 and 2 provide avisual description of the
change in concentration over time. In most cases, R(¢) for farms in aggregate production
were higher than those in commodity specific production indicating that farm numbers
are more evenly distributed at the aggregate level. That is, the USDA definition of farm
results in a concentration that indicates that production agriculture is not heavily
concentrated; there are lots of farmsin agriculture. However, relative entropy measures
for salesin aggregate production were, in most cases, lower than those in commodity
specific production. This result suggests that sales of aggregate production are more
heavily weighted towards large sales classes than individual commodities. At the
aggregate level, R(0) for farms remained relatively constant over the 20-year period while
R(0) for sales reached the highest level of dispersion in 1987 (72% of the maximum
attainable dispersion) and, since then the level of dispersion has declined rapidly
indicating rapidly increasing concentration. Plus, the wide discrepancy between the
concentration measure for the number of farms and sales highlights the problem with
using number of farms as the measure of concentration in the industry.

Relative entropy for the number of farmsin individual crop commodity segments,
except for cotton, tended to increase indicating that crops have become more evenly
distributed among different farm sizes. Increasesin relative entropy indicate that the
number of crop farmsin each size category has become more evenly distributed. This
may seem counterintuitive at first, but the increase in relative entropy indicates that

number of farms have historically been concentrated in the smaller sales classes. Over



time, the number of farms has declined in smaller sales classes whileincreasing in larger
sales classes. Thisresultsin amore even distribution of farms across the size classes,
hence, alarger entropy measure. Wheat farms presented the highest dispersion of the
number of farms among different farm size classifications with at least 94% of the
maximum attainable dispersion in the distribution of farms given the number of farm
classifications by size.

R(0) for crop sales decreased during the period analyzed, suggesting an increase
in the concentration of crop salesinto larger farm size classes. However, the rate of
change in concentration of sales differed among crops. The distribution of corn sales
remained relatively constant (5% change in R(0) over the 20 year period) while changes
in the distribution of cotton sales and potato sales were substantial; 18% change and 20%
change, respectively.

In addition, absolute changes in concentration as measured by R(6) of crop sales
were higher over the 1992-2002 period than during the 1982-1992 period. Grain sales
presented small changes in concentration of sales during these two periods but cotton and
potatoes presented significant changes. For instance, absolute changes in concentration
of potato sales were 0.04 and 0.12 over the 1982-1992 and 1992-2002 periods,
respectively.

The distribution of dairy and cattle farms al so became more equally dispersed
among different farm sizes (higher relative entropy values) over the 20-year study period.
Moreover, the dispersion of hog farms increased during the 1982 to 1992 period but
entropy dropped from 0.95 in 1997 to 0.86 in 2002 indicating that the larger size classes

are becoming more dominant in the distribution of hog farms. Of the commodities



analyzed, only hog, cotton, and potatoes exhibited the phenomena where relative entropy
appeared to have peaked and began to decline in terms of number of farms. This change
in direction for number of farmsisindicative of the disappearance of small farmsin these
production sectors. The change in direction suggests that the number of farmsin these
sectors has moved from being dominated by small farms toward domination in larger
farm sizes both in terms of sales and number of farms.

R(0) for all livestock sales decreased during the period analyzed indicating that
few farm size categories account for a high share of livestock sales (Table 2 and Figure
2). The concentration of hog sales increased by 56% over a 20 year period while the
concentration of dairy salesincreased by 8%. Thisreflects the larger increasein the
percentage of sales accounted by “mega’ hog farms compared to the increase in the share
of “mega’ dairy farms.

Similar to the crop segment, absolute changes in the concentration of livestock
sales were higher over the 1992-2002 period than during the 1982-1992 period.

However, these changes were more pronounced on hog sales (absolute change in
concentration was 0.07 and 0.41 for the 1982-1992 and 1992-2002 periods, respectively)
followed by dairy sales. In contrast, during these two periods, the rate of changein

concentration of cattle sales was similar.

5. Conclusions and I mplications
This study examined differences in the rate of concentration of farms and sales for
aggregate production and crop and livestock activities from 1982 to 2002. Results show

differencesin the rate of concentration of aggregate and commodity specific production.

10



For instance, relative entropy results indicate that aggregate level production exhibits a
higher level of concentration of sales than most of the individual commodities anal yzed.
There are severa explanations for the discrepancy in concentration between the
aggregate and commodity specific segments. One reason isthat many farms are
diversified on their production activities resulting in higher total sales despite not being
“mega’ in any one commodity. Another explanation isthat the individual commmodity
analysis did not include some higher value agricultural segments that are expected to be
highly concentrated such as poultry and fruits and vegetables.

The share of small farmsin number of total farms and total sales has decreased
over time, particularly in cotton, hog and dairy production. However, small and
commercia farms still dominate total grain farms and grain salesinthe U.S. On the
other hand, cotton sales are dominated by commercial and “mega’ farms, and a small but
increasing number of “mega’ farms account for the majority of potato and livestock
sales.

Relative entropy measures for sales in the crop segment ranged between 0.61 and
0.84 and in the livestock segment between 0.38 and 0.87. The lower range of values of
the relative entropy measure in the livestock segment suggests that the degree of
concentration of salesin asmall number of “mega’ farmsis higher in livestock segments
than in crop segments. For most segments, the relative entropy measure of salesis
decreasing over time, with cotton, potatoes and livestock seeing the most rapid decrease
in recent periods. Among crop and livestock segments, hog production presents the most
rapid decrease in the relative entropy measure of sales during the period analyzed (56%

decrease), followed by cotton and potato segments (18% and 20% decrease,
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respectively). These results suggest that grain segments are lagging behind cotton, potato
and hog segments in terms of concentration of total sales. As such, the cotton and potato
market may be aleading indicator for what may happen in grain markets in the future.

Absolute changes in the concentration of crop and livestock sales are higher over
the 1992-2002 period than during the 1982-1992 period. However, these changes are
more substantial in cotton, potato, hog and dairy sales. The key question is whether the
accelerated pace of concentration in these segments is going to come to other segments.
Is there a point where grain sales begin to consolidate at the pace that cotton, potato and
hog sales have experienced? Or, are these commodities destined to concentrate at a
slower pace?

Structural change is not new in agriculture. However, the rate with which
production agriculture is consolidating does appear to be increasing particularly in cotton,
potatoes and livestock segments. Agribusiness companies need to recognize that while
numbers of customers may not change dramatically over a period of time, the
consolidation of land and animals into the control of asmaller set of customers increases
rapidly. For those agribusinesses that produce products that rely on acres or head of
livestock, this small set of larger producersislikely to represent an increasing portion of
their business volume. This concentration has significant implications for marketing and
sales strategies; particularly if this smaller sesgment of customers has a much different
value proposition than the mass number of producers that represent a shrinking amount of

the agribusiness company’ s volume.
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Endnotes

! Changesin concentration due to variations in the number of farm classifications among
census years are avoided by using the same number of farm categories throughout the
period analyzed. For the aggregate production, these categories are the farm sales
categories reported in al five censuses. For crop segments, these categories are those
farm size categories reported for corn, soybean, wheat and cotton during the 1982 Census
of Agriculture. Farm categories are aggregated for potatoes in years where more classes
are reported in the census in order to keep the number of categories constant and equal
among crops. In livestock segments, each livestock activity has a different number of
farm size categories. These categories are those reported for each livestock activity
during the 1982 Census of Agriculture. Farm categories are aggregated in years where

more classes are reported in the census to keep the number of classes constant.

13



References

Herath, D.P., A.J. Weersink, and C.L. Carpentier. “Spatial and Temporal Changesin the
U.S. Hog, Dairy, and Fed-Cattle Sectors, 1975-2000.” Rev. Agr. Econ. 27,
1(Spring 2005):49-609.

Hubbell, B.J., and R. Welsh. “An Examination of Trends is Geographic Concentration in
U.S. Hog Production, 1974-96.” J. Agr. and Appl. Econ. 30, 2(December
1998):285-299.

Sporleder, T.L. “Entropy Measures of Spatial Concentration in Poultry Processing.”
Southern J. Agr. Econ. 6(July 1974):133-137.

Theil, H. Economic and Information Theory. Chicago: Rand McNally, 1967.

U.S. Department of Agriculture, Economic Research Service. “Farm Business and
Household Survey Data: Customized Data Summaries from ARMS.” Online.
Available HTPP: http://www.ers.usda.gov/Data/arms/

U.S. Department of Agriculture, National Agricultural Statistic Service. 1982 to 2002

Agricultural Census and Reports.

14



Table1. Farms by gross value of salesin 2003°

$500,000 or $100,000 to Less than

more $499,999 $100,000
Farms 3% 12% 85%
Livestock income 52% 28% 20%
Crop sadles 55% 34% 11%

Variable expenses

Feed 58% 20% 22%
Seed and plants 48% 37% 16%
Fertilizer and chemicals 40% 41% 19%

@ Percentages may not add up to 100% due to rounding error.

Source: Computations from USDA, ERS.
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Table 4. Relative entropy measures for farms by census years

Absolute Change
1982 1987 1992 1997 2002 1982-1992 1992-2002

Aqggregate 0.95 0.95 0.96 0.97 0.95 0.01 0.01
Corn 0.87 0.87 0.91 0.92 0.94 0.04 0.03
Soybeans 0.88 0.88 0.90 0.91 0.92 0.01 0.03
Wheat 0.94 0.94 0.96 0.97 0.97 0.02 0.01
Cotton 0.93 0.92 0.93 0.92 0.91 0.01 0.02
Potatoes 0.49 0.70 0.66 0.68 0.61 0.16 0.05
Hogs 0.87 0.90 0.93 0.95 0.86 0.06 0.07
Dairy 0.74 0.74 0.78 0.79 0.85 0.04 0.07
Cattle 0.71 0.73 0.73 0.73 0.76 0.02 0.02
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Table 5. Relative entropy measures for sales by census years

Absolute Change
1982 1987 1992 1997 2002 1982-1992 1992-2002

Aqggregate 0.49 0.72 0.66 0.58 0.53 0.17 0.13
Corn 0.82 0.82 0.80 0.80 0.78 0.02 0.02
Soybeans 0.83 0.81 0.81 0.80 0.78 0.02 0.03
Wheat 0.84 0.85 0.81 0.78 0.77 0.03 0.04
Cotton 0.74 0.77 0.71 0.66 0.61 0.04 0.10
Potatoes 0.82 0.80 0.78 0.74 0.66 0.04 0.12
Hogs 0.86 0.84 0.79 0.57 0.38 0.07 0.41
Dairy 0.83 0.83 0.84 0.82 0.76 0.02 0.09
Cattle 0.87 0.86 0.83 0.79 0.79 0.04 0.04
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Aggregate Agricultural Production and Crop Segments
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Figure 1. Concentration measures for farms over the 1982 to 2002 period
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Figure 2. Concentration measures for sales over the 1982 to 2002 period
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