
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


Change in U.S. Livestock Production, 1969-92.  By William D. McBride.
Rural Economy Division, Economic Research Service, U.S. Department of
Agriculture.  Agricultural Economic Report No. 754.

Abstract

This report examines geographic change in U.S. livestock production during
1969-92 from the standpoint of industry concentration and structure.  Fed cattle
and broiler production were the most highly concentrated livestock sectors
throughout the study period, but the location of these industries remained rela-
tively stable.  In contrast, regional shifts in hog and milk production were sub-
stantial as hog production expanded in the Southeast and milk production
extended West.  Hog and milk production developed in these nontraditional
areas through larger operations using newer production methods that improve
efficiency and productivity.  Economic forces are for continued structural
change in these industries, but incentives for change differ by area.

Keywords: Livestock production, industry concentration, industry structure,
structural change, Census of Agriculture, Farm Costs and Returns Survey
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Summary

The trend toward fewer and larger U.S. farms during the past three decades was
most dramatic in the livestock sector, particularly among hog, dairy, and poultry
operations. This report examines geographic change in U.S. livestock produc-
tion during 1969-92 from the standpoint of industry concentration and structure.

Farm numbers declined 30 percent from 1969 to 1992, but hog and dairy operations
were down 70 percent, farms producing eggs dropped 85 percent, and broiler opera-
tions declined 35 percent.  Operations feeding cattle declined 40 percent from 1978
to 1992.  Despite fewer farms, production was generally stable for most commodi-
ties with changes that reflected shifts in consumer demand for livestock products.  

With fewer farms producing more product, structural change in the production of
most major livestock commodities was substantial.  However, the magnitude and
geography of change varied by commodity. Fed cattle and broiler production were
the most highly concentrated livestock sectors throughout the study period, but the
location of these industries remained relatively stable.  Some fed cattle production
moved from the Corn Belt into substantial feedlots of the Plains, but these areas
were already highly concentrated in cattle feeding.  Broiler production expanded to
meet the growing demand for poultry meat products, but much of the expansion
was absorbed in major production areas of the Southeast and Mid-Atlantic regions.

Change in hog and milk production was similar during 1969-92, but regional
shifts in production were substantial.  Hog production expanded in the Southeast,
while milk production extended West.  Growth in both hog and dairy industries
was substantial in nontraditional areas despite the disadvantage of lower feed
supplies, and consequently higher feed prices, than in traditional areas. 

Geographic concentration in egg production increased sharply from 1969 to
1978, then leveled off through 1992, but remained at a level similar to that of
broilers.  Egg production in traditional areas of California and the Southeast
declined during the 1969-92 period, while production in Pennsylvania and Ohio
expanded.  In contrast, the concentration of feeder cattle production remained
well below that of other livestock sectors, as production remained spread
throughout much of the country.  Greater land use for beef cow maintenance,
with few incentives for intensive confined production, has kept the beef cow
inventory much less concentrated than production in other sectors. 

Economic incentives for continued structural change in livestock production
appear to be significant.  Incentives exist to improve efficiency and productivity
and for expansion, but differ by area.  Improving feed efficiency is more impor-
tant in nontraditional production areas where local feed supplies are less.
Growth in nontraditional areas is likely tied to technological advances and pro-
duction arrangements that offset the disadvantages associated with deficit feed
production.  Feed efficiency is relatively less important in traditional production
areas where more feed is grown.  The growth of livestock production in these
areas is more likely to result from upgrading and replacing the existing capital
stock to reflect modern industry standards.  While the economic incentives with-
in agriculture will encourage continued structural change, forces outside of agri-
culture are likely to have an increasingly important role in determining the
direction of this change.
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Introduction

The trend toward fewer and larger farms that has
characterized agricultural production was most dra-
matic in the livestock industry during the 1970’s and
1980’s.  The total number of U.S. farms fell from
about 2.73 million in 1969 to about 2.26 million in
1978 and to about 1.93 million in 1992, a total decline
of nearly 30 percent (U.S. Dept. of Commerce,
Census of Agriculture).1 However, the decline in farm
numbers was much more prominent in sectors of the
livestock industry (fig. 1).  The number of farms with
hog or dairy operations was down by more than 70
percent from 1969 to 1992, while farms producing
eggs dropped 85 percent.  Likewise, the number of
farms selling broilers was about 35 percent lower in
1992 than in 1969, and cattle feeding operations
declined 40 percent from 1978 to 1992.  

Despite fewer livestock farms, animal sales and
inventories were generally stable among the major
livestock commodities from 1969 to 1992.  Only in
broiler production did sales increase sharply, up more
than 100 percent, in response to an increased demand
for poultry meat products (fig. 1).  Hog sales rose
about 23 percent between 1969 and 1992.  Fattened
cattle sales and beef cow inventories declined some-
what due to the strong demand for other meat prod-
ucts relative to beef.  The milk cow inventory was
also lower, but milk production increased as produc-
tivity improved (Perez).  Likewise, the layer hen and
pullet inventory declined from 1969 to 1992, but egg
production was up as output per bird increased
(USDA ERS, 1995b).  With stable production spread
over fewer farms, the average size of livestock opera-

tions increased and production became increasingly
concentrated among larger producers.

Reimund, Martin, and Moore characterized structural
change in agriculture using a model that describes
change as a four-stage process: (1) technological
change, (2) shift in location of production, (3) growth
and development, and (4) adjustment to risks (fig. 2).
According to this model, the initial stages of change
involve the development of new technologies that
increase capital requirements, improve productivity,
and result in economies of size.  The new technologies
are employed in nontraditional production areas and
producers in these areas gain a competitive advantage.
Innovation causes growth and development of the
industry as production becomes more specialized and
concentrated among larger units, productivity increas-
es, and sources of risk are amplified.  Finally, adjust-
ments to risk are made, such as through the coordina-
tion of production and marketing, and all stages
become more industrialized.  This conceptual model
will be used, along with supporting data, to character-
ize change in major livestock production sectors.

This report examines change in the U.S. livestock pro-
duction industry during the period from 1969 to 1992
from the standpoint of industry concentration and
structure.  Livestock sectors examined in this report
include hogs, dairy, beef (cow-calf and fed cattle), and
poultry (broilers and layers).  Concentration of pro-
duction refers to the size distribution of livestock
operations and the relative share of production provid-
ed by various groups of operations.  The structure of
production refers to the number and size of livestock
operations in each of the various sectors.  In this
report, the extent of changes in industry concentration
and structure are presented as geographic patterns of
change during the 1969-92 period. 

Economic Research Service/USDA Change in U.S. Livestock Production, 1969-92 / AER-754 • 1
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Figure 1

Livestock farms and head sold or inventory for major commodities in each census of agriculture,
1969-92

1/ Data on fattened cattle farms and head sold were available from only 1978 to 1992.
Source: Compiled by ERS using census of agriculture data.



The process and implications of structural change are
more closely examined in the hog and milk produc-
tion sectors.  Forces behind structural change in these
industries are identified by examining economic
incentives for change.  Also, implications for future
change are discussed with regard to these economic

incentives.  Both the hog and milk production sectors
experienced major changes during 1969-92 and the
availability of detailed data on these industries pro-
vides a unique opportunity for studying the forces of
change in livestock production.
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Figure 2

A conceptual structural change model
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Measuring Size in Livestock
Production

To examine change in industry concentration and
structure, size of operation must be defined and mea-
sured.  The meaning of size and its measurement
varies among agricultural commodities.  Among live-
stock commodities, size of operation typically refers
to the number of head of inventories or sales.

County-level data from the census of agriculture (U.S.
Dept. of Commerce, Census of Agriculture) are used
to measure the size of livestock operations from 1969
to 1992.  During this period the census of agriculture
was conducted in 1969, 1974, 1978, 1982, 1987, and
1992.  The census data include farm numbers, inven-
tories, and sales of major livestock commodities in
each U.S. county.2 Livestock commodities examined
in this report include hog, milk, cow-calf, fed cattle,
broiler, and egg production.  Data on farm sales of
hogs and pigs, fed cattle,3 and broilers are used to
measure the size of these operations.  Size is mea-
sured with data on milk cow inventory for dairies,
beef cow inventory for cow-calf operations, and layer
hen and pullet inventory among egg producers.  Data
on cattle feedlots and head sold were not reported in
the census of agriculture prior to 1978.  Therefore, the
analysis of fed cattle production is limited to the peri-
od from 1978 to 1992.

The Changing Concentration of
Livestock Production

Concentration refers to the inequality in which a par-
ticular characteristic or attribute is distributed among
members of a group or a population.  Inequality of an
attribute is often expressed with the concentration
curve, commonly called the “Lorenz curve.”  The
Lorenz curve shows the distribution of a particular
attribute—in this case livestock production—across
the population.  First, the population is ordered from
smallest to largest.  The cumulative percentage of
individuals (or unit of individuals) is then plotted

against the cumulative percentage of production
accounted for by those units.  If all individuals have
identical production, or total equality, the curve is a
straight line through the diagonal (line of equality).
However, the inequality of most attributes, including
livestock production, causes the concentration curve
to fall below the line of equality.  The greater the
inequality, the greater the area between the curve and
the line of equality.  In this analysis, Lorenz curves
for livestock production are plotted and compared for
each industry in both 1969 and 1992.

The Gini coefficient (see appendix) is related to the
Lorenz curve.  One of the oldest measures of inequality,
the Gini coefficient is popular because it provides a way
of simplifying reality by reducing the complex popula-
tion composed of diverse individuals to a single number.
In relation to the Lorenz curve, the Gini coefficient is
defined as the area between the Lorenz curve and the
line of equality, expressed as a proportion of the total
area under the line of equality.  Hence, the Gini coeffi-
cient is a positive fraction between zero and one.  With
respect to livestock production, a Gini value of one
means that all of production is concentrated in one indi-
vidual (or unit of individuals), while a Gini value of
zero indicates that all in the population produce an equal
share of production.  Gini coefficients are estimated for
livestock production in each sector during years of the
census of agriculture from 1969 to 1992.

Comparing deciles, quartiles, or quintiles of the size
distribution is another method of measuring the con-
centration of production.  Size is ranked from largest
to smallest to form a cumulative distribution of pro-
duction, and the number of units required to produce
various levels of aggregate output are determined.  In
this report, livestock production in each county is
ordered from largest to smallest and the minimum
number of counties with 25 and 50 percent of the pro-
duction units are identified in 1969 and in 1992.
Using county data in this analysis allows a visual rep-
resentation of concentration and the identification of
geographic patterns of change between the years.

Lorenz curves, Gini coefficients, and size distributions
are most often computed from data on each individual
or a sample of individuals from the population.
However, for this report the production data are not
for individual farms but rather are aggregated to the
county level.  This situation does not prevent the cal-
culation of Gini coefficients, Lorenz curves, and size
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2The analysis in this report is limited only to the 48 continental States.
Alaska and Hawaii are excluded because of consistency problems in the
county definition in each census of agriculture from 1969 to 1992.  Alaska
and Hawaii contribute a very small portion of production of these live-
stock commodities and, in some cases, none of the production.

3The census of agriculture refers to fed or feedlot cattle as cattle fattened
on grains and concentrates.



distributions, but it does affect their interpretation.4

Thus, concentration is not measured in terms of farms,
but rather in terms of geography.5 Shifts in the loca-
tion of the most concentrated areas of animal produc-
tion between 1969 and 1992 identify changes in geo-
graphic concentration.

Lorenz Curves and Gini Coefficients

Figure 3 includes Lorenz curves plotted for each live-
stock commodity in 1969 and 1992, except for fed cattle
where data were not available prior to 1978.  The greater
the area between the Lorenz curve and the line of equali-
ty, the greater the degree of geographic concentration.
To compare industry concentration in 1969 and 1992, the
percent of production units provided by the top 10 per-
cent of U.S. counties is identified in each year.  

The greatest change in geographic concentration was
in egg production where the top 10 percent of produc-
ing counties had 94 percent of the total layer hen and
pullet inventory in 1992, up from 61 percent in 1969.
In contrast, concentration changed little in feeder cat-
tle production where the top 10 percent of counties
had 34 percent of the total beef cow inventory in
1992, and 32 percent in 1969.  Levels of geographic
concentration and the change between 1969 and 1992
were much the same for hog and milk production.
The top 10 percent of counties had 55 percent of hog
sales and 55 percent of the milk cow inventory in
1969, but increased to about 65 percent in both indus-
tries by 1992.  Only for broiler sales did geographic

concentration decline during the study period.  The
top 10 percent of counties accounted for 83 percent of
broiler sales in 1969, but only 66 percent in 1992.

Table 1 includes estimated Gini coefficients for each
livestock commodity for each census year during the
1969-92 period.  Data on cattle feedlots and head are
available only from 1978 to 1992.  Higher values for
the Gini coefficients indicate greater geographic con-
centration of production for a commodity.  Lower val-
ues indicate less geographic concentration.  To illus-
trate change during the study period, the estimated
Gini coefficients are plotted in figure 4.

According to the analysis of Gini coefficients, the
poultry industry included the most geographically
concentrated livestock commodities in 1992.  Gini
coefficients for broiler and egg production are about
0.95.  Broiler production was most geographically
concentrated throughout the entire study period, with
little variation in the estimated Gini.  In contrast, the
growth of geographic concentration in egg production
was much higher from 1969 to 1978 than in any other
industry.  The estimated Gini for egg production
increased from 0.74 in 1969 to 0.93 in 1978, but
changed little from 1978 to 1992.  Following egg and
broiler production, concentration was next highest for
fed cattle production with an estimated Gini of about
0.90 in 1992, up from 0.86 in 1978.

Geographic concentration in the other livestock indus-
tries is not as high as for poultry and fed cattle pro-
duction, but the rate of increase during the study peri-
od was substantial.  Gini coefficient estimates for hog
and milk production are nearly identical throughout
the study period, increasing steadily from about 0.70
in 1969 to 0.80 in 1992.  Concentration of the beef
cow inventory is well below the other livestock sec-
tors, but change during the study period was toward

Economic Research Service/USDA Change in U.S. Livestock Production, 1969-92 / AER-754 • 5

5Different geographic sizes of counties cause some additional problems
of interpretation since smaller counties predominate in the East and South,
and larger counties in the West.

Table 1—Estimated Gini coefficients for the geography of major livestock commodities, 1969-92

Commodity 1969 1974 1978 1982 1987 1992

Coefficient

Hog and pig sales 0.7260 0.7366 0.7351 0.7653 0.7817 0.8081
Milk cow inventory 0.6926 0.7259 0.7511 0.7654 0.7917 0.8071
Fed cattle sales na na 0.8631 0.8639 0.8760 0.8955
Beef cow inventory 0.5091 0.4980 0.5299 0.5417 0.5745 0.5847
Broiler sales 0.9483 0.9521 0.9519 0.9527 0.9528 0.9475
Layer hen and pullet inventory 0.7421 0.8191 0.9302 0.9428 0.9675 0.9501

na=Not available.
Source: Compiled by ERS using census of agriculture data.

4Lorenz curves and Gini coefficients calculated on a different basis, such
as for the farm population or a sample of farms, should not be directly
compared with those based on aggregate groups.
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Lorenz curves  for the geography of major livestock commodities, 1969 and 1992
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greater concentration.  The estimated Gini is only 0.51
for beef cows in 1969, but up to 0.58 in 1992.

The Geographic Distribution of Production

The geographic distribution of production for each
livestock commodity is illustrated with the maps
shown in figures 5-10.  Data presented in the figures
are cumulative.  The fewest counties with 25 percent
of sales (inventory) are shown in the dark shade,
while the fewest counties with 50 percent of sales
(inventory) include both the dark and medium shades.
All shaded counties comprise 100 percent of sales
(inventory).  A summary of the county data is present-
ed in table 2, while the number and land area of coun-
ties for each of the groups shown in figures 5-10 are
included in table 3.

The number of farms with hog sales declined by about
70 percent between 1969 and 1992 from more than
600,000 to less than 200,000, while total hog sales
increased by more than 20 percent (table 2).  Average
sales per farm in 1992, at 588 head, was more than
four times greater than in 1969.  The number of hog-
producing counties contributing half of total sales
dropped to 168 in 1992, down from 251 in 1969
(table 3).  Fifty-one counties contributed a quarter of
hog sales in 1992.  The combined land area in these
51 counties covers an area only slightly larger than

that of Indiana, an area 30 percent smaller than in
1969.  Iowa was the largest hog-producing State in
both 1969 and 1992, but North Carolina moved from
11th to 2nd, surpassing such traditional hog-producing
States as Illinois, Minnesota, Indiana, Nebraska, and
Missouri.  Changes in the geographic concentration of
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Table 2—Number of farms, head of production,
and per farm production for major livestock 
commodities, 1969-921

Head per
Commodity Farms Head farm

Hog and pig sales:
1969 644,882 89,296,278 138
1974 449,266 79,664,655 177
1978 422,873 90,530,088 214
1982 312,924 93,998,044 300
1987 236,973 95,595,391 403
1992 186,627 109,775,439 588

Milk cow inventory:
1969 567,786 11,168,207 20
1974 403,600 10,647,475 26
1978 310,884 10,168,378 33
1982 276,332 10,780,610 39
1987 200,554 10,006,103 50
1992 153,945 9,407,190 61

Fed cattle sales:
1969 na na na
1974 na na na
1978 243,417 25,755,779 106
1982 234,750 22,869,398 97
1987 186,411 22,939,061 123
1992 144,303 22,186,662 154

Beef cow inventory:
1969 845,514 34,281,198 41
1974 1,024,180 41,170,021 40
1978 942,226 33,415,205 35
1982 940,395 33,213,020 35
1987 810,494 29,963,442 37
1992 767,919 30,540,647 40

Broiler sales:
1969 33,221 2,351,979,300 70,798
1974 33,486 2,484,037,900 74,181
1978 28,988 3,008,971,000 103,801
1982 27,444 3,446,919,300 125,598
1987 25,222 4,250,689,255 168,531
1992 21,777 5,174,690,477 237,622

Layer inventory:
1969 470,832 297,387,187 632
1974 304,738 269,623,558 885
1978 161,817 186,368,665 1,152
1982 146,957 171,364,812 1,166
1987 89,922 167,390,165 1,862
1992 70,623 210,808,487 2,985

na=Not available.
1Summarized county data in each year. Total may not equal 

published estimates because of farms omitted from the county 
file to avoid data disclosure.
Source: Compiled by ERS using census of agriculture data.



production between 1969 and 1992 resulted in fewer
counties in Iowa, Illinois, and Indiana being among
the fewest counties with 25 and 50 percent of sales
(fig. 5).  More counties from nontraditional hog pro-
duction areas, primarily North Carolina, but also
Arkansas, Colorado, and California, became part of
the most concentrated areas of hog production.
Overall, hog production became increasingly concen-
trated among fewer counties during the 1969-92 peri-
od and new production areas increased in importance
relative to traditional areas.

Much like the hog industry, the number of farms with
a milk cow inventory declined by more than 70 per-
cent between 1969 and 1992, from more than 560,000
to about 150,000 (table 2).  The national milk cow
inventory declined during this period, but substantial
growth in productivity increased aggregate milk pro-
duction (Perez).  The average milk cow inventory per
farm tripled from 20 to 61.  Half of the 1992 milk
cow inventory was included in 130 counties, down
from 247 counties in 1969 (table 3).  A quarter of the

1992 milk cow inventory was in only 34 counties, but
these are relatively large counties that have a com-
bined land area nearly the size of Minnesota.
Wisconsin was the largest milk-producing State in
both 1969 and 1992.  However, growth in the
California dairy industry was most dramatic during
this period, moving from the fifth largest inventory in
1969 to the second largest in 1992, surpassing New
York, Minnesota, and Pennsylvania, and nearly equal-
ing Wisconsin.6 Changes in geographic concentration
between 1969 and 1992 reflected this regional shift
(fig. 6).  Fewer counties in the Upper Midwest and
Northeast were among the most concentrated produc-
tion areas.  Leading milk-producing counties in
California gained in importance, along with counties
in other Western States, particularly New Mexico.
Milk production became increasingly concentrated
during the 1969-92 period, with significant regional
shifts in production.
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Table 3—Number of counties and land area in the areas of greatest concentration for major livestock com-
modities, 1969 and 1992

Number of counties Land area in square miles
Commodity 19691 1992 19691 1992

Fewest counties with:
25 percent of hog and pig sales 83 51 553,850 383,420
50 percent of hog and pig sales 251 168 1,550,480 1,151,410
100 percent of hog and pig sales 3,015 2,722 29,147,100 26,047,800

Fewest counties with:
25 percent of the milk cow inventory 71 34 1,151,070 784,780
50 percent of the milk cow inventory 247 130 2,619,030 1,879,960
100 percent of the milk cow inventory 3,032 2,583 29,351,510 25,617,670

Fewest counties with:
25 percent of fed cattle sales 17 13 324,310 193,870
50 percent of fed cattle sales 73 44 1,237,450 672,310
100 percent of fed cattle sales 2,756 2,652 25,285,300 25,117,590

Fewest counties with:
25 percent of the beef cow inventory 210 171 5,060,920 4,089,310
50 percent of the beef cow inventory 573 476 10,072,600 8,931,990
100 percent of the beef cow inventory 3,046 2,683 29,519,290 26,254,670

Fewest counties with:
25 percent of broiler sales 12 17 94,760 171,370
50 percent of broiler sales 37 51 251,470 389,170
100 percent of broiler sales 1,534 886 13,120,440 7,442,290

Fewest counties with:
25 percent of the layer inventory 34 10 564,150 188,850
50 percent of the layer inventory 174 39 1,868,410 620,700
100 percent of the layer inventory 3,038 2,413 29,377,400 24,272,440

11978 for fed cattle sales.
Source: Compiled by ERS using census of agriculture data on animals sales and inventories, and census of population and housing data on
land area.

6While the milk cow inventory in California remains below that in
Wisconsin, total milk production in California has surpassed that of
Wisconsin in each year since 1993 due to greater production per cow
(USDA/ERS, 1995a).
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1969

Concentration of hog and pig sales, 1969 and 1992
Figure 5

1992

Fewest counties with:

25 percent of sales

50 percent of sales

100 percent of sales

No sales or data unavailable

Source:  Compiled by ERS using census of agriculture data.

+

+ +
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Figure 6

Concentration of the milk cow inventory, 1969 and 1992

1969

1992

Fewest counties with:

Source:  Compiled by ERS using census of agriculture data.

+

+ +

25 percent of inventory

50 percent of inventory

100 percent of inventory

No inventory or data unavailable



The number of farms with fed cattle sales declined by
about 100,000 during the 1978-92 period, about 40
percent, while total sales declined only by 14 percent
(table 2).  Fifty-percent of U.S. fed cattle sales were
concentrated in only 44 counties in 1992, down from
73 counties in 1978 (table 3).  A fourth of cattle sales
came from 13 counties in 1992, covering an area less
than a quarter of the size of Kansas.  Iowa was the
leading producer of fed cattle in 1978, but fell to fifth
by 1992 as sales dropped nearly 50 percent.  Kansas
moved from fourth in 1978 to first in 1992, followed
by Nebraska, Texas, and Colorado.  Fed cattle sales
became much more concentrated in the Central and
Southern Plains States during the study period.  Fewer
counties in the Western States of California, Arizona,
and Oregon, and in the Midwestern States of Iowa and
Illinois, were among the fewest counties with 25 and
50 percent of sales (fig. 7).  Overall, the distribution of
cattle feedlots became geographically tighter during
the 1978-92 period with regional shifts westward from
Iowa and Illinois, and eastward from California and
Arizona, into substantial feedlots in the Plains.

Compared with production in other livestock sectors,
feeder cattle production changed little between 1969
and 1992.  The number of farms with a beef cow
inventory declined by about 9 percent, while the total
beef cow inventory was 11 percent lower (table 2).
The average per farm inventory remained much the
same throughout the study period, around 40 head.
The national beef cow inventory was spread through-
out much of the country, with nearly 500 counties
comprising the fewest with 50 percent of the 1992
inventory (table 3).  A quarter of the 1992 beef cow
inventory was in 171 counties that covered a total
land area more than one and a half times the size of
Texas.  Texas led the Nation in total beef cow inven-
tory during both 1992 and 1969, followed by
Missouri, Nebraska, and Oklahoma.  The geographic
distribution of beef cows changed little between 1969
and 1992, with several counties west of the
Mississippi River among the fewest counties with 25
and 50 percent of inventory, along with counties in
the Southeast  (fig. 8).  The most notable change
among the top-producing counties was that fewer
Iowa, Illinois, and northern Missouri counties were
included in 1992.

The demand for broilers grew dramatically during
1969-92.  Total broiler sales increased by nearly 3 bil-
lion head, about 120 percent (table 2).  Farms with
broiler sales declined by 35 percent, resulting in an

increase in per farm sales from about 71,000 to
238,000 head, nearly 130 percent.  Fifty percent of
U.S. broiler sales were concentrated in 51 counties in
1992, up from 37 counties in 1969 because of the
increased production (table 3).  Seventeen counties
accounted for 25 percent of 1992 broiler sales, con-
centrated in an area roughly one-third the size of
Arkansas.  The geographic distribution of broiler pro-
duction remained much the same in both 1969 and
1992, with each of the five leading States—Arkansas,
Georgia, Alabama, North Carolina, and Mississippi—
sharing the industry growth (fig. 9).  The geographic
concentration of broiler production declined some-
what between 1969 and 1992, with the substantial
industry growth spread mainly among counties adja-
cent to the major broiler-producing areas.

The number of farms with an inventory of layer hens
and pullets declined by about 85 percent between
1969 and 1992 from more than 450,000 to about
70,000, while the total layer inventory declined 30
percent (table 2).  However, average inventory per
farm increased from 632 to nearly 3,000 head, more
than 370 percent.  Only 39 of more than 2,000 egg-
producing counties included half of the total layer
inventory in 1992 compared with 174 counties in
1969 (table 3).  Ten counties had a quarter of the layer
inventory in 1992, comprising an area less than
200,000 acres, nearly 70 percent smaller than in 1969.
California had the largest layer inventory in both
years, significantly higher than any other State.
However, the California layer inventory declined
more than 20 percent from 1969 to 1992.  In contrast,
Pennsylvania moved from sixth to second between
1969 and 1992, as the layer hen and pullet inventory
nearly doubled.  Among the top-producing States,
only in Pennsylvania and Ohio did the layer inventory
increase during the study period.7 Many counties that
were among the fewest with 50 percent of total inven-
tory in 1969 were not in the 1992 listing as the layer
inventory declined in most regions (fig. 10).  The 10
counties with a quarter of the 1992 layer inventory
were in 6 different States spread throughout the
Nation.  Overall, egg production became much more
highly concentrated among a few counties during the
study period, while production in counties of
Pennsylvania and Ohio increased relative to other
areas.
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7Since 1992 the layer inventory in Ohio and Indiana has increased sub-
stantially relative to that in other States (USDA/NASS, 1996).
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Concentration of fed cattle sales, 1978 and 1992
Figure 7

1978

1992

Fewest counties with:

25 percent of sales

50 percent of sales

100 percent of sales

No sales or data unavailable

Source:  Compiled by ERS using census of agriculture data.

+

+ +
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Figure 8

Concentration of the beef cow inventory, 1969 and 1992

1969

1992

Fewest counties with:

Source:  Compiled by ERS using census of agriculture data.

+

+ +

25 percent of inventory

50 percent of inventory

100 percent of inventory

No inventory or data unavailable
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Figure 9

Concentration of broiler sales, 1969 and 1992

1969

1992

Fewest counties with:

25 percent of sales

50 percent of sales

100 percent of sales

No sales or data unavailable

Source:  Compiled by ERS using census of agriculture data.

+

+ +
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Figure 10

1969

Concentration of the layer hen and pullet inventory, 1969 and 1992

1992

Fewest counties with:

Source:  Compiled by ERS using census of agriculture data.

+

+ +

25 percent of inventory

50 percent of inventory

100 percent of inventory

No inventory or data unavailable



The Changing Structure of Livestock
Production

The structure of agriculture refers to the number and
size of farms, ownership and control of resources, and
the managerial, technological, and capital require-
ments of farming (Knutson, Penn, and Boehm).
During the 1969-92 period, the structure of livestock
production was characterized by changes that severely
altered the way in which most commodities are pro-
duced.  Among the primary changes were a decline in
farm numbers and an increase in farm size, technical
advances that increased capital requirements but
reduced labor needs, and a growing use of innovative
production arrangements that more closely linked pro-
duction with processor and consumer demands.

To examine change in the structure of livestock pro-
duction, an attempt is made to quantify structural
change according to shifts in farm numbers and size
during the study period.  Thus, the percentage change
in per farm production between 1969 and 1992 is mea-
sured for each U.S. county (see appendix).  Change in
per farm production is used to measure structural
change because it reflects the expansion of total pro-
duction as well as the increasing concentration of pro-
duction among fewer and larger producers.  County
estimates of per farm livestock production are devel-
oped using census of agriculture data for 1969 and
1992.

The percentage change in per farm production
between 1969 and 1992 is weighted by the proportion
of total production provided by each county in 1992.
Estimates are weighted to account for situations in
which the percentage change in per farm production
in a county is substantial but total production in the
county remains relatively small.  For example, per
farm production may have increased 400 percent in a
county with 500 units of production, but only 100 per-
cent in a county with 200,000 units of production.
Structural change in the larger county obviously
affected much more of the industry than did structural
change in the smaller county.  Thus, the weighting
procedure better identifies those counties in which
structural change has had the greatest impact on the
industry.  Production in 1992, rather than 1969, is
used as weights because it indicates the level of rela-
tive production achieved by each county during the
study period.

To compare the weighted index of structural change
among U.S. counties, a statistical test is conducted to
measure whether structural change in each county is
significantly greater than that for the United States as
a whole (see appendix).  The trend in livestock pro-
duction has been toward fewer and larger operations.
Testing to see if the structural change in each county
is significantly greater than the U.S. average indicates
those counties with change significantly greater than
the overall trend during the 1969-92 period.  Counties
with significantly greater structural change are
mapped to examine the national distribution of change
for each of the livestock industries.  Among the coun-
ties with significant structural change, the highest
quartile is identified as “counties of greatest change.”

Degrees of Structural Change

The degree of structural change in each county for the
various livestock industries is illustrated with maps
shown in figures 11-16.  Structural change in counties
identified with the dark and medium shades is esti-
mated as significantly greater than the U.S. average.
Counties in the dark shade (greatest change) comprise
the highest quartile of these two groups.  The medium
shade identifies other counties of significant change.
The light shade (least change) indicates counties
where structural change is not significantly above
average.  Table 4 includes a summary of counties,
sales (inventory), and change in per farm sales (inven-
tory) for each of the groups shown in figures 11-16.

Structural change was significantly above the U.S.
average during the 1969-92 period in about 9 percent
of U.S. counties with hog and pig sales (table 4).
These counties accounted for less than a third of total
sales in 1969, but more than half in 1992.  Most of the
counties with significant change are in the major pro-
ducing areas of Iowa, Illinois, Minnesota, and
Nebraska (fig. 11).  However, many counties outside
of this traditional production area have the greatest
structural change.  Counties of greatest structural
change are concentrated in Southern States, primarily
in North Carolina and Arkansas, but are also located
in isolated areas of Western States and Pennsylvania.
Among counties with the greatest structural change,
per farm sales increased more than 1,200 percent dur-
ing the study period, while the portion of sales from
these counties increased from 5 to 18 percent.

In the dairy industry, structural change during 1969-
92 was significantly above average in about 13 per-
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cent of U.S. counties with a milk cow inventory (table
4).  The proportion of total U.S. milk cow inventory in
these counties increased from 45 to 65 percent.
Counties with significant change are spread throughout
the country in all regions, including several in tradition-
al production areas of the Upper Midwest and Northeast
(fig. 12).  However, counties of greatest structural
change are heavily concentrated in Western States,
including California, Washington, Arizona, and New
Mexico.  The per farm milk cow inventory increased
more than 200 percent over the study period in counties
of greatest change, as their portion of the national cow
inventory increased from 16 to 33 percent.

Structural change was significant during 1978-92 in
about 8 percent of U.S. counties with fed cattle sales,
while the percentage of U.S. sales from these counties
increased from 50 to 63 (table 4).  Nearly all counties
with significant change are in the major producing
areas of the Central and Southern Plains (fig. 13).
Outside this traditional production area structural
change is significant in only a few other counties,
mainly in Western States.  Counties of greatest struc-
tural change are heavily concentrated in Plains States,
particularly in Nebraska and Kansas.  Among counties
with the greatest structural change, per farm sales
increased by 138 percent during the study period com-
pared with a decline of 6 percent in counties where
structural change was least.
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Table 4—Counties, production, and the percentage change in per farm production for major livestock com-
modities in each structural change area, 1969-921

Counties of greatest Other counties of significant Counties of least
Commodity2 structural change structural change structural change

Percent
Hog and pig sales:

Counties 2 7 91
Head sold in 1969 5 27 67
Head sold in 1992 18 36 46
Change in per farm sales 1,276 341 211

Milk cow inventory:
Counties 3 10 87
Head of inventory in 1969 16 29 53
Head of inventory in 1992 33 32 35
Change in per farm inventory 242 163 142

Fed cattle sales:
Counties 2 6 92
Head sold in 1978 21 29 46
Head sold in 1992 31 32 30
Change in per farm sales 138 70 -6

Beef cow inventory:
Counties 6 19 75
Head of inventory in 1969 9 18 65
Head of inventory in 1992 12 21 67
Change in per farm inventory 27 14 -9

Broiler sales:
Counties 3 8 89
Head sold in 1969 16 32 43
Head sold in 1992 19 37 40
Change in per farm sales 322 261 172

Layer hen and pullet inventory:
Counties 2 5 94
Head of inventory in 1969 4 16 58
Head of inventory in 1992 29 40 31
Change in per farm inventory 2,113 724 108

11978 for fed cattle sales.
2Includes only those counties that had sales/inventory in both 1969 and 1992. Percentage of production in 1969 and 1992 may not sum to 100

because of counties that had no sales/inventory in one or the other year.
Source: Compiled by ERS using census of agriculture data.
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Counties of:
 Greatest change
 Significant change
 Least change
 No hog and pig sales

Figure 11

Structural change in hog and pig sales, 1969-92

Source: Compiled by ERS using census of agriculture data.

Counties of:
 Greatest change
 Significant change
 Least change
 No milk cow inventory

Figure 12

Source: Compiled by ERS using census of agriculture data.

Structural change in the milk cow inventory, 1969-92
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Compared with the other livestock industries, many
more counties with a beef cow inventory experienced
significant structural change during the study period,
about 25 percent (table 4).  However, the U.S. average
change in per farm inventory of the beef herd is much
lower than that of other commodities.  Among all
counties with beef cows, the per farm beef cow inven-
tory declined 2 percent compared with an increase of
100 percent or more in other livestock industries
while the variation among counties is much less.
Counties with above-average change are located
throughout the country in all regions, but primarily
are in the West, Plains, and Southeast (fig. 14).
Counties of greatest structural change are heavily con-
centrated in the Central and Southern Plains.  The per
farm beef cow inventory increased 27 percent over the
study period in counties of greatest change, compared
with a decline of 9 percent in counties of least change.

Structural change was significant during 1969-92 in
about 11 percent of U.S. counties with broiler sales
(table 4), while the overall industry grew dramatically.
Growth in the broiler industry appears to have been
shared among a few counties in the major producing
areas of the Nation.  The proportion of U.S. sales
from counties with above-average change increased

from 48 to 58 percent.  Per farm sales increased the
most in the traditional production areas of the
Southeast and Mid-Atlantic (fig. 15).  In counties of
greatest structural change, per farm sales increased
more than 300 percent during the study period, but
also increased 172 percent in counties where structur-
al change is least.

In egg production, only about 7 percent of U.S. coun-
ties with a layer hen and pullet inventory had signifi-
cantly above-average structural change during the
1969-92 period (table 4).  However, the proportion of
the U.S. layer inventory increased in these counties
from 20 to nearly 70 percent.  Counties with above-
average change are spread throughout the country in
all regions with no apparent geographic pattern (fig.
16).  Counties of greatest structural change are mainly
in the eastern half of the Nation, including specific
counties in Pennsylvania and Ohio where growth in
the layer inventory was greatest during the 1969-92
period.  The per farm layer inventory increased more
than 2,000 percent over the study period in counties
of greatest change, while the portion of national
inventory in these counties increased from 4 to nearly
30 percent.

Counties of:
 Greatest change
 Significant change
 Least change 
 No fed cattle sales

Figure 13

Structural change in fed cattle sales, 1978-92

Source: Compiled by ERS using census of agriculture data.
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Counties of:
 Greatest change
 Significant change
 Least change
 No beef cow inventory

Figure 14

Structural change in the beef cow inventory, 1969-92

Source: Compiled by ERS using census of agriculture data.

Counties of:
 Greatest change
 Significant change
 Least change
 No broiler sales

Figure 15

Structural change in broiler sales, 1969-92

Source: Compiled by ERS using census of agriculture data.
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Counties of:
 Greatest change
 Significant change
 Least change
 No layer inventory

Figure 16

Structural change in the layer hen and pullet inventory, 1969-92

Source: Compiled by ERS using census of agriculture data.



The Changing Concentration and
Structure of Livestock Production:

Conclusions

The analysis of concentration and structural change in
the livestock industry from 1969 to 1992 provides
some indication of how each of the sectors fit into the
conceptual structural change process presented in fig-
ure 2.  The high degree of concentration in broiler and
fattened cattle production in both 1969 (1978 for fat-
tened cattle) and 1992 suggests that these industries
were much further along in the process at the start of
the study period.  Although geographic concentration
in both the broiler and fattened cattle industries
increased during the study period, major regional
shifts in production were not observed.  Fed cattle
production experienced movement from traditional
Corn Belt production areas into the Plains, but these
areas were already highly concentrated in cattle feed-
ing.  The change observed during the study period
likely was a continuation of the longstanding migra-
tion of fattened cattle production to Plains States.  The
experience of the broiler industry was unique during
this period because of the substantial expansion of
production.  However, much of this expansion was
absorbed in the major production areas, often to coun-
ties already in close proximity to the major producing
counties.  The experience of both fed cattle and broil-
er production during the study period is best described
by the latter stages of the conceptual change process.
Little dislocation of production occurred, but the size
and specialization of operations increased and the use
of contract production arrangements for risk manage-
ment was substantial (USDA/ERS, 1996).

The experience of hog and milk production during the
study period was very similar, but much different than
that of the broiler and cattle feeding sectors.  Regional
production shifted significantly.  Hog production in
the Southeast expanded substantially.  Likewise, the
proportion of total milk production in Western States

increased.  Increased production in nontraditional
areas can, to a large extent, be attributed to the adop-
tion of modern production methods in these areas,
resulting in larger operations that take advantage of
economies of scale (McBride, 1995; Short and
McBride).  The new production methods enabled pro-
ducers in these areas to compete with those in the tra-
ditional production areas.  During the study period,
the hog and dairy industries showed many characteris-
tics of early stages in the conceptual change model.
Further, expanded use of contract production arrange-
ments in the hog industry is evidence of adjustments
to the added risks of industrialization, as suggested in
later stages of the model.

Geographic concentration in egg production increased
dramatically from 1969 to 1978 where it leveled off
through 1992.  Production in traditional areas of
California and the Southeast declined during the study
period, while production in counties of Pennsylvania
and Ohio expanded substantially and has since
increased even more in Ohio and Indiana.  In terms of
the conceptual change model, egg production was
characterized by rapid change, showing characteristics
of all stages during the study period.  Productivity
increased, location of production shifted, and farm
size and specialization increased.  Integrated opera-
tions also became much more prevalent in egg pro-
duction.

The geographic concentration of feeder cattle produc-
tion increased during the study period, but remained
well below that of other livestock industries.  Greater
land use for beef cow maintenance, with few incen-
tives for intensive confined production, has kept the
beef cow inventory much less concentrated than pro-
duction in other sectors.  Beef cows are mainly used
to provide a return to marginal lands that have little or
no alternative use.  Given these basic structural char-
acteristics, feeder cattle production is unlikely to
change significantly anytime soon.
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Characteristics of Structural Change
in Hog and Milk Production

The remaining sections of this report extend the previ-
ous analysis by more closely examining the process of
structural change in hog and milk production.
Characteristics of hog and dairy operations are com-
pared among the various structural change areas to
identify factors causing change and to explore results
of this change.  The hog and milk production sectors
are chosen because of the significant structural and
regional shifts observed in these industries during the
1969-92 period, and also because of the availability of
a national database with detailed farm-level informa-
tion on these operations.  Data are from a special ver-
sion of USDA’s 1992 Farm Costs and Returns Survey
(FCRS) that focused on hog production, and a special
version of the 1993 FCRS that focused on milk pro-
duction.  These data include information on farm pro-
duction practices, operator characteristics, and enter-
prise production costs.

Hog producers in 20 States,8 mainly in the North
Central and Southeast regions, were surveyed using

the 1992 FCRS hog questionnaire.  Because USDA
did not survey using the 1992 FCRS hog question-
naire in every State, the hog data are not available for
some counties (fig. 17).  For example, States in the
West and Northeast were not surveyed with the hog
version.  However, respondents in the surveyed States
represent about 94 percent of 1992 U.S. hog and pig
sales (U.S. Dept. of Commerce, Census of
Agriculture).  Milk producers in 15 States,9 mainly in
the Upper Midwest, Northeast, West, and South, were
surveyed using the 1993 FCRS dairy questionnaire.
The survey of milk producers was also not conducted
in every State; thus, the dairy data are not available
for some counties (fig. 18).  Respondents in the sur-
veyed States represent about 75 percent of 1993 U.S.
milk production (USDA/NASS, 1994) and about 85
percent of the 1993 milk cow inventory (USDA/
NASS, 1995).

Each farm in the hog and dairy versions of the FCRS
is classified into a specific structural change area
according to its county of origin.  Characteristics of
farms in counties of greatest structural change, other
counties of significant structural change, and counties
of least structural change are compared.  These char-
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Counties of:
 Greatest change (1)
 Significant change (2)
 Least change (3)
 No hog and pig sales

Figure 17

Source: Compiled by ERS using census of agriculture data and 1992 Farm Costs and Returns Survey data.

Structural change in hog and pig sales in States included as part of the 1992 FCRS

8States included in the hog version of the 1992 FCRS were AL, AR, GA,
IL, IN, IA, KS, KY, MI, MN, MO, NE, NC, OH, SC, SD, TN, TX, VA,
and WI.

9States included in the dairy version of the 1993 FCRS were AZ, CA,
GA, FL, IA, MI, MN, MO, NY, OH, PA, TX, VT, WA, and WI.



acteristics should provide some information about the
process and results of change in each area.  To facili-
tate the discussion of structural change areas, farms in
those counties with the greatest change (significantly
above average, highest quartile) are referred to as
being from area 1, while farms in other counties with
significant structural change are said to be from area
2.  Farms in counties of least structural change are
designated as from area 3.  The statistical difference
of means estimated for producers in each structural
change area are tested using a t-statistic (Kmenta, pgs.
137 and 145—see appendix).

Characteristics and Performance of Hog
Operations

Farms in area 1 have fewer farm acres but larger hog
operations and greater farm sales than producers in
other areas (table 5).  Average farm acreage in area 1
is about half that in the other areas, while average hog
and pig sales/removals are about 2,000 head com-
pared with around 1,000 head in area 2 and less in
area 3.  Also, significantly more farms in areas 1 and
2 have sales of $250,000 or more than do farms in

area 3.  The larger hog operations in area 1 result
from expansion financed through debt as apparent by
the significantly higher debt-to-asset ratio of produc-
ers in area 1.

Production contract activity is more important in area
1 where contract removals account for 16 percent of
total feeder pig and market hog sales/removals.
Smaller hog operations in the other areas have only 5
percent or less of total sales and removals from con-
tract removals.  Hog producers in area 1 more often
sell hogs directly to packing plants.  Sixty-seven per-
cent of hogs are marketed directly to packing plants,
compared with 40 percent or less in other areas.
More packer direct marketing suggests that producers
in these counties may be in a closer proximity to
packing plants, have marketing arrangements to pro-
vide a constant uniform supply and quality to packers,
and/or have lower per-unit marketing costs due to
greater production that can be hauled a longer dis-
tance to the packing plant.

Producers in area 1 are also more likely to specialize
in split-phase production, especially finishing feeder
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Counties of:
 Greatest change (1)
 Significant change (2)
 Least change (3)
 No milk cow inventory

Figure 18

Source: Compiled by ERS using census of agriculture data and 1993 Farm Costs and Returns Survey data.

Structural change in the milk cow inventory in States included as part of the 1993 FCRS



pigs, than are producers in other areas (fig. 19).  A
third of producers have specialized feeder pig-to-fin-
ish10 operations compared with little more than 20
percent in other areas.  A majority of producers in
other areas produce hogs in farrow-to-finish opera-
tions.  Finishing hogs under contract appears to be a
common strategy for increasing the size of operation
in area 1.

Farrow-to-Finish Operations

To compare input, output, and cost efficiency among
hog producers in the structural change areas, farrow-
to-finish producers are separated from other producer
types.  Farrow-to-finish production is most common
and, unlike other types of producers, involves the
entire hog production process.  Because these opera-
tions produce a common output, a 200-to-250-pound

market hog, measures of efficiency can be compared
among these producers.

Farrow-to-finish producers in both areas 1 and 2 have
larger hog operations than in area 3, with about 200-
400 head more sales and removals (table 6).
Operations in areas 1 and 2 also produce more pigs
per litter.  More than 7 pigs are sold or removed per
litter on operations in areas 1 and 2, compared with
only about 6.5 pigs in area 3.

Death rates from weaning to market are lower among
farrow-to-finish producers in area 1 (3.8 vs 4.4 per-
cent).  Likewise, feed efficiency is better in area 1
(table 7).  Producers feed 379 pounds per cwt gain,
significantly lower than the 395 and 433 pounds fed
in areas 2 and 3.  Labor efficiency is much the same
in areas 1 and 2, but is significantly better than in area
3.  Hog operations in both areas 1 and 2 use about 30
percent less labor than in area 3.

Feed and labor efficiency, weaning performance, and
death rates are likely related to the facility types and
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Table 5—Characteristics of FCRS hog farms in each structural change area

Counties of greatest Other counties of significant Counties of least
Item Unit structural change structural change structural change

(area 1) (area 2) (area 3)

Share of FCRS hog:
Farms Percent 8 30 63
Sales or contract removals Percent 14 34 52

Acreage operated Acres 273 516 597
t-stat (area 1) - (4.45**) (5.92**)
t-stat (area 2) - - (1.67*)

Sales class:
$250,000 or more Percent of farms 34 27 18

t-stat (area 1) - (0.79) (1.86*)
t-stat (area 2) - - (2.23**)

Debt-to-asset ratio Ratio 0.24 0.18 0.15
t-stat (area 1) - (1.72*) (1.85*)
t-stat (area 2) - - (1.42)

Hog and pig sales and removals Head 1,997 1,134 726
t-stat (area 1) - (1.84*) (2.25**)
t-stat (area 2) - - (2.99**)

Hog and pig contract removals Percent of 16 5 2
t-stat (area 1) sales and removals - (3.39**) (5.75**)
t-stat (area 2) - - (1.90*)

Hog sales directly to packer Percent of 67 40 34
t-stat (area 1) sales and removals - (1.80*) (2.25**)
t-stat (area 2) - - (0.78)

**significantly different at the 5-percent level; *significantly different at the 10-percent level.
Source: Compiled by ERS using 1992 Farm Costs and Returns Survey data.

10Specialized feeder pig-to-finish operations are defined as farms on
which more than 75 percent of the pigs came from feeder pig purchases or
contract placements and more than 75 percent of hogs and pigs left the
operation through market hog sales or removals (see McBride, 1995 for
detail on the definition of each producer type).



facility ages that characterize each area.  More of the
hog building capacity on farrow-to-finish operations in
area 1 is in total confinement, environmentally con-
trolled structures that ease animal stress and improve
performance.  Also, newer buildings in this area sug-
gest that more advanced hog production management
practices are used.  In other areas, fewer of the facilities
are total confinement and more older buildings suggest
that less advanced management practices are used.

Despite the greater feed efficiency achieved by pro-
ducers in area 1, feed costs are not significantly lower
(table 8).  Higher feed prices due to lower feedgrain
production in these counties likely raised feed costs
and offset the technical advantage.  Other production
costs of farrow-to-finish producers in each area are
also much the same.  Neither cash nor economic costs
are significantly different among producers in each of
the structural change areas. 

Characteristics and Performance of Dairy
Operations

Average farm acreage does not vary by structural
change area, but dairy operations in area 1 milk more
cows and have higher farm sales than producers in

other counties (table 9).  The average milk cow inven-
tory in area 1 (140 cows) is nearly three times that in
the other areas.  Significantly more farms in area 1
have sales of $250,000 or more than in areas 2 and 3.
As with hogs, larger dairy operations in area 1 result
from expansion financed through debt, as reflected in
the significantly higher debt-to-asset ratio.

Per cow milk production is significantly higher in area
1.  Milk production is nearly 17,000 pounds per cow
in these counties compared with around 15,000
pounds in the other counties.  Producers in area 1 are
also more feed and labor efficient than producers in
areas 2 and 3 (table 10).  Dairy operations in area 1
use almost 30 percent less feed and only half the labor
per cwt of milk sold as used in the other areas.  Also,
much more of the feedgrain and forage fed in area 1 is
purchased, rather than produced on-farm as in the
other areas.  Given the location of counties in area 1,
it is likely that much of the feedgrain and forage fed is
produced outside and imported for use on the dairy
operations.  Dairy operations in many Western and
Southwestern counties are designed to be highly spe-
cialized in milk production and rely on grain and for-
age produced elsewhere.  In contrast, operations in the
Upper Midwest and Northeast tend to be diversified
and produce much of the grain and forage required for
dairy feed.

Milking facilities on dairy operations in area 1 are
characterized by a higher degree of technical sophisti-
cation.  Over half of the milking capacity in area 1 is
in parlors compared with less than 30 percent in area
2.  A majority of the milking capacity in area 2 is in
barns with pipelines to transport milk to a holding
tank.  The milking capacity in area 3 is more evenly
distributed among various technologies, but producers
in these counties have significantly more of their
milking capacity in lower tech facilities, such as pail
or bucket systems.  Milking facilities are also used
more intensely area 1.  Average daily use is about 5.6
hours in area 1, compared with less than 4.5 hours in
the other areas.

Producers in area 1 house more of their cattle with
less shelter in dry lot corrals than do producers in the
other areas.  More than half of the cattle housing
capacity in area 1 is in dry lot corrals compared with
12 percent or less in the other areas.  Dry lot corrals
are only feasible in areas with a mild climate, such as
in counties of Southern and Western States.
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Figure 19
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Table 6—Characteristics of FCRS farrow-to-finish hog farms in each structural change area

Counties of greatest Other counties of significant Counties of least
Item Unit structural change structural change structural change

(area 1) (area 2) (area 3)

Share of FCRS hog:
Farms Percent 5 30 65
Sales or contract removals Percent 8 33 60

Hog and pig sales and removals Head 1,201 1,059 781
t-stat (area 1) - (0.77) (2.39**)
t-stat (area 2) - - (2.15**)

Pigs sold/removed per litter Pigs 7.16 7.28 6.50
t-stat (area 1) - (0.27) (1.67*)
t-stat (area 2) - - (2.71**)

Death loss Percent of 3.81 4.41 4.40
t-stat (area 1) pigs weaned - (2.31**) (2.10**)
t-stat (area 2) - - (1.39)

**significantly different at the 5-percent level; *significantly different at the 10-percent level.
Source: Compiled by ERS using 1992 Farm Costs and Returns Survey data.

Table 7—Feed, labor, and facility use on FCRS farrow-to-finish hog farms in each structural change area

Counties of greatest Other counties of significant Counties of least
Item Unit structural change structural change structural change

(area 1) (area 2) (area 3)

Feed efficiency Pounds of feed 379 395 433
t-stat (area 1) per cwt gain - (1.71**) (2.27*)
t-stat (area 2) - - (2.01**)

Labor efficiency Hours worked 0.94 0.98 1.25
t-stat (area 1) per cwt gain - (0.37) (2.92*)
t-stat (area 2) - - (3.03**)

Breeding and gestation facilities:
Total confinement Percent of 75 32 18

t-stat (area 1) facility capacity - (2.64**) (4.83**)
t-stat (area 2) - - (0.96)

Average age Years 12 26 21
t-stat (area 1) - (3.54**) (2.96**)
t-stat (area 2) - - (1.58)

Farrowing facilities:
Total confinement Percent of 87 63 55

t-stat (area 1) facility capacity - (2.49**) (3.74**)
t-stat (area 2) - - (1.24)

Average age Years 13 24 19
t-stat (area 1) - (4.22**) (2.38**)
t-stat (area 2) - - (3.09**)

Finishing facilities:
Total confinement Percent of 57 37 33

t-stat (area 1) facility capacity - (2.26**) (2.58**)
t-stat (area 2) - - (0.70)

Average age Years 13 24 20
t-stat (area 1) - (2.58**) (1.72*)
t-stat (area 2) - - (2.23**)

**significantly different at the 5-percent level; *significantly different at the 10-percent level.
Source: Compiled by ERS using 1992 Farm Costs and Returns Survey data.
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Table 8—Production costs of FCRS farrow-to-finish hog farms in each structural change area

Counties of greatest Other counties of significant Counties of least
Item structural change structural change structural change

(area 1) (area 2) (area 3)

Dollars per cwt gain

Feed cost 25.82 24.99 25.83
t-stat (area 1) - (0.40) (0.01)
t-stat (area 2) - - (0.59)

Variable cash expenses 31.31 31.84 33.50
t-stat (area 1) - (0.25) (1.08)
t-stat (area 2) - - (1.01)

Fixed cash expenses 3.82 4.00 4.60
t-stat (area 1) - (0.35) (1.52)
t-stat (area 2) - - (1.75*)

Total cash expenses 35.13 35.84 38.09
t-stat (area 1) - (0.30) (1.36)
t-stat (area 2) - - (1.29)

Total economic costs 50.62 51.26 54.54
t-stat (area 1) - (0.18) (1.24)
t-stat (area 2) - - (1.52)

**significantly different at the 5-percent level; *significantly different at the 10-percent level.
Source: Compiled by ERS using 1992 Farm Costs and Returns Survey data.

Table 9—Characteristics of FCRS dairy farms in each structural change area

Counties of greatest Other counties of significant Counties of least
Item Unit structural change structural change structural change

(area 1) (area 2) (area 3)

Share of FCRS dairy:
Farms Percent 23 45 33
Milk cow inventory Percent 42 34 24

Acreage operated Acres 290 347 334
t-stat (area 1) - (1.62) (1.23)
t-stat (area 2) - - (0.45)

Sales class:
$250,000 or more Percent of farms 27 9 10

t-stat (area 1) - (3.65**) (3.29**)
t-stat (area 2) - - (0.38)

Debt-to-asset ratio Ratio 0.25 0.15 0.13
t-stat (area 1) - (2.08**) (2.65**)
t-stat (area 2) - - (1.42)

Average milk cow inventory Head 140 59 56
t-stat (area 1) - (2.94**) (3.04**)
t-stat (area 2) - - (0.70)

Output per milk cow Pounds of 16,893 14,859 15,556
t-stat (area 1) milk - (3.98**) (2.66**)
t-stat (area 2) - - (1.44)

**significantly different at the 5-percent level; *significantly different at the 10-percent level.
Source: Compiled by ERS using 1993 Farm Costs and Returns Survey data.



While feed costs are not significantly different among
the structural change areas, most other production
costs are significantly lower for producers in area 1
(table 11).  As with hogs, lower feed supplies in many
of these counties likely contributed to higher feed
prices.  Thus, higher feed prices appeared to offset the
technical advantage of greater feed efficiency in area
1.  Variable costs are lower in area 1 mainly due to
lower fuel, repair, and hired labor costs.  Fixed and
economic costs are spread over more units of output
on larger dairy operations in area 1.  Facility costs are
also less in area 1 because of the more temperate cli-
mate.  In contrast, none of the production costs of pro-
ducers in area 2 are significantly different than those
in area 3.

Characteristics of Structural Change:
Conclusions

Hog and dairy farms have many similarities among
the structural change areas.  First, the areas them-
selves are similar.  Traditional areas of hog and milk
production developed largely because of their proxim-
ity to abundant feed supplies.  Hog production was
established in Iowa, Illinois, Indiana, and other North
Central States because of substantial corn production
in these areas.  Milk production was centered in
Wisconsin, Minnesota, Pennsylvania, and New York
because of feedgrain and forage supplies.  However,
structural change in hog and milk production during
1969-92 was most often greatest in nontraditional pro-
duction areas, such as hog production in the South
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Table 10—Feed, labor, and facility use on FCRS dairy farms in each structural change area

Counties of greatest Other counties of significant Counties of least
Item Unit structural change structural change structural change

(area 1) (area 2) (area 3)

Feed efficiency Pounds of feed 166 219 207
t-stat (area 1) per cwt of milk sold - (5.14**) (4.23**)
t-stat (area 2) - - (1.10)

Homegrown feed:
Feedgrain Percent of 34 82 75

t-stat (area 1) feedgrains fed - (4.75**) (3.87**)
t-stat (area 2) - - (1.26)

Hay and straw Percent of 36 88 81
t-stat (area 1) hay and straw fed - (9.18**) (6.65**)
t-stat (area 2) - - (1.49)

Silage Percent of 70 97 96
t-stat (area 1) silage fed - (3.40**) (3.37**)
t-stat (area 2) - - (0.03)

Labor efficiency Hours worked 0.19 0.39 0.39
t-stat (area 1) per cwt of milk sold - (9.11**) (8.52**)
t-stat (area 2) - - (0.04)

Milking system use Hours operated 5.62 4.30 4.45
t-stat (area 1) per day - (2.97**) (2.57**)
t-stat (area 2) - - (0.72)

Milking facilities:
Parlors Percent of 53 29 46

t-stat (area 1) facility capacity - (4.22**) (1.04)
t-stat (area 2) - - (2.88**)

Barns with pipeline Percent of 41 61 37
t-stat (area 1) facility capacity - (3.28**) (0.72)
t-stat (area 2) - - (3.73**)

Pail units/bucket milkers Percent of 5 10 17
t-stat (area 1) facility capacity - (1.73*) (3.92**)
t-stat (area 2) - - (2.42**)

Milk cow housing facilities:
Dry lot corrals Percent of 54 12 9

t-stat (area 1) facility capacity - (6.36**) (6.00**)
t-stat (area 2) - - (0.59)

**significantly different at the 5-percent level; *significantly different at the 10-percent level.
Source: Compiled by ERS using 1993 Farm Costs and Returns Survey data.



and milk production in the West.  Both hog and dairy
industries exhibited substantial development in non-
traditional areas despite the disadvantage of lower
feed supplies, and consequently higher feed prices,
than in traditional areas. 

Hog and milk production industries have developed in
counties of greatest change through larger operations
that utilize much newer types of production methods.
This technological advantage has improved input and
output efficiency among farms in these counties.
Labor use per unit of production is lower in counties
of greatest change for both hog and milk production.
Feed efficiency is also improved in these counties.
Hog producers in counties of greatest change produce
more pigs per litter and have lower death losses.
Dairy operations produce more milk per cow.
Improved efficiency and productivity have lowered
production costs.  Thus, hog producers in these coun-
ties can compete with those in traditional areas, while
milk producers in these counties have lower costs.

Production contract arrangements are more common
for hog production in the counties of greatest change.
Hog producers enter into a contract arrangement with
a contractor to provide hog production services in
exchange for a fee, via a production contract.  The
contract effectively transfers most, if not all, of the
production and price risk from the producer to the
contractor.  Milk producers most often enter into con-
tractual arrangements with cooperatives or other local
buyers to sell milk at a price set according to a prede-
termined formula, using a marketing contract.  These
marketing contracts, along with Federal price supports
for milk, have protected producers from significant
fluctuations in milk prices.  Both production and mar-
keting contracts have the effect of reducing the price
and income risk faced by producers.  With reduced
income variability, hog and milk producers can accu-
mulate and invest capital in larger production units
with modern facilities.
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Table 11—Production costs of FCRS dairy farms in each structural change area

Counties of greatest Other counties of significant Counties of least
Item structural change structural change structural change

(area 1) (area 2) (area 3)

Dollars per cwt of milk sold

Feed cost 6.79 7.34 7.04
t-stat (area 1) - (1.55) (0.73)
t-stat (area 2) - - (1.02)

Variable cash expenses 9.99 11.58 11.75
t-stat (area 1) - (3.63**) (4.22**)
t-stat (area 2) - - (0.45)

Fixed cash expenses 1.25 1.69 1.51
t-stat (area 1) - (3.55**) (2.31***)
t-stat (area 2) - - (1.47)

Total cash expenses 11.24 13.27 13.26
t-stat (area 1) - (4.28**) (4.49**)
t-stat (area 2) - - (0.02)

Total economic costs 13.65 17.35 17.63
t-stat (area 1) - (5.37**) (5.91**)
t-stat (area 2) - - (0.48)

**significantly different at the 5-percent level; * significantly different at the 10-percent level.
Source: Compiled by ERS using 1993 Farm Costs and Returns Survey data.



Production Costs and Structural
Change in Hog and Milk Production11

Industries grow and expand in different areas largely
because of cost advantages associated with production
in each area.  Because of the importance of costs of
production as a determinant of industry structure, the
relationship between farm structural and performance
characteristics and the costs of production is examined
in each structural change area.  Regression analysis is
used to measure the relationship between production
costs and the characteristics of hog and dairy opera-
tions.  Results of the regression analysis should
demonstrate the relative economic incentives available
to producers in each set of counties.  These incentives
can then be used to guide speculation about structural
change in hog and milk production.

Structural differences among the areas are identified
by testing for differences between the coefficients
estimated for each area.  A t-test for the equivalency
of two regressions is used to measure structural differ-
ences (see appendix).  These t-statistics indicate
whether the estimated coefficients in an area are dif-
ferent from the estimated coefficients in other areas.
A significant difference between coefficients suggests
that variables affect production costs differently in
each area.  Nonsignificant coefficients mean that the
effects are much the same regardless of the area.

The regression analysis provides information about
the direction and magnitude of influence each variable
has on production costs, but does not indicate the rela-
tive importance of variables in explaining why costs
vary among livestock operations.  Therefore, the sam-
ple variation of unit cost is decomposed into the por-
tion attributable to each variable in order to determine
the degree of influence each variable exerts on cost
(see appendix).  The coefficient of separate determi-
nation is used to show the extent to which each
explanatory variable alone contributes to unit-cost
variation, relative to other variables.  These coeffi-
cients are also used to compare each variable’s contri-
bution to unit-cost variation among the structural
change areas.

Model Specification

Production costs include costs of cash expense items
and capital replacement, measured per cwt of live
weight gain for hogs and per cwt of milk sold for
dairies.  Cash expense items include farm “out-of-
pocket” expenses incurred during the production of
each commodity.  Included are both variable costs,
such as feed, veterinary and medicine, and fuel, and
the fixed costs of farm overhead, taxes and insurance,
and interest.  Capital replacement cost is the amount
that must be set aside each year so that capital items
can be replaced over time and the farm can continue
producing.  Capital replacement costs need not be
paid each year, but eventually must be met in order
for the farm to stay in business.  Variables used to
explain the variation in cash and capital replacement
costs include measures of size of the livestock opera-
tion, specialization in livestock production, input effi-
ciency (feed and labor), productivity, and use of debt
financing on the farm operation.  Similar variables are
used in equations for both the hog and dairy industries
so that the effects of each characteristic can be com-
pared between the industries, as well as among the
structural change areas (fig. 20). 

Size of the hog operation is measured by head of sales
and/or removals, while size of the dairy operation is
measured by head of cows milked.  Production costs
are expected to be inversely related to size of opera-
tion.  Although variable costs may be similar among
farms of different sizes, larger farms typically have
lower total unit costs because costs of fixed inputs,
such as machinery, buildings, and equipment, are
spread over more units of output.  A second-degree
term is also included to measure the effect of size on
production costs because it is expected that costs will
decline with size at a decreasing rate.  Thus, the coef-
ficient on the squared term is expected to be positive.

Specialization in hog and milk production is measured
as the percentage of the total value of farm production
attributed to hog sales and contract removals on hog
operations and milk sales on dairy operations.  More
specialized operations are expected to have lower pro-
duction costs than more diversified operations.
Operators of more specialized operations can devote
their time to fewer enterprises and are likely to have
developed greater managerial skills and be more
aware of cost-saving techniques.
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11Much of this section was taken from McBride, W.D., Structural
Change in Hog and Milk Production, 1969-92, a paper presented at the
1997 meetings of the American Agricultural Economics Association,
Toronto, ON, Canada, July 1997.



Major inputs used in hog and milk production include
feed, labor, and capital.  Feed cost accounts for about
60 percent of total cash costs.  Feed efficiency is mea-
sured as the pounds of feed used to produce 100
pounds of gain for hogs and 100 pounds of milk sold
for dairies.  Unit costs are expected to rise with feed
consumption.  Likewise, production costs are expect-
ed to increase as more labor is used.  Labor efficiency
is the hours worked per cwt gain for hogs and cwt
milk sold for dairy.  Improved labor efficiency often
results from investments in capital intensive produc-
tion facilities and methods that tend to lower unit pro-
duction costs.  Because of the high correlation
between labor and capital use, a measure of capital
use efficiency is not included in the model to avoid
problems associated with collinearity.

Productivity on hog operations is measured by the
number of hogs sold/removed per litter farrowed.  On

dairy operations, milk sold per cow is used to measure
productivity.  Both measures indicate animal perfor-
mance and should have a negative relationship with
production costs.  These variables also indicate the
level of managerial ability.  

The effect of debt financing on the cost structure of
hog and dairy farms is examined by including the
farm debt-to-asset ratio.  Two reasons producers may
finance their operations with debt are: (1) to meet
short-term financial obligations, and (2) to make long-
term investments in production facilities and equip-
ment, most likely expanding the size of the operation.
In both cases, the use of debt financing will likely
increase production costs through added interest pay-
ments.  However, for producers expanding their oper-
ation with added debt, the cost advantages associated
with greater production will likely offset some of the
added interest cost.  For these reasons, a second-
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Figure 20

Variables used in the unit-cost equation for FCRS hog and dairy operations

Variable Measured among Measured among Expected relationship
description hog operations as dairy operations as with unit production costs

Unit production Cash plus capital Cash plus capital na
costs replacement costs replacement costs

Size Head of hogs and pigs Head of cows Negative
sold or removed milked

Size Head of hogs and pigs Head of cows Positive
squared sold or removed squared milked squared

Specialization Percent of farm sales Percent of farm sales Negative
from hogs from milk

Feed Pounds of feed fed Pounds of feed fed Positive
efficiency per cwt of gain per cwt of milk sold

Labor Hours worked Hours worked Positive
efficiency per cwt of gain per cwt of milk sold

Productivity Number of pigs sold/removed Pounds of milk produced Negative
per litter farrowed per cow milked

Debt financing Debt-to-asset Debt-to-asset Positive
ratio ratio

Debt financing Debt-to-asset Debt-to-asset Negative
squared ratio squared ratio squared

na=Not applicable.
Source: Variables are taken from the 1992 Farm Costs and Returns Survey data for hogs and the 1993 Farms Costs and Returns Survey data for dairy.



degree polynomial is used to model the relationship
between the debt-to-asset ratio and production costs.
Production costs should increase with the debt-to-
asset ratio at a decreasing rate, thus the coefficient on
the squared term is expected to be negative.

Regression Results Among Hog Producers

Regression coefficients and their significance for hog
production in each structural change area are present-
ed in table 12.  Also included are the t-statistics that
test for structural differences among the areas.  For
example, the t-statistic between areas 1 and 3 con-
cerning the coefficients on labor efficiency shows a
significant difference.  This means that the influence
of labor efficiency on production costs is different in
area 1 than in area 3.

Coefficients on the two size variables in each area
have the expected sign, suggesting that hog produc-
tion costs decline with size at a decreasing rate.
However, size is a significant determinant of produc-
tion costs only in area 3 where hog production costs
decline with size toward a minimum on operations
with about 6,500 head of sales/removals.  Also, the
effects of size on production costs do not vary among
the areas as any differences between coefficients in
each area are insignificant.  The degree of farm spe-
cialization in hog production is not significant in any
of the areas.

The positive sign on coefficients for the feed and
labor efficiency variables indicate that production
costs increase as more units of each input are required
to produce 100 pounds of pork.  Both input efficiency
measures are significant in all areas.  Each additional
pound of feed adds 5-6 cents to per cwt hog produc-
tion costs with no significant differences between the
areas.  This means that feed efficiency affects hog
production costs much the same way regardless of
where the hogs are produced.  In contrast, the influ-
ence of labor efficiency on production costs varies by
area (fig. 21).  The effect of labor efficiency on pro-
duction costs is significantly greater in area 3 where
each additional labor hour adds about $5 to per cwt
production costs.  In both areas 1 and 2, another hour
of labor adds only $3 or less to per cwt costs.

Variation in productivity, both within and between
areas, does not significantly affect per cwt production
costs.  Coefficients are insignificant in each area
regression as well as in tests between areas.  The debt
financing variables have a significant impact on hog
production costs only in area 3, where increasing the
debt-to-asset ratio causes per cwt costs to rise at a
decreasing rate.  Debt financing also has a significant-
ly larger impact on costs in area 3 than in either areas
1 or 2.

Results of the unit-cost decomposition for each area
are shown in table 13.  Coefficients of separate deter-
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Table 12—Regression estimates of the unit cost equation for FCRS farrow-to-finish hog farms in each
structural change area

Coefficient estimates t-statistics between areas
Counties of greatest Other counties of significant Counties of least area 1 area 1 area 2

Variable structural change structural change structural change area 2 area 3 area 3
(area 1) (area 2) (area 3)

Intercept 22.55238334** 18.96616561** 13.20161521** 0.29 0.81 0.77
Size -0.00438329 -0.00159539 -0.00267397** -0.61 -0.39 0.49
Size squared 0.00000076 0.00000022 0.00000020** 0.95 1.11 0.07
Specialization 0.00726050 0.00332870 -0.00384469 0.06 0.17 0.14
Feed efficiency 0.05155645** 0.06002404** 0.05112888** -0.70 -0.04 1.28
Labor efficiency 3.10914649** 2.62294363** 5.10818337** 0.26 -1.77* 2.01**
Productivity 0.25703416 -0.05720108 0.56805690 0.33 -0.34 -0.81
Debt financing 13.74620724 9.80491317 49.92185892** 0.14 -1.66* - 2.45**
Debt financing squared -45.84375424 4.71430784 -55.81238616** -1.07 0.20 2.95**

F 11.57** 24.34** 78.44**
R2 0.5650 0.5735 0.6787

**significant at the 5-percent level; *significant at the 10-percent level.
Source: Compiled by ERS using 1992 Farm Costs and Returns Survey data.



mination indicate the portion of cost variation
explained by the regression model that can be attrib-
uted to each explanatory variable.  Feed efficiency has
the greatest individual effect on unit-cost variation,
accounting for more than half of the total explained
variation in all areas.  However, feed efficiency is rel-
atively more important for explaining unit-cost varia-
tion in area 1 than 2, and in area 2 than 3.  In contrast,
labor efficiency has a relatively larger impact on unit-
cost variation in area 3 than in the other areas.  Labor
efficiency accounts for about 37 percent of explained
variation in area 3 compared with about 20 percent in
area 2 and less than 10 percent in area 1.

Regression Results Among Milk Producers

Regression coefficients and their significance for milk
production in each structural change area are present-
ed in table 14, along with the t-statistics that test for
structural differences among the areas.  A significant
t-statistic indicates a significant difference of coeffi-
cients between areas.  For example, the significant t-
statistic on operation size between areas 1 and 3
means that the influence of size on production costs is
different in area 1 than it is in area 3.

Size of the dairy operation is a significant determinant
of unit production costs in areas 1 and 3, but not in
area 2.  In accord with prior expectations, milk pro-

duction costs in areas 1 and 3 decline with size at a
decreasing rate.  However, the degree to which size
influences production costs is significantly different
between areas 1 and 3.  Per cwt production costs
decline with size much more gradually in area 1 and
reach a minimum on operations of about 4,500 cows
(fig. 22).  In contrast, production costs are much more
responsive to size of operation at lower herd levels in
area 3 with the relationship declining to about 1,400
cows.12 The degree of farm specialization in milk
production is significant only in area 2.

As with hog production, feed and labor efficiency are
significant determinants of milk production costs in
all areas.  Coefficients on the feed and labor efficien-
cy variables indicate that production costs increase as
more units of each input are required to produce 100
pounds of milk.  Each additional pound of feed adds
2-4 cents to per cwt milk production costs.  An addi-
tional hour of labor increases production costs by $7-
$10 per cwt of milk.  The impact of neither input effi-
ciency measure is significantly different among the
structural change areas.

The coefficient on the productivity variable is signifi-
cant in areas 2 and 3, but not area 1.  In both areas 2
and 3, unit costs decline by about 3 cents for each
additional 100 pounds of milk produced per cow.  The
average productivity of cow herds is higher in area 1
and the significance of coefficients in other areas sug-
gests that incentives exist to raise the level of produc-
tivity in these counties.

Increasing the debt-to-asset ratio causes higher per
cwt costs in all areas.  Estimated coefficients are sig-
nificant for the linear term on the debt-financing vari-
ables in all areas, but significant for the quadratic
term only in area 3.  The impact of debt financing on
unit production costs does not appear to vary signifi-
cantly by area.

The decomposition of unit costs for each area is
shown in table 15.  Each explanatory variable con-
tributes a portion to the total explained variation of
unit costs as indicated by its coefficient of separate
determination.  Feed efficiency has the greatest indi-
vidual effect on unit-cost variation in area 1, account-

34 • Change in U.S. Livestock Production, 1969-92 / AER-754 Economic Research Service/USDA

0 1 2 3 4 5
40

45

50

55

60

65

70

75

Estimated relationship between hog
production costs and labor efficiency
in each structural change area

Figure 21

Dollars per cwt gain

Hours of labor per cwt gain

Other counties of significant
        structural change

Counties of greatest
   structural change

Counties of least
structural change

Source: Compiled by ERS using Farm Costs and Returns Survey data.

12Nearly all of the dairy operations in area 3 had fewer than 1,000 cows,
and little can be concluded about production costs on operations larger
than 1,000 cows in this area.  The increasing portion of the cost relation-
ship shown in figure 22 results mainly from the best fit of the curve
through operations with fewer than 1,000 cows.



ing for about 45 percent of the total explained varia-
tion.  However, in other areas labor efficiency is more
important.  Labor efficiency accounts for about half of
the explained variation in areas 2 and 3, while feed
efficiency comprises 39 percent in area 2 and 23 per-
cent in area 3.  As with hogs, the relative importance
of feed efficiency in explaining unit-cost variation is
greater in area 1 than 2, and area 2 than 3.
Conversely, labor efficiency is more important in area
3 than 2, and area 2 than 1.

Production Costs and Structural Change:
Conclusions

Regression models relating structural and perfor-
mance characteristics to hog and milk costs of produc-
tion explain a substantial amount of the variation in
cash and capital replacement costs in each structural
change area.  In counties of greatest change the
regression models explain about half the variation in
hog and milk production costs, while in other counties
nearly 70 percent of cost variation can be attributed to
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Table 13—Contribution of factors to unit-cost variation for FCRS farrow-to-finish hog farms in each struc-
tural change area

Coefficients of separate determination1

Counties of greatest Other counties of significant Counties of least
Variable structural change structural change structural change

(area 1) (area 2) (area 3)

Size 0.0941 0.0248 0.0249
Size squared -0.0493 -0.0131 -0.0059
Specialization -0.0042 -0.0000 0.0009
Feed efficiency 0.4627 0.4200 0.4056
Labor efficiency 0.0521 0.1185 0.2497
Productivity -0.0048 0.0009 -0.0014
Debt financing -0.0192 0.0143 0.0069
Debt financing squared 0.0336 0.0082 -0.0021

Total (explained variation) 0.5650 0.5735 0.6787
Unexplained variation 0.4350 0.4265 0.3213

1See appendix for derivation of the coefficient of separate determination. Negative coefficients indicate that these variables do not help to
explain variation in unit production cost.
Source: Compiled by ERS using 1992 Farm Costs and Returns Survey data.

Table 14—Regression estimates of the unit-cost equation for FCRS dairy farms in each structural change
area

Coefficient estimates t-statistics between areas
Counties of greatest Other counties of significant Counties of least area 1 area 1 area 2

Variable structural change structural change structural change area 2 area 3 area 3
(area 1) (area 2) (area 3)

Intercept 12.33480082** 14.70176749** 14.69026038** 0.54 -0.66 0.03
Size -0.00199114** 0.00717563 -0.01030164** -1.04 2.62** 1.89*
Size squared 0.00000022** -0.00000593 0.00000357** 0.98 -2.82** -1.66*
Specialization -0.01101320 -0.05248013* 0.00584498 1.49 -1.18 - 1.96**
Feed efficiency 0.03590675** 0.02603670** 0.02156782** 0.71 1.07 0.81
Labor efficiency 7.47253200** 9.49891501** 8.53600685** -0.57 -0.52 0.32
Productivity -0.00029065 -0.00021606** -0.00031455** -0.29 0.09 0.71
Debt financing 5.80694695** 6.17801771* 5.78993232** -0.07 0.00 0.08
Debt financing squared -4.34394962 -8.18316604 -6.03293727** 0.50 0.39 -0.29

F 23.86** 11.39** 104.11**
R2 0.4893 0.6866 0.7434

**significant at the 5-percent level; *significant at the 10-percent level.
Source: Compiled by ERS using 1993 Farm Costs and Returns Survey data.



the explanatory variables.  Also, several explanatory
variables were significant in each estimated equation.
These findings suggest that the chosen variables are
important determinants of hog and milk production
costs in each area.

Economic incentives among hog producers in coun-
ties of greatest structural change and in other counties
of significant structural change are mainly to improve
input use efficiency without regard to size of the oper-
ation.  Significant cost savings appear to be available
among producers in these counties through updating
facilities, equipment, and production methods that
improve feed and labor efficiency.  Also, the financial
position of these producers does not appear to be a
significant obstacle to adding size and modernizing
operations.

Producers in counties of least structural change appear
to have strong incentives to not only improve input
efficiency, but also to expand size of the hog opera-
tion.  Adding size significantly lowers unit production
costs among producers in these counties.  Likewise,
the impact of improved labor efficiency is significant-
ly larger than in the other counties, suggesting greater
incentives than in other counties to update and
improve the capital stock and production methods.
However unlike in the other counties, expansion

through added debt appears to come at a significantly
greater cost to producers in the counties of least
change.  Producers in these counties have smaller hog
operations and capital may be more expensive
because less is borrowed.  The effect of higher pro-
duction costs via debt financing does diminish as
more is borrowed.

Milk producers in all counties also have strong eco-
nomic incentives to improve input use efficiency, but
significant cost savings appear to be available to pro-
ducers in counties of greatest change by expanding
the size of the operation.  Average herd size is already
substantially larger among producers in these coun-
ties, and incentives seem to exist for larger, mega-
milk production operations of 4,000-5,000 cows.
Although the ability to finance expansion through
debt may be restricting, this finding suggests that
forces underlying structural change in the counties of
greatest change will persist.

Incentives for expanded milk production on farms in
other counties of significant change are not as appar-
ent.  Rather, most significant cost savings appear to be
available to producers in these counties through
updating facilities, equipment, and production meth-
ods that improve feed and labor efficiency.  Most of
these counties are located in traditional production
areas of the North, including the States of Wisconsin,
Minnesota, Michigan, and New York.  Expanding pro-
duction in these areas requires greater investment in
facilities that house cows during the harsher winter
months.  Greater economic incentives for producers in
these counties appear to be for improving efficiency
and productivity without regard to size of operation.

Milk producers in counties of least structural change
appear to have several incentives for upgrading their
operations, such as improved input efficiency and pro-
ductivity, and expansion.  However, the effect of
added size on production costs is significantly differ-
ent than in counties of greatest change.  Producer
costs decline much more sharply during expansion at
lower herd levels in the counties of least change.
Structural change is likely to continue in these coun-
ties, but incentives for mega-milk production opera-
tions do not exist as in the counties of greatest
change.  Expansion is also limited by higher costs
associated with added debt.

Among hog producers, feed efficiency is the primary
factor influencing unit production costs in all areas,
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while its level of importance is highest in counties of
greatest structural change.  Likewise, feed efficiency
is the most important factor influencing milk produc-
tion costs in counties of greatest structural change.
Many of these hog- and milk-producing counties are
in nontraditional production areas where feedgrain
and forage supplies are more limited.  Higher feed
prices in these areas place a premium on feed efficien-
cy.  Expansion of hog and milk production into areas
of limited feed supplies can be costly because of sig-

nificant costs associated with transporting bulky feed-
stuffs long distances.  Also, risk exposure is greater in
these areas due to the greater dependence on pur-
chased feedgrains and forage and their price fluctua-
tions.  Despite the disadvantage of less locally avail-
able feed, both hog and milk production in nontradi-
tional areas expanded substantially during the study
period largely because of the advantages associated
with large-scale production and the adoption of feed-
efficient production methods.
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Table 15—Contribution of factors to unit cost variation for FCRS dairy farms in each structural change area

Coefficients of separate determination1

Counties of greatest Other counties of significant Counties of least
Variable structural change structural change structural change

(area 1) (area 2) (area 3)

Size 0.0221 -0.0074 0.0292
Size squared -0.0027 0.0018 -0.0034
Specialization 0.0138 0.0295 -0.0065
Feed efficiency 0.2210 0.2679 0.1679
Labor efficiency 0.1589 0.3388 0.4253
Productivity 0.0764 0.0590 0.1241
Debt financing -0.0128 -0.0058 -0.0076
Debt financing squared 0.0126 0.0028 0.0146

Total (explained variation) 0.4893 0.6866 0.7434
Unexplained variation 0.5107 0.3134 0.2566

1See appendix for derivation of the coefficient of separate determination. Negative coefficients indicate that these variables do not help to
explain variation in unit production cost.
Source: Compiled by ERS using 1993 Farm Costs and Returns Survey data.



Implications for the Future of Hog and
Milk Production

The experience of the hog and milk production sectors
fits well into the conceptual structural change model
presented by Reimund, Martin, and Moore (see fig. 2).
Technological change has been dramatic in these
industries, with capital-intensive technologies substi-
tuting for land and labor.  These new technologies
exhibit greater economies of size and have thus created
opportunities for larger, more efficient production
units.  Production shifted regionally in both industries
as hog production expanded in southern States while
milk production extended West.  The new, more effi-
cient technologies adopted by producers in these areas
allowed them to compete with traditional production
areas, despite less locally available feed supplies.
Growth and development continued in these industries
as farm specialization and concentration of production
intensified.  Greater price and income risk is involved
with large-scale, specialized livestock production.  In
response, expanded use of contracts for hog production
transferred much of the risk to large corporate entities,
such as feed companies or animal processors, who are
much more able and willing to deal with added risk.
Government price supports have reduced milk price
variability and thus some of the price risk involved
with milk production.  However, milk price supports
are set to be phased out under the new farm legislation
(Young and Westcott).  As market forces become more
important for determining returns to milk production,
the use of innovative production and marketing
arrangements for managing risk is likely to increase.

The analysis presented in this report indicates that eco-
nomic incentives, through lower production costs,
exist in many areas for improving the efficiency of
livestock operations.  In both hog and milk production,
the feed efficiency of operations is a primary cost
determinant and is generally more important in nontra-
ditional production areas where local feed supplies are
more limited.  Continued and sustained growth in
many nontraditional areas is likely tied to further tech-
nological advancement that improves the efficiency of
feed conversion.  In contrast, feed efficiency is rela-
tively less important in traditional production areas
where more feed is grown.  Future growth of hog and
milk production in these areas is more likely to result
from upgrading and replacing the existing capital stock
to reflect modern industry standards.

While the economic incentives within agriculture will
encourage continued structural change, forces outside
of agriculture are likely to have an increasingly impor-
tant role in determining the direction of this change.
As the size and density of animal production grows, so
do externalities such as the concern about how this
growing concentration of animal waste affects the
environment.  Likewise, the absorption of farmland by
urban areas and the expansion of suburbia creates con-
flict between the growing population and odor prob-
lems associated with concentrated animal production.
These forces will likely alter the course of structural
change by changing the economic incentives available
to producers.  For example, expansion may be limited
in certain areas because of their proximity to environ-
mentally sensitive areas or areas with a growing popu-
lation.  In these areas, cost-saving opportunities
through expanded production may become fewer over
time.  Economic incentives could also be altered via
regulations concerning size and location of the opera-
tion, animal density, and waste management and dis-
posal.  Permit costs and fines would have a direct
impact on economic incentives for startup or expan-
sion.  Limitations imposed by regulations on the size
and operation of livestock production units would also
alter cost relationships among regions.

As an illustration, consider changes in the density of
hogs and milk cows in counties of greatest structural
change during the 1970’s and 80’s (fig. 23).  The
inventory of hogs and pigs per square mile is up near-
ly 300 percent in these counties, while density of the
milk cow inventory is about 70 percent higher.  At the
same time, the human population density continues to
grow in the counties of greatest change, up about 30
percent in hog counties and more than 60 percent in
the dairy counties (fig. 24).

The analysis in this report does not suggest at what
level animal production is too concentrated or when
the interests of livestock producers and the human
population conflict.  However, trends during the
1970’s and 1980’s indicate that, in areas of greatest
structural change, animal and human population den-
sities are growing.  If this trend continues, it is likely
that the conflicting interests of livestock producers
and the population will grow more severe.  Structural
change in hog and milk production will probably be
influenced by technological developments in such 
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areas as livestock odor control and waste manage-
ment.  Also, it is possible that growing environmental
and population concerns will alter economic incen-

tives such that production moves back into more tradi-
tional production areas or expands into new areas that
are seeking opportunities for economic growth.
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Figure 23

Animal density in each structural change area for hog and dairy operations, 1969-92
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Figure 24

Human population density in each structural change area for hog and dairy operations, 1970-90
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Appendix: Statistical Procedures

The Gini Coefficient

where  is the Gini coefficient;  is the mean level of
production;  is the cumulative distribution of
production; and  is the covariance between
production  and the cumulative density function value
for this production level.  The Gini coefficient is a
positive fraction between zero and one.  With respect to
livestock production, a Gini value of one means that all
of production is concentrated in one individual, while a
Gini value of zero indicates that all in the population
produce an equal share of production.

Measuring Structural Change

Structural change is measured as a weighted index that
describes the change in per-farm production from 1969
to 1992.  The percentage change in per-farm production
for each county is expressed as:

where  is the percentage change in per-farm
production in county  from 1969 to 1992, and

 and  are per-farm production
in county  for 1969 and 1992, respectively.  The index
of structural change is developed by weighting each
value of  by the proportion of total production units
provided by each county in 1992.  Thus, the structural
change index is:

where  is the number of production units from
county  in 1992 and  is the number of counties with
production of the commodity in 1992.

Testing for Significant Structural Change

The index of structural change between 1969 and 1992
for each county is statistically tested as to whether it is
significantly greater than the mean of all U.S. counties. 
The null and alternative hypotheses to be tested are:

where  is the mean structural change index for the
U.S. and  is the  structural change index in each
county.  Evidence allowing rejection of the null
hypothesis indicates that the index of structural change
in the tested county is significantly greater than the U.S.
average.  A one-sided t-statistic is used to conduct the
test (see Kmenta, pg. 144):

where  is the number of observations and  is the
standard deviation of .  If the calculated t-statistic
exceeds the critical t-value for the chosen level of
significance then the null hypothesis is rejected and
structural change in the county is deemed significantly
greater than the U.S. average.  A 5-percent level of
significance is used to conduct the test in this report,
thus the critical t-value for the one-sided test is 1.65.  A
procedure similar to this was applied by Hoover,
Mason, McKay, and Fraumeni to cancer mortality rates
in U.S. counties.

Testing for a Statistical Difference of Group
Means

The statistical difference between mean estimates for
producers in each structural change area is tested using
a t-statistic.  The null and alternative hypotheses to be
tested are:

where  is the population mean of group 1 and  is
the population mean of group 2.  Evidence allowing
rejection of the null hypothesis indicates a significant
difference between population means of farms in the
two groups.  The t-statistic used for hypothesis testing
is (see Kmenta, pgs. 137 and 145):
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where  and  are sample means, and 
and  are variance estimates of the sample
means.   If the estimated t-statistic exceeds the critical13

t-value for the chosen level of significance then the null
hypothesis can be rejected and the group means are
deemed significantly different.   At a 5-percent level of14

significance, this means that from infinite samples of
both populations the estimates would lead to an
incorrect rejection of the null hypothesis only 5 percent
of the time.

Test of the Equivalency of Two Regressions

Statistical testing for a difference between coefficients
of two regressions is used to compare the unit-cost
equation estimated for each structural change area. 
Separate regressions are estimated for each area with
the model:

where the  are parameters to be estimated,  is the
error term, and  is the number of explanatory
variables.  Data for farms in two areas are then
combined.  A dummy variable  is constructed with

 if the farm is located in the first area, 
otherwise.  The regression model is then specified as:

where the  and  are parameters to be estimated,  is
the error term, and  is the number of explanatory
variables.  Coefficients estimated with the dummy

                
  The FCRS uses a multiframe stratified sample.  The formula used to13

compute variance estimates of sample means from FCRS data can be found
in Dillard.
  For the sample sizes used in this study the critical t-value for a 5-percent14

level of significance is 1.96 and for a 10-percent level of significance is 1.65.

variables,  through , measure the difference of the
intercept ( ) and the slope estimate of each variable
( ) between the two areas.  Therefore, t-statistics
on the estimated coefficients indicate whether the
estimated coefficients on each variable in the separate
regressions for each area are significantly different.

Decomposing Cost Variation

To measure the extent to which each explanatory
variable influences the variation of production costs, the
sample variation is decomposed into its various
components and expressed using the coefficient of
separate determination (Burt and Finley).  The
components of unit-cost variation are:

where  and  are the variance of  and the
covariance of  and , respectively.  Calculation of
the coefficients of separate determination effectively
allocates the explained variation of the regression model
among the independent variables.  Thus, the coefficients
are computed as:

Each coefficient represents the portion of the variation
in the dependent variable explained by each
independent variable alone (variance effects), and the
interaction among variables (covariance effects).  The
sum of the these coefficients equal the R  goodness of2

fit measure.  One minus the sum equals the unexplained
variation.  Coefficients of separate determination were
used to examine determinants of the profitability of
cattle feeding by Langemeir, Schroeder, and Mintert;
and of dairy farming by El-Osta.
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