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Structural Change in the U.S. Meat
and Poultry Industries

Michael Ollinger, James M. MacDonald,
Charles R. Handy, and Kenneth E. Nefson

Industry structure has long been of concern to public policy makers. Product safety policy-makers
speculate about the impact of regulations on small fiwhge policy-makers dealing witantitrust
issues question noncompetitive firm behavior. For example, concern about a disproportionate impact
of meat and poultry food safatggulation on small firms led the Food Safety and Inspection Service of
the United States Department of Agriculture (USDA) to modify some meat-handling requirements for
small plants. Additionally, concern about rising concentration among steer and heifer slaughter plants
in the beef industry led to a major study on the impact of concentration in the red meat packing industry
by the Packers and Stockyards Administration of USDA.

An earlier report (MacDonald et al. In Press) showed that industry concentration, as measured by
share of value of shipments, in the beef slaughter industry rose from 26 to 71 percent (Table 1.1) and
that the share of industry value of shipments by large plants (over 399 employees) rose from 31 to 72
percent over thd963-92period (Table 1.2). This paper aldocumentedgubstantial increases in
industry concentration and large plant market share in the pork, chicken, and turkey slaughter ifidustries.

The purpose of this paper is to examine some sources of structural change in the meat and poultry
indudries. Economichistorians regard technological, government policy, @ewhand changes as
vehicles for long-term structural chang&snce government policy changes were modest over the study
period, we focus on technologl responses by the industry to changes in demand for further processed
meat and poultry products from slaughtered animal inputs.

The paper differs from previous studieghat it uses Census plant-specific microdatagsess
plant entry and acquisitions, the survival of entry plants, and changes in product output composition and
animal input species specialization. It shows that each industry in the dataset experienced continuous
change and consistently high rates of plant entry and exit. With new plant capacity averaging less than
2 percent per year after 1972, most of this change occurred as new and incumbent firms acquired existing
plants. The paper also showsach lowersurvival rate for small plants and substantizénges in
output composition (particularly in beef slaughter) and increases in animal input species specialization
in the slaughter industries. In geneitad paper illustrates the importance of considering structure in an
historical rather than cross-sectional context.

The paper proceeds in tf@lowing manner. After defining entry and identifying the source of the
data, we discussntry both in terms of the number of plants (Tables 1.3, 1.5, and 1.7) and the market
share of those plants (Tables 1.4, 1.6, and 1. 8). Next, we consider entrant survival (Tables 1.9-1.11);
examinechanges in output composition (Table42-1.14);and investigate changes in animal input
specialization (Table$.15and 1.16). Finally, we further discuss the structural changes and their
implications.



TABLE 1.1 Share of Value of Shipments Held by Fhargest Firms in Four Slaughter and Three

Processing Product Classes in Selected Years

Product Class

1963 1967 1972 1977 1982 1987 1992

Slaughter?

Beef 26 26 30 25 44 58 71

Pork 36 33 37 36 39 38 54

Chicken 14 23 18 22 32 42 41

Turkey 23 28 41 41 40 38 45
Processing

Pork, not sausage 25 22 23 21 22 31 31

Sausage 20 20 20 26 26 36 38

Processed poultry 52 49 35 48 37 36 46

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
EconomicStudies, U.S. Bureau of the Census; concentration ratios are based on plant sheaks of
industry value of shipments.

aThe slaughter classes refer to five digit SIC codes 20111 (beef), 20114 (pork), 20151 (chicken),
and 20153 (turkeys).

bThe processing classes refer to 20116 and 20136 (processed pork, such as ham, bacon, salt pork,
and barbecued pork); 20117 and 20137 (sausage); and 20155 (processed chicken and turkey).

TABLE 1.2 Share of Value of Shipments Held by Large Establishments, in Selected Years, for Four
Slaughter and Three Processing Classes

Product Class 1963 1967 1972 1977 1982 1987 1992

Slaughter?

Beef 31 29 32 37 51 58 72

Pork 64 59 57 63 67 70 88

Chicken d 29 34 45 65 76 88

Turkey d 16 15 29 35 64 83
Processing

Pork, not sausage 56 54 51 55 37 57 59

Sausage 37 38 36 38 29 35 41

Processed poultry d d 41 51 53 65 71

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
EconomicStudies, U.S. Bureau of the Census. Entries lalidlegpresent shares that could not be
disclosed due to confidentiality restrictions.

aThe slaughter classes refer to five digit SIC codes 20111 (beef), 20114 (pork), 20151 (chicken),
and 20153 (turkeys).

bThe processing classes refer to 20116 and 20136 (processed pork, such as ham, bacon, salt pork,
and barbecued pork); 20117 and 20137 (sausage); and 20155 (processed chicken and turkey).
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Data

The data came from the Census Bureau’s Longitudinal Research Base (LRD) for 1972-92 and the
Census of Manufactures for 1963 and 1967. The LRD consists of linked microdata on manufacturing
plants from the Census Bureau’s Annual Survey of Manufactures (ASM) and Census of Manufactures
for 1972, 1977, 1982, 198@nd1992. Weuse data from the Census of Manufactures because only
these data are based on a survey of all manufacturing plants.

Our dataset includes all plants with at least 50 percent of their total value of shipments from the beef
(SIC 20111), pork (SIC 20114), chicken (20151), and turkey (20153) slaughter and processed or cured
pork (20116and20136),and sausage (20117 and 20137) industries. We omit plants in which fresh
meat and livestock are not the primary inputs. We also omit plants that have more than 50 percent of
their output from products the Census Bureau defines as not otherwise classified.

We assigned plants to industries in the following way. First, we created five digit SIC code product
classes from Census seven digit SIC codes. Next, we summed plant total value of shipments by product
class. Finally, we ranked plant output by product class and assigned a plant to the five digit Census SIC
code product class (industry) in which the plant had the most output.

Our industry definitions may differ from other definitions. For example, we combine SIC 20116
and 20136 into a single industry because they have identical outputs. Census categorizes these plants
differently because plants in SED116slaughter hogwhile plants in SIC20136used packed meat
inputs. Additionally, Census data does not allow us to separate steer and heifers from cows and bulls,
but does enable us to distinguish more broadly defined animal species slaughter classes, such as veal,
pork, or sheep. Finally, note that our industry definitions differ substantially from those used by Packers
and Stockyards and the Food Safety and Inspection Service becasevessigned plants to industries
based on outputs rather than inputs.

Besides seven digit produ8tC codes, the LRD contains data on number of employees and animal
input costs by animal species. These data enable us to determine concentration ratios, share of value of
shipments by plant size, share of plant sales by product class and plant size, andipeiraairyal
input cost as a share of total live animal input costs.

Census identifies eaghantwith a uniqueplant numbethatdoes not change ovis entire life.

Census also assigns a firm identification number to each plant. This firm identification number changes
with ownership of the plant. The longitudinal nature of the databined with theplant and firm
identification numbers allows us to distinguish plant and firm entrants from plant and firm incumbents.
We define plant (firm) entrants as plants (firms) in the fiestr in which they produce kgast one
product in the selected industry. Plant (firm) incumbentsphets (firms) thathave previously
produced at least one product in the selected industry.

Data presented in Tables 1.1 and 1.2 and 1.12-1.16 are derived from all production data classified
under selected five digit SIC cogeoduct industry categories. Tables-1.11contain summary
statistics on various combinations of plant and firm entrants. As such, these data are based on a much
smaller subset of the original dataset. Thefdarer number obbservations supportingachtable
statistic and Census confidentiality rules prevent disclosure of statistics. As a result, we
compressed theine five digit SIC codéndustries into three more broadly defined industriBisese
industries are beef and pork slaughtbicken and turkey slaughter and processing, and processed pork
and sausage.

Plant Entry

Tables 1.3 through 1.8 descriteveral dimensions of entry in three industry categories: cattle and
hog slaighter, pork processing and sausage preparation, and poultry slaughter and processing. We



aggregate to these industry categories in order to avoid disclosure of confidential inforwtaiteon,
retaining meaningful industry distinctions.

The datashowthatnew plantentry ratesremainsubstantial throughout the period and match the
averages for all manufacturing in the U.S. (Dunn et al. 1988) and Canada (Baldwin 1995). But overall
plant numbers declined sharply in beef and pork slaughter aregirg because of extraordinarily high
exit rates.

We consider both the number and rate of entry for five entrant types: entry firms with entry plants,
incumbent firm with entry plant, entry firm buys incumbent plant, incumbent plant diversification, and
incumbent firm buys incumbent plant. These five categories allow us to (1) contrast new plant entrants
(entrant firm with entrant plant and incumbent firm with entrant plant) with plant acquisitions (incum-
bent firm buys incumbent plant and entry firm buys incumbent plant); (2) compare the impact of new
firm entrants (entrant firm with entrant plant and entrant firm buys incumbent plant) to firm expansion
(incumbent firm with entrarplant and incumbent firm buys incumbent plant); and (3) examine plant
diversification.

We also distinguish betwegatantswith less than 25 employees and those wittrethan 24
employees in order tigolatevery smallplantsfrom larger ones. We choose only teige classes in
order to reduce disclosure violations. We provide small plant information only for entry firms with entry
plants because other entrant categories contained very few plants with less than 25 employees.

Table 1.3 (beef and pork slaughter) shows that plant entry as a share of the total number of plants
remained relativelgonstant over th#963-92period, fluctuating between 9 and 21 percent for each
intracensal period. However, the number of entry plants dropped 65 percent and the number of plants
in the industry declined 69 percent, reflecting a much more rapid exit rate than entry rate. The largest
decline in plant entrants came from entry firms with small (less than 25 employees) entry plants, which
dropped 89 percent. The number of entry firms with large (more than 24 employees) entry plants and
incumbent firms with large entry plants dropped to a lesser degree.

Over thel978-92period, plant acquisitions and firm expansions had an increasingly important
influence on thestructure of the industry. In bofl®82and1992, total planacquisitions and firm
expansions exceeded total plant and firm entrants.

Table 1.4 shows the totahlue of shipments as a share of industry value of shipments (market
share) of various types of entrants in the beef and pork slaughter industries. Market share trends are
consistent with the trends for the number of plants.

We define plant embodied technology as plant obsolescence caused by the geographical location of
the plant or the structural restrictions imposed by the plant on the processing of material inputs into final
products. A substantial change in plant embodied technology requires the replacement of the existing
plant with a new oné.

Table 1.3 indicates that tlmimber of plant acquisitions and firm expansimraained almost
unchanged over thE963-92period,while the number ofew plant entrants andew firm entrants
dropped dramatically. Table 1.4 shows that the market share of plant acquisitions and incumbent firm
expansions exceeded the market share of new plant and new firm entrants. The rise in the number and
market share of plant acquisitions relativentaw plants suggests littlehange inplant embodied
technology. The increase in firm expansions relativenew firm entrants implies an industry con-
solidation and a shift to greater firm economies of scale, i.e. firm size.

Tables 1.5 and 1.6 give an overview of entry into the chicken and turkey slaughter and processing
industries. In contrast toeef and pork, there wasly a modest declin@bout 16 percent) in the
number of plants in the industry. Plant entry rates fluctuated between 9 and 32 percent of beginning-of-
period plants; the number of entry firms with entry plants declined; and entry firms preferred large plants
to small ones. Additionally, gross exit ratesrgvfar lower than in beef and beef and pork slaughter; the
number of incumbent firms with entglantsincreased over time; and, firm entry exceeded firm
expansion in most years.



TABLE 1.3 Number of Various Types of Entrants in the Beef and Pork Slaughter Industry

Year
63 67 72 77 82 87 92
(initial
Entrant Category Employegs  stock)
plants

Plant Entry
Entry firm with entry plant 0-24 355 75 58 26 11 10 8
Entry firm with entry plant over 24 677 69 78 55 32 37 22
Incumbent firm with entry

plant over 24 - 17 17 22 6 16 9
Total plant entrants (plants) - 161 153 103 49 63 39
Total plant entrants (%) of

all plants - 156 184 149 93 206 157
Plant Acquisitions
Incumbent firm buys incum-

bent plant over 24 - 40 73 32 55 11 31
Entry firm buys incumbent

plant over 24 - 6 11 19 14 21 14
Total plant acquisitions - 46 84 51 69 32 45
Total plant acquisitions

share (%) of all plants - 4.4 8.1 7.43.1 105 18.2
Other Entry
Incumbent plant diversifies over 24 - 17 18 9 15 5 8
Firm entrants: includes en-

trant firms with entrant

or incumbent plants - 150 147 90 57 68 44
Firm entrant plants (%) of

all plants - 145 177 131 10.8 222 17.8
Firm expansions: includes

incumbent firms with

entrant or incumbent

plants - 57 90 54 61 27 40
Firm expansion plants (%)

of all plants - 55 10.8 78 116 8.8 16.2
Total plants 1032 830 689 528 306 247 174

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic Studies, U.S. Bureau of the Censusb&béindustry refers to five digit SIC code 20111 and
the pork industry refers to SIC code 20114.



TABLE 1.4 Market Share of Various Types of Entrants in the Beef and Pork Slaughter Industries

Year

Entrant Category Employees 1967 1972 1977 1982 1987 1992

market share

Plant Entry

Entry firm with entry plant 0-24 0.9 0.5 0.3 0.1 0.2 d
Entry firm with entry plant over 24 6.5 14.2 5.0 5.3 4.3 6.0
Incumbent firm with entry plant over 24 5.4 d 7.6 d 7.8 d
Total plant entrant market share 12.8 147 12.9 54 123 6.0

Plant Acquisitions

Incumbent firm buys incumbent

plant over 24 140 17.0 74 33.1 6.3 31.0
Entry firm buys incumbent plant over 24 d 3.1 6.9 d16.4 d
Total plant acquisitiors 140 20.1 143 33.1 227 31.0

Other Entry
Incumbent plant diversifies over 24 0.2 0.1 d 0.1 d d

Firm entrants: includes entrant
firms with entrant or incum-
bent plant 7.4 17.8 12.2 54 20.9 6.0

Firm expansions: includes
incumbent firms with entrant
or incumbent plants 194 17.0 150 331 14.1 31

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic Studies, U.S. Bureautbé Census. The beef industry refers to five digit SIC 20111 and the
pork industry refers to SIC 20114. Entries labeled “d” represent shares that could not be disclosed due
to confidentiality restrictions.

3Does not include entries labeled “d.”

Table 1.6 shows that the influence of plant acquisitions far exceeded plant entrant market share in
most Census years. It also indicates that firm entry remains a strong force in the industry, surpassing
firm expansions in two of the three most recent Census periods. The increase in the number and market
share of plant acquisitions relative to new plant entrants suggests a decline in the rate of change in plant
embodiedechnology over th&963-92period. Additionally, the high rate aewfirm entry implies
modest consolidation in the industry.



TABLE 1.5 Number of Various Entrant Types @hicken and Turkey Slaughter and Processing
Industries

Year
63 67 72 77 82 87 92
(initial
Entrant Type Employees stock)
plants

Plant Entry
Entry firm with entry plant 0-24 25 7 5 d d d 5
Entry firm with entry plant over 24 295 33 71 20 17 25 17
Incumbent firm with entry

plant over 24 - 12 12 20 7 17 37
Total plant entrants - 52 88 40 24 42 59
Total plant entrant share (%)

of all plants - 163 319 136 9.0 1838 26
Plant Acquisitions
Incumbent firm buys incum-

bent plant over 24 - 17 48 24 23 19 11
Entry firm buys incumbent

plant over 24 - 7 6 13 32 41 31
Total plant acquisitions

(plants} - 24 54 37 55 60 42
Total plant acquisitions share

(%) of all plants - 75 196 126 20.7 269 185
Other Entry
Incumbent plant diversifies over 24 - 17 18 9 15 5 8
Firm entrants: includes en-

trant firms with entrant

or incumbent planfs - 47 82 33 49 66 48
Firm entrant plants share (%)

of all plants - 147 297 112 184 296 21.1
Firm expansions: includes

incumbent firms with

entrant or incumbent

plant$ - 29 60 44 30 36 48
Firm expansion plants share

(%) of all plants - 9.1 21.7 150 11.3 161 211
Total plants 320 276 294 266 223 227 270

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic Studies, U.S. Bureau of the Census. Chicken industry refers to SIC 20151, turkey industry
refers to SIC 20153, and poultry processing industry refers to SIC 20155. Entries labeled “d” cannot
be disclosed due to confidentiality restrictions.

3Does not include entries labeled “d.”



TABLE 1.6 Market Share of Various Entrant Types in Chicken and Turkey Slaughter and Processing
Industries

Year

Entrant Type Employegs 1967 1972 1977 1982 1987 1992

-------------------- market share

Plant Entry

Entry firm with entry plant 0-24 d d d d d d
Entry firm with entry plant over 24 8.5 24.2 3.3 3.1 5.5 1.7
Incumbent firm with entry plant over 24 d d 6.8 d 3.613.7
Plant entrant market shére 85242 101 3.1 9.1 15.4

Plant Acquisitions

Incumbent firm buys incumbent

plant over24 101 245 9.8 8.5 6.8 d
Entry firm buys incumbent plant over 24 d d 5.713.7 18.8 9.1
Total plant acquisitiors 101 245 155 222 256 9.1

Other Entry
Incumbent plant diversifies over 24 d d d 14 11 0.9

Firm entrants: includes entrant
firms with entrant or incum-
bent plant 85 242 90 168 243 10.8

Firm expansions: includes
incumbent firms with entrant
or incumbent plants 10,1 245 16.6 85 104 137

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic Studies).S. Bureau of the Census. Chicken industry refers to five digit SIC 20151, turkey
industry refers to SIC 20153, and poultry processing industry refers to SIC 20155.

3Does not include entries labeled “d.”

Tables 1.7 and 1.8 provide information about entry into the pork processing and sausage industries.
Table 1.7 shows a 69 percent decline in the number of plants and a 65 percent decrease in the number
of plant entrants in the pork processing and sausage industries. Combirdeglitresin newplant
entrantsand their constant market share with an increabetimthe number and the market share of
plant acquisitions sugges little displacement of existing plants and thus little change in plant embodied
technology. However, despitalacline in the number of entry and incumbent plants of entry firms, the
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TABLE 1.7 Number of Various Types of Entrants in the Pork Processing and Sausage Industries

Year
63 67 72 77 82 87 92
(initial
Entrant Type Employees stock)
plants

Plant Entry
Entry firm with entry plant 0-24 357 73 76 30 29 26 17
Entry firm with entry plant over 24 691 84 58 39 32 54 27
Incumbent firm with entry

plant over 24 - 11 24 40 8 23 15
Total plant entrants - 163 145 79 71 102 73
Total plant entrant share (%)

of all plants - 155 176 114 141 253 186
Plant Acquisitions
Incumbent firm buys incum-

bent plant over 24 - 31 65 25 41 24 22
Entry firm buys incumbent

plant over 24 - 6 11 10 10 22 29
Total plant acquisitions

(plants) - 37 76 35 51 46 51
Total plant acquisitions share

(%) of all plants - 3.5 9.2 5.110.1 114 13.0
Other Entry
Incumbent plant diversifies over 24 - 25 8 4 6 6 6
Firm entrants: includes en-

trant firms with entrant

or incumbent plants - 166 145 79 71 102 72
Firm entrant plants share (%)

of all plants - 158 176 114 141 253 184
Firm expansions: includes

incumbent firms with

entrant or incumbent

plants - 42 89 65 49 47 37
Firm expansion plants share

(%) of all plants - 4.0 10.8 94 9.7 117 9.4
Total plants 1048 822 689 504 403 392 327

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic Studies, U.S. Bureau of the Census. frodessing refers to five digit SIC codes 20116 and
20136 and sausage refers to SIC codes 20117 and 20137.

11



TABLE 1.8 Market Share of Venus Types of Entrants in the Pork Processing and Sausage Industries

Year

Entrant Type Employeeg 1967 1972 1977 1982 1987 1992

-------------------- market share

Plant Entry

Entry firm with entry plant 0-24 0.7 09 0.3 0.6 0.4 0.3
Entry firm with entry plant over 24 6.6 51 1.8 2.4 6.4 1.9
Incumbent firm with entry plant over 24 1.3 51 7.6 d 5.6 4.0
Total plant entrant market share 79111 9.7 3.0 124 6.2

Plant Acquisitions

Incumbent firm buys incumbent

plant over 24 99 178 51 16.8 115 6.5
Entry firm buys incumbent plant over 24 d d d d 105 13.3
Total plant acquisitiorfs 99 178 51 16.8 220 1938

Other Entry
Incumbent plant diversifies over 24 1.0 d d d d d

Firm entrants: includes entrant
firms with entrant or incum-
bent pIant% 7.9 11.1 9.7 3.0 12.4 6.2

Firm expansions: includes
incumbent firms with entrant
or incumbent plants 79 111 9.7 3.0 124 6.2

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic Studies, U.S. Bureau of the Census. frodessing refers to five digit SIC codes 20116 and
20136 and sausage refers to SIC codes 20117 and 20137. Entries labeled “d” are shares that cannot be
disclosed due to confidentiality restrictions.

3Does not include entries labeled “d.”

market share of firm entrants exceettegimarket share of expanding firms in several years, suggesting
that the influence of new firm entrants remained strong in 1992.

In terms of technological change, Tables 1.3 through 1.8 suggeseeal shift to greater plant scale
economies but, excefuir chicken and turkey slaughter and processing, little change in plant embodied
technology. Two features of the data illustrate these changes. First, the much lower small plant entry
rates than large plant entry rates and the preference of firms to acquire very large plants suggest a shift
in economies of scale to larger plants. 8dcthe number of plant acquisitions increased over time and
often accounted for 20 percent of market share over a five year Census ywaiiedew plant
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construction usually accounted for Idsart 10 percent of industry market share over a five year Census
period, suggesting little change in plant embodied technology.

Plant Survival

As shown in Tables 1.3, 1.5, and 1.7, meat and poultry slaughter and processing industries exhibit
high rates of entry in the face of even higher gross exits. In Tables 1.9, 1.10, and 1.11 we consider the
survival ofnewsmall and large entraptantswith entrant firms. The survivahtes for other entry
categories are not reported because most table entries failed disclosure requirements. Plants survive
from one period to thaext if they remain operating under the same ownershfps, “failure” can
occur in these tables due to closure, a change in product line to products outside of the industry, or plant
sale. Closed facilitiesiay be reopened undeewowners, and thusould bereported later as plant
entry.

The data showhat plants fail avery highrates fromoneCensus year to theext. The smallest
plants (less than 25 employees) fail at noticeably higher rates than large (over 24 employees) plants, but
both categories shogharp attrition. Between 60 and 90 percent erfitrants in all three industry
categories fail within two Census periods.

Table 1.9 indicates that the survival rates of small entry plants over each Census period varied from
9.1 to 36.2 percent in the beef and pork slaughter industries. Large entry plant survival rates over each
Census period, on the other hand, ranged from 18.2 to 53.8 percent. Table 1.9 also indicates that only
about 62 percent of thg¥7large plants that existed in 1963 still remained in 1967 and by 1992 only
2.1 percent of the original 1963 plants still existed under their original owners.

Tables 1.10 and 1.11 show the survival rate of entry firms with entry plants in chicken and turkey
slaughter and processing and in pork processingsausage. We exclude small plants from Table 1.10
because almost all small entry plant table statistics are disclosure violations. Survival rates for chicken
and turkey slaughter and processing and pork processing and sausage are similar to those found in the
beef and pork slaughter industries. Althoughbre plants survivedrom 1963 to 1992 in pork
processing and sausage industries than in either of the other industries, only 5.1 percent of the large 1963
plants still remained in 1992 under their original owners.

Changes in the Composition of Output

We exploit a distinctive feature of the Census data in order to measure product mix. The Bureau
reports plant outputs for a series of seven digit (narrowly defined) product codes. For example, in beef
and pork slaughter, these product categories include: carcasses, boxed meat, boneless beef, including
hamburger (beef slaughter only), variety meats (edible organs), and not otherwise classified products.
For chicken and turkeslaughter categories, the product categories include various types of carcass
products, traypacks for chickens, turkeytp for turkeys, and not otherwise classified. For chicken and
turkey processing, the product categories include canned padtied or smoked poultry, other
processed poultry, and not otherwise classified. Pork processing product categories include ham, bacon,
salt pork, and barbecued pork, while sausage product categories include frankfurters, fresh sausage (dry
or semi-dry), other sausages, jellied goods, and not otherwise classified.

A number of econorsts, including Nelson (1985), report that boxed beef output rose dramatically
over the 1963-92 period. We follow that work in presenting boxed beef and boxed pork as percentages
of total output in Table 1.12. We isoldteef slaughter from pork slaughter and create four size
categories because our much bigger dataset, which includes all beef and pork slaughter plants, provides
a greater number of observations to support each table statistic.
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TABLE 1.9 The Survival (Percent Remaining) of Cohorts of Small and Large Entry Beef and Pork
Slaughter Plants

Year
Size Cohort | 1963 1967 1972 1977 1982 1987 1992
1963 100 236 136 72 40 19 d
(initial stock)
1967 . 100 362 116 101 d d
0.24 emDblovees 1972 . . 100 154 128 103 d
ploy 1977 . . . 100 91 73 d
1982 . . . . 100 d d
1987 . . . . . 100 135
1992 . . . . . . 100
1963 100 61.9 316 216 93 52 2.1
(initial stock)
1967 . 100 333 174 101 58 d
1972 . . 100 53.8 21.8 128 6.4
over 24 employees 1977 . . . 100 182 91 7.2
1982 . . . . 100 343 187
1987 . . . . . 100 243
1992 . . . . . . 100

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic Studies, U.S. Bureau of the Census. The beef indefgtry to five digit SIC code 20111 and
the pork indstry refers to SICode20114. Enies labeled'd” represent shares thabuld not be
disclosed due to confidentiality restrictions. 1963 plants include all plants in the sample.

TABLE 1.10 The Survival of Cohorts of Entry Chicken and Turkey Slaughter and Processing Plants

Year
Size Cohort | 1963 1967 1972 1977 1982 1987 1992
1963 100 47.8 292 190 115 6.1 3.1
(initial stock)
1967 . 100 182 d d d d
1972 . . 100 57.7 394 296 23.9
over 24 employees 1977 . . . 100 350 300 d
1982 . . . . 100 353 353
1987 . . . . . 100  28.0
1992 . . . . . . 100

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic Studies, U.S. Bureau of the Census. The chinitastry refers to five digit SIC code 20151,
the turkey industry refers to Skbde20153,and the chickeprocessing industry refers to SIC code
20155. Entries labeledd” represent shares thabuld not be disclosed due to confidentiality restric-
tions. 1963 plants include all plants in the sample.
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TABLE 1.11 The Survival of Cohorts of Large and Small Entry Pork Processing and Sausage Plants

Year
Size Cohort 1963 1967 1972 1977 1982 1987 1992
1963 100 22.2 13.7 5.9 4.5 3.6 14
(initial stock)
1967 100 19.0 5.9 5.9 d d
0-24 employees 1972 100 29.3 241 13.8 10.3
1977 100 10.3 10.3 10.3
1982 100 25.0 15.6
1987 100 12.9
1992 100
1963 100 61.8 346 23.7 148 9.4 51
(initial stock)
1967 100 44.0 226 155 11.9 8.3
over 24 employees 1972 100 43.1 13.8 155 155
1977 100 436 33.3 333
1982 100 43.8 40.6
1987 100 37.0
1992 100

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic Studies, U.S. Bureau of the Census. Pork processing réfeesdigit SIC 20116 and 20136
and sausage refers to S20117and20137. Entries labeledd” represent shares thabuld not be
disclosed due to confidentiality restrictions. 1963 plants include all plants in the sample.

TABLE 1.12 The Share of Sales (%) from Boxed Products in the Beef and Pork Slaughter Industries

Year

Slaughter
Industry | Product| Employegs 1963 1967 1972 1977 1982 1987 1992
0-24 109 129 11.0 14.0 16.8 21.6 d
Beef Boxed  25-99 7.7 9.3 11.4 11.7 15.8 16.3 19.1
Beef 100-399 10.1 8.5 12.6 11.0 12.7 19.8 11.7
over 399 79 105 213 22.2 47.5 63.0 67.2
0-24 334 334 275 d d d d
Pork Boxed  25-99 36.0 28.0 345 38.5 47.9 50.9 453
Pork 100-399 377 449 504 57.6 63.9 615 67.2
over399 431 352 46.0 52.2 50.8 541 71.8

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic $udies, U.S. Bureau of the Census. The slaughter industries refer to five digadekC
20111 (beef) and 20114 (pork). Entries labeled “d” represent shares that could not be disclosed due to

confidentiality restrictions.
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The most striking change is in boxed beef productioudnylarge plants (over 399 employees),
which rose to 67.2 percent of output from only 7.9 percent in 1963. Boxed beef products for the plants
with less tham00 employees, on the other hand, rose to less than 20 percent of output by 1992. The
increase in boxed beef output was accompanied by an increase in hamburger production from 3 to 9
percent of total value of shipments and matched by declines in beef carcass and pork products produc-
tion. Beef carcass and pork product sales as a shtatalofalue of shipments by very large beef plants
dropped to 4.5 percent and 0 percent in 1992 from 27 and 18 percent in 1963. Carcass sales and pork
product sales by plantgith less than 400 employees remained at over 32 and 12 percent of total value
of shipments. These two trends suggest a segmentation of the market in which larger plants serve the
boxed beef marketyhile the smalleiplantsserve other market needs. Moreover, combining this
segmentation of the beef market with the growing importance of fdages (Table 1.2) suggests a
causal linkfrom changes in plarével product mix to plant sizes, exit rates, and changes in scale
economies.

As in beef slaughter plants,X®l pork products as a share of total value of shipments rose to 71.8
percent from 43 percent in 1963 for very large pork slaughter plants. Unlike the beef slaughter industry,
boxed pork sales for plants with less than 400 and more than 99 employees increased almost as much
as that for the largest pork slaughter plants. Additiorthlye was little change in pork carcass produc-
tion. The biggest decline as a share of output occurred for other products, which includes variety meats,
not otherwise classified products, processed meats, and non-pork slaughter products.

Table 1.13ndicates that chicken traypacks as a share of total output by chicken slaughter plants
with over 399employees held steady about 29 percent of outpover thel972-92period,while

TABLE 1.13 The Share of Sales (%) from Traypack Products in the Chicken and Turkey Slaughter
Industries and Processed Poultry Products in the Poultry Processing Industry

Year
Slaughter
Industry Product Employees 1963 1967 1972 1977 1982 1987 1992
0-24 n.a. n.a. d d d d d
Chicken Chicken 25-99 n.a. n.a. 9.8 195 11.5 d d
traypacks 100-399 n.a. n.a. 5.1 6.4 5.2 7.8 7.5
over 399 n.a. na. 295 248 27.3 295 23.0
0-24 n.a. n.a. n.a. n.a. n.a. d d
Turkey Turkey 25-99 n.a. n.a. n.a. n.a. n.a. d d
parts 100-399 n.a. n.a. n.a. n.a. n.a. 33.0 14.3
over 399 n.a. n.a. n.a. n.a. n.a.27.9 43.4
E:J‘I[‘r‘;f 0-24 d  d d d d d d
Processed cooked or 25-99 d d 93.1 d d d 61.7
poultry smoked 100-399 80.1 82.3 84.4 89.3 86.3 87.4 91.9
over 399 d d d d d 877 84.2
poultry

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic $udies, U.S. Bureau of the Census. The slaughter industries refer to five digadekC
20151 (chicken),20153 (turkeys) and20155 (processedthicken and turkey).Entries labeled “d”
represent shares that could not be disclosed due to confidentiality restrictions. Entries labeled “n.a.” are
not available because the question was not asked until 1972 for chicken and 1987 for turkey.
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chicken traypack production by smaller plants actexifor a much smaller share of plant output. Prior

to 1972,Census does not report traypack data. Taldl8 alscshows that, as in chicken after 1967,

there was an increase in turkey parts production after 1982. The increases in traypack production in the
chicken slaughter and turkggarts inthe turkey industriesrere matched by declines in whdiligds.

There was little change in other produethjch includes not otherwise classified products and products
outside the industry category of the plant.

We cannot assess differences in composition of output between different size plants in turkey and
chicken processing because most table statistics are disclosure violations. However, the decrease in the
number of table statistics with disclosure violations over time suggest an increase in the number of plants
producing processed poultry products.

Table 1.14shows the share of pork processing plant output from ham, bsaibrpork, and
barbecued pork products and the share of sausage plant output from frankfurters, fresh sausage, dry or
semi-dry salami, other sausages, g@ilied goodsproducts. Excluded are not otherwise classified
products and products outside of the industnsifiaation of the plant. The most notable feature of the

TABLE 1.14 The Share (%) of Sales from Processed Pork or Sausage in the Processed Pork and
Sausage Industries

Year
Industry Employees| 1963 1967 1972 1977 1982 1987 1992
Processed pork 0-24 d d d d d d d
from Iantsr\JNith 25-99 42.5 42.2 42.9 41.4 47.9 57.0 57.8
somepslau hter 100-399 356 369 324 d d d d
g over 399 d d d d d d d
Processed pork 0-24 82.5 81.5 89.4 93.3 d 84.8 91.8
from plants with 25-99 70.9 78.9 75.6 825 854 82.5 73.6
no slaughter 100-399 54.6 58.2 64.4 73.5 69.6 82.3 74.0
over 399 d d d d d 647 72.6
Sausage from 0-24 76.1 750 79.4 d d d d
plants ?Nith 25-99 50.2 52.6 72.6 78.6 78.5 81.9 77.1
some slaughter 100-399 388 374 462 629 66.3 d d
over 399 d d d d d d d
Sausage from 0-24 85.9 85.2 87.0 86.6 82.9 89.8 77.5
plants with no 25-99 75.9 77.9 76.1 88.3 80.9 82.8 78.5
slaughter 100-399 69.1 65.7 68.9 82.0 71.9 81.4 79.7
over 399 d d d d d d 81.2

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
EconomicStudies, U.S. Bureau of the Census. The processing classes r2fdriand 20136
(processed pork, such as ham, bacon, salt pork, and barbecued pork); 20117 and 20137 (sausage, such
as fresh and dry sausage, frankfurters and jellied goods). Entries labeled “d” represent shares that could
not be disclosed due to confidentiality restrictions.
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tables are the number of disclosure violations for the processed pork with slglahterand the
sausage with slaughter plants. B392,only onesize category for each of these industry categories
could be reported. By contrast, all of the table statistics by the processed pork and sausage plants that
do not slaughter could be reported. Sinagput does notary substantially between the types of
processed pork plants and the two kinds of packed meat plants, the vastly larger number of disclosure
violations for processing plants with live animal inputs suggests a decline in live animal input usage in
pork processing and sausage plants.

Animal Input Species Specialization

Census data also provide details on input mixes. ThestHiatathat large slaughter plants
increasingly specialize in a single species (Table 1.15). For example, in 1963, large beef packing plants
slaughtered a large number of hogs and lambd.9Bg, however, large beef packing plants slaughtered
only cattle. The rise in animal species specialization at the fdageés(over 99 employees) over the
1963-92 mriod, particularly in the largest beef slaughtiants, suggests a substantibhnge in the
production processes in these plantser€ was only a modest change in animal species specialization
in the smaller plants.

Table 1.16 indicates that both chicken and turkey slaughter plants had an increase in animal input
specialization over the 1963-92 period. Chicken plant animal input specialization exceeded 92 percent
and turkey input specialization was 100 percent by 1992. Additionally, the failures to meet disclosure
requirements in the smallest size category in 1992 and the largest size categories in 1963 suggest a shift
over time to larger plant size.

TABLE 1.15 Share (%) of Live Cattle or Hog Animal Input Costs in the Beef or Pork Slaughter Indus-
tries

Year
Slaughter | Animal

Industry Input Employeeg 1963 1967 1972 1977 1982 1987 1992

0-24 81.6 823 84.8 86.7 89.9 87.3 d
25-99 82.0 852 884 90.2 88.4 88.2 84.6
100-399 75.1 79.3 904 93.0 90.3 936 984
over 399  52.5 60.2 67.6 81.3 921 99.2 100

Beef Cattle

0-24 75.8 77.2 711 d d d d

25-99 80.6 78.7 86.7 827 88.0 90.0 88.7
100-399 83.5 875 944 908 984 93.3 99.7
over 399  84.5 79.0 909 943 934 974 989

Pork Hogs

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic $udies, U.S. Bureau of the Census. The slaughter industries refer to five digadgiC

20111 (beef) and 20114 (pork). Entries labeled “d” represent shares that could not be disclosed due to
confidentiality restrictions.
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TABLE 1.16 Share (%) of Chicken or Turkeys Live Animal InfZosts inthe Chicken and Turkey
Slaughter Industries

Year

Slaughter{  Animal
Industry Input Employees 1963 1967 1972 1977 1982 1987 1992

Chicken Chickens 0-24 50.0 0.0 d d d d d
25-99 85.8 85,5 936 98.8 89.6 d d
100-399 91.4 93.1 98.1 99.2 98.2 98.3 924
over 399 d 83.0 96.5 95.7 99.6 99.9 99.0

Turkey Turkeys 0-24 d d d d d d d
25-99 93.2 939 984 100 d d d
100-399 915 953 979 975 98.7 100 100
over 399 d d d d d 99.9 100

Source: Authors’ tabulations, using the Longitudinal Research Database (LRD) at the Center for
Economic $udies, U.S. Bureau of the Census. The slaughter industries refer to five digadgiC
20151 (chicken) ancd20153(turkey). Entries labeled “d” represent shares that could not be disclosed
due to confidentiality restrictions.

Discussion

Tables 1.1 and 1.2 indicate that 1963-92 was a period of rising industry concentration accompanied
by a sharp increase in the importance of large plants, especially in slaughter. Tables 1.3 through 1.16
show howthis may have comabout. Entry plant market share is about 9 percent over each five year
Census period in beef and pork slaughter and chicken and turkey slaughter and 7 percent over each five
year Census period in pork processing and sausage after 1972. At this rate, it would take more than 50
years to replace all existing industry capacity. Accordingly, it doeapp#ar that ahange in plant
embodied technolgy, which includes changes in geographic location and the amenability of a building
to the most efficient production process, was a major contributecémt structural changes. Consistent
with this view, thegreater market share of acquired plants than that of entry plants suggests that both
incumbent and entry firms found it less costly to buy existing plants than to build new facilities.

Although the physical shape and location of the plaaly not have changed substantially, the
production processes within plants changgdnatically. In each of the slaughter industries, the largest
plants performed substantially more processing of carcasses into boxed meat, traypack, or turkey parts
products.Smaller plants tended to produce more carcasses. This difference is particularly distinct for
the beef slaughter industr@ver the 1963-92 period, plants with over 399 employees increased boxed
beef production from less than 10 percent to more than 60 per¢betrajutput. Over the same period,
these plants decreased carcass production from about 30 pelesstttan 5 percent and pork products
production from more than 15 percent to O percerint®lin the three size categories with less than 400
employees, on the other hand, obtained less than 20 percent of their sales from boxed meat products and
had more than 30 percent of their sales from carcasses in 1992.

Increases in animal input species specialization and changes in the composition of output for beef
slaughter plants with ov899 employees and for the other slaughter industries with over 99 employees
suggest distinct production technologies for largesamall slaughter plants. In each of these industries,
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a substantigportion of the output of larger plartemes from boxed or traypack products. Smaller
plants, however, produce mararcasses of animals of various types. Accordingbpijitears that a
segmented market exists in which the larger plants use one animal species to produce fabricated products
and smaller plants use multiple species and derive a major share of their output from the sale of animal
carcasses.

Combining the changes in prodocitput composition and input animal species specialization with
an increasing rate of plant acquisitions suggests that incumbents and entrant firms bought existing firm
capacity and then made major changes to the grodymrocesses. These production changes increased
plant scale economies and enaloteght and poultry slaughter plants to better meet market demands for
more boxed meathickentraypack, and turkeparts products. As iesult, small entrplants both
declined in number and had a much loservival rate than did large plants. Accordingly, it appears
plausible that théincrease in market concentration and large plant importance in all of the slaughter
industries stems from a shift to greateonomies of scale for larger plants, which may be better able
to meet more complex market needs in which chicken traypacks, turkey parts, and boxed beef or pork
play a major role. Moreover, the clear association betwken size and product mix suggests that
analyses of scale economies need to explicitly acdourthe role of product mix in affectingpsts,
revenues, and realization of scale economies.

In contrast to slaughter plants, pork processors and squsageers, which produce many finished
niche products, had less to ghiom greater scale economies and little or no opportunity to branch into
additional downstream processing. As a result, the pork processing and sausage industries underwent
less change than the slaughter industries.

Although there was a cealidation and a shift to larger scale plants in each of the industries in our
sample, firm entry still played a major role in the industr§982. Entry firms with either entry or
incumbentplantsaccounted foabout 20 percent of the plantséach of the industries. Gtis 20
percent, firm entry bylant acquisition rather thamith a newplantbecame more common, rising to
about 32 percent of all firm entrants in the beef and pork slaughter industries and over half of all firm
entrants in the chicken and turkslaughter and processing and the pork processing and sausage
industries by 1992.

The data also gives insights into the likely impact of HACCP-type regulation on industry structure.

A major concern has been the potential effect of regulation on small plants. Tables 1.9 and 1.11 show
that over the 1963-92 period only one out of every five small entry plants survived from one Census year
to the next in the beef and pork slaughted pork processing and sausage industries. Small plant entry
into the poultry and turkey slaughter and processidgstries was almost nonexistent. Combined these
trends suggest thanyimpact of HACCP-type regulatiorould be difficult todistinguish from the

natural economic forces affecting small plant survival.

Notes

1The authors are economists at the United States Department of Agriculture, Economic Research
Service, 1301 New York Avenue, NW, Washington, D.Q0005. The analysis was conducted as
Research Associates at the CentelHoconomic Studies, U.S. Bureau of thensus.Any findings,
opinions, or conclusions expressed here are those of the authors and do not necessarily reflect the views
of either the Census Bureau or the U.S. Department of Agriculture. The authors gratefully acknowledge
the help and assistance given by the Center for Economic Studies in their research effort. Special thanks
go to Sang Nguyen, Arnie Rezneck, Bob McGuckin, David Ryan, and Bob Bechtold.

ANe define plants with over 399 employees as large in order to avoid disclosure violations and thus
maintain comparality across years aniddustries, while retaining a suitable definition of a large plant.
Our measures of concentration are based on value of shipmentgramedmaydiffer from those
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published by the Packers and Stockyards Administratibich arebased on the number of head
slaughtered.

SNet exit ratesan be computed by addiegtrants for the current Censgear to the number of
plants in the industry in the previous Census year and then subtracting the number of plants in the current
Census year. For example, net exit in beef and glatighter over the 1963 to 1967 period was 373
plants.

4Plant embodied technological change doesnuitide the arrangement or vintage of processing
machinery, the interaction of machinery and personnel, or management expertise. As a result, there may
be dramatic changes in the capacity and average costs of an existing plant because of equipment changes,
machinery rearrangements, and worker training tiiatat be reflected in plant embodied technological
change.
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