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Prospective Shifts in the 

Location of Livestock Slaughter1 

by Wilbur R. Maki, Charles Y. Liu and Wil liam C. Motes 

. Future prospects of g:rowth in livestock produc
t10n and meat consumpt10n impose new patterns of 
a?justme_nt u.pon our livestock marketing institu
tions. H1stor1cally, our livestock and meat mar
kets. have adjusted t~ changing patterns of pro
,duction_ and consumption by gradually modifying, 
expandmg or relocating existing facilities and by 
.adopting new methods of livestock procurement 
and distribution. 

Sharp changes in these historical patterns of 
marketing and distribution may occur in future 
years. These changes involve the entire marketino
process. Retailers, for example, are more insist 
ent_ now th?'n ever before about buying a pre
scribed quality of product in adequate volume and 
at the lowest possible price. Wholesalers and 
pac~er_s_ are _seeking !Ileans of reducing short-term 
vanab1~1ty m supplies and prices through pro
_grammmg of procurement and slauo-hter activi
ties based on improved market outl;ok informa
tion. . Producers are adopting new production 
pra~b~es and m~~hods of marketing to increase 
their mcome posit10n and to obtain a more precise 
-valuation of their outputs. 

The market changes that occur are related to 
a_ hos_t of factors affecting, in some way, the en
tire livestock-meat economy. Each component of 
the e~on~my,_ how~ver-slaughtering, processing 
and distribution- is affected in a different but 
not neces~arily an u_npredictable, manner. More
over, desirable busmess adjustments to these 
changes in livestock and meat marketino- are beino
achieved through the individual efforts of bust 
ness enterprises in the areas of capital budo-etino
long-range planning and the improvement° of i~~ 
formation on prospective economic conditions. 

In this rep~rt, factors accou_nting for changing 
patterns of livestock product10n and meat con
sumption in the United States and its regions 
are presented in terms of their probable effects 
on the location of the meat packino- and related 
Industries. :finally, these evolving l~cational pat
terns are discussed in the framework of inter
regional competition in the livestock-meat econo
my. 

1 Proj~ct s 1 383 . a nd 1409, Iowa Ag ricultur al a nd Home Economics 
Experim~nt S ta~1on , Ce nt~r for Ag ri cultural a nd Economic Adju stmen t, 
:coope.ratmg . Thi s . report 1s the ~ec~md of t wo report s prepared , in part. 
und~1 a cooperative ag reement with the United States Department of 
.Ag ri cul ture . 

Interregional Competition in the Livestock-Meat Economy 

. Interregional competition in livestock produc
tion comprehends a whole process of adjustment 
whereby farm and farm-related businesses at
tempt to earn a reasonable income from available 
resources. As the demand for meat changes for 
example, meat packers and livestock prod~cers 
change the volume and quality of the composite 
me3:t o~tput in seeking the most profitable or
gamzat10n of production for each business enter
prise. When these adjustments occur on a rather 
broa? . geo_graphical basis, existing patterns of 
speciahzat10n are modified as business enterprises 
of all areas attempt to use their resources in 
the production of those o-oods and services in 
w_hich their income adva;tage is comparatively 
high. For the purposes of this report however 
interregional competition is conceived 'more nar~ 
rowly in terms of the year-to-year chano-es in the 
geographical distribution of livestock 

0

slauo-hter 
and in the principal factors affecting live~tock 
slaughter. 

_In this repor_t, the regional agricultural econo
mies are conceived as an interrelated system of 
markets and producing units. Each livestock or 
meat market is intimately involved in the day-to
day performance of all other livestock and meat 
markets. Livestock prices at Sioux City for ex
a~ple, are related to Chicago prices, but' Chicago 
prices are aff~cted by the volume of marketings 
through the S10ux City and other livestock mar
kets .. Price determination among livestock mar
kets is thus a phenomenon of nationwide scope. 

Prices at livestock markets also are tied to 
dressed-meat prices. Even more than the livestock 
markets, ~he dress~~-meat markets respond to 
b_road national co1;dit10ns affecting meat produc
tion and consumption. Wholesale and retail buyers 
of !Ileat pro~ure their supplies wherever the pre
scn~ed quality and volume of these supplies are 
o):ltamed most economically. Modern communica
tion and tr~nsportation facilities join all buyers 
and sellers m the hundreds of places where live
stock an~ meat are sold and bought in a vast net
work of mterdependent relationships. 

Al_though all markets are involved in price 
makmg, one or more of the larger livestock and 
dressed-meat markets may serve as focal points 
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in the pncmg process. Superior means of com
munication and transportation and a well-devel
oped system of market intelligence favor these 
major markets with comprehensive market news 
reports that are available also to other points in 
the market network. These major livestock and 
dressed-meat markets serve, therefore, as pricing 
points for livestock producers who generally trade 
with local livestock markets. 

The major market centers, together with re
gional specialization in livestock production and 
the existing transportation network, are the prin
cipal elements in the organization of data present
ed in this report. For each of the livestock 
regions, which includes one or more major live
stock and meat markets, the levels of livestock 
production, meat consumption and marketing 
costs are estimated. In terms of this report, 
livestock and meat are shipped from one region 
to another so as to minimize the total transporta
tion costs, given the existing or projected location 
of the meat-packing industry. Price-quantity re
lationships are used to adjust the regional con
sumption levels to the set of livestock and meat 
prices based on the most economical pattern of 
interregional livestock and meat shipments. Thus, 
all geographical areas and their markets are in
volved in the mutual determination of interregion
al commodity flows and the related set of regional 
Ii vestock and meat prices presented in this report. 

Facilitating Adjustments in Meat Production 

A secondary objective of this study is to provide 
an informational basis for a more general under
standing of economic adjustments now under way 
in livestock slaughter and meat production. As 
the location of the meat-packing industry changes, 
the related marketing or distribution facilities 
also change in their location and services. These 
geographical and functional changes in the dis
tribution of livestock and meat from farm to 
consumer may have a profound impact on the 
pattern of regional specialization in livestock pro
duction. Many millions of dollars invested in land, 
buildings and equipment are at stake as a result 
of shifts in the location of the meat-packing in
dustry. 

Private businesses attempt to economize their 
efforts in plant relocation, for example, through 
capital budgeting procedures. Decisions to under
take a specified set of capital expenditures in the 
meat-packing industry depend upon a host of 
considerations including not only estimates of 
prospective returns from the proposed invest
ments under existing market conditions, but also 
estimates of prospective production, processing 
and distribution costs at alternative packing 
points. Economical investments in new plants 
and facilities thus require a degree of market fore
sight that extends substantially beyond the par
ticular markets and areas in which a meat packer 
transacts his business. This market foresight 
requires, moreover, an appreciation of the chang
ing patterns of interregional competition in the 
livestock-meat economy and the forces which 

700 

account for the changing regional relationships 
in production, prices and consumption. A high 
degree of reliability and precision in the regional 
market outlook and the economic forecasts that 
make up the expected market patterns for each 
business enterprise would serve the best interests 
of the entire livestock-meat economy insofar as 
these market forecasts provide a basis for desir
able investment decisions in improved marketing 
and processing facilities. 

In the preparation of this report, published 
research reports dealing with the livestock-meat 
economy were reviewed and used in deriving an 
econometric model of the livestock-meat economy 
for the purpose of generating relevant data cover
ing the period 1960 to 1964. Regional projections 
of livestock production and meat consumption 
based on a short-run model of the livestock-meat 
economy were reconciled, finally, with the eco
nomic projections for the United States prepared 
by various federal offices. The statistical results 
were deemed adequate for ascertaining the general 
effects of changing patterns of interregional com
petition on the regional location of livestock 
slaughter and the meat industry. 

COMPETITIVE RELATIONSHIPS IN THE MEAT INDUSTRIES 

The meat industry, which includes both meat 
packing and prepared meats establishments as 
defined by the U. S. Bureau of the Census, may 
be described as both a supply-oriented and a mar
ket-oriented industry. Livestock-slaughtering es
tablishments, or meat-packing plants engaged only 
in livestock slaughter, generally are located in 
supply areas large enough to satisfy the normal 
needs of the plants throughout the year. The 
considerable weight reduction which occurs in the 
conversion of livestock into carcasses results in 
transportation economies even under present rate 
structures. Moreover, livestock procurement costs 
for plants located in areas of inadequate livestock 
supplies generally exceed the procurement costs 
of comparable plants located in the major produc
ing areas. In addition, weight losses of livestock 
in transit or on hand weaken the competitive po
sition of slaughtering establishments in livestock
deficit areas. 

Market-oriented establishments in the meat in
dustry generally engage in processing meat prod
ucts for a local wholesale or retail market. Fre
quently these plants produce differentiated prod
ucts, such as brand-name smoked ham, which 
compete effectively with the meat products of 
packing plants located in the producing areas. 

Large, integrated meat packing plants typically 
are located in the major hog producing areas in
cluded in the 12 North Central states. These 
plants account for a major part of the meat pro
duction in the United States, particularly the 
meat shipped into states in which total meat con
sumption greatly exceeds total meat production. 

As demonstrated later in this report, two sig
nificant trends are apparent from historical data 
on the meat industry. First, functional speciali
zation has increased in recent years, thus result-



ing in more plants engaged only in slaughtering 
operations and typically handling only one species 
of livestock. Furthermore, supply considerations 
occupy an increasingly important place among the 
factors affecting the location of slaughtering 
plants. Because of the wide geographical distri
bution of cattle feeding and breeding enterprises 
and the increasing consumer demand for beef, the 
meat packing industry is more dispersed now than 
it was 20 or 30 years ago. Also, as a result of 
these two trends, the fo ur largest packers ac
count for a decreasing proportion of the total 
livestock slaughtered. 

An expanding national economy, furthermore, 
has sustained a growing consumer market for the 
more expensive processed meat products. These 
products are differentiated in quality and also on 
a brand-name basis through national and local 
advertising. The large national packers enjoy 
considerable advantages in the development of the 
more expensive and more profitable lines of proc
essed meat products through an established name 
and large-scale organization which can support 
both a more effective research and development 
program and a more adequate advertising budget. 

In large measure, the future location of the 
meat industry is described in terms of the future 
location of livestock production and of human pop
ulation. Most slaughtering plants generally will 
be located in supply areas, while most sausage 
kitchens and other processing faci lities will gravi
tate toward the population centers. 

A map of Standard Metropolitan Statistical 
Areas, as defined by the U. S. Bureau of Census, 
serves to illustrate the more favorable localities 
for the future location of the meat industry (see 
fig. 1). This map also shows roughly the distri
bution of human population in the United States. 
A second map showing the distribution of live
stock production serves to delimit further the 
majo1· centers of processing and slaughtering (fig. 
2) . 

To evaluate the locational effects of the major 
economic forces-market prices, livestock produc
tion, meat consumption, distribution costs and 
industry organization-certain competitive rela
t ionships in the meat industries are first reviewed. 

A schematic diagram is used to show the in
fluence of production, consumption and related 
factors on location decisions in the meat industry 
(fig. 3). These factors are grouped under four 
general headings : the structural characteristics 
of the meat industry, the livestock-feed economy, 
the consumer markets for meat products and the 
transpol'tation network. 

Economic Structure of the Meat Industries 

The economic structure of the meat industries 
is characterized by the number and size of firms 
and establishments, the geographical location of 
these establishments, the rate of entry of new 
firms into the industry, the degree of vertical 
integration or specialization and the extent of 

STANDARD METROPOLITAN AREAS : 1954 

,., ... ,.. 

US 0t:MIIITll(~t Olf C(Mil(ftC( 

.Fig . 1. Geographical location of 172 standard metropolitan areas, 1954. 
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FARM PRODUCTION OF CATTLE* FARM PRODUCTION OF HOGS* 
By State& , os ~ of U. S. Total , 195S 

U, 5. TOT AL ll,4 02 Mil . ll, 
U. S. TOTAL 19,973 Mil. 11. 

U, S, OCl'.Ufli[MT OF .4GUCULTUI[ IUG . Hll•U ( 1) ,cJtlCULTU ll• L IIIAU[TIMC !ll"II VIC [ 

FARM PRODUCTION OF SHEEP AND LAMBS* FARM PRODUCTION OF MEAT ANIMALS* 
~ ~ ly States, a,~ of U. S. Total , 19,i..-: 

• ... 

U.S. TOTAL 1,61 2 Mil. ll. U. S. I0TAL 0 ,917 Mil, 11. 

U. S. or l'•lfll[MT OF ACII ICULT Ultt .. ,c: ,o,.Jun .-. c1ICULTUUL MU lt [T INC SUVICt 
._u_.s_ •• _m.;;.RT;..;••;..;"..c';...c".;..;".;.;_"•;.:.;LT.;._;••.;;_< ____ __;t1£C , J~"• Sf {7J AGIU CULT UIIAL M.I.UtTUH: SUYIC t 

Fig . 2 . Percentage distribution of f ar m production of spe cified livestock species, by states , 1955 . 

product differentiation. These structural attri
butes are believed to account for the behavioral 
relationships of firms in the industry. Behavioral 
relationships among firms are extremely difficult 
to ascertain; hence, the more readily available 
measures of market conduct and performance are 
presented. 

Determinants of Market Conduct and Performance 

Two phases of market conduct are cited by Bain 
in a recent study of industry organization :2 (1) 
the character of interfirm relationships and co
ordination and (2) the principles and methods 
which the effective decision-making units observe 
in arriving at decisions and actions. The market 
conduct of firms in the meat industries might 
be classified further with respect to the conduct 
of (a) livestock slaughterers and meat wholesalers 
and (b) livestock buyers. On the sales side, the 
principal considerations include the determination 
of prices and outputs, sales-promotion and product 
policy, and improvement of market position. 

:! This di scussion on structu ra l cha racteri sti cs in the meat indu stry 
fo \l o \vs the terminology and gene ra l patte rn of presentatio n used by 
Bain. See : Joe S . Bain. Industri a l o rgani zation. John Wiley and So ns, 
Inc .. N ew York. 19 59. pp . 26 6-·127. 
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The volume of meat production is determined 
by the actions of several million livestock produc
ers. Furthermore, a major part of the output is 
composed of a bundle of relatively homogeneous. 
products as prescribed by the grades and stand
ards generally used throughout the economy. 
Hence, prices are established by the over-all mar
ket conditions-livestock production and market
ings, cold storage holdings, consumer incomes and 
other demand determinants of broad national in
fluence. A relatively small number of meat buy
ers, however, accounts for a major part of the 
meat sales (which thus differentiates the activ
ities of the industry with respect to its output and 
input markets). For this reason, and also because 
of product homogeneity, prices are established 
with a remarkably high degree of precision for 
any specified quality of product. Though buyers 
and sellers act independently in setting prices, the· 
net result of their market activities is character-
ized by a mutually determined set of prices repre
senting the influence of the major demand deter
minants which essentially are separated by the
dimensions of time, space and form. 

Product and sales-promotion policies are inher--
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Fig . 3 . Decision-m~king environment affecting capital expend itures 
and plant location in th e mea t packing industry . 

ently more important among meat processors and 
national packers than among specialized slaugh
terers. Market strntegy for prncessed meat prod
ucts , fo1· example, comp1·ises elements of both 
product and market development. Thus, the re
sea1·ch and development departments of a meat 
packing company are impol"tant elements of the 
company's over-all prng1·a.ms of market expansion 
thrnugh the design and development of new prnd
ucts which have large potential consumer markets. 
Because of the possibilities of achieving wide
spread acceptance of well-conceived new products 
through a coordinated sales-promotion proo-ram 
meat p_rncessors invest more willingly i~ a.~ 
agg1·ess1ve development program for new prod
ucts. Sales-prnmotion activities thus serve as an 
integral pa.rt of a strategy of market penetration 
and expansion either thrnugh new product devel
opment or through the changin(}' of consumer 
preferences with respect to exi;ting prnducts. 
Sha1p. breaks from past policies, however, may 
precipitate more aggressive market strateo-ies 
~mong competing firms. Hence, changes in erist-
11:g prnduct and market relationships may be 
viewed conservatively by fiims that are extremely 
vu lnerable to retaliatory action by competitors. 

Finallr, the ~~isting_ fi~·ms in the meat industry 
may desire pohc1es to limit the entry of new firms. 
Such policies, if effective, would create or protect 
favorable market shares and profit maro-ins for 
the industry. In practice, however entry into the 
meat industr y is quite easy beca~se of the low 
~ap_i~a~ requirements of specialized slaughtering 
faci lities and also because of governmental policy 

inhibiting mal'l,et sharing and certain forms of 
merger and vertical integration. 

On the buying side, the meat industry has a 
considerable degt-ee of flexibility in its profit
making activities. Though the indust ry as a whole 
takes care of the entire output of the livestock 
sector as it comes t o market, individual plants 
have some discretion in prngrarnming production 
and employment. 

Lack of coordination between prnduction and 
employment contributes to short-term fluctuations 
in profit margins in the meat industry. While pro
duction schedules may fluctuate from day to day, 
employment is fixed for the week. Even weekly 
fluctuations in meat prnduction induce additional 
costs because of the undesirnble effects of fre
quent changes in the rates of hirino· or firino· pro
duction workers (which may exce;d the co:ts of 
less-than-full employment). During periods of 
less-than-full employment of labor resources live
stock buyers bid aggressively for the limited sup
plies of livestock, while during periods of heavy 
farm marketings, the existing labor force is paid 
ovel'~ime to handle the larger-than-expected pro
duct10n schedules . Thus, the cost of livestock may 
vary sharply from day to day because of short
term variability in livestock marketings. Im
provements in short-term market forecastino
w_ould reduce some of the price variability, pro':. 
vided the procurement activities of slaughterers 
were effectively coordinated with the market fore
casts and the scheduling of workers in each plant. 

Spatia l Distribution of the Meat Industries 

Earlie1·, the two major factorn accountino· for 
the spatial distribution of the meat indushies
human population and livestock prnduction-were 
cited with reference to locational trends in live
stock slaughtei· and meat processing. In 1954, 48 
percent of all meat packing plants and 79 percent 
of all prepared meats plants were located in the 
172 standard metropolitan areas. '1 An even larger 
percentage of the total employment in the two in
du stries occurred inside these metropolitan areas 
- 79 percent in the meat packing industry and 91 
percent in the prepared meat s industry (see table 
1). Furthermore, less than 10 percent of the total 
employment in these two industries was located 
outside cities of 2,500 inhabitants or more." 

Generally, the larger -sized meat packing and 
prepared meats establishments are located in 
standard metrnpolitan areas (table 2). Most of 
the smallest packing plants-those reporting less 
than 20 employees-are located outside these 
areas. 

Because of geographical diver sity in livestock 
production, a r egional breakdown of the livestock
meat economy is used in describino- further the 
size distribution of establishments"' in the meat 

3 A standard metr~politan a rea, except. in New Eng land. is a whole 
~1u55~

0
QQ f~h~tit~'fnt.~o ,~~-ig~~~-!. COU!1t.ies \Y hich conta in a city or cities 

1 Because o [ Lhe g" 1·eate r debdl of Lhe published 1954 Census of l\1a nu 
faci~rei-s_ data, m<?St ? [. the factual information pertainin g- lo t he m eal 
p_acktng ind ustry 1s limited to the 1954 ca lendar year. Moreove r, 1 954 
1s the base year for this stud y. 
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Table l . Distribution of em ployment in meat packing and prepared 
meats industries by m etropolitan area and city size, 1954.a 

Urbani zation and 
19 50 popu lation 

Employ men t (percent) 
Meat Pre pared 

In side Standard Metropolitan Areas (SMA ) 

In co rporated c ities : 

packing m eats 

500 .000 or more....................................... 20 .8 51. 7 
1 00.000•499 ,000 ····· ······•·· ·········· · ·····•·········•···· · ·· :!6 .1 21.1 

5 0. 000- 99,999 ······· ·· ················ ···•········ ·••······ 13 .1 4.1 
10,000- ,19 ,9 99 ................................................ G.8 3 . 6 

Vi00- 9,999 ......... ................ ...................... 0.G 0.6 
All othe r nlaces... ....... . ................................. ..... ..... 11.4 9 .5 
Ou ts ide Sta nda rd Metropoli tan Areas ( SMA) 

Citi es : 
1 0,000- 49,000 ································· ········•······ 

2.500• 9,999 ··· ·· ············· ···· ······ ···················· 
A II other places ...................... ........... .......... .......... . 

10.0 
1.9 
9 . 2 

3. 7 
2 .8 
3 .0 

a U. S. Departme nt of Com m e rce . Metropolitan a rea and ci ty s'.ze 
pattern s of m a nufactu rin g ind ustries, 19 5 4. Ar ea Tre nd Seri es, No. 4 . 
Jun e 19 59. Detail ed fi g ures may not add to 1 00 percent beca use of 
indc ne ndent 1·ounding . 

Table 2 . Distribution of meat packing and prepared meats plants, by 
metropolitan area status and employment size, 1954." 

N umber of employ ees 
per esta bli shmen t 

Me:it 
packing pl a nts 

In side Ou ts ide 
SMA SMA Total 

Prepa1·ed 
meat pla n ts 

Ins ide Outs ide 
SMA SMA Total 

( number) 
1.- 1 9 54 6 889 1, 435 652 229 88 1 

20 . 99 365 261 626 287 45 3~ 2 
100 . 499 ···························· 1 53 67 220 90 7 97 
500 -999 ............... .. . .......... 35 6 41 3 0 3 

1, 000 o r more .................... 41 4 45 3 0 3 
rota. I ........ ............... .. .. .. ....... 1 ,140 1 ,227 2,367 1,035 28 1 1 ,3 16 

a U . S. Department of Comme rce . :Metropo litan :uea a nd city s ize 
r atte n1 s of m a n ufacturin g industri es , 1 954 . Area Trend Ser ies . No. 
4. June 1959. 

industries. Though many possible groupings of 
states exist, the U. S. Census breakdown into the 
nine major Census regions is used in this study. 
Four regions, however, are combined into two re
gions, and Delawa1·e and Maryland are regrouped 
as part of the first of these two regions. Thus, 
in this study, the Northeast comprises the six 
New England states and the three Middle Atlantic 
states, in addition to Delaware and Maryland. As 
shown later, this first group of states represents 
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the most important consumer market for the live
stock and meat which move in interstat e com
merce. The second composite region includes the 
South Atlantic and East South-Central states. 
This region also comprises a growing consumer 
market for meat (although livestock shipments 
into this region may decline in future years ). 
The remaining five regions shown in fig. 4-East 
North-Central , West North-Central, West South
Central, Mountain and Pacific-correspond with 
the U. S. Census regions . 

The regional distribution of meat packing and 
prepared meats establishments inside the standard 
metropolitan area corresponds with the number 
of these metropolitan areas and the distribution 
of human population. The Northeast, for example, 
has the highest concentration of establishments 
inside the standard metropolitan areas-71 per
cent and 81 percent, respectively, of the meat 
packing and prepared meats plants. In the sparse
ly populated Mountain states, however, only 30 
percent of the meat packing plants and 53 percent 
of the prepared meats plants a1·e inside the stand
ard metropolitan areas. In the Southeast, these 
two percentages are only 28 and 45, respectively, 
because of the occurrence of smaller plants and 
the lesser importance of interstate meat shipments 
originating from plants located in this region. 

The spatial disti-ibution of the meat industry 
differs also in plant size. Most of the aggregate 
national output of the two meat industry groups 
is derived from a small number of large-size es
tablishments. In the meat packing industry in 
1954, 3.6 percent of these establishments-those 
employing 500 workers or more-accounted for 56 
percent of the total value added by manufacturing 
and 73 percent of the total employment in the in
dustry. In the prepared meats industry, estab
lishments with 500 employees or more-which 
made up less than 1 percent of the establishments 
-accounted for 14 percent of the total value 

Fig . 4. Livestock regions and 

ma jo :· t rans:J o rta tion centers in 

f1c Un ited States. 



added by manufactm·ing and 13 percent of the 
total employment in the industry during the same 
period. The r egional distribution of meat packing 
and prepared meats establishments is shown in 
tables 3 and 4 according to size and metropolitan 
status. 

The geographical location of meat packing- and 
prepa1·ed meats establishments reporting 20 or 
more employees in 1954 is shown in figs. 5 
through 8. In the meat packing industry, estab
lishments reporting less than 100 employees were 
widely dispersed (fig. 5), while the larger estab
lishments were confined largely to the Corn Belt 
states and major wholesale centers outside the 
Corn Belt (fig. 6) . 

Prepared meats establishments employing 20 
or more persons generally were located in the 
major metropolitan areas. Establishments with 20 
to 99 employees were concentrated in the principal 
regional population centers (fig. 7). Most of the 
output of this industry, however, originated from 
the large plants located in the Chicago, New York, 
Philadelphia, Baltimore, Boston, San Francisco, 
Los Angeles, Detroit, Milwaukee and St. Paul
Minneapolis metropolitan areas (fig. 8). 

Meat packing plants may be differentiated 
further in terms of federal inspection.5 Establish-

' Th e U . S. Depa rtmen t of Ag ricultu re listed 3. 217 establi shme nts as 
of Ma rch 1955. while t he U . S . Department of Co mmerce li sted only 
2 .3 67 in the 19 5 4 Cen sus of Ma nu facturers . In term s of vo lume, t he 
Census of manufacture rs covered a bout 90 pe rce nt of the commerc ial 
rneat produ ctio n in the United Stntes . The ce nsus defini tion excludes 
meat w holesale rs and other estab lishm e nts w hich a re not e ngaged in 
li vestock s laughter as a prim ary nart of the ir bus iness . Ma ny of these 
establi shments , as ,veil a s sma ll freeze r-processor plants a nd local re
ta ilers . are included in the U. S. D epartmen t o f A g ri cul tu re survey. 

ments under federal inspection may engage in in
terstate commerce and are generally large-scale 
meat slaughtering operations. If nearby consumer 
markets are large, federally inspected slaughter 
may locate a considerable distance from the major 
livestock producing areas. Typically, however, 
these establishments are supply-oriented with 
reference to major sources of slaughter livestock 
(see table 5). 

Other wholesale and local slaughtering estab
lishments include the majority of livestock 
slaughterers. These establishments serve smaller 
local markets and typically slaughter locally pro
duced livestock. The size of market and supply 
area, in addition to management experience and 
financing, are major factors affecting the pros
pective growth of these firms . 

Substantial differences in output occur among 
establishments under federal inspection and be
tween federally inspected plants and those that are 
not under federal inspection. As shown in table 6, 
the average 1954 slaughter per plant under fed
eral inspection in the West North-Central states 
was several times greater than the average 
slaughter per plant in any other region. Regional 
differences among slaughtering establishments 
not under federal inspection, however, are quite 
small. 

Cornme1·cial livestock slaughter under federnl 
inspection made up 70 percent of the total number 
of cattle and calves slaughtered in 1954, 83 per
cent of the hogs and 89 percent of the sheep and 
!ambs (table 7). The concentration of federally 
mspected meat production in each region is di-

Tab le 3. Regiona l d is t: il: ut;on of meat packing p la nts of specified s ize a nd metro p o! itan sta tu s, 1954.' 

Regio n 
In s ide 
SMA 

Northeast ·--····-··· ·-·· ·--·-·--··-··-·-···-·-·---···-·-·-----
E a st North-Central -·-·--·-··-·-- •-·-·--·•----··-- ·•-· ·-······---·---·-··-···· 
W est N orth-Cen traL. _ .. ··--··-···-·----· ·-· · -··--··· ·----··. ·-·-·-·-•·-· ·-·-·-
Southeast -· ----·· ·-···---··-·--·-·-·--··-···--··--····-··-··-·- ·--· ··· · ·····-·······-
West South-Central ·-··---·-·-·-------·---··--·-··--·----··-· ····-••···---··-· 
Mounta in .................... . . ......... . .. .. ·····•·······---·----------·••-----··· · 

Pacific ----··--·---- ------··----··----- ----···················· ·· 
Tot"l ·-·--··--·- ·-··- ·-···-·-··-----··-···-----·· ···-•-·---···---·-·-··-··- ··-· ·-· 

37 
30 

6 
8 
7 
3 
u 

1 00 

1 to 19 

Out side 
SMA 

12 
24 
1 2 
18 
15 

9 
10 

100 

Number of employees pe ,· establi shm e nt 

:J O to 99 100 to 49 9 

Inside Ou tsid e In s id e Outs ide 
SMA SMA SMA SMA 

(perce nt) 
28 9 18 5 
25 1 5 27 25 

9 13 10 19 
1 2 33 14 36 

8 1 3 u 4 
4 7 7 6 

1,1 1 0 12 5 
1 00 10 0 100 100 

500 or m ore 

I nside 
SMA 

33 
27 
31 

4 
3 
:J 
9 

1 00 

Ou ts" c\c 
SMA 

0 
G 

50 
19 
1 2 

0 
13 

10 0 

n U. S. Department of Commerce. Metropoli tan area a nd c ity s ize pattern s of manufacturi ng indu st ries. 19 5 4. Area T'l'e ncl Series . No. 4. June 1959. 

Table 4. Reg ional distrib ution of prepa red meals plan ts of specif ied si ze and metropolita n status, 1954." 

Nort heas t .............. . .. ............................... . 

East North- Central -········ ··· ·-·-····-·- ·- · · ··· -
West North-Cen t ral.. _._··· ··-······-··----····-·-·--
Southeast -· ·--·-··· ···-··-··-·. ·-· _ ··-· ---·--- ·-· .. ··-· ·-· ·--· ·-----··-···--- •· ·-·· 
W est South- Ce n t ra l -·- ···-•--·····-·----···· 
lvTou nt:1. i n 
P aci f ic .......................................... ......... . 

Tot a l ·· ·-··--·-····- ····· -···--··-·· 

In s ide 
SMA 

4 3 
23 

5 
8 
(j 

~ 

1:1 
1 00 

1 to 19 

Outs ide 
SMA 

:l4 
17 
1 0 
27 

9 
5 
8 

100 

Number of e mpl oyees pe1· 

20 to 49 

In s ide Oulside 
SMA SMA 

(perce nt) 
38 35 
31 27 

7 6 
8 17 
!i 6 
l 0 

1 0 9 
1 00 100 

esta bi shme nt 

100 to 499 !iOO 0 1· mo re 

.ln s ide Ou tsi de In si d~ 
SMA SMA SMA 

40 31 33 
36 23 67 

5 23 0 
4 0 0 
5 8 0 
1 0 0 
9 ] 5 0 

1 00 100 100 

11 U . S. De pa1·trnent of Commerce . 1\1etropo l itan area a nd c ity s ize pattern s of ma nufacturin g industries, 19 5 4. A1·ea Tre nd Series, N o . 4. June 19 59 . 

705 



Fig . 5 . Geog raphica l c1;s1ribution of me al packing establishments with 20 to 99 e mployees in 1954 . 

Fig . 6. Ge og raphica l di stri b ut io n of mea l packing esta blishments with 100 employe e s o r more in 1954. 
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Fig . 7 . Geog raphic a l di stri bution of pre pared mea ts establi shmen ts with 20 to 99 e mp loyees in 1954. 

Fig . 8 . Geographic al di str ib utio n of prepa red meats establishmen ts with 100 e mploy ees or m c:> re in 1954. 
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Table 5 . Regional distribution of f ederally inspected and other live• 
stock sla ughtering plants , March 1955." 

Fede rall y 
Reg io n i nspectedh 

N o,·t heast ... .... ........ 91 
E ast N o r t h-Ce nt ra l.. ........... . 96 
West N o r t h-Ce nt ra l 

M is~our i a nd K a nsas........ 29 
Ot hc 1· states •· ----------········ 57 

South Atl a ntic' ..... ....... ........ 23 
South Cent ral i...................... 52 
Moun tain ......... ...... ............. 29 
Pacific ....... ........................... 78 
T'otal ----··············---······ ········· 455 

Not federally 
in spected 

Ot he,· 
w holesa \ec L oca l<! 

( number) 
1 68 42 7 
:? 5 420 

;JS 5:1 
:~ 1 8~ 

127 228 
186 38 4 

51 1 05 
93 111 

952 1,8 1 0 

Tota l 

686 
774 

1 20 
170 
378 
6•)•) 

1 8:i 
28~ 

3, 21 7 

a Includes a ll plants with a n output of 300,000 pounds o r more l ive
we ig ht annuall y as repo rt ed by U . S. De 1)t. A g r. , June 15, 19 55. 
b Includes a ll pl a nts wh ich slaughtet· a nima ls unde l' inspectio n condu cted 
by t he Meat In spectio n Bra nch. U . S. Dept. Ag r. 
c In c ludes principa ll y those pl a nts n ot unde r f ede ral in spectio n a nd 
slaughte rin g over 2 million rounds liveweight a nnuall y, 
d I ncludes principally those plants not under -federal in spect. io n a nd 
slaughterin g; less than 2 mi ll ion pound s, bu t more t ha n 3 00,000 pounds 
l ivewei ght a.nnua ll y . 
• Minnesota . Iowa . N eb raska . Sou t h D a kota, N o ,.t h Dakota . 
r Virg inia. W est Virgi nia , N orth Ca rolina, South Ca rolinn. Georgia. 
F lo :·ida . 

I.!' K ent uc- ky , T ennese:ee . Al abama. 1\1ississipJ)i, A rk:insas, Loui sian a, 
Oklahom a , T exas . 

r ectly related t o the total regional meat production 
per p2rson. For example, in the West North
Central states, excluding Missouri and Kansas, 
practically the entire livestock slaughter is under 
federal inspection. Meat production per person in 
these states is five to six times the national aver
age. 

Slaughtering establishments operating under 
federal inspection show a rather persistent histori
cal trend toward increasing output per establish
ment (see table 8). In the period from 1920 to 
1939, the number of these establishments declined 
gradually (from a peak of 347 in 1924 to 284 in 
1939). During this period the total meat output 
of these establishments was quite stable. Hence, 
the output per establishment increased gradually. 
World War II, however, disrupted the earlier pat
terns as shown in fig. 9. During the 5-year period, 
1939-44, total federally inspected meat production 
increased about 54 percent-from 11,608 million 
pounds to 17,921 million pounds in carcass weight 
equivalent-while the number of slaughtering es
tablishments conducting slaughter under federal 
inspection increased from 284 to 481. Total meat 
production under federal inspection more than 
kept pace with the increase in total commercial 

production by increasing the percentage of total 
production from 75 in 1939 to 78 in 1944. Most 
of the relative. increase in federally inspected 
slaughter occurred in beef production. In 1959, 
527 establishments were conducting slaughter 
under federal inspection. Total meat production 
under federal inspection was 21,114 million 
pounds, or 81 percent of total commercial produc
tion. 

The association between livestock production, 
human population and the size distribution of 
meat packing plants was revealed in a series of 
three r elationships derived from data reported in 
the 1954 Census of Manufacturers and summar
ized by the U. S. Department of Commerce.r. The 
reported data on the number of establishments 
in each of three specified size classes were related 
to (1) farm production of cattle and calves, (2) 
farm production of hogs and (3) human popula
tion. Estimates of each of these variables were 
obtained for 48 states from U. S. Department of 
Agriculture and U. S. Department of Commerce 
publi cations.' The functional relationships and 
thei1· coefficients are as follows: 

Y, ; = 5.162 + 7.040Z ,; - 0.518Zo; + 6.246':":,z ,; 
(6.584) (4.710) (0.848) 

R 2 = 0.594 (1.1) 

Yo; = 0.607 + 6.020':,z, ; - l.299Zci + 3.764*':, z li 
(2.825 ) (2.021) (0.364) 

R 2 = 0.750 (1.2) 

Y:i ; = o.444 + 1.292,:,z li + 2.255 *':, z ,; + o.62F':,z"i 
(0.589 ) (0.422) (0.076) 

R 2 = 0.803 (1.3) 
where, for the i 111 state, 

Y, = number of meat packing establishments 
with less than 20 employees in 1954; 

Y2 = number of meat packing establishments 
with 20 to 249 employees in 1954; 

Y, = number of meat packing establishments 
with 250 or more employees in 1954 ; 

,; U. S . De pa 1·tme nt of Commerce. B urea u of the Census . U . S . Census 
of M:tnufactu1·e1·s . J 95 4. Vo l. 2 . P a r t f. U . S. Govt. P rint. Of f. , 
W:tsh inp:to n. D. C. 1 957. 

7 lJ . S. D epa rt ment of A g ri cu lt ure. Ag l'i cul t.ura l M n.rketin g- Serv ice. 
Li vestoc k n.nd 1:: e~1t sl:lti sLi cs . U . S . D E' PL A g- 1·. St:1t.. Rut. 2:10 . 1 9fi 8. 

Tal:le 6 . Estimated average number of livestock slaughtered annually per establishment, by species, inspection and region, 1954.' 

Caltle a nd ca lves Hogs Sheep a nd lambs 

Unde r Nol under Unde r Not und e r Unde r N ot unde r 
R egion federal federal federal fede ral fecle rnl fede 1·a l 

l.'J'o rt heast ..... . 
East N o r t h-Cent ral 
W est N o r t h-Central 

Mi ssouri and Kan sas ............... ........................................ . 
Othe , st a tes ..................................................................... . 

South A t i a nti c .... ......... . ........ .......... .. ........ .... ............ . 
South Cent ral 
Moun tai n 

T ota l ........... . 

insJ)ect ion i nspect ion 

~G.9 4 .4 
70 .(i 4 .8 

86 .9 4 .1 
1 28.2 3 .4 

4 9. 2 3.5 
69 .8 4 .6 
43 . 3 2 .5 
:n .o f>.fi 
63 .2 4 . 4 

inspecti on ins pect. io n 

(J .0011 head ) 
1 31 .2 !i.9 
309. 7 9.2 

327 .9 5.7 
71 8 .3 2.0 
137 .1 7 . 4 

1 03 .!i 4 . 4 
4 9.4 3.1 
75 . 3 ~ .l 

234 .2 5 .9 

" U. S . De pa rt me n t o ( Agricul t u,-e. Li vestock a nd meat stat istics, 1 95 7. U . S. De1>t. Agr. Stat. B u i. 230. Jul y 1 958 . 
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in s pect io n in spectio n 

f.8 .(i 
36 .0 

107 .9 
178 .6 

50. 4 
71.9 
4 1. 5 
64.8 

1. !'i 

1. 5 
0 .1 
0.3 
0.6 
0. 7 
2.6 
1.8 
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Fig . 9 . Total meal production and live stock slaughtering establish-
ments under federal inspection, 1920-59 . 

Z, = farm production of cattle and calves in bil
lions of pounds liveweight in 1954 ; 

Z2 = farm production of hogs in billions of 
pounds liveweight in 1954 ; 

Z:1 = human population in millions of persons in 
1954, 

These data show t he decreasing importance of 
human population, Z3, and the increasing impor
tance of livestock production in explaining the 

Table 7 . Percentage of total livestock slaughter under federal inspec
tion, by species and region, 1954." 

Region 
N 01·theas t .. . ............. ....... .................. . 
Eas t North-Central ........................... . 
West North -Central 

Mi ssour i ancl Kansas _____________________ _ 
Other s tates ... .. .............................. . 

South Atlantic .................. ................. . 
South Centra l ............ ......... .. .. .......... . 
Mounta in ··········--------- --------- ------·---·--· 
Pacific ............................................. . 
~ro•·al ............................ ..................... . 

Commercial sla ug hter 
under federal inspection 

Ca ttle and S heep and 
cal ves H ogs I am bs 

53 74 86 
66 77 64 

87 
9!i 
46 
58 
76 
72 
70 

9•1 
99 
51 
64 
7 2 
83 
83 

9~ 
100 

0 
94 
9 .1 
8!l 
89 

11 U. S. Dena.rtment of A g t'iculture. Livestock and me:1t. sb1 t istits . 1 ~) !17. 
U. S . Dept . A g r. Stat. Bui. 2:{0 . Jul y 19"8 . 

number of establishments of a specified size class 
in any of the 48 states for which estimates were 
available, For the smallest size group, only the 
population variabie is significant at the 1-percent 
level. (Following customary usage significance at 
the 1-percent level is indicated by two asterisks, 
while significance at the 5-percent level is indi
cated by one asterisk) An increase of 1 million 
in state population is associated with an increase 
of 6,246 establishments in the specified size class, 
For the largest size group, however, an increase of 
1 million in state population is associated with an 
increase of 0.621 establishment, while an increase 
of 1 billion pounds of liveweight production of 
cattle and calves or of hogs, respectively, is 
associated with an increase of 1.292 and 2.255 
establishments. The effect of cattle and calf 
prod uction , however, is significant only at the 5-
percent level. 

The statistical relationships in equations 1.1 
through 1.3 were used to estimate the number of 
establishments in each of the three size groups. 
When the estimated values differed from the re
ported values for each state by more than 50 per
cent of the average number of establishments per 
state in 1954, the states thus identified were listed 
separately (with the difference between the two 
values shown in parenthesis) in table 9. 

States with major wholesale food centers, or 
with an early start in meat packing, generally 
showed a greater-than-expected number of estab
lishments in each of the size classes. Most of the 
New England and New York retail meat markets, 

Table 9 . Differen ce between reported and predicted number of es
tablishments, by size class and states, 19 54 . 

Number of 
employees per 
establi shment 

Repo i·ted gl'eater 
th <tn predicted 

number 

l to 19 emp]oyees .... .. .. .. .. Pennsylvania (44) 
Ohio (58) 
I ndi a na (49) 
Mi chigan ( 22 ) 
Texas ( 26) 
Washin gto n (24) 
Oregon (28) 

20 to 249 eml)loyees ..... .. Pennsylvan ia (22) 
Oh io (20) 
Georgia (11) 
Ca lifo rni a (l '.l ) 

2!l0 0 1· more e rnployees .... New Jersey (2.0) 
P e nn sy lvania (l.8) 
Ohio (5.0) 
Ill inois ( 3.0) 
Ka nsas (2.5) 
Georg ia ( 2.0) 
Utah (1.7) 

Repo rted less 
t ha n p red icted 

number 

Ne\v York (38) 
Minnesota (17) 
Iowa (20) 

Massachusetts (11) 
New York (32) 
Illinois (9) 
Iowa (10} 
New York (4.1) 
Mi chiga n (3 . 2) 
Iowa (1.9) 
Nor t h Carnl ina (3 . 2) 
Al a ba ma (2.6) 
Loui s ian a ( 2.1) 

Table 8 , Average number of slaughter ing establishments operating under federal inspectio n and average annual slaughter per estab lishment, by 
livestock spe cies and 5-year period , 1920-59.° 

1.-yP;u· pPriod 

19 20-24 ··················································· ··························· 
19 25-29 ·····················•···········•········· ···· ··················•············ 
19 30-34 ······················ ·········· ··································· ··········· 
19 35-39 ············· ·················· •············································· 
1940-4 4 ················ ·····••···················· ······················•· 
194 5-49 ··················· ························ ··································· 
19 50-54 ··················· ···· ··························•······· ····················· 
19 55 -59 

Calli e 

E st ab-
I ishments H ead per 

s lau g h- est.ab-
teri ng li shment 

in 32,049 
256 36,178 
248 34,2 75 
25 0 40 ,008 
316 37, 22 2 
433 31, 252 
394 37,690 
449 41, 7 ,J 3 

Calves 

E stab-
li shmenls Head per 

s laugh- es tab-
tering l ishment 

270 1 5, 92 5 
26 3 18,670 
252 19,689 
243 23,7 31 
297 19, 932 
329 20 ,735 
309 19 ,880 
33 6 19,793 

H ogs Shee p Hnd lambs 

Eulah- E stah-
li shments H ead ner l ishments H ead ner 

slaugh- eslab- Slaugh- estab-
te ri ng- lishment ter ing li shment. 

25 4 177,9l6 222 G2,598 
24 3 185 ,33 4 204 64,075 
23 2 194,297 207 83 ,326 
214 16 0,40 1 191 91, 551 
260 217,895 24 6 83. 338 
28 5 165,110 219 77 .784 
262 219 ,814 198 6 3,4 27 
263 240, 46 3 222 61.05:l 

• U . S. D epartment of Ag ri cul t ure. Li ves tock a nd meat sta t isti cs, 1957. U. S, Dept. Agr. Stat, Bui , 23 0 , J u ly 19 58 (a nd year ly supp le m e nts). 
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for example, generally ar e handled by packer s lo
cated in P ennsylvania, Ohio or the Middle West. 
Also in these estimates, Iowa appears with less 
than the expected number of establishments in 
each size class, which indicates a substantial ship
ment of livestock to other states fOl' slaughter 
purposes . Finally, Georgia packing plants would 
appear to have some locational advantages not 
available to packing plants in North Carolina, Ala
bama and Louisiana. More recent data, however, 
reveal changes from the 1954 patterns in the ex
tent of geographic specialization in livestock 
slaughter as a result of plant abandonment and re
location during the latter part of the 1950's. These 
locational changes are discussed later in this re
port. 

Consumer Markets for Meat Products 

The growth of population and personal income, 
the changing patterns of consumer tastes and the 
competition of other goods and services are the 
pr incipal economic fact ors affecting the demand 
for meat products. Insofar as these changes occm· 
at differential rates within the United States, the 
geographical location of the meat packing indus
try will shift to some extent in r esponse to the 
changing spatial pattern of the consumer markets 
for meat products. In this section, two facets of 
the demand for meat products are reviewed b1·ief
ly : the aggregate growth of population and in
come, and the interspatial and intertemporal dif
ferences in consumer demands. 

Agg regate Population and Income Trends 

The total national population is foremost among 
the demand determinants with reference to meat 
consumption. When the total population and the 
tastes of this aggregate consumer market are 
stable, however, income changes are the major 
source of instability in consumer demand for meat. 
Consumer tastes are not stable, nor is the compo
sition of the consumer market in terms of house
hold size and total number of households. When 
analyzing changes in per-capita demand for meat, 
income effects ai·e confounded with the effects of 
changing tastes and household composition. In 
addition, price variability among meat items and 
meat substitutes conti·ibute to f lll'th er short-term 
changes in meat consumption. 

Underlying the regional project ions of total 
meat consumption used in this study were studies 
of prospective aggregate meat consumption in the 
United States. Recently, Koffsky presented some 
population projections for 1980 ranging from a 
low of 225 million to a high of 278 million. 8 These 
projections, which were prepared by Resources 
for the Future, present a somewhat wider range 
than the Census Bureau projections of from 231 
million to 273 million. The "medium" projection 
cited by Koffsky was 244 million per sons-an in
crease of 38 percent from 1959 population. Other 

:.. f:ee : Nath a:1 M. Koffsky . P otential demand for fnr m n roducts of the 
ne-...:t q1rnrter cen tury . P ape!' rresented at the Seminar on D yna mics o f 
L:ind Use. Iowa State University , Ames . Towa. May 3. 1960. 
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projections prepared in the United States Depart
ment of Agriculture show a 31-percent increase in 
population from 1959 to 1975. These projections 
served as the "basis for the estimates shown in 
table 10. 

Prnjections of per-capita income involve addi
tional uncertainties r egarding future economic 
conditions, including, particularly, over-all eco
nomic productivity and growth. In this connection, 
the projections prepared by Rex Daly in 1957 
were used as a basis for developing a set of re
gional income projections for future years .9 The 
Daly projections, however, are adjusted to the 
population and income levels shown in table 10. 

The projected increases in population and per
capita income are r elated to changes in per-capita 
consumption in terms of assumed demand elastic
ities and prices. Koffsky r ecently presented, with 
slight modification, the income and price elastici
ty coefficients used by Daly. According to the 
Koffsky data, a 10-pei·cent increase in per-capita 
income is associated with a 4.8-percent increase in 
meat-animal utilization, given the total population 
and market prices. If live prices were to increase 
10 percent, however, meat-animal utilization would 
decrease by 3 percent. 

To establish the projected price levels, Daly 
presented two sets of assumed prices-one to ap
proximate 1956 domestic price levels fo1· farm 
products as a whole and the other to approximate 
1956 world prices for major export crops and feed 
grains with livestock prices related through his
torical product-feed price relationships. These 
prices, along with the projected population and 
income levels, were involved in the derivation of 
the projected per-capita consumption of meat and 
related products. 

Two sets of consumption projections were pre
pared based on the 1957 Daly projections. The two 
sets of data are summarized in table 11. The two 

ii Rex F. D a ly. P!'ospective domestic deman ds for food a nd fiber. In: 
Policy for com merci al a gTicultui·e. U. S. Govt . P 1·int , Off., \.Vns h!n gton . 
D. C. 19!"i7. pp. 108-118. 

Table 10. Re ported and proj e cte d valu es of bas ic economic faciotS 
affecting con sumer de ma nd fo r mea t, 1955-65 .'' 

Year 

l 9f, ;) -fi7 .. 
] 9:,8 
19,,9 
Projection s: 
19 60 
19 61.. 
19 6 2 .. 
196 :L ....... 
1964 .. 
1 96:i 

P opu lat ionh 

(millions) 
16 8 .~ 
1 7 <1.1 
177. 0 

1 80. 1 
1 8:LJ 
186.~ 
189 . 'l 
19 :!.!"i 
1 9:i .7 

P ei· 
Di sposal ile capita 

Co nsumers · 
Pri ce T nd ex 

(1947-49 = 100) 

per so nHl d isposable A ll 
income•· 

( hill ions) 
*~ 91_} 

.1 1 b .. 1 

:{:):). •I 

'l4 r. . 8 
:Hi8.6 
H l. 9 
:•:8fi.7 
400 .0 
414.8 

income 

( dolla1·s) 
1. 7 :,:-: 
1. 81 8 
1 .884 

1. 9 20 
1.9 ,,7 
l. 997 
2.0:l8 
2 .078 
2 ,UO 

iler:1s 

(percent) 
11 7 .0 
1 2:: .:, 
1 24 .6 

1 24. 6 
1 24. 6 
1 2,1.G 
l 24. G 
1 24 . 6 
124 .G 

Food 

( pe1·ce nt) 
112.7 
1 20 . :~ 
11 8 .:l 

11 8 .'l 
11 8.:l 
11 8 .:l 
11 8 . :l 
11 8 .:l 
11 8.:l 

' 1 R e·1ort from the U. S . D epartm e nt of A gri cul t ure: A statement from 
the La nd-G nint Adv iso ,·y Committee on F .:i rm Pri ce and I ncome Pro
jection s . 1960-65 . U ndet· Con diti ons Approximatin tr Fi-ee Procl u<·tin n 
and Ma l'keti ng of A g ricultu re Co mmodities. Sen. Doc . No. 77 , 86th 
C:ong _ 2nd Sess . J an. 20 . 1 960. p. 5 . 
h Tot ti pop ulat ion incl udin g a rmed forces ove1·seas. F ig:ui·es for 1!160 
a nd l!Jfi f, Ce nsus ~eri es Tl p 1·ojections . Da ta for 19 60 to 19 !->4 at·e 
b7sed on inte 1· polatio ns of Ce ns us Burea u projection s . 
c I noom e projection s assu me a co nstant retail Pl'i ce leve l o f" 1:! •1.6 r er
cent of 19 ·17 -lJ9 ave ragP. 



Table 11 . Reported and projected per-capita consumption of meal and 
related items.• 

Projected Projected 
19 54-58 1 9 65 1 975 

I tem ave rage 195 9 l b n , Jb n, 
( potrnds ) 

Meat ······-·----·· -···- -·- -- 15 9 1 62 1 64 1 69 17 0 177 
P oul try 30 30 3 0 31 32 33 ·····---- -·--- ···· 

48 48 49 50 51 53 E g gs ·· · ··· ···· ·····-------
70 0 714 72 1 742 7 49 77 7 Milk -- -- ·· · ·· ·· ··· ···· ··· ·--

A Based on d a ta obtained from: R ex F. Da ly _ ~rospe(_!tive dom estic 
demand s f o r food and fiber. In : P olicy fO L" comm e r cia l agn c ulture. U , S. 
Govt. Print . Off., W ash ington, D. C. 1 957 . P . 11 0 . 
b Approxi m ates 1956 price levels for f a rm p~·oducts as a w ho le. 
c A p p roximates 1 9 56 wo r ld p rices fo r ma Jo r e=-:vort_ c ro1~s a nd feed 
grains w ith livestoc k pr ices related t hro ug h h 1stoncal p roduct- feed 
pri ce rela t ion s h ips . 

levels of consumption for each of the two periods 
relate to the two assumed price levels j ust men
tioned. 

lntertemporal and lnterspatial Differences in Consumer 
Demands 

Because of geogr aphical differ ences i_n per
capita consumer incomes, _tastes and pn ~es of 
competing goods and services, th~ quan~ity of 
meat consumed per per son at a given pnce per 
pound will vary among areas. The meat consumed 
may be of identical quality in t hese a~eas,_ and yet 
the quantity consumed per perso1;1 will differ .. If 
the r elationships bet ween per-capita consumpt10n 
and each of the factors affecting consumption are 
available the effect of a specifi ed change in t he 
pr ice of 'meat could be estim~ted for each area. 
For most areas, however, estimat es (!f the rele
vant demand r elationships are not available. 

Intertemporal differences in consu~1er demand 
for m eat include the long-r un changes m consumer 
prefer ences which r esult in changes i_n_ t he pat
t ern of t otal expenditures among specified goods 
and services. Of more immediat e consequence, 
however , are the week-to-week changes in meat 
prices which are associa t ed with inver se changes 
in consumer purchases. Finally, seasonal changes 
in weather and eating patterns contribute to sea
sonal shifts in consumer demand fo r m eat prod
ucts. 

The 1955 Household F ood Consumption Survey 

80 

75 

, , .............................. . 
45 

undertaken by the USDA served as a principal 
source of information on interregional differences 
in meat consumption." Major regional differ
ences occur in tl'l e quality of beef and po1·k con
sumed (as measured by price per pound) a nd t he 
distribut ion of specified pork cuts. Becam~e of the 
high consumption of salt pork, per-cap_ita con
sumption est imates of cu_red pork are_ qmte large 
for t he Sout h . More stewm g beef also 1s consumed 
in the South than elsewhere. In addition, t he rela
t ive consumption of beef and pork in the Sout h 
differn from the pattern in other regions. Though 
considerably less beef is consumed in the South 
than elsewhere, high-income urban households 
consumed more beef per capita than t he aver
ao-e household in t he Unit ed States in the high
i;come bracket s ($8,000 and over) .11 

Consumers in t he higher incom e groups in a ll 
r egions purchase more of t h e expensive meat_cuts. 
The higher income households buy not only higher 
pr iced cuts but also pay mor e per pound for each 
meat cut purchased. The positive relationship be
tween family income and price per pound of beef 
purchased, which is illust rated in ~ig . . 1q, ~ay 
ar ise because of a form of pr oduct d1scr1mmation 
among households. For example, in ~he p~u-chase 
of federally graded beef, m~rket price d1ffe1:en
tials conespond wit h grade differences. The pnce
income relationship, moreover, is positive t hough 
less pronounced for a particular beef cut such as 
round st eak. 

A positive price-incom e relationship is evident 
also for pork and pork cuts, as shown in fig . 11. 
F or the United States as a whole, pork and beef 
price-income relationships parallel each other 
(t hough beef was the higher value product for 
each incom e group in 1955). In t he case of pork 
cuts, however, t he deter mination of qua lity is 
somewhat more difficult t han with beef because 
of the lack of a comparable system of federal grad
ing. 

JO Marguerite C. Burk and Thomas J . L a naha n . Use of 19 55 food su r
vey d ata for r esearch in agricu lt ura l eco nom ics. A g r . E con . Res . 1 0 : 73-
87 . 1958 . 

11 H a rold F. Breimye l' and Charlotte A. Ka use. Consum ptio n patten 1s 
[or meat. U. S. Dept. Agr . AJ\IS-249 , May 1 958 . pp. 20 -21. 
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In each of the two figures, substantial regional 
differences are evident in the value per pound of 
meat purchased. These diffe1·ences result partly 
from the added costs of marketing incurred by 
products shipped from a surplus-production region 
to a deficit-production, or excess-consumption, re
gion. These added costs of marketing are small , 
however, when compared with the p1'ice differen
tials reported in the 1955 sur vey cited earlier (see 
t able 12) . A major factor accounting for the sub
stantial price differentials is the quality of meat 
consumed among the various regions. 

To explain the occurrence of quality differen
tials in meat consumed in the United States and 
its regions, two factors are important: income and 
household composition. 12 For much of the United 
States, a positive consumption-income relationship 
and a negative consumption-household size rela-

12 Mercha nd isi ng practices a nd the nvailability of h igh-quality meat also 
a re important co.ns iderations in accounting for ex isting m eat co nsump
tio n patte r ns. These factOl'S, however, are assumed to be less importan t 
t ha n income and hou seho ld compos iti on in t he long run. 

tionship account for a major part of the spatial 
variability in the demand for meat. In a recent 
study t o determine the influences of fami ly income 
on food consumption at home, the findings (which 
were based on the 1955 Household Food Consump
tion Survey ) s how that, at the average income 
and consumption per person and household size, a 
1-percent increment in income per person was 
associated with a 0.37-percent increase in the 
value of consumption per person in low-income 
households, a 0.31-percent increase in t he value of 
consumption per person in medium-income house
holds and a 0.16-percent increase in high-income 
households."'' Meat consumption per person, fur
t hermore, was smaller in the larger households. 
This latter pattern was attributed to several fac
tors-the savings in values obtained through bulk 
purchases, the smaller proportion of waste and 
the higher proportion of children who eat less 

13 George R. Rockwe ll , J I' . Income an d househol d s ize: Their e ffects 
011 food co nsumption. U. S . De pt. A g l'. Ma rketing Res. Rept, 340 . 
Jun e 19 :i 9. p, 3. 

Tab le 12 . Estimated quantity of me at and re lated items purchased per ca pita and pri ce per pound, by reg ion , 1954." 

Item 

Beef 
Stea ks 
Roasts . . ........ . 
Other ............. ... . 

Tota l" ...... . 
Pork 

Fresh, frozen _ 
Cu red, smoked . 
Othel' .. .... ... .. .. .. . 

Total" 
Luncheon meat ............. ... . 
Veal .. ........ . ............. _ 
Lamb .. ......... .. ... . 
Poultl'y ........ ......... . 

Fi sh -------- ----···· ·· · 

Northeast 

Qua n t ity 
per 

person 

(pounds) 

19 
1 7 
26 
6 2 

22 
23 

1 
46 
18 

6 
9 

:l9 
19 

Price 
per 

pound 

(cents) 

88 
70 
60 
70 

63 
68 

100 
6:i 
63 
8~ 
70 
fi-1 
62 

North Central 

Qu a 11 t ity Price 
per per 

person pound 

(pounds) ( cents) 

20 77 
19 61 
27 52 
65 5 9 

2 6 57 
:27 61 

1 75 
G4 :, 9 
~1 60 

·I G2 
~ 75 

~7 s-, 
J O 5 7 

South W est 

Qu a n t ity Price Quanti ty Pdce 
pe r per per per 

person pound person pound 

(pounds) (cents) ( pounds) ( ce nts) 

11 7 3 1 8 80 
9 55 16 58 

18 41 22 5 6 
38 55 5 6 60 

19 53 20 60 
34 50 26 62 
c/ 100 3 85 
!'i3 !i:! 49 G:l 
1:; ,;o 19 f18 

64 -I G" .. 
6~ 7 1 24 

~G ~.o :! 6 ;,3 
1 3 44 1 2 6:i 

•_Con vel'ted to a 52-week basis from data reported for 1 week durin g April to June, 19 54 . In: U. S . Dep t. A g r. 19 55 H ousehold Food Co nsump
t10n Survey. Reports Nos. 1-5. U. S . Gov't Print. Off. , W ashington, D . C. 19 57 . 
h Excluding luncheon meat. 
' Less t h a n 0.5 pound, 
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than adults. 1·1 In addition, the larger number of 
competing uses fo1· each dollar of family income 
in the larger households should be taken into 
account. 

Since income and household size account for 
much of the interregional differences in meat 
demand, these two variables are examined briefly 
in terms of the data reported in the 1955 House
hold Food Consumption Survey. With reference 
to 1954 money income after taxes, the North
comprising the Northeast, North Central and 
West census regions-differed substantially from 
the South. The percentage of people in each in
come group differed also according to residence. 
The urban population generally received a higher 
annual income per household than did the r ural 
population. 

According to the findings from the 1955 survey, 
the place of residence also accounted for sharp 
differences in family size and composition. Not 
only were rural households larger in each of the 
four age brackets for homemakers, but the per
centage of children under 16 years also was larger. 
These differences associated with urbanization ex
plained substantially the household characteristics 
of the more rural South. The degree of urbaniza
tion, however, represents a composite of factors 
including income distribution and social attitudes. 

The evidence from the 1955 Household Food 
Consumption Survey leads to a series of conclu
sions as follows : Given the size and age compos
ition of households, meat consumption and the 
value per pound of meat purchased is directly 
related to income. As the age composition of 

14 Ibid . 1,. 4 0. 

households varies, however, and the average size 
of household varies accordingly, the per-capita 
consumption of meat and the value per pound of 
meat purchased varies inversely with the change 
in average household size for any given income 
group (see tables 13 and 14) . Finally, because 
income and household size generally are inversely 
correlated, meat consumption per person appea r s 
to decline with increasing income after a peak 
consumption level is r eached which is somewhat 
above the average income level of the population. 
For purposes of long-range projections of meat 
c:msumption, estimates of both disposable income 
and household composition are needed to show 
their effects on the demand for meat products. 

Feed-Livestock Economy 

Though all meat packing and related businesses 
are affected in some way by consumer demands 
for meat products, the larger establishments in 
particular are influenced in their location by the 
availability of livestock supplies. To evaluate the 
feasibility of alternative geographical areas as 
potential sites for meat packing plants, estimates 
of prospective costs ranging from the costs of 
livest ock production to the costs of meat distribu
tion a t each of these sites are useful. If the needed 
livestock supplies are not forthcoming in a par
ticu lar area, then additional procurement costs 
are incurred to maintain plant operations at an 
economical level. Furthermore, if any of the com
ponents are substantially out of line in comparison 
with costs incurred by competitors, and if no com
pensating advantages accrue to a business at its 
present location, then major locational changes 
rnay be necessary. Thus, locational changes may 

Table 13. Average household size and percent of households with children under 16 years, by age of homemaker and income group April to June 
1955 .' , , 

A verage h ousehold s ize H ou seholds w it h ch ildre n unde r 1 6 year s 

Age of. homemaker Reg ion 

N or t h Sout h 

Unde r 30 years ................................ .. ....... . 3 .6 
30-49 yea rs ............ .. .................................... 3.9 
50-5 9 yea rs ......... ......... .................... ..... .. ..... 2 .8 
60 ye::n s a nd ovet .. ...... . ................. . 2.5 

3 .8 
4 .0 
3 .5 
2.9 

Urba n 

3 . 5 
3 .8 
2 .7 
2.5 

R es ide nce 

Rura l 
no nfa rm 

All R egion 
Rura l h ou se-
fa rm holds No r t h Sout h 

( num ber) 
3 .8 4 .2 3 . 6 8 1 8 4 
4.0 4 .9 4 . 0 75 69 
3 .4 3. !\ 3. 0 1 32 
2 .6 2.8 2.6 9 1 3 

U rban 

(perce nt ) 
80 
7 2 
17 
1 0 

Res idence 

Rui-al 
n onfarm 

85 
73 
27 
11 

All 
Rura l house
far m holds 

90 
78 
3 3 
1 2 

8 2 
7 3 
22 
1 0 

:i U. S . D_ept, A g r . Fooc!, co nsumption a nd d ietary level s of househo lds as related to t he age of hom em a ker, Uni ted States, by region s. H ouseho ld f ood 
consumpt,o r. survey, 19 05 . R epo r t N o . 14. U. S. Govt. Prin t . Off ., W ash ington , D. C. 19 5 9. 

Table 14. Pounds per person and value per pound of meat used in a week, April to June, 1955 , by age of homemaker and family income after 
taxes.• 

F amil y incom e after in com e taxes (doll a r s) 

Under 2,00 0 2,000-3, 999 4,000-5. 999 6,000 a nd over A ll in comes 

A ~e of hom em a ke r Qua nt ity V a lu e Qua n t ity V a lue Quantity V a lue Qua n tity Va lue Qua n tity V a lue 
per Per per per per per per pe r per pe r 

perso n pound person p a u nd person pound p e rson pou nd person pou nd 

(pounds) (cents ) (pound s) (cen ts) ( pound s) (cen ts) ( pound s) (cents) (pounds) (cents) 
Under 30 years ....................................... _ 2.0 8 4 9 2 .6 6 fi 4 2 .94 61 3.0 6 64 2 .7 8 58 
30-49 yea rs ........ _.... .............................. .... 2 .2 2 47 2 .9 0 5:) 3. 1 9 61 3 . 36 67 3 .0 6 60 
50-59 years ........ ... ..... .. .................... . __ ........ . 2.52 50 3 .1 2 58 3 .58 64 3. 6 4 71 3.30 63 
60 years a nd over ............................ ...... ... _ 2.29 5 3 3 .07 59 3 . 33 65 3 .4 2 67 2.89 59 

:l U. S. ~ e pt. Ag r. Food _ consumpt ion a nd di etary leve! s o f _house hold s a s r_elatecl t o t he age of homem a ke !', Un ited States , by region s. H ou se hold food 
co nsumptio n su r vey . 19 5;, . R epo r t . No . 1 4 . U . S , Govt. Prin t . Off., W ash ingto n , D . C. 1 9 5 9 . 
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occur because of changes in the competitive posi
tion of various areas in livestock production or 
because of related changes in the costs of pro
curement, manufacturing and distribution incur
red by establishments at various sites. 

Aggregate Feed and Li vestock Producti on 

According to USDA estimates of production 
prospects for feed and livestock, the production of 
feed grains will increase because of the prospects 
of continued increase in the yields per acre of 
feed grains. 1 0 Assuming 1959 acreages for indi
vidual crops and average weather, the prospective 
production of feed grains would be 5.5 million 
tons greater in 1964 than in 1960. Hay yields also 
are expected to increase gradually in 1960-65, 
which, despite a decrease in harvested acreage 
to allow for expansion of the Conservation Re
serve, would mean expansion of hay production to 
the peak level reached in 1957-58 of about 120 
million tons. Finally, because of improved pas
t ures, feed consumed from pasture is expected to 
increase to 131 million feed units, or 1.21 feed 
units per roughage-consuming animal unit. Over 
the next 4 or 5 years, therefore, prospective feed 
supplies from current production are ample for 
substantial increases in the output of livestock 
products. 

lntertempora l and lnterspati al Di ffe rences in Feed and 
Livestock Production 

In the USDA report cited earlier, regional dif
ferences were shown in the geographical pattern 
of feed-grain production from 1940 to 1958. The 
Plains states and the West (namely, regions VI 
and VII and the western half of regions III 
and V in fig. 4), which supplied 27 percent of the 
total feed-grain production in 1956-58, accounted 
for 36 percent of the 35.4 million tons increase in 
production over the period from 1940-42 to 1956-
58. In the more recent period-1952-53 to 1957-58 
- this area of the United States accounted for 63 
percent of the increase of 31.7 million tons in 
total production. Both yields and harvested acres 

15 Raymond P. Chri stensen, Sherma n E. Johnson and Ross V. Baumann . 
Pl'oductio n p.-ospect s for whea t , f eed a nd livestock , 1960-65 . U. S . Dep t . 
Ag 1·. ARS 43-11 5. December 1959. 

increased in the P lains states and the West during 
this later period. The longer run production 
changes, however, were due largely to increases 
in yield pe1· acre• of feed grains. This same area, 
which accounted for 42 percent of the production 
of hay in 1956-58, also experienced the largest 
percentage increases in hay production during the 
period from 1940-42 to 1956-58. Pasture and 
range conditions in the West have fluct uated 
greatly, however, depending upon the weather. 

The two Jennings r eports cited in table 15 pro
vide some further basis for comparing the distri
bution of feed production and consumption and 
production among the seven census regions. In 
t able 15, the percentage distribution of production 
and consumption of major feed categories was 
computed from data reported both in actual 
weight (see footnote a) and in feed units (see 
footnote b). The statistical results show a rather 
close correspondence between production and con
sumption. In the case of concentrates, for exam
ple, only 20,388,000 tons from a total national 
production of 147,720,000 tons-13.8 percent of 
the total production - entered interstate com
merce. Practically all of these shipments-all 
but 721,000 tons-originated from the 12 North 
Central states. Moreover, a major part of these 
shipments - 9,105,000 tons - represented inship
ments in the 11 Northeastern states. 

Geographical differences in the composition of 
feeds consumed by livestock ar e related to geo
grnphical differences in animal agriculture (table 
16). East of the Mississippi River , for example, 
concentrate feeds made up the major part of total 
feed consumption, while, in the regions west of 
t he Mississippi River, pasture and harvested for
age were the most important feed sources. Be
cause of the feed-oriented location patterns for 
most livestock production, considerable stability 
exists in relative livestock numbers in the seven
region feed-livestock economy. 

PROSPECTIVE AGGREGATE DEMAND A ND PRICE 
STRUCTURES IN THE LIVESTOCK-MEAT ECO NOMY 

Before estimating prospective regional patterns 
of livestock production and meat consumption, a 
series of equilibrium pr ices was developed for the 

Table 15 . Percentag e of spe cifie d feed s produced and con s um ed by livestoc k in vario us reg ions, 1949-50. 

Region 

Nol'theast 
East Nol'th-Central ..... ..... ........ ............................... ......... . 
W est Nor t h-Cen tral.. ............. ................................ . .......... . 
Southeast .................................... ................ .......... ............ . 
West South-Central ..................... ...................................... . 
Mountain ----··-······------------------·· --- ---·---------------------·· --
P acific ________ __ ··- ·----- __ __ .. _____________ ------------------------------· -----------
All regions ______ ___________________________ _______________ ____ __ ___________________ _ 

Concentratesa 

Product ion 

4.7 
31.1 
40.6 
11.1 

6.4 
3.0 
3.1 

100.0 

Fed t o 
livestock 

11.3 
25 .8 
34 .3 
14 .8 

7.1 
2.7 
4.0 

100.0 

H a rvested foragea 

Production c 

1 2.7 
19.3 
30 . 7 
11. 9 

5.4 
11. 2 

8 .8 
100. 0 

Fed to 
Jivestock 

13.5 
19. 5 
30.1 
1 2.1 

5 .1 
11.0 

8.8 
100.0 

P astu reb 

3.9 
1 2 .6 
24 .1 
15 .9 
23 .2 
1 4.2 

6.1 
100.0 

All f eed s 
con s umed by 

Iivestockb 

8.7 
19 .5 
29.9 
14.9 
1 3.2 

8.3 
5 .5 

1 00.0 

• R. D. J ennings. Feed consumed by livestock, S'Upply and di sposit ion of feeds, 194 9-50. U . S . Dept. Agr. Stat. B u i. 14 5. 19 54 . pp. 67 , 7 0. 
b R. D . J en n ings . Relative u se of fe, <ls for li vestock in cluding pasture--by st ates. U . S . D ep t. Agr . Stat. Bu i. 1 53 . 1955 . p . 27 . 
c H ay onl y. 
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Table 16 . Percentage of total feed con sumption by livestock in specified reg ions, compose d of vari o us kinds of feed , 1949-59.8 

Feed E ast W est W est All 
Northeast North-Cen tral North- e nt r a l Southeast ~out h-Ce ntrnl Mou ntain P ac if ic regions 

Co ncentrates : 
F ormul a feed .......................... .. . 37 .8 7 .9 5 .0 1 3.7 7.9 2.9 22 .1 10.9 
Corn .............. ........... .............. .. . 11.9 35 .1 33 .9 27. 6 10 .5 2.9 3.4 2 3.8 
Other g ra in ________________________ ___ ______________ ____ _ 6.0 10.8 10.1 2 .8 3.7 6. 0 6. 0 7 .4 
Hi g h-p rotei n f eeds _________________________________ _ 0.9 1.8 1. 2 1.6 2.9 2.1 1. 5 1. 7 
Ot her by-p roducts ................................... . 0.3 0.5 0.4 0. 5 0.5 0.6 1. 0 0.5 

Total ............................................... .. . 56. 9 56 .1 50 .6 46. 2 25 .5 14.5 34.0 4 4.3 

Seeds and skimmilk ................................... . 0.5 1.1 2.0 2 .5 1.8 0.7 0.8 1. 6 
H a rvested forage : 

H ay .... .. . ... . ................ ............................ . 19.8 1 3.6 13.8 1 0.8 5 .3 19 .7 23 .7 1 3. 7 
Ot her dry r oughage .. ............................. . 0 .3 0.5 0. 8 1.4 2.6 0.6 0.2 1. 0 
Silag-e a nd beet pu lp ......... .................... . 6.1 5 .0 2.6 0.7 0. 3 1. 7 0 .9 2.6 

T otal ......................... . ...................... . 26.2 19 .1 1 7.2 12 .9 8 .2 22 .0 24 .8 17 .3 
P asture ....... ..................................... ...... .. . 1 6.4 23.7 30.2 38.4 6 4 .5 62.8 40 .4 36 .8 
All f eed .......... . ......... .. . .. .................... . 100.0 1 00 .0 1 00 .0 1 00 .0 100 .0 100 .0 1 00 .0 1 00.0 

a Based o n data reported in: R . D. Jennings_ Re lative use of f eeds for livestock includin g pastu re - by s tates. 
1 955 . ]), 27. 

U . S . Dept . A g r , Sta t . Bui. 153 . 

entire livestock-meat economy.1 a The series of 
equilibrium prices was generated by using a re
cursive system of equations depicting the perform
ance of selected parts of the livestock-meat econ
omy during the 12-year period, 1949-60. The 
predicted equilibrium prices were compared with 
reported prices for the 1949-60 period. The credi
bility of the forecasting procedure was ascertained 
from an examination of its predictive precision 
for the historical period . To present the price 
forecasting procedure, first the economic model 
is discussed in general t erms, and finally the em
pirical results are listed in tabular form and de
scribed with reference to the specific research 
objectives. 

Economic Model 

Livestock prices were generated by derived de
mand functions for each of the major livestock 
species . The latter were based on wholesale de
mand relationships which included per-capita ci
vilian consumption from commercial supplies of 
specified meat items, per-capita income and annual 
trend as explanatory variables. Commercial sup
plies of the major meat products were derived 
from estimates of livestock on hand Jan. 1. The 
latter forecasts were derived from statistical r e
lationships depicting livestock on hand Jan. 1 as 
a function of specified livestock prices for one or 
more preceding time periods. 

Supply Relationships 

Each major livestock class included in this re
port-calves, cattle and hogs-was described, first, 
in terms of the USDA annual balance sheet esti
mates. In general form, the balance sheet esti
mat es are prescribed by the algebraic expression , 

::S::SHi jt + B it + l; t = Mil + Dit + ::S::SH ijt+l 
ij ij (2.1) 

16 The equili bri um price se ries was developed o l'i gi nally for a rather 
specia l ized purpose--short-term forecastin g of l ivestock markets. Further 
discussion of these p rocedures will be included in a forthcomi ng publi 
cat ion of the Iowa Agr . and H ome E con . Exp. Sta. on "P rogrammi ng 
:Market Pla nt a nd Facil ities Requi i-ernents in the Livestock-1\il eat Eco n
om y by Qua l'tel' Year," b y W il bur R. Ma k i and Charles Y . Li u . 

where H i i l = number of head of i-th livestock 
(species ) , j-th market class, on hand 
Jan. 1, t-th year. 

B il= number of head of i-th livestock 
born and saved during t-th year. 

I; l = number of head of i-th livestock 
state inshipments during t-th year. 

Mit = number of head of i-th livestock 
marketings during t-th year. 

D il= number of head of i-th livestock 
deaths during t-th year . 

To predict each of the balance sheet variables 
for future time periods, a large assortment of ex
planatory factors was identified and related to the 
dependent (balance sheet) variable by a mathe
matical equation of linear form in the variables. 
The regression relationships (accounting for the 
explained variation in the dependent variable) 
were based mostly on data covering the 12-year 
period 1949-60. The method of least squares was 
used to derive the regression coefficients. 

The algebraic expression for estimating each 
set of supply coefficients was of the form, 

" x il = ai + };b ij y jl-m + };C i1,Zkl-n, (2.2) 
.i k 

where X it = number of i-th livestock for t -th pe
riod (specifically, one of the balance 
sheet variables included in equation 
2.1). 

Yil-m = value of j-th nonprice variable of 
(t - m)th period accounting varia
tions in X il • 

Zkl-n = value of k-th price variable of 
(t - n)th period accounting for varia
tions in Xi l• 

The regression coefficients specified the bi i units 
and c i1, units change in Xi t associated with a 1-
unit change, respectively, in Yjt-m and z kl-n• 

Each functional relationship used to predict the 
livestock numbers included in the balance sheet 
equation is listed in table 17. The explanatory 
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Table 17 . Selected balance sheet relationships: cattle, calves and hogs. 

Item 

Cattle and calves on ha nd , J an. 1: 
Calves, d a iry .. . ........ ................ . ..... ----------······· ···· 
Ca lves , other ...... ..... ....... ------ -·· ······•·-- --- ..... .......... . 
H eifers, dairy .............. .. .. .......................... . .... ... . . 

H e ifers, other ............................. . ... ------·-········ ····••·---·· 
Co\vs, dai r Y---------- --· -· · --------··········· · ·· ----·••············ •···---
Co\vs , other ................................ .. ...... ------------······· ... .. . 
Stee rs. bu !ls. stags ....... ... ............. ..... .. ..................... .. 
Cattle a nd calves on feed ..... ..................................... . 

Calves torn ............. ... ································· ········ ······-

Insh ipments, cattle a nd ca lves ............................. ..... . 
Marketi ngs : 

Calves. 

Cattl e ....... . 

Deaths: 
Calves ............................. .. . ........ . ... .... ......... .............. . 

Cattle ..... 

Farm s la ug hter: 
Ca lves 

Cattle ...... ........ ........ . .. .. . 

Hogs an d pigs on h a nd, J a n. 1 : 

Eq .. mtion 
numbe r 

3 .1 
B.2 
3.3 
3 .4 
3 .5 
3 .6 
3 . 7 
3 .7a 
:J.8 

3 .9 

3.10 

3 .11 

3.12 

3. 1 3 

3 .14 

3. 15 

Hogs under 6 mo nt hs.. ....... . ..... . ........ .. ... ... .. ...... 4.1 
H ogs, 6 m o nt hs a nd over , sows .... ............ .. . ..... ·······- 4.2 
H ogs, other..... ........ ............ . ............... .... . 4 . 3 

.£ows farrowing : 
Spring ....... . 
F a ll... ....... . . 

Pigs saved : 
Spring ............. .. . ...... ........... . ........ ............. ....... ...... .. . 
Fa ll. ........ ..... ...... .. ...... .. .. . .. .......... ..................... . 

Inshipme nt. hogs ................. ... .......................... ... .......... ... . 
Ma rketin gs, hogs ... .............................. . .............. . 
Deaths, hogs .......... ........ . 
Fa1·m slaughter , ho,gs ........... ... ............... ...... .......... . 

4.<l 
4.5 

4 .6 
4 .7 
4 .8 
4. 9 
4.10 
·l.11 

variables for each equation are specified with re
spect to form of variable and time period-price 
or nonprice and number of years lagged-such 
as P t-1, which denotes a price variable for the pre
ceding year. 

Each of the variables cited in table 17 is de
scribe:i in table 18. The sources of data also are 
listed. For this reason, only predicted data are 
presented in this report. 

Commercial slaughter of calves, cattle and hogs 
was predicted next using 1949-60 relationships 
and selected inventory and price variables. In 
addition to the commercial slaughter equations, a 
composite average weight and average yield equa
tion was derived for each livestock class. These 
prediction equations were used to translate the 
balance sheet data into estimates of aggregate 
beef, veal and pork production in carcass weight 
equivalents. 

Demand Relationships 

To predict live prices, the commercial slaughter 
data were converted into per-capita consumption 
estimates by deducting net exports, inventory in
creases and military utilization from the produc
tion estimatr.s and then dividing the residual 
series by the estimated civilian population. Per-
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Deoendent 
variable 

x, 

H in 

H :. 11 

H 1:.t 
H ,:t 

H1:a 
j.H :::i t 

H ::-i t 

H :::Gt 
B1t 

I ll 

Mn 

D 1t 

Fit 

S :1 1t 
S:u 

Nonprice 
• variables 

XJ 

H13t 

H :a t •l 
Hn1 • 1 

H :: u - 1 
T 

H ::1t • l 
H :! tl - 1 

H 13t + H ::3 t, 
6 (Hi,t -1 + H ,ot-1) 

lt t -1, j,ff::3t 

ilH13t, H ::at 
2 3 

_6 r . _r H 1J,, H,u 
, = 1 J= 2 

B tt , T 
2 

I l: H 1j t, T 
i = l j = l 

B1t, T 
2 

r ~ 
i = l j = l 

T 

H:::1 t 

S.nt , T 

Sct n , T 
Sm. T 

H iJt , T 

.l (B,n + Ba, , ), L, . , 
B:u t + B :i2t - 1 , 

B:n t + B:i:!t, T 
8 311 + B,,,,. , , T 

P1·ice 
variables 

z. 

P ::: tl • I 

P ::tt • l 

6P:1 1l - l 

P ::rt . 1 

P ::r t - 1 

P :: s t • I/ :: 

P ::1 1- 1 

capita consumption of beef, veal and pork, to
gether with per-capita disposable personal income, 
made up the major demand determinants for pre
diction purposes. Because of the critical impor
tance of the wholesale markets in price determina
tion, the empirical price-quantity and price-income 
i'elationships represented wholesale demand func
tions. The wholesale demand equations were lin
ear in the variables and of the form: 

A 

p wil = a; + :s,ei jQ jt + Yi I 6I, + Yi 2T + s ikw k, 
(5) 

where p wi, = average wholesale price in cents (di
vided by Consumers' Price Index) 
per pound liveweight equivalent of 
i-th meat class for t-th period. 

Qi, = per-capita civilian consumption from 
commercial supplies of j-th meat 
class, in pounds carcass weight 
equivalent, t-th period. 

6l, = year-to-year change in per-capita 
disposable income, in dollars ( divid
ed by Consumers' Price Index) , t-th 
period. 

T = time, denoting consecutive quarter
year periods starting with first 
quarter, 1949 (T = 1). 



Table 18. Description of sele cted vari ables fo r est imating ba la nc e she et d ata : ca ttle , ca lves and hog s . 

V ari able 
Xi 

U nits of 
measure Source of data D escription 

( 1) H u 1,000 head U. S . Dept. Ag r . Stat. Bu i. 230. table 7. H eife r calves less than 1 year o ld kept ma inly f or milk, on 
ha nd , J a n. 1. 

( 2) H 01 
(3 ) H 12 

( 4 ) H 22 
(5) H " 

( 6 ) H o, 
(7) H,. 
(8 ) H ,. 
(9) H ,, 

(10) H a, 
(11) H a, 
(1 2-1 3 ) B 1 .......... . 

(14-1 5) Bai .......... . 

(1 6-17 ) Sai .......... . 

(18-1 9) r, .. .......... . 
( 20- 22 ) M , .......... . 

( 23 -25) D , .......... . 
(2 6-28) F1 .. ........ . 

~--

I bid . . 

Ibid ., 

Ibid ., 

I bid., 

t ab le 9. 

table 40 . 

tab le 41. 

tabl es 26- 27. 

t ables 40 -41. 

Ot her calves less than 1 year o ld , on hand , J a n. 1. 
H e ifers 1 to 2 years old kept ma inl y for m ilk, on ha nd . J an . 1. 
Ot her heifers 1 to 2 years o ld , on ha nd. J an. 1. 
Cows a nd he ife rs 2 years a nd over kept mai nly for mi lk, on 
ha nd . .Ja n . l. 
Other cows a nd hei fers 2 years a nd older, on hand, J a n . 1. 
Steers, bull s and stags 1 year a nd over, on hand, J an . 1 . 
Cattle a nd calves o n feed, J a n . 1. 
H ogs less t ha n 6 m o nt hs old, on ha nd. J a n . 1. 

Sows 6 months and over, on hand, J an. 1. 
Ot her hogs 6 m onths a nd over, o n ha nd, J a n. 1. 
Birt hs : i = 1 , calves. 

Pigs saved : j = 1, Dec.-May ; j = 2, June-N ov . 

Sows f arrowi nJ? : j == 1, Dec. -May; j = 2, Ju ne-N ov. 

Inshipments : i = 1. cat t le a nd calves ; i = 3, hogs a nd pigs . 

Ma rketings - sales by farmer s (a) t o packi ng p la nts, ( b) 
t hroug h dealers a nd terin ina l markets and (c) th l'oug h 3:-uct ion 
markets and to f armers in other states : i = 1, calves : 1 = 2, 
ca ttle ; i = 3, hogs. 

(29) P1 ................ . per cwt. U. S . Dept. A g r. Stat. Bui . 21 8, table 2 4 2 . 

Deat hs on farms : i = 1, calves; i = 2, cattl e; i == 3, hogs . 
F arm s laug hter: i = 1, calves; i = 2, cattle; i = 3, hogs . 
A verage w holesale milk price rece ived by farme rs in the U. S . 
Inde..x of prices received by f anne rs for sale of dairy products . 
A verage pri ce of U . S . Choi ce g rade s laughter steers sold at 
Chi cago publi c term ina l n1arket. 

(3 0 ) p•, ···········•··· 
(31 ) p •................. 

U . S . Dep t. Ag r., A g r. H a nclb . 118, t able 1 7. 
U. S. Deot . Ag r . Sta t. Bui. 230 , table 1 5 6. 

(32 ) P ,r I bid ., t able 155 . 

(33) P ,s I bid., tab le 15 4. 

(3 4) P 2b Ibid ., table 166 . 

(35 ) P a ................ . Ibid .. tab le 1 68 . 

( 3 6-3 7) P ai .. ..... ... . 

(38) P , 
( 3 9 ) p 31 

P111 

··········--·-··· $ per bu. u. s. Dept. Agr. Stat. Bul . 159, table 
.............................. u. s . Dept. Agr. Stat. Bul. 230, tabl e 

u. s. Dept. A g r . Stat. Bui . 159 , table 

W'ic = dummy var iable denoting recurrent 
quarter-year periods starting with 
W1 = 1 for first quarter , Jan.-Mar., 
W 1 = 0 for all other quart ers, and 
similar ly for W2, Ws and W4. 

Thus, /3 ii and Yi1 denote the price and income ef
fects, r espectively, while Yi2 and o ik denot e t he lin
ear t rend and recurrent seasonal effects, respec
tively, on P "' it• The coefficient a i, is t he constant 
term for the r egression equation, which denot es 
the value of the dependent variable when each of 
the explanatory variables is equal t o zero. 

A set of live-to-wholesale price relations trans
lated the wholesale price r elat ionships into equiv
alent primary market demand equations. On a 
quart er-year basis, live prices were depict ed as a 
function of wholesale pr ices with some constant 
quarter-to-quar ter or year-t o-year shifts from the 
long-run average live-to-wholesale pr ice r elation
ships. A modification of the live price r elation 
for beef cattle involved inclusion of t otal beef con
sumption as an addit ional explanatory variable. 
In algebraic form, the two principal live pr ice 
equations were: 

A 

P 12t = a , + /3 21P ""2t 
A 

P 1st = 0'.3 + /3:nP "' St 

+ Y21C2t-1 

+ y21,W,,, 

+ y22T, (6.1) 

(6.2) 

25. 
1 68. 
25 . 

A verage price of U. S. Choi ce and Prime g rade feede r calves 
sold at Kansas City pu bli c term inal market. 

A verage price of stocker and feeder steers sold at Ka nsas City 
p ublic term ina l market, J uly-D ec. 
A verage market pri ce of vea ler calves sold at Ch icago public 
te rminal mar ket. 
A verage pri ce of s laug hte r barrows and g i lt s sold o ut of first 
hands at Ch icago. 
A verage price of s laughter barrows and g il ts sold out o f fir st 
ha nd at Chicago : j = 1 , J a n .-June; j = 2, Ju ly-Dec. 
A verage pr ice, N o. 3 yellow corn , Chi cago . 
Average price of s laug hter barrows and g ilts sold out of fi rst 
hand at Ch icago, Jan .-Jun e , di v ided by t he ave rage pr ice of 
No . 3 yellow co rn at Chicago, J an. -June. 

where P 1i, = average primary market price in 
cents ( divided by Consumers' Price 
Index) per pound liveweight of the 
i-th livestock class (i = 2, beef cat
t le ; i = 3, hogs), t-th period. 

C2t-i = total civilian consumpt ion of beef 
from commercial supplies, (t - l) th 
period. 

Each of the remaining symbols is identical t o the 
corresponding symbols in equation 5 and , hence, 
the earlier descriptions of these variables apply 
also t o equations 6.1 and 6.2. 

In addition t o the slaughter livestock price equa
tions, a feeder pr ice equation was specified to gen
erate the 6-month Kansas City feeder steer price 
series needed in the beef-calf inventory and other 
balance sheet equations (see t able 17) . According 
to the economic model developed for this st udy, 
Kansas City feeder calf prices are affected by 
current Chicago slaught er st eer and corn prices, 
st eers on hand J an. 1, the current trend in the 
feeder calf price and the past trend (lagged 1 
year) in the slaughter -st eer pr ice.17 

H A ctua lly , two feede r calf pri ce equations were es timated as fo llows : 

P,H, = 2. 226 + 0 .956** P 02rt-1 + 0 .780••.1P,.,.,, R ' = 0.986 ( 6 . l a ) 
(0 .044) (0 .070) 

(Footn ote con tinued on page 718) 
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Empirical Results 

The economic model represents a recursive sys
tem of equations in which the equilibrium live 
prices are dependent upon a series of previously 
derived equilibria of production and other price 
variables. Because of the number of computation
al steps involved in the prediction of live prices by 
quarter-year, the prediction error could be quite 
large, particularly if future levels of the explana
tory variables depart substantially from the aver
age values of these variables over the 1949-60 
period. Both the prediction equations and the pre
dicted values are presented, therefore, for as com
plete an evaluation as possible of the credibility 
of the price forecasting procedures described in 
this study. The empirical results are examined, 
first , with reference to cattle and calves and, fin
ally, with reference to hogs and pigs. 

Cattle and Calves 

Balance sheet clata. Though three balance sheet 
variables were involved directly in the commercial 
slaughter predictions, the entire set of equations 
fo1· cattle and calves corresponding to the equa
tions listed in table 17 is presented in table 19. 
Later in this report, each of the balance sheet 
items is discussed with reference to the regional 
estimates of slaughter livestock marketings. At 
this time, however, the empirical relationships are 
available for an initial evaluation of the recursive 
system of equations as the t echnical means of gen
erating the equilibrium price series upon which 
are based the analyses of interregional commodity 
shipments. 

On the basis of the data in table 19, year-to
year changes in the three balance sheet variables 
-cows kept mainly for milk, H13; other cows, H 2:i ; 
and steers, H2.,-were explained largely by six 
var iables. Of these variables, two-wholesale milk 
pr ice, P1t-2; and time, T-were assigned fixed 
values for the forecast period from 1961-64. The 
remaining four variables-lagged beef-calf inven
tory, H21 t-1 ; first difference of beef-heifer inven
tory, c-.H22 t ; lagged beef-cow inventory, H 2:i-,; and 
lagged slaughter-steer price, P 2t-1-were estimated 
with a rather high degree of precision, as sug
gested by the R 2 's and the standard errors of the 
regression coefficients. In the beef-calf inventory 
equation, for example, the two variables-lagged 
beef-cow inventory, H 23-1 ; and lagged feeder-steer 
price, P rn-312- explained 95.2 percent of the varia
tion in the dependent variable, H 21t , during the 
12-year period 1949-60. For the lagged beef-cow 
variable, a 1-unit change was associated with a 

(Footnote 17 continued) 

P,ert = -0 .456 + 1. 400•• p ,,L - 7.310P ,a + 0.447**AP 22tt, 
(0 .174 ) (3. 371) (0 .1 01) 

R' = 0.935 (6 .l b) 
w here P :?J r = average pri ce , in do ll ars per 1 00 pounds of U . S. Choice 

a nd Prime gra de feeder cal ves a t Kansas C ity ; j = 1 . J a n. -June; 
J = ,. Jul y-Dec. 

P :is = average a nnua l price, in dolla rs per 1 00 pounds of U . S. 
Choice gra de steers a t Chi cago . 

P G = a verage a nnua l pri ce , in doll a rs per bushel , of N o . 3 ye1low 
corn a t Chica go, 
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Tab le 19. Estimated effects on specified balance sheet variables, in 
1,000 head , of a 1-unit change in selected explanatory vari
ables, cattle and calves, 1949-58. 

E stimated balance 
sheet va ri a ble 

X ; 

Calves : Hn 

H :!ta __ 

H eife r s : H 1: 

H 2:!a._ 

Effect on bal a nce sheet 
var iabl e of a 1-unit cha nge in: 

Nonprice Price 
va riabl e variable 

Y, z, 
0. 263* 380.532* 

(0.092 ) (128.573) 
0.69 2*' 10 7.467•• 

(0 .052) (34.245) 
1.139• · 

(0.05 4) 
0.235•• 37.114 ** 

(0 .018) (8.2 53) 
Cows : H 1:i 3 

•• .... ____ -9 4. 010** -3 77.06 5** 
(2 9. 04) ( 48 .410) 

.6. H ::3a 2.095** - 0.1 30* 90.680* 
( 0 .4 06) (0 .049 ) (31.940) 

Stee rs : H :!,1n . 0 .416• • 87 .236** 
(0 .033) (15.848) 

On feed: l-L::/l 0.305** 45.64 3 
(0 .0 31 ) (14.708) 

Ca lves bo rn: B1- ..... 0.9 2!; ** 0. 50 4* 
(0.0 25) (0.179) 

Ins h ipments : 11 ... ..... 0.776 ** - 0.154 -5 9.126 
(0.194 ) (0 .206) (45.646) 

Ma rketin gs : M 1 ..... 1.87 6 0. 305** - 92 .502 
(1. 052) ( 0.08 2) (79 .1 38) 

M - 0.190 2. 70 8** - 441. 801** 
(0 .272) ( 0. 422 ) (101. 758) 

Death s : D, .... __ 0 .04 0** -35 .714 * 

D, .. _ 
(0.004 ) (4.422 ) 
0.01 2** -35 .0'56** 
( 0 .004 ) (1 0.82 4) 

Farm slaug h te1· : 
F, 0 .007 - 16.641 ** 

(0 .004 ) ( 4.100 ) 
F , 0.0 0 9** -1.09 3 

(0 .002 ) ( 6.018 ) 

Constant 
tei·m 

1 

- 1,547.8 

- 81 2 .3 

- 1, 51 3.6 

674.1 

27,579. 5 

2,701. 5 

- 486.6 

- 608 .1 

- 2,841.7 

4,007.5 

9,573.0 

10,431.6 

1.019. 7 

595 .9 

318.6 

42 .7 

• Sig nifi cant ly different from ze1·0 at the o.0 5 probability level. 
** Significantly different from zero a t the 0.01 probability level. 
1l Based o n data for the 1 2-yea r period, 1958-60 . 

R ' 

0 . 738 

0 .9 52 

0.982 

0.96 2 

0.881 

0.87 5 

0.94 6 

0.91 5 

0. 995 

0.843 

0.831 

0.949 

o. 933 

0.60:l 

0.76 5 

0 .878 

0.692-unit change in the dependent variable. Since 
the standai·d error of the regression coefficient was 
0.053 units, the t-value was substantially in excess 
of a t -value denoting a regression coefficient sig
nificantly different from zero at the 0.01 proba
bility level ( even with only 9 degrees of freedom). 

To further evaluate the prediction errors of the 
balance sheet equations, the predicted values of 
each of the inventory variables were computed 
for the period 1954-64. For the first 7 years, the 
predicted values, which are shown in table 29, 
can be compared with the reported values for this 
period. These balance sheet equations were used 
also to generate cattle and calf inventory cycles 
fo1· the entire forecast period, which served to 
illustrate the importance of the specified lag vari
ables in terms of their cumulative effects on mar
ket price performance in the livestock-meat econ
omy. 

Comme1·cial slaughte1·. Total comm er c i a 1 
slaughter of cattle and calves was composed largely 
of steers cull dairy cows and vealer calves. Year-to
year cha'nges in beef herds, however, provided a 
major source of variability in both calf and cattle 
slaughter. Because dairy cow numbers were quite 
stable, except for the constant rate trend effect, the 
contribution of dairy enterprises to total cattle 
slaughter was represented by the constant terms in 
the empirical relationships. These relationships, 
which explained 89.4 percent of the year-to-year 
variation in total calf slaughter and 89.6 percent of 
the year-to-year variation in total cattle slaughter 
during the 12-year period 19,19-60, are as follows: 



R2 = 0.894 (7.1) 

C2t = 5,087.8 + 2.059*':'Hm - 2.925*':'t:.2H2:H , 

(0.357) (0 .527) 
R2 = 0.896 (7.2) 

where Cll = total commercial calf slaughter, m 
1,000 head, t -th year. 

C2t = total commercial cattle slaughter, in 
1,000 head, t -th year. 

t:.2H2st = (H 2st - H ,:iH ) - (H23t-1 H a:JL-2) • 

Each of the balance sheet variables, H13, H 23 and 
Hz., was defined earlier (see table 18). 

The commercial slaughter relationships illus
trate the critical importance of estimating pre
cisely the beef-cow inventories inasmuch as a 
+ 1,000-head change in beef cows on hand Jan. 1 
is associated with a - 1, 786-head change in com
mercial calf slaughter and a - 2,925-head change 
in commercial cattle slaughter. A specified change 
in beef-cow numbers is associated, therefore, with 
a complex of changes involved in the withholding 
or release of female beef cattle for intended 
slaughter. .Similarly, a specified change in steer 
inventories is associated with nearly a twofold 
change in cattle slaughter because of (1) a less 
than 1-year average length of feeding period for 
the steers reported on hand Jan. 1 and (2) a cor
responding change in the average length of period 
on feed. To more precisely forecast prospective 
changes in calf and cattle slaughter, further in
vestigation would be needed to measure the com-

plex set of factors associated with changes in live
st ock inventories. For the purpose of this study, 
however, the empirical relationships result in a 
reasonably satisfactory set of predictions to war
rant their use without further refinement. 

Commercial beef and veal production. An addi
tional set of empirical relationships was derived 
to transform the predicted commercial slaughter 
data into corresponding estimates of beef and veal 
production. These relationships, which show the 
quarter-to-quarter change in the total carcass 
weight of calves and cattle, beef and veal, respec
tively, per 1,000 head of commercial slaughter, are 
summarized in table 21. 

Using the predicted data on commercial slaugh
ter, commercial beef production was estimated for 
each year to illustrate the yearly and quarterly 
patterns of production (table 22). 

Total beef ancl veal production. Commercial pro
duction and farm slaughter make up total produc
tion. To obtain the carcass weight equivalent of 
farm slaughter of cattle, average weight and yield 

Table 22 . Predicted co mmercial beef production , in million pounds, 
by quarter•year, United States, 1954•64. 

F i 1·st Second Thi r cl Fourt h Total 
Year quarter q uar ter q uarter qua rter annua l 

1954 ·············-- - 3,20 7 3,2 61 3,4 39 3,4 08 1 3, 315 
1 955 ··-······ ·····-- 3,29 9 3, :J 64 3,53 9 3,5 03 1 3, 70 5 
1 956 ··- -· ··· ········ 3 ,4 77 3,530 3,701 3,657 1 4, 335 
1957 ----··· ····-···· 3 .365 3, 438 3, 612 3,571 1 3,986 
1958 --- -· ·· ···-···· · 3,016 3 .. 048 3,23 1 3,210 1 2,5 05 
1959 ----······ ····· · 2,935 2.9 57 3, 142 3, 1 26 12, 16 0 
1960 -- --············ 3,23 4 3.291 3, 469 3,43 6 1 3,4 30 
1961 3 ,772 3.895 4,056 3,9 94 15 ,717 
1 962 3 ,6 12 3. 718 3,884 3,830 15,0 47 
1963 3,627 3.732 3,898 3,843 1 5 ,1 00 
1964 ................ 3,638 3.744 3, 91 0 3,855 1 5 ,147 

Table 20. Predicted cattle and calves on hand, Jan . 1, in 1,000 head, 1954•64 . 

Ke1)t m a inl y for milk 

Year 

Ca lves 
A 

H 11 

19 54 ·· ·········· ············· ············ ·· .. ······ .. ················ 6,582 
19 55 ·············································· ····· ·· ·•·········· 6,266 
1956 ··· ······· ···················· ··········· ................ ........ 6,068 
19 57 ······ ······ ······· ······ ········•······························· 6, 00 1 
19 58 ...................... ................................... ...... .. 5,8 75 
19 59 ...... ... .... ..... ....... ...... .................................. 6,005 
1960 .............. .................. ..................... ............ 5 .977 
1961 ...... ... .... ...................... ... .............. .. ............ 5, 949 
196 2 .......... .......... ............................ .. ............... 5,92 1 
1963 ...... ..... ............ ... ............ ........... ......... ........ 5,89 3 
1964 .. .. .......... ........ ............... ........ .................... 5,865 

H ei f e r s Cows 
A H13 H ,, 

5,866 23 ,385 
5 ,7 67 23,040 
5,449 22,5 85 
5,371 23,3 46 
5 ,29 4 21, 613 
5 ,11 7 20, 454 
5,325 19,985 
5 ,293 20, 057 
5.261 20,063 
5 ,230 19,668 
G,1 98 1 8,838 

Table 21 , Estimated effects of a 1,000•head change in specified total annual commercia l 
pounds carcass w e ight equivalent, by quarter year, Un ited States, 1949•60. 

Quarter 
year 

First (Jan.-Ma r ch ) .... .. .. ..... . 

Cat t le 
s laug-h te r 

C, 

.... ........... ............ 0 .1 30•• 
(0.014) 

Second (April-June) ............ ........................ .... ........ .... .... 0 .146•• 
(0 .01 2) 

Third (July-Sept. ) .......................................... .. 0 .1 42•• 
(0 .0 13 ) 

F ou rth (Oct. -Dec. ) .......................... .. .. . . .......................... 0 .13 5•• 
(0 .01:3) 

•• S ignifi can t ly d iffere nt f rom zero at t he 0. 01 proba bi lity level, 

Beef p r od uctio n 

Cons ta nt 
ter m 

1 

- 49. 7 

- 38 7.8 

- 115.1 

31.2 

Calves 

Hn 
1 8,7 08 
18,740 
19, 1 25 
1 9,0 1 5 
1 8 ,278 
18,4 29 
19 ,979 
20,937 
20,867 
19,984 
19,37 3 

slaughter 

r:! 

0.895 

0, 932 

0.918 

0.917 

Ot he r 

H e ;J'e r s Cows Steer s On feed 

i'L A A A 

H n H ,., H 20 

6,422 25,210 8,555 5 ,6 48 
6.223 25,5 44 8 ,74 9 5, 796 
6,~27 25,296 9,1 65 6, 086 
6,1 40 24,424 9, 063 6,03 9 
6,052 24, 347 9 ,20 1 6 ,07 0 
6,48 1 24,990 9,873 6,411 
7 ,049 2 6, 344 1 0, 428 6,800 
7,118 27,41 6 10 ,435 6 ,893 
7,0~0 27,300 1 0,1 26 6,780 
6,672 26,503 10,279 6,850 
6,49 6 25,033 1 0,333 6,8 01 

on beef and pork production , in million 

Vea l p rodu ction 

Calf Consta nt 
s la ughte r term r ' 

C, 1 

0 .024*' 21.G 0 .804 
(0.004) 

0 .03 1 ** -29 .8 0.9 64 
( 0. 002) 

0.038** - 48.9 0.94 2 
(0 .003) 

0.032** 4. 8 0 .820 
(0 .005) 
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Table 23 . Predicted total beef production for civilian consumption, in mill ion pounds carcass w eight equivalent, United States, 1954•64. 

Year 

1954 ························ ·· ······· ·············· ···· 
1955 ···················· ····· ·· ········· ····· ······ ············· 
19 56 ························· · .... ............................. . 
1957 ····•·········· ······ ········ ··· ·· ··· ·····•················· 
1958 ································· ········ ·· ·· ····· ·········· 
1959 ··· ························································ 
1960 ········· •··················· ························· ······ 
1961 ········· ·· ·· ···············•·········· ················ ····· 
19"2 .. ............... .......................... ........ .... .. . 

19 63 ···································-······••··············• 
1964 ··········· •······ ···················· ··········· ····· ······ 

Commercial 
product ion 

1 3, 315 
13, 70 5 
14,335 
13,986 
12,505 
12,1 60 
13, 430 
15,717 
15,047 
15,100 
15,147 

Cha n ge 
in stocks 

- 61 
17 
39 

-110 
40 
28 

•. 32 
0 

-3 
0 
0 

data were used with the farm slaughter estimates 
obtained earlier. Finally, beef production for 
civilian consumption, which is summarized in table 
23 for the period 1954-64, involves an accounting 
of net imports, cold storage holdings and military 
utilization. For future years, estimates of the lat
t er were based on 1949-60 relationships. 

Beef cattle price. The data on civilian consump
t ion from commercial supplies of beef related to 
quarter-year U. S. Choice grade beef-steer prices 
at Chicago. A beef-steer price equation was de
r ived from a wholesale beef price equation and a 
live-to-wholesale margin equation, as indicated 
earl ier in this discussion (see equation 5). The 
derived live price equation was as follows : 

P1
,jt = 57.9 - 2.088Qll - 0.118S~t-l - 0.0026 Y L 

+ 0.121 T - 0.695W1 + 2.660W3 

+ 0.291 W,i, (8) 
wher e P 12j t = average price in cents per pound 

liveweight of U. S. Choice grade 
beef steers at selected markets in 
the United States, j-th quarter year 
(j = 1, ... , 4) , t-th year. 

The live pr ice prediction equation generated the 
predicted quarter -year price series listed in table 
24. The predicted prices are shown in current 
dollars. 

Hogs and Pigs 

Balance sheet data. Balance sheet estimates of 
hogs and pigs were based on the empirical rela-

Table 24 . Predict~d price in cents per pound liveweight of U. S. 

Year 

195 4 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
196 3 
1964 

Choice grade beef steers at selected markets and U. S. 
Prime and Choice grade feeder calves at Kansas City, 1954• 
64 . 

Beef 
cattJea 

23.46 
22 .58 
21. 56 
23.32 
27. 73 
27 .09 
25. 77 
22 .86 
25 .44 
26.48 
27.58 

Feeder 
calfb 

21.67 
21. 01 
20.39 
23 .76 
30 .95 
31.00 
27 .97 
24.54 
23 .99 
28.81 
29.5 1 

a Based on s imp le average of Quartee-yeat· prices an d data for 1 1-yea r 
period ending in 1959 . 
LI Based on simple average of ha lf-year pri ces and data for 1 1-year 
period ending in 1960. 
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Total 
Net 

exports 
M il itary . Civi lian F arm civilian 

consumption consumption s laughter con sumption 

- 163 450 13, 089 444 13,5 33 
-157 40 3 13, 442 46 1 1 3,903 

-95 4 04 13.9 87 457 14 ,444 
- 259 3~8 14,007 460 14 ,467 
- 849 353 1 2,96 1 458 1 3, 419 
- 996 346 1 2,782 510 13,292 
- 706 343 1 3,82 5 486 14 ,311 
-954 342 16,329 501 16,8 30 

-1.065 340 15,775 518 16, 293 
- 1, 181 34 0 15,94 1 528 16,469 
- 1 ,297 340 16,104 52 9 16 ,633 

tionships shown in table 25. The predicted balance 
sheet values are summarized in table 26. 

Each of the balance sheet equations, with the 
exception of equations 4.9 and 4.10, was estimated 
with a rather high degree of precision, at least 

Table 25 . Estimated effects on specified balance sheet variables, in 
1,000•head, of a l•unit change in selected explanatory 
variables, hogs and pigs, 1949-58 . 

E ffect on ba lance sheet 
variable of a 1-uni t cha nge in: 

E stim ated bala n ce No ni;>r ice Price Constant sh eet vari ab le var iab le variab le term R' 
A Yi Zk 1 x, 

H ogs o n hand: 
.H,, ·---·------- - 2.830** 10.111 •• 3, 497.4 0.956 

(0.511) (0.98 3) 
H 32ll .......... 109 .312* 11 0.074** 5,849.0 0. 723 

( 39.197) (29.072) 
ff33 ............ 2.010•• - 702.488** -32 8.2 0. 966 

(0 .333) (96.700) 
Sows farrowing : 

S 31b 0.918** - 14 1. 9 0.97 1 
(0.042) 

S,,b ----···· ---- 0.490•• 186.135** 70 1. 3 0.933 
(0. 11 0) (2 1. 097) 

Pigs saved: 
B31 5 .760•• 508 .324** 5, 12 9. 3 0.978 

(0 .39 1) (108 .11 2) 
B,, -----·-·- ··· 7.170 .. 35 2. 948** -3 .977 .9 0.988 

(0.298) ( 24.0 49) 
Inshi pme nt .s : 

I, · ··-·· 1.134** 0.006 24.8 0. 927 
(0 .120 ) (0.006) 

Marketings : 
M, 0.696* -586.238 21,75 1.0 0. 722 

(0 .203) (322.874) 
Deaths : 

D, ··- -· ·-···· --· 0.102* - 291.291 ** 2,849 .2 0.7 53 
(0 .04 2) (78. 50 1 ) 

fa rm s laug hter: 
F , ······· ·-····· 0.052 - 450.47 3•• 5, 621.7 0.9 27 

(0.028) (33.424) 

• Significant ly d ifferent from zero at t he 0.05 proba bi li ty le vel. 
** Signifi cantly di ffe re nt f rom zero at t he 0.01 probability leve l. 

a Based o n data for 8 -year pel'iod e nd ing J an. l. 19.60 . 
h Based on data fo r 9-yea t· period ending in 1960. 

Table 26. Predicted sows on farms, Jan . 1, and sows farrowing , in 
1,000 head , United States, 1954-64. 

Year 

1 954 ················ ··············· ··· 
1955 ·································· 
1956 .... ............................ . . 
1957 ·····························--··· 
1958 ............ ..................... . 
1959 ········••· ·· ····················· 
1 960 ··············· ··················· 
1 961 ···· ······· ·· ··· ··········· ······· 
1962 ········ ························ ·· 
1963 ·········•························ 
1964 ············· ···· ················· 

Sow , 6 mon t hs 
a nd over, J an. 1 

H ,, 

8,4 97 
9,0 90 
8,256 
8,005 
8,5 32 
8,994 
8,567 
8,551 
8,903 
8, 532 
8,238 

Sows farrowin g 
Dec .. May J u ne•Nov. 

S" So, 

7,588 5,016 
8,179 5,540 
7,667 5,386 
7,261 5,385 
7,297 5,64 2 
7,955 6,24 5 
6,77 2 5,834 
7,664 6,006 
8,031 6, 68 2 
7, 691 6,70 2 
7,4 22 6,756 



for the puq)oses of this study. Year-to-year 
changes of most variables were attributed almost 
entirely (from 72.3 percent to 98.8 percent of the 
total variation ) to changes in the two or three 
explanatory variables specified earlier in table 17. 
The most important variable for prediction pur
poses, H,. 2, , was associated with hog price for th e 
p_receding 6-month period, January to J une, and 
time, T. Because of the probable complementary 
effects of the actual level of hog prices and the 
probable !imitatiol!-s in e?Cpanding hog production 
at ex~ept101:ally high pnce levels, this prediction 
~quation failed somewhat in fulfilling its purpose 
m the over-all model. The predicted number of 
sows on hand, however, is related to the numbe1· 
of sows farrowing during the 6-month period De
cember to May, which in turn is related t; the 
commercial slaughter of hoers duriner the follow
ing 6-month period, June to Novembe~. Other fac
tors also explain year-to-year chano·es in sows far
rowing and in commercial hog sl; ughter. 

Because of the large number of predicted values 
inv?lved in the entire set of prediction equations, 
as illustrated by the short cominers in the use of 
one of the more important expla;;-atory variables 
the long-range projections of hoo· numbers ar~ 
subject to considerable prediction °error. In com
parison with cattle slaughter estimates however 
the predicted hog slaughter departs les~ from it~ 
average historical level than does the predicted 
cattle slaughter. F o1: this reason, and also because 
of the gen~rally satisfacto~·y prediction accuracy 
of the entire set of equat10ns, the estimates of 
futu re hog slaughter compare rather favorably 
with the estimates of calf and cattle slauerhter 
as illustrated by t he predicted and reported dat~ 
on commercial slaughter. 

Commerc~al slaughter. Commercial hog slaugh
ter was estimated on a half-year basis· namely 
for the two periods J anuary through June and 
July thr~:mgh J?ecember._ The prediction equations 
were qmte satisfactory m explaininer year-to-year 
changes in commercial hog slaughte

0

r, as suggest
ed by the R 2 and standard error values shown with 
~he two equations. The two prediction equations 
mcluded a set of empirical relationships as fol
lows: 

C,m = 7,865.1 + 5.560**S:izt-l 
(0.864) 

- 277 .250 ( P:,, t- 1 l + 287 .681 * T 
(139.574)lpG2l-l J (108.943) 

R" = 0.913 {9.1) 

c32l = 8,749.1 + 3.076**s - 171.733 ( P31l 1 
(0.672) (180.082) l- . I 

+ 913.912*':'T R2 = 0.947 fr2{ 
(141.734) 

where C,.,t = total commercial hog slaughter, in 
thousands of head, January to June 
t-th year. ' 

C ,2, = total commercial hog slaughter in 
thousands of head, July to De~em
ber , t-th year. . 

A further description of the variables in the two 
equations is included in table 18. 

Commercia~ hog slau_ghter differs significantly 
from one ha lf-year penod to the next in terms of 
the quantitative i·elationships commonly specified 
a_s affecting hog production. Though hog prod uc
tion and pork production are directly related hoer 
and corn prices also affect the level of pork' pro': 
duction (in addition to their specific effects on 
hog production). Dur ing the fall months more
over, total pork production has increased' siernif
icantly-~n increase that is not explained by 
changes m the number of sows farrowin er or in 
hog and corn prices. 

0 

. Changes ~n the number of sows farrowing dur
mg the per10d of analysis were followed about 6 
months later by changes in hoer slauerhter. A 
change in fall farrowings, howeve; was :ssociated 
with twice as large changes in hog slaughter 6 
months later as was the same maernitude of 
change in spring farrowings, but chan°eres in hoer 
an~ corn pr ices during the early fall m;nths, July 
th1ough September, were related only slierhtly to 
changes in hog slaughter 6 months later. The J an
uary to March hog and corn prices on the other 
hand, were quite reliable predictors ~f hoer slaugh
ter.18_ ~arly spring ho? and corn prices apparently 
condit10ned p1·oducers market expectations and 
hen_ce, tJ1ese producers withheld gilts fro~ th~ 
sprrng pig crop. 

Comm ercial_ pork production. A composite set 
of aven1;ge weight and average yield relationships 
;Nas den_ved to convert the predicted hog slaughter 
rnto eqmvalent carcass weight production of pork. 

18 In an. alternative formu~ation of the hog sla ug ht er f unctio n based on 
d_a_ta fo,, _th': 10-year period 1949-~8 . t he pri ce vari ables co··ered the 
fast _Qu ~ute t o f each 6-mon t h period a nd were associ ated w it h com
mel'c1a.l hog slau gh ter as follows : 

Get= 1.285.6 + 5.963••Saet-1 - 3 92.37:l P ',,c . 1 + 5~ .179 '' P 'o,, . , 
(0 .910 ) (139 .574) (18 .1 00) 

+ 180 . 70 '"1', R' = 0.966 (77 .60 0) ( 9.l a) 

A 
G"' = 4.61:i .9 + 2.805**,;,,., - 209 .67 l *P ',a + 52.9 98**P 'Gll 

(0 .40(;) (70.904) (1 2. fi 9(i) 
+ 491.60 4 ''' ' '1' . R ' = O 9r,4 (9 2 ) 

(57.922) · · a 

Table 27. Estimated effect of a 1,000-head change in total semiannual 
com'."erci_a l h?~ sl aughter and other variables on pork pro· 
duct1on , in m1ll1on s of pounds carcass weight equivalent by 
qua rter yea r, United States, 1949-60 . ' 

Qua rte r 
yea r 

F ir st 
(J an .-Ma rch ) .. 

Seco nd 
(Ap r il-J une) .. 

T hi rd 
(Ju ly-Sept.) ... . 

Fourt h 
(Oct. -Dec.) ······ 

H a lf-year 
com m e rcia l 

hog s la ugh t ~r 
C:a ; 

0.065* '' 
(0 .00 7) 

0 .049''* 
(0.0 10) 

0.0 60'* 
(0.01:l) 

O.O:i8•• 
(0 .0 08) 

Hog 
P r ice 
P :: w 

--10 .915 
(11. 432) 

- 17.6 15 
( 8. 866) 

25 .368** 
( 6.950 ) 

Time Co nsta nt 
T te1m R' 

271. 5 0.9 05 

15 271 607 .2 0.84 1 

270 .7 0.786 

18 9.0 0.88 9 

,;,,... S ig nif ica ntly d iffere n t f rom ze1·0 at t he 0 .01 p1·obabi l ity level. 
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Table 28 . Pred icted pork production , in mill ions of pounds carcass w eight equivalent, by qu arter year, Un ited States, 1954-64. 

Year Fi rst 
quarter 

Second 
qua rter . Third F ourt h T otal 

q uarter qu a rte r annu a l 

19 54 ........... ...... ............. ......... .............. ............................................... .... .... 2,2 10 1. 933 1. 937 2, 846 8,926 
19 55 .. ..... .... ............. ........... ............... .. ............ .. .......................... ... ........ ..... 2,52 6 2, 138 2,268 3,17 8 1 0,11 0 
19 56 ....... .... ...... ....... ........... .. .... ..... .............................................................. 2, 887 2, 395 2,286 2,901 10, 469 
1957 ....................... ..... .... .... ............ ... ......... .......... ..... .. ... ····•········· •········ ... 2.62 1 2,300 2, 178 2,738 9,8 37 
1958 .............................................................................. .... ............ .......... .... 2,5 07 2,254 2, 11 4 2, 81 2 9,687 
195 9..... ....... ...... ......................... .......... .... ........... ············· ·· 2,825 2,4 78 2,4 41 3,23 7 10,98 1 
1960 ... ............... ...... ..... .... .. ....................... .... ........... .......... .......... ... ............ 2, 977 2,5 68 2, 274 2,803 1 0,622 
1961 .......... ....................... .............................................................. ... .......... 2,791 2,5 07 t,48 1 3, 055 10,834 
196 2 .. ...... .... ...................... .. ......... .. ............................................... ...... ...... .. 2,967 2, 653 2,683 3,2 65 11. 568 
1963... ..... ... ......... ...... ..... ... ........ ............... ··· ··········· ····•· ······ ·· 3,2 77 2, 89 5 2, 671 3,1 46 11. 989 
1964 ....... ........ ....... .. ..... .......... ..................................................................... 3,300 2, 963 2,691 3, 056 1 2,0 10 

Table 29 . Predicted pork production for civilian consumption , in millions of pounds carcass w e ight equivalent, Un ited States, 1954-64. 

J a n .-June 

Cha nge Civili a n 
Commerc ia l In N et Military consurnp- Commerc ial 

Yea r p roductio n stocks exports use tion production 

1954 ... ............. 4,14 3 20 - 45 14 2 4,026 4,783 
1955 ........ ..... ... 4,66 4 -7 3 -2 4 1 23 4,638 5, 446 
195 6 ................ 5,28 2 - 27 - 14 11 5 5,2 08 5, 187 
19 57 ...... ....... ... 4,921 - 1 6 10 3 4,8 13 4, 91 6 
1958 ................ 4,7 61 1 6 -3 1 95 4,681 4, 926 
19 59 ................ 5, 303 - 86 -21 91 5,319 5,67 8 
1960 .............. .. 5,545 107 -2 6 10 2 5,3 62 5, 077 
19 61.. .... ... .... ... 5,2 98 70 - 19 91 5, 15 6 5,536 
1962 ................ 5,620 - 16 9 - 11 90 5, 710 5 ,94 8 
19 63 .. ..... ......... 6, 17 2 - 157 - 5 90 6,2 44 5, 817 
19 64 .......... ...... 6,263 -86 -8 90 6,26 7 5,74 7 

The empirical relationships, which describe the 
weight and yield estimates essentially as a linear 
function of time and of commercial hog slaughter 
in number of head, are summarized in table 27. The 
derivation of the total carcass weight of commer
cial hog slaughter is shown in table 28. 

Total poFk prnduction. Since the farm slaughter 
of hogs is declining rapidly, commercial pork will 
nearly equal total pork production by 1964. Esti
mated average weight and yield data for commer
cial slaughter were used to convert farm slaughter 
into equivalent carcass weight production. Total 
pork production is shown in table 29 for both 
half-year periods from 1955-64. (Again, the esti
mates of net imports, changes in cold storage 
holdings and military utilization were based on 
1949-60 relationships.) 

Hog price. Finally, a predicted live price series 
was obtained with the live price equation, 

Table 30. Predicted price in cents per pound liveweight of 200-220 
pounds slaughter barrows and gilts at Chicago, 1954-64. 

Y ear 

1954 ...... ..... ........ .... .......................... ........... ......... . 
1955 ............ ...... .... .............................................. . . 
19 5 6 .................. ······ ······ ·· ·········· ···· ············•··•······· 
195 7 ..... .. . 
19 58 ....... . 
19 59 ...... . 
1960 .... . 
1961.. .. . 
1962 ...... . 
1963 ...... . 
196 4 ...... . 

a Based on sim p le aver age of Quarterly p rices. 
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Annua l 
aver ag e!l 

(cents) 
22.60 
1 7.1 5 
16.00 
19. 73 
21. 24 
15.1 2 
15 .96 
17 .18 
14 .1 2 
1 2.40 
1 2.6 8 

July-Dec. A nnu a l 

C ivi lian 
Cha n ge Civ ili an consumption 

in Net Mili tary con sum p- from T otal 
stocks exports use t ion comm ercia l Far m co n sump-

su pplies sla ug hter ton 

102 -3 4 136 4,579 8,605 954 9, 55 9 
45 -25 111 5,315 9, 953 94 5 10,898 

- 11 4 2 11 4 5,1 85 10,393 873 11 ,266 
-85 -6 11 0 4,89 7 9, 71 0 795 10, 505 
-4 -4 4 97 4,877 9,558 750 1 0, 308 

144 -21 91 5,464 10,783 76 5 11 ,548 
- 181 - 21 81 5,1 98 1 0,5 60 711 11 ,271 

157 -8 90 5,297 10,45 3 710 11 ,163 
21 2 - 6 90 5, 652 11 ,362 570 11,932 

79 - 16 90 5,664 11 ,908 555 1 2, 463 
19 -30 90 5,6 68 11,935 479 1 2,414 

p 3 j t = 58,8 - 0.433Qll - 2.186Q,t - 0.0066 y t 
0.101T + 1.254W1 + 0.681W,i 

+ 2.652W. (10) 

where P 3it = average price in cents per pound 
liveweight of 200-220 pound slaugh
ter barrows and gilts at Chicago, 
j-th quarter year, t -th calendar year. 

Again, the r emaining variables are described in 
table 17. The predicted hog prices, based on equa
tion 16, are listed in table 30. 

Comparisons of Projected Price Structures 

A comparison of the projected 1964 prices 
shown in tables 24 and 30 with those used in 
evaluating the farm-income effects of alternative 
farm programs-listed in table 31-reveals some 
differences in the two sets of estimates. The esti
mates for the farm program studies, however, de
pict the long-r un rather than the yearly pattern 
of livestock and feed-grain prices. Moreover, the 
long-run estimates represent estimates of aver
age prices received by farmers rather than pri
mary market prices. Because of the use of a com
mon set of regional estimates in the two studies, 
and the emphasis on a consistent procedure for 
deriving short-term estimates of livestock market
ings and meat consumption, the projected 1964 
livestock prices were not adjusted to account fo r 
the different assumptions used in estimates cited 
in table 31. 



Table 31. Estimated farm prices under spe cified farm programs, 1959 and prolected 1965 . 

Projected 196 5b . Price s upports 

I tem 

P r ice Feed g rain and production 
supports product io n limitations 

and limi ted to: removed 

Reported 19 59 
Uni t 
of Market Farm 

control 
for five Joint 

1 50 140 Economi c Sen ate 
basic m illion mi lli on Committee Document 

measure pricea priceb crops tons ton s Report No. 77 

Cattle ...... . cwt. $2 7.09 $22 .51 $16.77 $18.30 $19. 22 $17 . 08 $15.00 
Calves ___ __ ___________ --------··------·· cwt. 27 .1 0 1 8 .0 6 19 .61 20.5 3 18. 39 

H ogs ··· ··· ··· ·········-----··- -----·· · ····· ···--- cwt. 15 .1 2 14.20 10. 23 13 .85 16 .44 10 .95 J 1. 20 
S heep a nd Ia mbs ... ........ . cwt. 17 .94 1 6 .4 4 18.0 2 18.9 7 16. 78 
Milk, w holesa le ......... ..... .. ----····· -·············· cwt . 4.1 5 4 .1 5 3 .70 4.10 4.2 2 3 . 67 3 .6 0 

Corn _ --------- ·-· ····--·-···· ······------· ·- ----·--- ---··· bu. 1. 23 1.07 0. 71 1.00 1 .23 1.77 0.77 

a Annual average value of quarterl y market prices described in table 17. 
"Joint Economic Committee. Economic policies for ag l'i cul t ure in the 1 960's. U. S. Govt. Print. Off., Washington , D. C. Nov. 26, 1960. 
c Not. avail a ble. 

PROSPECTIVE REGIONAL LIVESTOCK 
MARKETINGS AND SLAUGHTER 

Estimates of livestock marketings and slaugh
ter for each livestock region are used later to esti
mate the annual volume of livestock and and meat 
shipments among the seven livestock regions. In 
this study, the estimates of interregional commod
ity flows and related prices were derived in three 
stages. First, an equilibrium set of livestock and 
meat prices was generated for selected markets. 
These prices, when lagged one or more time pe
riods, served as the explanatory variables account
ing for changes in total commercial slaughter of 
cattle calves and hogs. Next, estimates of total 
comm'ercial slaughter, when transformed into per
capita civilian consumption from commercial sup
plies, were used to predict the average quarterly 
live prices of beef cattle and hogs. Finally, the 
live prices were used to generate regional balance 
sheet estimates for each year from 1949 to 1964. 
In this study, however, only the estimates for 
1954 and 1964 are reported. 

Livestock Marketings 

Aggregate Marketings 

Estimates of prospective livestock marketings 
in the continental United States were developed 
as part of the procedures to estimate livestock 
slaughter. Though the use of alternative linear 
programming procedures may result in somewhat 
different estimates from those obtained by ex
tending 1949-60 relationships to future years, only 
the latter procedure was used to estimate livestock 
marketings in this study. Efficient, or long-r un 
optimal, levels of livestock production were not 
examined with reference to each livestock region. 
Rather, the 1949-60 structure of the livestock
meat economy was assumed to be stable enough 
with reference to the projected livestock-meat 
economy to allow the use of historical relation
ships for estimating specified future livestock 
numbers. Because of the indirect manner in which 
slaughter livestock marketings were estimated, an 
evaluation of the entire livestock balance sheet for 
2 years-1954 and projected 1964-was under
taken as a part of this study. 

Regional Marketings 

To overcome the lack of adequate regional data 
on marketings of slaughter livestock, changes in 
the aggregat e balance sheet variables were allo
cated among t he seven livestock r egions according 
to their 1949-60 ( or 1949-58) relationships as pre
scribed by a series of simple regression equations. 
These equations were of the form, 

A 7 
6B1rt = a 1r + b1 r l 6B1rt, 

r = l 
(11) 

where 6B1rt = numerical value of the year-to-year 
difference in the i-th balance sheet 
variables for the r-th region for the 
time period ( t - 1) to t . 

In addition, a limited number of multiple regres
sion equations were developed for each region. 
These prediction equations were used to generate 
a series of regional balance sheet variables; name
ly, sows on hand Jan. 1 and sows farrowing-t he 
latter for both the spring and fall pig crops. The 
prediction equations for sows on hand J an. 1 are 
of the form, 

(12.1) 

"' (p3t-k\ 
H:J2 rt = a 32r + bn r --J + C32,T, (12.2) 

P at- I, 

where equation 12.1 pertains to the West South
Central region and the East North-Central region 
when k = 1 and k = 2, respectively, and where 
equation 12.2 pertains to the Northeast region 
when k = 2. All other regional prediction equa
tions for sows on hand at the beginning of the 
year are denoted by equation 12.2 when k = 1. 
Each of the variables in these and following predic
tion equations are described in table 17. 

To estimate the number of sows farrowing, 
spring and fall , two prediction equations were 
developed which served their purpose quite well 
for each of the seven regions (r = 1, .. . , 7) . 
These equations for the spring and fall seasons, 
respectively, are of the general form, 
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(13.1) 

(13.2) 

The predicted data on sows farrowing served later 
as explanatory variables in predicting commercial 
slaughter of hogs by regions. 

Finally, r egional livestock marketings were 
grouped into two market classes: livestock intend
ed for slaughter and other livestock. In some 
regions, marketings of other livestock exceed 
marketings of slaughter livestock because of sales 
of feeders by farmers and ranchers through cen
tral 01· country markets or to other farmers and 
ranchers. Sales of feeder livestock within a state, 
however, are not included in the balance sheet 
estimates of livestock marketings. Essentially, 
only interstate shipments of other livest ock ar e 
included in these estimates (though all market 
sales of slaughter livestock are included). 

To obtain a breakdown of total marketings by 
regions, the data on livestock inventories and 
births were related to aggregate estimates of com
mercial livestock slaughter. In effect, changes in 
regional livestock marketings from one year t o 
the next were accounted for by (1) changes in 
livestock births, inshipment s and beginning inven
tories and (2) changes in deaths, farm slaughter 
and ending inventories. A residual component, 
which, in the aggregate, was equal to total com
mercial slaughter, comprised the regional market
ings of slaughter livestock. The difference be
tween total marketings and this residual compon
ent represented other marketings. 

To illustrate the mechanical procedures involved 
in the estimation of slaughter marketings, 1954 
balance sheet data were used to allocate the num
ber of livestock on hand Jan. 1, 1954, and the 
number born during 1954 among the alternative 

uses for these livestock. These alternative uses 
would include the number of livestock on hand 
J an. 1, 1955, and deaths, farm slaughter and com
mercial slaughter" during 1954. Regional data are 
examined first with respect to the number of 
slaughter cattle and calves marketed during the 
1954 calendar year. 

E stirnating nurnber solcl. After allocating the 
calves born during 1954 among (a) cows kept 
mainly for milk and (b) other cows on a basis pro
por tional to the total number in each class, and 
allowing for an equal distribution of male and 
female calves in each class, the calves attributed 
to cows kept mainly for milk were allocated among 
the possible use categories; namely, replacement 
of heifer calves and replacement of dairy bulls on 
hand Jan. 1, 1955, and calf deaths and farm 
slaughter of calves during 1954. As shown in 
table 32, of the total of 12,746,000 calves sla ugh
tered commercially in 1954, an estimated 28 per
cent, or 3,516,000 head, represented heifer calves 
in excess of the number required to cover the 
number on hand Jan. 1, 1955. In these estimates, 
the residual commercial calf slaughter of 9,230,-
000 head is comprised of male dairy calves. Thus, 
of the 13,418,000 dairy calves (i.e., calves attrib
uted to cows and heifers 2 years and over kept 
mainly for milk) surviving death and slaughter 
on farms. 672,000 head were not allocated among 
any of t he specified uses . This excess of dairy 
calves occurred because of differences in the meth
ods of obtaining estimates of (a) commercial calf 
slaughter and (b) calf mai·ketings and other bal
ance sheet items. 

Total commercial cattle slaughter, which 
r eached 25,017,000 head in 1954, comprised 
8,444.000 cows, 631,000 bulls, 3,347,000 heifers and 
12.595,000 steers. The four market classes of 
cattle were proportional to the federally inspected 
slaughter under each of these market classes. In 
table 32, the total regional marketings of cattle 
slaughtered in 1954 are listed according to the 

Table 32 . Estimated marketings of cattle and calves slaughtered commercia lly, in 1,000 head , by originating regions, 1954. 

Orig inat ing li vestock reg ions 
Un ited East West W est 

Ite m States Northeast North-Central Nor t h- Ce n tral Sout heast Sou t h- Ce nt ral Mountain P acifi c 

Ca lf s la ug hter : 
F emale .. ............... .......... .... ..................... 3,516 552 921 939 569 311 71 153 
Ma le . . ... ................... .. . 9,230 1,350 2,40 6 2,271 1 ,498 838 H 5 552 

----------------------------------
Tot a I ca lves ....................................... 1 2,746 1, 902 

Ca ttle s laug hter: 
Cows .. ................................. ..... .............. 8, 44 4 
Bulls ........... ... ................. ........... ... ......... 631 

H e ifers: 

679 
42 

Ca lves born durin g year....... .... ........ .. ... 506 8 
H e ife rs on feed, J an. 1.. ..... ................... 1,76 5 21 
Other heifers on hand . J a n. 1. ............. 1,07 6 184 

---------
Tot al heifers (net) ......... .. ...... ..... ........ 3,347 213 

Stee rs : 
Ca lves bo rn durin g year ..... .. ................ 2. 768 
Calves on ha nd , J a n. 1. ............ .... ......... 1,598 
Stee r s on feed . J a n. 1. ........................... 3,605 
Othe rs s teer s on han d, J a n . 1. ............. 4,624 

137 
- 179 

65 
177 

3,327 3,210 

1,27 9 2, 1 36 
75 17 2 

80 138 
294 743 
392 37 

766 918 

-618 - 1,2 98 
- 11 5 1, 238 

927 2 ,03n 
500 1,1 29 

2,067 1,149 386 70 5 

1 ,440 1, 519 887 504 
99 1 23 73 47 

89 114 41 36 
0 79 318 310 

4 09 184 - 41 - 89 

498 377 318 2fi 7 

1,191 2,1 59 96 5 ~32 
- 114 747 43 6 - 41 5 

0 1 26 343 105 
881 74 7 51 2 678 

------------------------------ ----
Total st eers (net ) ............................. 12,595 20 0 694 3,1 08 1,958 3,779 2,25 6 600 

Tota l cattle (net) ................................... ... 25, 017 1,134 2,814 6,334 3,99 5 5,7 98 3,53 4 1.4 08 
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Ta ble 33 . Estimated marketing s and inshipments of cattle and calves, in 1,000 head, 1954. 

Origi natin g li vestock reg ion s 
U n ited E ast W est W est 

Item States Northeast North-Central N orth-Cen tral Southeast South-Cen tral M ountain Pacifi c 

Ma rketings, by origin: 
Calves ........ .. ................. . . ............. 15,514 1,9 60 2,679 2,3 48 3,144 3,211 1, 28 7 885 
Cattle ................ .. ....... ....... .. .. ...... ........... . 30, 6 22 1,062 4,677 11,391 2, 967 4,717 3,754 2,05 4 

--------- ----- ---
Tot a l .......... .... . .. ........... ... ..... ............. .4 6, 136 3,022 

lnshi pme n ts, by destinatio n ..... .... ........ .. ... 9,907 188 

Inshi p m e n ts, by o r igin: 
Beef calves born durin g year. _____ __ ______ __ 2,768 
Beef cal ves on ha nd , J a n . 1. .... . ... .. ... .. .. 1,5 98 
Other steer s on ha nd, J a n . 1. .... .... ....... 4,495 
Othe r heifers on ha nd, J a n . 1. ...... ....... 1,0 46 

T otal (net) .. ........ .. ............... .... . ..... ..... 9,907 

Ma rketings of s la ugh ter livestock, 
hy origin: 

137 
- 179 

172 
179 

309 

Calves .......... .... ...... .. ......... .. .... .... ........... 12, 746 1,902 
Cattle . . .... ....... .......... ... . .. ... ... .. ........ .... ..... 25, 017 1, 025 

7, 35 6 13,73 9 

1,598 4, 468 

- 618 - 1, 298 
- 11 5 1 ,238 

486 1,098 
381 36 

134 1,074 

2,500 2, 272 
4,581 9, 238 

6,111 7, 928 5,041 2, 939 

30 1 96 1 1. 20 7 1,184 

1,191 2,159 96 5 232 
- 11 4 747 436 - 41 5 

856 726 498 659 
398 179 -40 -87 

2,331 3,811 1, 859 389 

3,030 1.677 507 858 
2,0 47 3,282 2,85 1 1. 99 3 

--------------- --
Tot a l . ...... .. . ....... ... ............ ..... ............ 37,76 3 2, 927 7,081 

originating region for the livestock (which, how
ever, may not be the originating region for the 
slaughter marketings, if the livestock are sold 
first as feeders and then resold as slaughte1· live
stock later in the year). 

A substantial number of cattle, apparently des
tined for commercial slaughter during 1954 ac
cording to the balance sheet data, were mis
all ocated to this category according to the data 
on commercial slaughter. Though the 1954 esti
mated commercial slaughter of heifers was 3,-
763,000 head , an additional 416,000 head of heifers 
1-2 years old made up the residual category identi
fied as marketings of heifers slaughtered during 
1954. Furthermore, calves on hand Jan. 1, 1954, 
apparently diverted to commercial slaughter, to
taled 2,147,000 head. Estimated commercial 
slaughter of this class of steers, however, was only 
1,598,000 head. In addition, the estimated com
mercial slaughter of steers included 2,768,000 head 
of calves born during 1954, but even then, 58,000 
head of other calves born during 1954 were un
accounted for in the balance sheet data. The bal
ance sheet estimates of slaughter cattle and calf 
marketings were reduced accordingly in table 33 
on the basis of the reported commercial slaughter 
of cattle and calves. The data on inshipments of 
o ttle and calves, also shown in table 33, were 
used to adjust the estimated marketings of slaugh
ter cattle and calves. The 1964 data on marketings 
of slaughter cattle and calves were obtained in the 
same manner as were 1954 data. 

Marketings of slaughter hogs, lambs and sheep 
were derived by assuming, first, that the slaugh
ter marketings were disti-ibuted among the live
stock r egions in the same proportion as were total 
mar ketings. 

Estimating total ca1·cass weight. The data on 
marketings of slaughter livestock were trans
formed into equivalent liveweight and carcass 
weight values by using estimated average weight 
per head and estimated carcass yield data . The 
total regional liveweight and carcass weight esti
mates were adjuste<'I, finally, to the aggregate 
estimates cited in the preceding chapter. 

11, 510 5,077 4,959 3,358 2,85 1 

Functional relationships. A set of r egression 
coefficients, based on an allocation procedure com
parable to the general form prescribed in equation 
11 is shown in table 34. These regression coef
ficients were used to derive for each livestock re
gion the predicted inventor ies and other balance 
sheet variables which are necessary to derive esti
mates of marketings of slaughter cattle and calves. 

The regional balance sheet estimates were based 
on a general assumption of interdependence among 
livestock regions with respect to the specific fac
tors affecting the regional inventories and move
ments of cattle and calves. Although the effects of 
the explanatory variables specified in table 34 
differed among the seven livestock regions, these 
effects generally were estimated with a rather 
high degree of precision for the period covered by 
the data. As shown by these results, the constant 
year-to-year increase or decrease in cattle and 
calf inventories, inshipments, births, marketings, 
deaths and farm slaughter often represented the 
largest source of change in these variables.19 

The prediction equations for pigs saved also 
are based on the more recent post-World War II 
data. Because of apparent changes in the struc
ture of the hog-pork economy since 1952, the pre
diction equations for sows farrowing are based on 
quite limited information; nevertheless, some 
critical elements of the existing regional structure 
of the hog-pork economy are adequately illustrated 
by these data. The regional prediction equations 
are summarized in tables 35 and 36. In table 35 
are summarized a set of prediction equations for 
ascertaining the number of sows on hand Jan. 1 
which correspond with the regional prediction 
equations for sows farrowing (table 36). 

Prnjected ma1·ketings. The empirical relation
ships depicting the effects of specified factors on 
livestock marketings, and the corresponding com
putational procedures outlined in the discussion 
of the economic model , were used to prepare the 
estimated marketings of slaughter cattle, calves 

19 I n the fir st d iffe rence f o rmulatio n , t he eco nomi c m odel, the year-t.o
year chang-e wa.s r ep rese nted by t he va lue of t he constant t e l'nl, a. 
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Table 34. Basic balance sheet relationships showing the year-to-year effects of a 1,000-head change in specified variables, by region, 1949-58 .• 

Northeast E ast North-Centra l W est N orth-Cen tra I Sout heast W est South-Ce ntral Mountai n Pacif ic 
Balance sheet variable Symbol 

ait b11 Hi'.! bi :! Hi '.l b1 3 ai,i b1 -t ai 5 b i!'; ai 1; b rn a i 1 b11 

Cattle and calves (1,000 head) 

Cattle and ca lves o n ha nd. J a n. 1: 
Kept mainly for mi lk: 

Calves .............................................. Hn 5.9 .296 6.2 .312 - 6. 3 .10 5 9.9 .210 -18 .9 .027 -DA .008 3.6 .041 
H,, 9.1 .236 3.2 .300 - 7.4 .133 7.3 .21 2 -17 .0 .0 35 -0. 2 .021 5.1 .06 3 

Co,vs ............. -- ······-····-··--·-- ············· H " 35 .7 .124 -1 2.6 .24 5 - 22.7 .2 52 37 .9 .184 - 47.8 .1 28 -4. 5 .028 13.9 .040 
Ot he r: 

H ,, - 4.9 .01 3 48.0 .10 3 36.2 .385 31. 7 .104 -96.0 .219 - 23 .0 .115 8.0 .06 2 
H ,, 1.0 .017 14.4 .058 - 1 2.9 .345 11.0 .168 -10.9 .202 - 6.8 .120 4. 2 .0 91 

Co,vs .......... . .... .................. ............... H ,a 2.2 .01 2 15.3 .069 -5 1. 2 .332 89.8 .186 - 54.9 .243 -1 5.3 .111 14.1 .045 
Steers. bull s ..... . ........................... H ,, - 4.1 .018 47 .1 .092 -28 .1 .540 i6.1 .075 - 25 .9 .078 -2 9. 3 .1 32 14.2 .067 

Calves bornb _________ --------·------- ------ B, - 18 .1 .047 - 67.0 .11 5 - 48.8 .320 117.8 .151 - 22 .3 .21 5 14.4 .102 24.1 .05 0 
I nsh ipments ...................... . ···•·········· I, 1.5 - .010 87 .2 -.066 4.0 .621 -6.6 .011 40.4 .014 -31.6 .22 8 - 94 .9 .201 
M a rketings : 

Ca lves ...... . ... ....... ............ ... ................. M, 9.4 .086 - 87.1 .1 51 - 45 .0 .211 94 .3 .173 6.8 .253 21.8 .064 -0. 2 .061 
Ca ttle .............. ............................ ....... M, - 9.7 .0 28 32.0 .157 137 .1 .317 -12 .8 .1 26 -1 28.4 .180 36. 2 .086 - 54.4 .1 06 

Deat hs : 
Calves c ....... .. ..... .. .. . .. ............... . .......... D, - 5 .8 - .008 - 7. 2 .034 -6 .1 .025 - 2.3 .060 4.9 - .009 -1.l .046 - 1.0 .016 
Cattle" ············-----•····-··-•-·-····--•·--·-···-- D, - 1. 5 .931 -0.6 -.014 0.6 .016 1.7 .008 - 0.1 .00 2 -1 .2 .0 22 - 2.4 .019 

Farm slaug h ter : 
Cal vesc -------------------------- ····----- ............ F, - 2.8 - .006 - 8. 5 .02 1 - 4. 3 .001 - 2.0 .018 0.5 .009 -1.7 .004 -3 .0 - .015 
Cattle" ---------------- ······························ F , - 0.6 .019 - 2. 3 .0 36 -0 .7 .018 -4.0 .01 3 -0. 3 .00 3 - 1. 2 .006 - 0. 2 .00 5 

H og-s and pi gs 

So,vs on ha nd, J an . L -----··· ·····-·············· · H ,, -4. 3 .011 16.1 . 22 2 11.9 .5 51 8. 7 .11'1 - 22 .6 .074 - 7.0 .0 20 -2 .8 .010 
Pigs saved : 

S pring .......... -· --············-·-- -----·---------· Bsi - 30.8 .011 89 .5 .214 37.0 .589 76 .2 .090 -118 .5 .066 - 37.1 .020 -16. 3 .011 
[cal l . ... ................. .. ............... ... ........... Bn -33 .6 .01 5 41.4 .303 290.7 .4 16 -81.7 .146 -16 5.8 .090 - 32 .2 .017 - 18.8 .01 3 

L 6.0 - .028 - 28 .8 .598 2:l.O .400 5.2 - .037 0.7 .016 2.2 .001 -8 .3 .049 
M, 41 .9 .926 148.4 .783 241. 2 . 776 240.6 .688 4 6.3 .81 2 16.8 1.019 15.7 .997 
D, 2.4 .6 32 -11. 3 .938 7.0 .789 10 .8 .975 7 .3 .690 0.5 .607 -2 .0 .32 0 
F , -30.7 .12 2 - 80 .5 .014 - 69 .7 .016 - 215 .3 .1 22 -5 9.1 .109 -6 .6 .093 -7.4 .08 2 

a All coeffi cients, except those listed below, are based on t he 1949 -58 relationship between regional a nd aggregate national levels o.f t he specif ied vari ables as specified by equatio n 11. 

l 
b Prediction equation of t he form, LiB1r t = a,r + b i rj, L H ; 3r t . 

i = 1 

c Pred iction equation of t he form, ..\OJ rt (or ..\F1rt) - air + b1 r .6. 
~ 

l: 
i = 1 

H ur t . 

2 4 
d Prediction equation of t he form, .6. D :.! rt (or ~F:!rt) = a 1r + b ,z r .6._ L . 1: HiJ rt . , = 1 J = 2 

c Prediction equatio n of t he for m , .6.M art (or 6F:i rt) = a 1r + b 3r 6 ( B:1:? r t -1 + B:n 1, ) . 

r Prediction equation of t he form, ilD art = a.J r + b3r 6 
. , 
l: H a; r t. 

j = 1 



Table 35. Estim a te d effects on number of sows on ha nd Jan. 1 of a 
1-unit change in specified variables, by regi on , 1953-5 9 . 

Effect, in number of ::;ows on hand, 
of a ] -unit change in : 

Ho~·-corn Be2f-co rn 
ratio ratio 

Reµ:ion P :11 1-. P :?1-1.. 

P n1-k P ,H Ii. 

l ort heast :-LO 7-t ** 
( U.701; I 

E :1sl North-Cenlrnl 19.01;9 
(l l.:! 001 

WesL Nort h-Ce nlrnl . 1 O:l.U6•* 
( 1 ~ .55S l 

Sout heast 9.llO 
(7.:ll0I 

Wesl S~ut h-Cent.-al.. G.99l 
( :l. 611 -> l 

Mountain 1.688''' 

Pac-ific 
( O .. ,l., l 

1 .779** 
tO.l n l 

- :{:!.9~)() 
( l l. lll)tl) 

:! . t7:! 
( 2 .8l0 I 

T ime 
T 

-ti.!18 7 *1'
I ll.89 1 l 

-96 .398*'' 
(l:l . :l~:n 

-J~. 1 8~*'' 
( 9. ~ :{Ill 

:! . 6:{0'~,;. 
( 0.(ili:!l 

- 0.911 * 
(11.:: 11 ) 

Consta nt 
te rm R ' 

1 

l 67.4 IU07 

~.828.6 ru;os 

:L ~ I~ .0 o.9:c: 

8 a9.2 0.9 l 'i 

19 7 .:l fJ,:;78 

;j 4 , fl 0.911'i 

,9.9 O.!l 1 :~ 

,;, Si ~ n ifi t::inlly d iffel'enl from zero at the 0.05 p1·obability level. 
,;,.;~ !-,; :g-nific:antly di fferent from ze1·0 :i t the 0 .01. p 1·0':)a b i li l.v leve l. 

and h cgs (table 37). Next, estimated average 
weight and yield data were employed to obtain 
th e e:.,timnted tota l carcass weight of the market
in gs of sla ughter li vestock. 

Commercial Slaughter 

Aggregate Slaughter 

Once the live pi-ice effects of predetermined de
mand factors (such as the quantity of commercial 
supplies available for civilian consumption and dis
posable incomes) were ascertained, the predicted 
prices could be related to prospective livestock 
marketings and slaughter. To ascertain the effect 
of changes in market prices in future livestock 
slaughter, however, three additional equations
one each for calves, cattle and hogs-were derived 
from 1949-60 data. 

ter was available to en ter in the balance sh eet s 
showing specified meat prod uction and disposition. 
To derive the average weight, annual data cover
ing the 1949-58 ptriod were used. 

Regional Slaughter 

Two different procedures were used to derive 
prospective reg·ional levels of commercial livestock 
sla ughter. F irst, histol"ical (i.e., 1949-58) relation
ships were used to allocate the projected change 
in aggregate livestock sla ughter among the even 
livestock regions. A set of regional slaughter live
stock demand relationships and a ratio method of 
regional a llocation were available to obtain the 
i-egional estimat es of commercial slaughter. Sec
ond , the spatial equilibrnm solutions presented 
later in this r eport each have a set of equili brium 
regional levels of livestock slaughte1·. In this sec
tion, however, the r esul ts of only the first of the 
two proced ures a r e presented. 

The ratio method used to estimate prospective 
regional levels of livestock slaughter involved an 
a lgebraic model of the fo rm illustrated by equa
tion 11. In thi s equation , the sum of the r egres
sion coeffici ents depicting the relationships be
tween regional sla ughter and aggr egate slaughter 
equals unity for each livestock species. The values 
of these regression coefficients, based on 1949-58 
data, are summari zed in table 38. 

The a lternative procedure involved the estima
tion of quantity-price and other fun ctional rela
tionships for each r egion. These relationships de
pict essentially the demand structure for slaughte1· 
calves, cattle and hogs at the point of slaughter. 
H ence, market conditions, such as plant capacity 

Table 37 . Estimated marketings of sl aughter cattle, calves and hogs, in 
1,000 head, by regions, 1954 and projected 1964. 

Cattle 
Given the explanatory variables for the com- Reg io n 1 954 1964 

mercial sla ughter equations and given the average 
1

,
065 

1.
902 1

_
600 

1.
284 1

_
33

~ 

Calves H ogs 
1954 1964 19 !i 4 196 4 

weight per head, the total liveweigh t of Commer- ~~~thJ~~-kc~~i:·,:x : i:m 5 ,538 :UiO l.4 37 ll.400 :13:m 
cial livestock slaughter was obtained by multiply- ~~~t.~it: ~:?e~t rll'. tm 1~Jii trn 1:m 0Un 1 ~.429 

i~gldthe two valudes.
1
_Furtl:i-e

1
rmt 01t·eh, gitvetn

1
the meat ; ;~~t~i~

1
ut 1,:~.e~trtt '. tm tm 1.m 1,m 1.m 1.m 

y1e per poun 1vewe1g 1 , e o a car cass P aci fi c .................... 1 .99:1 2. 11 4 58 no 110 Ho7 
weight equivalent of commei·cial livestock slaugh- _ _ ·_r o_L_a_1 _··_··_··_···_··_••·_··_··_···_·~-'"_·o_1_1 __ 2s_._3_:n __ 1_2_.1_4_6_ 1_0_.o_9_9 __ G4_._8_~8 __ 9_1.0~2 

fa ble 36. Estimated e ffect on n umber of sows farrowing of a 1-unit ch ange in speci fi ed variables by region, spring a nd fall , 1953-59. 

S prin g- ( llec. -M ,iy) 

!leg- ion 

East Nol't h-CenlraL. 

W e~;t North-Ce n t ntl 

SoL1theasl ----······••-

Wesl South- Central. 

Mounl:li n --·-------- ··-------······· 

P acific 

------·-· 

··-----······ · 

.'.'io'.vs o n 
h:t nd 
.H ::.:! ,·t 

0 .&87''" 
(0.(J78 l 
0.8 i ,, ,,. 

(IJ.ll81i I 
II. ~,g_-, ,:,,:t 

(0 .11 8 l 
0 .9 02** 

(0.04 1 ) 
0 . 92 1 ''* 

(0.0:l8) 
(l .8 'I!) '~* 

( 0.1 ,4 ~) 
0 .9 '1 -~ ** 

(0. 119 ) 

T ime 
'I' 

- 0.416 
(ll.i8t) 

- 1 .778 
( :!."29.-)) 

~.400 
(8 . I !)7 I 
(J_ 7fi5 

(tJ.7 70) 
l.:lG4 

(ll . (i(i7) 
0 .14 4 

( u. :!2 4 } 

0 . 2:!l 
(0 .288) 

* S ig- n ificanL!y different from ze l'o al l he 0,(l;j p1·oba bilit:r level. 
** Sig-nific-ant.ly different, from ze1·0 at t he 0.01 p1·ohahil ity level. 
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- 41. 9 0.988 
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Sows 
fa !·1·owing

S:: 1r t 

1. 0011 head) 

11.,;:18 
(I) .4 1 ~) 
1 .1 "2 7 :;:t~ 

(0.1:i.", ) 
(). !) .-, :! ,:, =~ 

(0.1 (; 4) 
0 .8 1::'''' 
(0.1:l li) 
0.8G8<·,, 

( 0 .171 ) 
0 .(il4 *'' 

(0 .071) 
0 .891i* ,:, 
(0.109) 
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10 .:144 
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(O. :l88) 

1. 0:n•• 
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T 

0 . 1 ::(; 
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U.7% ** 

(:L4~1) 
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(2 . :l:lO) 
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Tabb 38 . Proporti onal contribution of specified regions to total change h li vewe igh t commercial sla ughter of livesto ck in the Un ited States, 1949• 
58 ." 

Reg ion 

Constan t 
t e rn1 

air 

Northeast ...... . .......... .... ..... ........ -4. 3 
East North-Central.. ... .......... ... . .. ...... .. .. ...... . - 51. 3 
W est North- Central. ... ... .. .. ... . ... 66.1 
Southeast .... .... .. .. ... ............ - 21. 9 
W est South-Ce ntnil.. ... ........ . 
Moun ta in .... . .. . 

"'!?aC'if ic ·- -- ·--·· ... ... ....••.•••.• .• .• 

-61. 7 
49.3 
23.8 

Calves 
Regression 
coeffi cient 

b1c 

0.057 
0.215 
0.311 
0.128 
0 .137 
0.047 
0 .104 

Cattle 
Constan t 

term 
a2r 

13.5 
-3 .0 

- 5:l.8 
22 .3 
13.2 
-0.8 

8.6 

H ogs 
R eg ressio n Co nstant R eg ression 
coeff icient te rm coe ffi c ien t 

b:: r a:-:r b 3 r 

0.15 5 -18 .0 0.088 
o. 290 - 16 7.6 0.240 
0. 16 5 l U .9 0 .410 
0.11 9 24 4 .8 0.099 
0 .1 67 -92 .3 0 .06 5 
0.019 - 1.9 0.027 
0.085 -60 .3 0.006 

a The co nstant te rm , air, denotes a co nstan t yea1·-to-yeal' chan ge in r egio n a l s la ug hte r , w hile t he regression coeffic ient, b i r , denotes t he change in 
reg io nal s laughter associated with a 1-uni t chan ge in total U. S. s laughter. 

or procurement practices among- competing- pack
ers, would affect the values of t he quant ity-price 
coefficients and possibly would distort their com
parable values at the r etail market or consumer 
level in the dist r ibution process . The estimated 
values of the slaughter demand relationships are 
summar ized in tables 39, 40 and 41. 

The algebraic model used to derive slaughter 
demand coefficients was of t he form, 

A 3 
C;,.t = a il' + ~ b ;j,.P j, + C ; ,,..6-Y, + C ;s,.T , 

j = l 

(i, j = 1, 2, 3) (14) 

wh e1·e C;,•1 = total commercial slaughter of calves 
(i = 1) , cattle (i = 2) , or hogs 
(i = 3) in t housands of head, in the 
r-th r egion during t he t -t h year . 

P " = average live price in cents per pound 
liveweig-ht of U. S. Choice and P rime 
grades of vealer calves at Chicago 
during- t he t -t h year. 

P ct= average live price in cents per pound 
liveweig-ht of U. S. Choice grade beef 
steel's at selected markets dur ing
t he t -t h year. 

Tab le 39 . Effect o n number of calves slaughtered commercially of a 
l •unit change in specified va riables, by regions, 1949·58 . 

Effect o n n umbe1· slaug-hte red 
o f a 1-uni t c h ::ln g-e i n : 

Dis-
Veale r nos:t ble T ime 

Reg ion ))!'ice i ncome T P ',, ..II, 

( l. fl00 head) 
Northeast · · ··· ··············- - 48.2* '' ~.1 - 25. 2 

( 11 .2) (8.(;) (20.l ) 
East No,.lh-Ce nti-al.. ..... - 85.8* * ;;.8 - 7.7 

(1 4. 7) ( 11.4 ) (% .5) 
West No,.lh-Cen l ra l .. ........ - fi4 .9** - 0. 3 - 6.9 

(5 .:3) ( 4 .1) ( 9.5) 
Sout heast ------· -····· ·········-· - 34.1 ** 6.4 21.7 

(6 .0) ( 4.6) (1 0.8) 
West Sout h-Central.. ...... .. - 54 . 9** 6.2 - 1 3.4 

(7.1) (5 .5) (12.8) 
Mounta i n ···-· ··· ·····-···· ----···· -6.8** 0.6 - 5.0** 

(0.6) (0.5) (1.1 ) 
P ac ifi c -2 6.8** 1.0 -0. 1 

( 4. 7) ( 3.6) (8.4) 
United States ---------------·· · - 311 .4*'' 22 .8 - 98.7 

(38.3) (29.6) ( 68. 8 ) 

Co nstant 
te rm 

1 

3, 879 .6 

4.9'.i(-i. ll 

3 ,0 32 .7 

1,718 .0 

2,560 .5 

28 1. 0 

1,266 .0 

17 ,784. 1 

** S ignif ican t ly different fl'om zero at ihe 0 .01 probability level. 

728 

R' 

0.78 

0.89 

0.9 6 

0.92 

0. 93 

0 .9 6 

0.89 

0.9 3 

Tab le 40 . Effe ct on num ber of cattl e s laughtered commercially of a l • 
un it cha ng e in spec ifi ed va riables by regions, 1949-58 . 

Effect on numl:er slaug htel'ed 
of a 1-uni t chang:e in: 

Di s-
Reg ion Catlle H og pos~ib le Time Co nsta n t 

p ri ce price incom e T term 
P :! t P :it .l l , 1 

(1,000 head ) 

Northeas t -------------------- - 32.9 * 15 .2 10.1 46.9'' 2,3 1 2.2 
(12 .5) (19.4) (8.1) (19 .1) 

EC1s t Norlh-Central.. .... - 122 .4 ** 33.0 16. 0 9 5.0 *'' 7.01:i. l 
(17 .1 ) (26.6) (11. 1) (23.5) 

W est N orth-Ce ntra l ... .. - 19 3.6 ** 24. 7 9. 5 187. G** 10,5 42 .0 
(18.4) (28 .6 ) ( 12.0) (25 . 2) 

Southeast - 71. 8 20 .2 14.1 109.5** 2,873 .1 
(1 9. 7) (30 .7) (1 2.2) (27.1) 

VVest Sou t h-Ce ntral.. -79 .5* 1 7 .5 17 .1 58 .0 3,326 .0 
(2 7 .0) ( 4 2.0) ( 17 .. 6) (3 7. 1) 

Mountain -----·----- -28 .6''* - 1.6 3.3 79.4** 1,570.2 
(7 .3) (9 .8) (4 .1 ) (8.7) 

P aci fi c .. ... -64 .0* 2.8 13.8 87 .3'' 3,69 1. 1 
(22 . 9 ) ( 35.7 J (14.9) ( 31. 5) 

Uni ted Stales ... .... .. - 592. 7*''' 111.9 83 .9 663 .7 ''"' 31,32 7 .6 
(103 .3) (160.8) (67.3) (141.8) 

,·, Significantly di-ffei·e n t fro m ze ro at t he 0.05 probabi lity level. 
Sig nifi ca nUy di f fe1ent from zero at the 0.01 probablity leve l. 

R' 

0.87 

0.97 

o. 99 

0 .9 3 

0.84 

0.98 

0.88 

o. 96 

Table 4 1. Effect on number of hog s sla ughtered commercially of a 
1-u nit. change in specif ied varia b les, by reg ions, 1949-58 . 

E f fect on num be1· s lau g hter ed 
of a 1-u nit change in : 

Dis-

Regio n t~atll e Hog nos~tb lz Time 
p ri <.;e price incom e T 
P :?t P :i t Lil t 

(1,000 h e:1.cl) 

Northeas t ·- · ·-·· ------·---- 58 .6 - 106.9 19. 3 59 .4 
( :l:J.4) (50.4) (:J l.l) ( ,14 .5) 

East No 1th-Central .... 225 .3* -263.9 54.8 72 .5 
(70 .8) (110.3) ( 4 6.1 ) (97.:1) 

W est No1·th,-Ce ntraJ __ 25 9.0 * - 5 91.1 ** 65.2 292 .0 * 
(77.7) (120.9) (50.6) (106. 7) 

Soulhe:i s t --------- ·-·----- 95.8 - 100. 7 24 .1 379 .3** 
( 4 5 .~) (70 .4 ) ( 29 .4) ( l::J .1 ) 

West South-Central .... 57 .8* -88 .4 9. 7 21 .0 
(22 .3) (34 .7 ) (14.5) (:l0.6) 

Mountai n ··· · ·- · · ----- --· -- 23 .1** -3 1. 7'' * 4. 0 -1.8 
(4 .5) (7 .1 ) (3.0) (6.2) 

P a cifi c ---------·-- · ·--- -· ·· · 44.1 - 99 .1"' * 1 2.1 -20 .0 
( 18 .5) (28.8) (1 2.1 ) (25 .4 ) 

United Stales ......... ... 7G 3.7* -1,28 1. 9* 1 89.2 802.4 
(238.4) (371. 1 ) ( 155 . 3) (327 .4) 

Constant 
tel'm 

1 

7,685.0 

16 ,907.fi 

30, 62 9.6 

,,. 977 .2 

2,869 .5 

1,4 61. 2 

3,8 1 8 .5 

68 ,3 48. 7 

* Significantly d ifferent from zzro at the 0 .05 pro bab ility level. 
,:,~, Significantly different f1 ·om ze1·0 at the 0.01 pro~ability level. 

R' 

0. 7 2 

o.s:: 

0 .9 1 

11 . n 

o. 77 

O.!J3 

0.84 

0.8 7 



P,H = average live price in cents per pound 
of 200-220 pound barrows and gilts 
at Chicago during the t-th year. 

~It= year-to-year change in total dispos
able personal income in the United 
States, in billions of dollars, during 
the t-th year. 

T = time, beginning calendar year 1949 
withT = l. 

PROSPECTIVE REGIONAL POPULATION, 
INCOME AND CONSUMPTION 

Regional population and income projections 
along with regional meat demand relationships 
were used to derive the estimated 1954 and pro
jected 1964 consumption of beef, veal, pork and 
lamb and mutton. These estimates are based 
largely on aggregative data prepared by the U. S. 
departments of commerce and agricult ure. In the 
case of population and income estimates, a rathe1· 
simple procedure was used to allocate the pro
jected changes for the United States (from 1959 
to 1964) among the seven livestock regions. The 
regional estimates of future meat consumption, 
however, are based on more involved procedures 
because of the additional demand effects of pros
pective differences in regional price relationships 
for each of the major meat items. All regional 
projections are confined to the period from 1961 
to 1964 because of the additional difficulties in
volved in the preparation of th e more detailed 
long-range projections. 

Population 

The use of a ratio estimation procedure of the 
form, 

log fI ,.t = log a ,. + b..log ( ~ 
~r = l 

(15) 

where H ,.t is the total civilian population in the 
r-th region on July 1 of the t -th year, resulted in 
a satisfactory set of regional population projec-

7 
tions. 20 The total population projections, ~ H,-t , 

r = l 
were the Series II population projections prepared 
by the U. S. Bureau of the Census. To the re
gional estimates were ad ded the 1959 regional 
estimates of military population. Thus the pro
.i ect ed total regional population was obtained for 
the 1964 calendar year. In table 42, the projected 
regional populations are compared with the 1954 
reported 1·egional populations. 

Income 

Since one of the factors accounting for regional 

w For studies u si n g natio na l projectio ns p ri maril y to forecast state o r 
reg ion al p opul a tions. see : Ma rgare t J. H agood a nd J . S . S iege l. Pro
jection s o f t he region a l di st ribu tio n of t he populatio n o f t he U ni ted 
States i n 1 97 5 . Ag r. E co n. Res . 3 :41-5 2 . 195 1 : H e le n L . Whi t e and 
J. S . Siege l. P rojectio ns of t he papu latio n in s tates, 19 5 5 a nd 196 5 . 
Curren t P opu latio n Reports, P opul a t ion E st imates, Se ries P-25 , N o . 56 . 
U. S. Bu rea u o f t he Ce nsus, W a sh in gton , D. C. J a n . 2 7 , 19 52 . 

Table 42. Civilian, military and total population in specifie d reg ions, 
1954 and projected 1964. 

19 5 4 Projectecl 1964 

R egi on Civi l ian Mili tar y T ota l Civ ilian M ili tar ya. T ot.a lb 

(1,000,0 00 ) 
Northeas t .... .............. 4 5 .0 0.4 4 5 .4 50.l 
East North-Central.. .. 33 .0 0 .1 33 .1 40 .3 
West Nort h- Central. ... 14 .5 0 .1 14 .6 16.0 
Southeas t .... ... .... ......... 29 .8 0.7 3 0. 5 35 . 3 
West Sout h-Central.. .. 14 .9 0. 3 15. 2 1 7. 6 
Mounta in ...... ..... ... ...... 5 .€ 0 .1 5 .7 7 .7 
Pacific ............... ......... 16. 3 0 .4 16 .7 22 .5 
Tot a l ........... .. .... ......... 159.1 2 .1 161. 2 189 . 6 

a. Assum ed 19 5 9 milita ry popul atio n . 

0 . 3 
0. 1 
0 .1 
0 .5 
0 . 2 
0. 1 
0 .4 
1. 7 

50 .5 
40. 3 
16.1 
35 .9 
17 .8 

7 .8 
~2.9 

191 . 3 

0 Adjust ed to U . S . Census populatio n foreca sts for 1965, Se ri es IT. 

Table 43 . Tota l and per person disposable personal incom e in speci
fi ed reg ions, 1954 and pro jected 1964. 

Region Total 

( billio n 
do ll a rs) 

Northea st ......... .............. ..... .... 8 0. 5 
Eas t North-Ce ntral.. ................ 57 . 2 
West Nort h-Centra l.. ........ ...... .. 32. 6 
Sout heast . ...... .. . .................... . . 3 4 . 2 
West South-Ce nt ral.. ....... ....... .. 19. 9 
Mountain ......... ..................... .. 8 . 2 
Pac ific ........... ................... .... .. 30.9 
Total ..... ................................... 2 6 3. 5 

19 54 

Per 
per son 

(dollars) 

1 ,786 
1 , 7<11 
1,491 
1,1 3 4 
1, 314 
1.4 64 
1, 8 61 
1, 5 82 

n Bc1 secl on 19 5 9 Co nsumers· Pri ce I ndex o( 1. 24.6. 

Projected 19 64 • 

Per 
T otal person 

(billio11 ( dollars) 
doll a rs) 

1 21. ,1 2, 404 
90. 4 2, 2:l 8 
30 . 2 1,876 
53 .3 1.4 89 
30. 3 1. 70 2 
14.9 1,91 0 
:i7 .0 2, 489 

3 97 .5 2 ,0 7 8 

differences in per-capita meat consumption is dis
posable personal income, this variable was pro
jected also for each of the seven livestock regions. 
Though the ratio method cited earlier was used 
also in estimating the future regional incomes, 
further manipulation of the data was necessary 
to establish a consistent set of estimates, as shown 
in table 43. 

First , the ratio method was used to obtain the 
projected per-capita personal income for each re
gion. Each of these estimates was multiplied by 
the 1955 (for 1954 estimates) or the 1959 (for 
1964 estimates) ratio of disposable income to total 
personal income for each region. The regional 
per-capita disposable income was then multiplied 
by the regional population and aggregated to ob
tain an initial est imate of total disposable personal 
income for the region. These regional totals were 
adj usted to the projected total disposable income 
cited earlier. The adj usted total regional income 
for each region was divided by the total regional 
population to obtain the per-capita personal in
come cit ed in table 43. 

Meat Consumption 

Regional meat consumption estimates were de
r ived from both cross-sectional and time-series 
data. These data were used first to derive the 
regression coefficients, a ;r, b; i,. and C ; j ,- represent
ed in the functional expression, 

A 

Q ir l = a ; ,. + ~_b ij ,-P j rt + C;,,.I ,-t + C;2,-T , (16) 
J 

where Q;, t = quantity of i-th item in pounds car
cass weight consumed per capita in 
the r -th region during the t -th year. 
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P i,.1 = price in cents per pound of the j-th 
· item consumed in the r-th region 

during the t-th time period . 

I. 1 = disposable personal income per cap
ita in the r-th region during the t-th 
time period. 

T = time, or the t-th yea1·, numbered 
consecutively, starting with t = 1 
for 1949 . 

In this expression, a 1,. represents a constant term 
(which later is adjusted to account for regional 
differentials in the level of demand for the i-th 
meat item). The regression coefficient b ti 1· de
notes eithe1· an own-price effect (when i = j) or a 
cross-price effect (when i -=fa j) whereby a 1-tmit 
change in the j-th price is associated with a b ;j 
unit change in the i-th quantity demanded. Fin
ally, C ; 1,- and c101 represent the effects of disposable 
income, li t, and time, T, on the quantity demand
ed. 

Deri vation of Functiona l Relationsh ips 

The method of least squares was used in the 
derivation of the aggregate demand relationships 
for beef, veal, pork, lamb and mutton, all meat 
and poultry. (The last two relationships are in
cluded to show the effects of specified price 
changes on total red meat and poultry consump
tion.) Since the linear programming procedure 
used later in this study requires data which are 
linear in the variables, the empirical approach in 
this study depends almost entirely on the use of 
arithmetic, rather than logarithmic, models of 
consumer demand and of ma1·keting-clearing oper
ations. 

As suggested earlier, the four basic sets of de
mand relationships used later in this study de
scribe the effects of a 1-unit change in a specified 
price, income or time variable on the per-capita 
consumption of beef, veal, pork, lamb and mutton 
in the United States as a whole. Later these re
lationships are modified to show regional con
sumption r elationships. The aggregate demand 
relationships, however, are based on time-series 
data covering the entire United States and repre
senting average ann ual levels of relevant demand 
factol'S over a 1O-yeai· period, 1949-58. The re
gression coefficients and their standard errors, 
whi ch are s hown in parentheses, are as follows: 

..':.Q,, = - 0.535 - 0.153 *':'D.P i, + 
(0 .030) 

0.0l0..':.I1, 
(0.005) 

R" = 0.807 (17.1) 

.'>Qot = 0.188 - O.939 ':'*6.P ot + O.2586.P:it 
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(0.151) (0.207) 

- O.O48..':.P,t + 
(0.351) 

O.05O6.I t, 
(0.023) 

JV = 0.914 (17 .2 ) 

+ O.18t..':.Pa + 
(0.159) 

0.OO8..':.I L, 
(O.O1O) 

R" = 0.S63 (17.3) 

..':.Q ll = - 0.105 - 0.132*':'..':.Pi t - O.OO1..':.t , 
(0.014) (0.001) 

R" = 0.936 (17.4) 

..':.Q,,1 = - 0.730 - O.785':":'..':.P -,l + 
(0.148) 

O.1O6..':.P,l 
(0.377) 

+ O.O62*_\I L 
(0 .025 ) 

R" = 0.898 (17 .5 ) 

..':.Q 71 = 0.696 + 2.168..':.P,.1 - O.4O8':'..':.P ,1 
(1.000) (0.118) 

+ O.O11..':.I t, 
(0.008) 

R" = 0.810 (17.6) 

where ..':.Q 11 = year-to-year change in civilian per
capita consumption from comme1·cial 
supplies of veal, in pounds of carcass 
weight. 

..':.Q,t = year-to-year change in civilian per
capita consumption from commercial 
supplies of beef, in pounds carcass 
weight. 

..':.Q ,, = year-to-year change in civilian per
capita consumption from commercial 
supplies of pork, in pounds carcass 
weight . 

..':. Q ,, = year-to-year change in civilian per
capita consumption from commercial 
supplies of Iamb and mutton, in 
pounds carcass weight. 

..':.Q, t = year-to-year change in civilian per
capita consumption from commercial 
supplies of red meat, in pounds car
cass weight. 

..':.Q" = year-to-year change in civilian per
capita consumption from total sup
plies of chicken and turkey, in 
pounds of equivalent reacly-to-cook 
weight. 

_\P1t = year-to-year change in average re
tail price, in cents per pound carcass 
weight equivalent, of U. S. Prime 
and Choice grade veal (divided by 
Consumers' Price Index) . 

..':.P, 1 = year-to-year change in average retail 
price, in cents per pound carcass 
weight equivalent, of U. S. Choice 
grade beef ( divid ed by Consumers' 
Price Index). 

..':.Pa= year-to-year change in average re
tail price, in cents per pound car
cass weight equivalent, of major 
pork cuts (divided by Consumers' 
Price Index). 



...lp Jt = year-to-year change in average re
tail price, in cents per pound car cass 
weight equivalen t, of . S. Choice 
lamb (divided by Consum ers' Price 
Index ). 

...lP.-,L = year-to-year change in index of 1·e
tail cost of meat prod ucts (1947-49 
= 100) . 

...lp" = year-to-yea1· change in average re
tail price, in cents per pound r etail 
weight, of r eady-to-cook frying 
chickens ( divid ed by Consumers' 
Price Index ). 

...lI , = year-to-year change in ave1·age per
capita disposable personal income in 
dollars ( divided by Consumer s' Price 
Index ). 

Each of the variables represents an estimated 
average value of an item for the enti1·e United 
States. Because of computational difficulti es in
troduced by high intercol'l'elation among several 
series, first differences of the estimated average 
values were used in the derivation of the r egres
sion coefficients. 

The national data wer e modified to account for 
regional differ ences in meat consumption by using 
the published reports on the 1955 Survey of 
Household Food Consumption.~[ These regional 
differences in meat consumption combined a num
ber of facto r s which were not included explicitly 
in t he derivation of the modified demand relation
shi ps but which presumably were related to r egion
al income differ ences . Hence, in te1Tegional diffe1·
ences in per -capita consumption were estimated 
on the basis of per-capita income diffe r ences 
among t he livestock r egions comprising any one 
census r egion. 

Regiona l Consumpt ion Estimates 

Specificall y, the r egional consumption estimates 
for 1954 and 1964 were derived from the 1955 
survey data and t he projected national consump
tion by use of an ad justment procedurn based on 
the exprnssion, 

A (Qir l 
Q;,•, = Q;,• + E ;,• -- 1 (l.s - I,.), (18) 

\ I r ) 

where Q ; ,, = quantity consumed per person of t he 
i-th item in the r -th census 1·egion 
(r = 1, ... , 4) and s-th subregion 
(s = 1, 2), 

Q, ,. = quantity consumed per person of the 
i-th item in the r-th census r egion, 

I, ,= disposable personal income per per
son in the r -th census region and 
s-th sub1·egion, 

I r= disposable personal income per per
son in the r-th census 1·egion, 

E ;,• = estimat d intratemporal income ef
fect on quantity consumed (derived 
from 1955 survey data) showing the 

21 U. S . De p t.. Ag l'. 19 .).J hou sehold food co n ~l1mp' io n ::n11·ve.v. R e pot"ls 
No. 1-:i, U. 8 . Gov 'l. P,·inL. Ol'f .. Wa shin g-to n. D , C. 1957. 

percentage change in pounds of meat 
per person associated with a l-pe1·
cent change in disposable income. 22 

The r eg ional consumption projections for 1964 
are based on a different procedure. (See table 44.) 
Fil'St, data on slaughter weight of livestock pro
du ction in the United States sel'Ved as t he basis 
for a derived carcass weight equivalent of com
me1·cial slaughter. Farm sla ughter was deducted 
from t he 11r oduction estimates to obtain the total 
liveweight of commercial slaughter . These totals 
were multiplied by carcass yield ratios to obtain 
commercial slaughter in carcass weight equivalent 
prod uction. Then , net exports and military use 
were subtracted from the total commercial meat 
production. Estimates of beginning and ending 
stccks were based on their quantitative relation 
to commercial production during the 1949-60 pe
riod . Similarly, t he estimates of expo1ts and im
ports were based on historical r elations hips. Pro
jected mili tary uti lization of meat was prescribed 
at the 1959 levels (which is consistent with the 
procedure for estimating the 1964 civilian popu
lation ). The r emainder, which represents the com
me1·cially produced meat available for civilian 
consumption in the United States, was divided by 
the civilian population. Regional per-capita con
sumption estimates were derived, finally, by using 
t he prncedUl'e specified in eq uation 15. 

PROSPECTIVE MARKETING COSTS 

Locational patterns in livestock slaughte1-ing 
ar e r elated pr imarily to the geography of livestock 
prnduction and secondaril y to t he geography of 
population and consumer ma1·kets-provided, of 
co urse, that transfer costs for li vestock and m eat 
co1Tespond with the costs of providing t he trans
fn· se1·vices. Among transfer services are includ
ed the gamut of activities involved in transforming 
the iivestock into marketable meat products. 
Hence. differ ences in transfer costs occur because 
of 1·egional differ ences in livP-stock prncurement 
costs, sla ughtering and prncessing costs and dis
tribution costs. Transportation expenses contrib
ute to both procurement and disti·ibution costs. 
Although the transportation charges pe1· unit of 
livestock or meat prnduct are small , in the aggr e
gate t hey are substantial. Moreover , the total 

:!:! Th e LheoreUcal b asis f o r lhi s Pl'Ocedu1·c was presen ted in \Vol d and 
Jureen, w hile an e mp irical applicati o n has bee n presented in the 1\1in
nesot;1 stud y on dom estic food and fibel' de mand expans ion. See : J ohn 
A. Whelm o re. Ma,·tin E . Abe l. Elm e r W. Learn and Will at'Ci. W. Coc h
ran e . Policies fo r e xpanding- t he de mand fol' fa rm prod ucts in t he 
Uni ted Stales . P a r t I. Hi s lol'y and potenlia ls. Minn . Ag 1·. E xp. Sta. 
Tec h. Bui. ~31. 1959 . 

Ta b!., 44. Est ima ted region al consumption per person of spec if ied meat 
products, 1954, an d pro1ected 1964. 

R.evion Beef Veal P o ,· k 
1!l.i-1 1 %4 1.i1 :;.1 196 4 1n.; 1 1% 1 

N o l' t hw1ft !)O.:! 8H .:! 11). ·1 
E lis l North-Gentrnl. . I 00.'I 97 . :l ~.8 
F✓es t N ort h-Centrn l 9().:{ 92.{) ~,.:; 
~ou t. hea~ t f,0 .9 .:56 .:: .).:! 
·vvcsl ~outh- Ce nti ·:1 1 . ~.!J.(i .-,9 .7 
Mr,unl:lin . I fll . :; ~l!J..-, H. :: 
Paci f:c lfl 8.7 1 117 .li 10 . 11 
J\V{!l':lj.\'C 8:! .:! S ..t .!) 1 fl.fl 

!) , (j 

.:;.G 
:, 4 
.:. , 

11) . !) .)fl .ti 

~,8 .7 68 .ll 
.i7.:! fHi .O 
.-, I. ti (i ~.1 

.i i . 1 ti~. 8 
1 !I .. -1 ~,!I. '.'. 
.-,:: . 11 (;:l.:l 
.) ~. 1 Ii: : . 0 
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transportation bill can be reduced by optimal loca
tion with respect to livestock supplies and con
sumer markets. 

Aggregate Cost Structure 

Total costs per pound of meat processed includ
ed transportation costs and the costs incurred in 
the related procm·ement, processing and merchan
dising activities. To ascertain the aggregate cost 
structure for beef and pork, market price relation
ships were derived for each of three levels in 
the marketing system-primary, wholesale and 
retail. 

Aggregate retail price relationships were de
rived from the consumer demand equations cited 
earlier. The beef and pork equations were solved 
simultaneously to obtain a new set of equations 
with retail price as the dependent variable and 
with per-capita consumption as explanatory vari
ables. The equivalent retail price equations for 
beef and pOl'k, 1·espectively, were as follows: 

A 

p t·c l = 72.197 - l.202Qo t - 0.388Qal + 0.015Pn 
+ 0.063It + 0.118T, (18.1) 

A 

p e3t = 110.588 - 0.500Q2l - l.414Q3l 
+ 0.239P7t + 0.036It - 0.300T (18.2) 

where each of the variables are described as in 
equations 17.1 to 17.6, except for change from 
year-to-year differences to absolute levels of each 
variable. 

The vertical price structure was obtained on an 
annual basis from the retail price data by use of 
two sets of marketing margin relationships-re
tailing and wholesaling-and the by-product rela
tions. Changes in the retailing margins, M,, t and 
lVC 11 , were associated with changes in retail prices, 
while changes in the wholesaling margins, M,st 
and M3a1 , and changes in the by-product credits, 
Man and M331 , were associated with changes in 
wholesale values of t he beef cattle and hog car
casses. The vertical price relationships were as 
follows: ·: I 

Retailing marg-ins : 

Mm= 3.652 + o.094,:,pr2t + 0 219**T 
(0.034) (0:043) ' 

R 2 = 0.791 (19.1) 

J\ifrn = 5.598 - 0.026Pr3 t + 0.090*T, 
(0.047) (0 .026) 

R 2 = 0.721 (19.2) 

Wholesaling margins : 

Ma2L = 3.953 - 0.058':,pw,L - 0.073*T, 
(0.018 ) (0.024) 

R 2 = 0.613 (20.1) 

R2 = 0.798 (20.2) 

732 

By-product credits: 

Mm= -0.314 + 0.122 ':'P"', t - 0.059T, 
• (0.036) (0.047) 

R 2 = 0.856 (21.1) 

Nlm = -0.294 + 0.189P"'3 t - 0.037T, 
(0.087) (0.054) 

R2 = 0.605 (21.2) 

where Moll= average price spread between retail 
value and wholesale value in cents 
per pound liveweight equivalent of 
U. S. Choice grade beef during t -th 
year (divided by Consumers' Price 
Index, 1947-49 = 100). 

Mrn = average price spread between retail 
value and wholesale value in cents 
per pound equivalent of major pork 
cut s during t-th year (divided by 
Consumers' Price Index) . 

Mm= average price spread between whole
sale carcass value and primary mar
ket value per pound liveweight 
equivalent of U. S. Choice grade beef 
steers during t -th year (divided by 
Consumers' Price Index). 

M:ist = average price spread between whole
sale carcass value and primary mar
ket value per pound liveweight of 
200-220 barrows and gilts at Chicago 
during t -th year (divided by Con
sumers' Price Index) . 

M,H = average value per pound liveweight 
of by-product credits for beef-stee1· 
carcasses during t-th year (divided 
by Consumers' Price Index). 

M,m = average value per pound liveweight 
of lard, minor pork cuts and other 
by-prod uct credits for hog carcasses 
during t-th year (divided by Con
sumers' Price Index). 

P ""2t = average value in cents per pound 
liveweight equivalent of U. S. Choice 
grade beef-steer carcasses during 
t-th year (divided by Consumers' 
Price Index). 

P "'3 t = average wholesale value in cents per 
pound of major pork cuts at Chicago 
during t -th year (divided by Con
sumers' Price Index) . 

Other variables included in the six equations are 
described under equation 17.6 (without the super
scripts, however). 

When the marketing margin and by-product re
lations were transformed into an equivalent set of 
equations based entirely on retail prices rather 
than wholesale prices, for three of the r elations
beef wholesaling and both beef and pork by
product credits - the estimation of wholesale 
prices was not involved; hence, the vertical price 
structure was obtained directly from the available 
data on retail prices and civilian consumpt ion 
from commercial supplies. Multiplication of the 
retail price relations, equations 18.1 and 18.2, by 



0.59 for beef and i1~_ 13 for pork converted these 
data to their equivalent liveweight basis for use 
in the marketing margins equation. 
Regional Price Structure 

To derive the vertical price structure, the es
t imated marketing margins and by-product credits 
wern added to the estimated primary market 
prices for each livestock class. The wholesale 
margin, less the transportation cost per pound of 
beef steers, was assumed constant for all regions 
in any one year . The retailing margin, less the 
transportation cost pe1· pound of beef steer car
cass, a lso was assumed constant for all rngions in 
any one year. Similarly, the unit value of by
product c1·edits was equal to the average value for 
the United States. Therefore, average retail meat 
prices for any r egion were equal to the average 
live price of the specified market class of livestock 
plus the average live-to-wholesale and wholesa!e
to-r etail price spreads and the average by-product 
credits. The derivation of a set of vertical mar
ket price relationships fo1· beef and pork based on 
the various price equations is illustrated in table 
45. 

IMPLICATIONS OF PROSPECTIVE SHIFTS 
IN LIVESTOCK SLAUGHTER 

Because of changes in the spatial patterns of 
livestock production, meat consumption and dis
t r ibu tion costs, significant changes in the re
gional location of livestock and interregional pat
tern of livestock and meat movements can be ex
pected to occur in the 1960's. By 1964, the effects 
on the livestock and meat ind ustries of some of 
these changes will become more apparent as meas
ured by the number and size of meat packing es
tablishments in different regions of the United 
States . To illustrate the direction and magnitude 
of these changes, prnjected 1964 data are pre
sented showing (1) the regional location of com
mercial livestock slaughter, (2) the interregional 
patterns of livestock and meat shipments and (3) 
selected industry characteristics. 

Commercial Slaughter 

Regionai estimates of livestock slaughter for 
1964 were prepared from the data cited earlier. 
Two approaches were involved in the development 

Tahle 45. Ma rket prices and costs per pound liveweight and ca , cass 
weight of beef and pork pro ductio n in the United States , 
1954 and projected 1964/ 

Item 19 G4 

Li ve valuP _______ __ --·· ---·--··· · 23. 70 
Plus: Wholesaling margin .... 2.61 
Wholesa le value (A) .. ...... .. .. .. 26. 31 
Less : By- product credits... ... 2 .1 0 
Wh olesa le value ( B) .... .. .. ...... 41.03 
Plus: R etailing margi n ........ 1:) .77 
Retail value .......... ... ............... !i4 .80 

Bee f 

Projected 
196 -1 19 5-1 

( ce nts) 
~7.58 ~:J.48 

1.9 a 5.04 
~9.!'il 28.52 

2 .0 9 4 .4 5 
46 .4 7 :; 1. 21 
~1.:H; 1:{.:{ •I 
G7 .8:: G-1. fi .'i 

P ork 

ProjecteJ 
J 9G4 

11.63 
6.7G 

19 .4 4 

:n .nr. 
1 s.::-1 
r;G.:rn 

'' Li\e value, w holesa l ing rna rg-i n. w holesale values ( A ) and by-product 
credils ai·e on a liveweig-hL ln,sis . w h ile who! sa le n.due (B). retai l ing 
margi n and ret a il va lues al'e on a carcass wei1-;ht basis , 

of these data; namely, a regional market-shares 
approach and a regional livestock-demand ap
proach. 

Regiona l Market Shares 

The projected regional rnal'lcet shares represent 
the results of the prediction procedure specified in 
equation 11. This prncedure was based on the 
assumption that year-to-year changes in a region's 
livestock slaughter are dependent upon two major 
phenomena-the gradual increase or decrease in 
the relative importance of the region in aggregate 
livestock slaughte1· and the more rapidly changing 
rnsults of the forces of competition responding to 
year-to-year changes in livestock supplies. These 
two sources of change, as described by the con
stant term and the regression coefficient, respec
tively, in equation 11, were measured generally 
with a rather high degree of precision for the 
1949-58 period. Whether or not the historical re
lationships are stable enough over time to ade
quately predict the 1964 regional market shares 
is a question that eludes statistical tests of signifi
cance. The credibility of prnjected 1964 data on 
livestock slaughter, which are based on the re
gional market shares approach, can be examined 
qualitatively at least by using the alternative 
analytical approach. 

Regional Li vestock Demand 

The alternative approach used to estimate re
gional livestock slaughter for future periods is 
based on the regression relationships listed in 
tables 38-41. According to these regression rela
tionships, the quantity of regional livestock 
slaughter is dependent upon the price of live
stock (including both the average price for the 
specified livestock class and the average price for 
a competing livestock class), year-to-year change 
in total disposable income and time. The price 
and income variables are the same for each of the 
regional prediction equations. Because market 
competition differs among the regions, and be
cause of regional difference in livestock supplies 
and meat demands, the price and income effects 
on slaughter differ among regions. 

Summary 

Regional estimates of livestock slaughter for 
1964, based on the two approaches, are cited in 
table 46. According to these data, the relative 
position of the West North-Central region, the 
Southeast and the Mountain region in total com
mercial slaughter will increase in importance by 
1964 largely because of the percentage decline in 
livestock slaughter in the Northeast, the East 
North-Central region and the West South-Central 
region. Though substantial differences in re
gional slaughter estimates are revealed in the 
estimates based on the two approaches, as shown 
in table 46, these differences occm· mostly be
tween the West North-Central r egion and the two 
southern regions. The findings pertaining to the 
West South-Central region particulal'ly, should be 
used cautiously in evaluating prnspective shifts in 
the location of livestock slaughter. From an em-
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f able 46 . Estimated liveweight commercial slaughter of cattl e , calves and hogs, in millions of pounds, by region, 1954 and 1964." 

Northeast 
Em;t Norlh-Gt:!nlnd _ 
\Vest. North-Ce nt ral ..... .......... .... .... ...... . 
:::;out heasl ....................................... . ......... . 
\.Y e:-st South-Central 
M_o un l ain ....... . 

P:--.c 1fic ............................. ..... . ..........•...... ... 
Tota l 

Cattle 

Pl'Oiected B 64 

Heporl~d Mc-1rket L i,·estock 
19 !)4 sha,·es demand 

2,Hl 
5.:J:l l 
7,:rn;; 
1 .88 1 
l,~l 2 
1. :l16 
~.88~ 

:!.55:! 
.;. 601 
~), •I 7 :i 
~.161 
1 .!i46 
1 . \l 9~ 
;L :!9~ 

26.620 

:!.7!l7 
s .:; 80 
8,:ns 
:!,S:Hi 

1.8:i O 

3,490 
~6.6~0 

R eported 
195 •1 

4 :!9 
601 
109 
:)8:! 
7 !,O 

:,(I 

lH O 
2. 11 

Cal,·es 

Projected 1964 

Market L i,·estock 
s hares demand 

:360 :) 1 •I 
-1:{f) I 7 6 
106 2·19 
4 ~·I .\40 
(j:-,:! ;i:)6 

~o 1 
1:1 .1 11 :; 

2.1 31 :!. 1 :) ] 

Hogs 

Pl'OiecLed 1964 

Repo rted Markel L ivestock 
1.9 !l 4 shares dernand 

1 , 607 
l. ~0 4 
ti ,6ii0 
l.. 0G8 

.;n 
:H):l 
634 

1~.:i5 -i 

2.0:1,1 
:; .1 0 
9.250 
~.97 ;~ 

77fi 
•I ,, 4 
779 

cJ.44G 

2.0:,8 

8. i8(i 
:{.06:! 

9.i4 
419 
835 

cl .4 4 6 

a Based o n proj ected 1 964 ave rage weight of li,·estock s laug htel'. Al so . esti mates based on t he regional li vestock-demand app1·oach were ndjustecl to 
the total 1~164. comme rcial slaughte r estimates used in the reg-ional market-share~ approach. 

pi1·icai standpoint, however , t he market-shares 
approach is the more reliable; hence, this ap
proach was given precedence over the statistically 
less reliable livestock-demand approach. 

Interregional Shipments 

To evaluate t he implications of the projected 
shifts in livestock slaughter, the linear program
ming procedures cited earlier in t his report were 
used in a normative manner. First, the least-cost 
pattern of livestock and meat shipments for 1954 
was ascertained. Later, projected 1964 patterns 
of livestock and meat shipments were obtained 
under diffe1·ent assumpt ions regarding transpor
tation cost strnctures. 

Derived 1954 Patterns 

The net surplus or deficit position of each r e
g-ion was ascertained from t he basic data on 
s la ughte1· marketings, commercial production and 
ci viii an consumption. According to these data, 
the 1·elative importance of cattle s la ughter exceecls 
marketings in th e Northeast, the East Nor th
Central region and t he Pacifi c region , while t he 
relative impoitance of beef consumption exceeds 
cattle slaughter in the Northeast, the East North
Central region, the Southeast and th e Pacific r e
gion. Fo1· calves and veal and also for hogs and 
pork, a pattern of international trade somewhat 
different from that for cattle and beef emerges 
from these clata. The r elative 1954 position of 
each region in li vestock slaughter is summarized 
in table 47. 

The interregional pattern of cattle shipments, 
as a percentage of total commercial sla ughter in 
the United States, is summa1·ized in table 48. Be
cause of transportation economies, the West North
Central region expor ted slaughter cattle to both 
the Northeast and the East Noith-Central regions. 

Ta ble 47 . Percentage distribution of livestock slaughter by regions, 
1954. 

Reg-ion 

No1·Lheast 
East Nol'lh-Cent>-al.. . 
W est No,·th -Centrn l.. ..... . 
Sou t hea st ................................ . 
West Soulh-C'e n(ral ............... . 
Mountain 
P ac·'fic .. 
Total 

734 

Callie 

1 O. !i 
~:J.O 
31. 9 

8 .1 
8.:: 

1 :~ . r:, 
I 00.0 

Calves 

l !i .~ 
21.4 
14.6 
i:1.6 
~6 .7 

1. 8 
Ii . 7 

100.0 

Ho!-(s 

1 0 .:l 
~7 .0 
42.8 
10.0 

::.8 
~.() 

4. l 
10 0.0 

In addition, part of the total cattle slaughter in 
the Northeast represented mal'l<etings of s la ugh
er cattl e from the West South-Central and Mo un
tain r egions . 

As shown in table 49, beef shipments were rep
resented by a pattern somewhat different from 
that for cattle shipments because of the greatly 
deficit position of the Northeast with respect to 
beef production. Moreover, the intenegional ship
ments of beef originated largely from the major 
surplus-producing a1·ea-the West North-Central 
states. 

Slaughter calves originated largely from the 
West North-Central states and the Southeast, as 
s hown in table 50. Interregional shipments of 
sla ughter calves were rather small , however, r ep
r esenting only 20 percent of total marketings in 
the United States. 

Ma1·ked differences occurred in t he estimated 
1954 pattern of veal shipments ,vh en compared 
with t he inten egional shi pments of sla ughter 
calves. As shown in table 51, the North Central 
states were Slll'plus in veal shipments while the 
Mountain states shifted into a slightly deficit 
position. Interregional trade in veal, according to 
these data, was substantiall:v greater than inter
regional trade in sla ughter calves. Both sets of 
data, howeve1·, may have considerable error in t he 
regional estimates of slaughter calf mar ketings 
and veal consumption. Satisfactory data for es
timating these two variables are lacking-a criti
cism that also can be leveled against the r egional 
estimates of slaughter cattle marketings and beef 
consumption. 

Interregional shipments of hogs and pOl'k were 
confined entirely to outshipments from the North 
Central states, as shown in tables 52 and 53. A 
substantial t rade in sla ughter hogs occurred be
tween the East North-Central region and the 
Northeast. The latter region imported, however, 
slightly less t han half of its pork from the West 
North-Central r egion . 

Projected 1964 Patterns 

Changes in patte1·ns of net inten egional move
ments in slaughter livestock and meat are contin
gent upon changes in t he relative distribution of 
livestock sla ughter (see table 54). These data, 
when compared wit h the data for 195,J in table 47, 
r eveal a shift in livestock marketings and slaugh-



Table 48 . Estimated percentage distribution of least-cost shipments of cattle from surplus-producing regions, 1954. 

Originating regio n of s h ipmen ts 
D es ti nation region Farm Commercial 

production West North-Central W est South-Central Southeast M ountain T otal s la ug hter 

Noetheast ............. ... .... .. .................. .. 5.0 2. 7 0.9 1.9 5.5 10 .5 
E ast North-Cen tral .................................. . 20 .2 2.8 2.8 23.0 

Pacific -··--·--· ········· · --------- -•· ·······-················· 7.0 2.1 3.4 5 .4 1 2.5 

Table 49. Estimated percentage distribution of least-cost shipments of beef from surplus-slaughtering regions, 1954. 

Destination r egion 

Northeast .......................................................... .. 
East North-Central .. ................ ... ............ . ......... .. ..... . 
Sout heast ...................... .... .... ............................... . 

P acif ic ----··-··-·-······ ·······-·--······················· ·· ········--······· 

Beef consum ption 

30.7 
24 .0 
11. 3 
1 3.2 

Ol"iginating region o f shipments 

West North-Central W est South-Central Mountain 

20 .2 
1. 0 
0.6 1.5 1.1 

0.8 

Total 

20.2 
1.0 
3.2 
0.8 

Table 50. Estimated percentage distribution of least-cost shipments of calves from surplus-producing regions, by destination region, 1954. 

Ori g in a ting regio n of shipme n ts 
Destinat io n region 

Farm production W est North-Central Southeast Mounta in Total Commercia l s laughter 

Northeast ........... .................... ...... ......... ... .. 
E ast Nort h-Central .................................. . 
West South-Cent ral ........ ......................... . 

Pacific ········ ·---------- ··················· · ················· 

7.9 
13.3 
11.8 

4.9 

5.1 0.5 
2.8 
1.8 

7. 3 
8.1 
2.8 
1. 8 

15.2 
21 .4 
14 .6 

6.7 

Table 51. Estimated perce ntage distribution of least-cost shipments of veal for surplus-slaughtering regions, 1954. 

Orig in ati n g region of shi pmen ts 
Destinatio n regic,n 

Consumption East North-Cen tral W est Nort h-Ce ntral Southeast W est Sout h-Central Total 

Nol'theast -------------· -··--------- ·---- -- ---------------
Mountain -------·--------- -·---------------- --- -------------
Pacific ---------- ·------------- ----- ----- ·· · ------------------

4 6.9 
2. 1 
9.9 

ter to the West North-Central and Southeast 
regions. Because of these locational shifts, cor
responding shifts in the patterns of interregional 
livestock and meat shipments can be expected. 

A normative, linear programming approach was 
used to evaluate the effects of a change from a 
value-of-service to a cost-of-service basis for es
tablishing transportation changes, as a considera
tion in evaluating prospective changes in the loca-

Table 52 . Estimated percentage distribution of least-cost shipments of 
hogs from surplus-producing regions, 1954. 

Ori g inating 1·eg ion of shipments 

Farm Commercia l 
Destinatio n produ c- E ast West s la u g h-

reg ion tion Nort h-Central North-Central Total ter 

Northeast .. ... 1.8 7.0 1. 5 8.5 10. :; 
Southeast .. ... 8 .9 1.1 1.1 1 0.0 
West 

So .-Central.. 2.4 1.4 1. 4 3.8 
Mounta in ····- · 0.8 1. 2 1. 2 2.0 
P acific ---------- 0.9 3.2 3.2 4 .1 

Table 53. Estimated percentage distribution of least-cost shipments of 
pork from surplus-slaughtering regions, 1954. 

0l'iginating reg ion of shipments 

Destination E ast West 
region Consumption No r t h-Central North-Centra l T ota l 

Northeast ..... 27 . 2 5.5 11. 3 16. 8 
Southeast ................ 18.4 8.4 8.4 
W est South-Central.. 9. 4 5 .6 5.6 
Moun tain .................. 3.2 1.3 1. 3 
Pacific ...................... 9. 7 5.6 5.6 

7.2 
0 .3 

5 .7 18.0 

3.1 

31. 7 
0. 3 
3.1 

tional pattern of the meat packing industry.23 

(Cost data prepared by the U. S. Department of 
Commerce were used in adj usting the projected 
1964 transportation cost data. A shift to a cost
of-service basis would mean essentially a reduc
tion in the relative cost of hauling meat.) The 
least-cost solutions to the over-all transportation 
problem based on the revised rates showed a fur
ther change in the pattern of net trade. Using 
the projected 1964 data on marketings and con
sumption, the Northeast and Pacific regions would 
show an increase in consumption and a decrease in 
meat production while the North Central region 
would increase production. With regard to beef 
production, the West South-Central region would 
increase in importance while the Mountain region 
would decline in importance (because of the favor-

"' W ilbur R . Maki and Willia m C. Motes. Economic effects of trans
p::>l tation on p la nt location in t he meat packing industry. Iowa Agr. 
a nd H ome Econ. E xp. Sta. (Unpublished report.) 1961. 

Table 54. Percentage distribution of livestock slaughter, by regions, 
1964. 

Reg ion 

Northeast 
E ast North-Ce ntra l 
W est North-Central.. ........ .. 
Southeast ........................ . 
W est South-Central.. ........ .. 

Mountai n ·· ····-·· ··--· ···· ------ -
P acifi c ---- ----- · -- ---·····-- ··· ···· 
T otal ........................ ........ .. 

Catt le 

9.6 
21. 0 
35 .6 

S.l 
5.8 
7.5 

1 2.4 
100 .0 

Calves 

16. 9 
20.4 

5 .0 
19.9 
30.6 

0.9 
6. 3 

100.0 

H ogs 

9.5 
24.2 
43. 1 
13.9' 

3. & 
2.t 
3.& 

100.0 
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able position of the West South-Central region 
which can ship either west or east). Also, the 
West South-Central region would become more 
important than any other region. Under 1954 
conditions, both the East North-Central and the 
West North-Central regions were surplus regions. 
In 1964 the West North-Central 1·egion, however, 
would contribute an even larger share of the total 
pork exported-on the basis of the projected data. 

Trends for veal would be similar to those ob
served for beef and pork when cost-of-service rates 
are used. As before, slaughter calf production 
and slaughter would be quite decentralized be
cause of the continuing influence of the dairy in
dustry. 

A further modification of the locational pat
tern for livestock slaughter was obtained by re
laxing the restriction on slaughter location. A 
linear programming procedure was used to obtain 
the least-cost pattern of livestock and meat ship
ments. Because of the lack of restrictions on plant 
location, the least-cost solution favored the loca
tion of slaughter in areas of livestock production. 
Within the range of transportation costs used in 
this study, the findings show that it would be 
cheaper to slaughter livestock in supply areas and 
ship meat, rather than ship livestock for slaugh
ter in areas where the meat is consumed. 

Summary 

Besides the substantial shifts in relative calf 
slaughter between the Southeast and the West 
North-Central regions, hog slaughter in the 
Southeast region and cattle slaughter in the West 
North-Central region are expected to increase in 
relation to total commercial slaughter from 1954 
to 1964. The percentage increases in commercial 
slaughter would be associated with a correspond
ing decline in the relative position of the North
east and the East North-Central regions. The 
percentage distributions of marketings of slaugh
ter livestock are expected to change, also-al
though the changes for cattle and hogs appear 
somewhat smaller than for calves. Marketings of 
slaughter cattle are expected to increase in rela
tive importance in the North Central and South
east regions and decrease in the Northeast and 
West South-Central regions. The West North
Central region, however, is expected to maintain 
its relative importance with respect to marketings 
of slaughter hogs, despite the increasing impor
tance of hog production in the Southeast. 

The data on slaughter calf marketings, and the 
corresponding data on calf slaughter and veal con
sumption, are less reliable than comparable data 
on the other livestock and meat categories. For 
this reason, the expected changes in the percent
age distribution pertaining to calves and veal pro
vide a less satisfactory basis for evaluating pros
pective shifts in the location of calf slaughter. 

Industry Characteristics 

The intertemporal and interspatial differences 
in meat packing, meat consumption, livestock pro
duction and transportation costs cited earlier are 
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reviewed briefly in terms of the various trends 
and projections presented in this report. This 
concluding discw~sion is addressed specifically to 
the question of prospective changes in the eco
nomic structure of the meat industries that can 
be atti·ibuted to aggregate and regional changes 
in livestock marketings, meat consumption and 
marketing costs. These aggregate and regional 
changes in the livestock-meat economy are re
viewed with particular reference to their impact 
on the locational and size distribution of estab
lishments in the meat packing industry. 

Li vestock Marketings 

Though the location of feed-grain and forage 
production is quite stable from year to year, the 
location of livestock feeding may vary because of 
changing short-run supply and demand relation
ships for slaughter and feeder livestock. Despite 
the relatively stable projected regional levels of 
feed-grain and forage production, regional live
stock marketings vary substantially from year to 
year, both in absolute numbers and as a percent
age of total livestock marketings in the United 
States. Acco1·ding to the prediction equations 
used in this study, the cattle and hog cycles will 
continue to require considerable excess capacity 
in the livestock and meat industries to adequately 
handle the peak livestock marketings. Because of 
the cyclical variability in marketings, the regional 
levels of livestock slaughter will vary in a cor
responding, though not necessarily a proportion
ate, manner. Moreover, the competitive processes 
in livestock and meat procurement during differ
ent stages of the livestock cycles will vary among 
the regions and, hence, the proportionate market 
shares of each region also will vary from year to 
year. To achieve less variability in regional live
stock slaughter, however, will require important 
changes in the expectational structures of live
stock producers. 

The prediction equations for estimating com
mercial slaughter of cattle, calves and hogs in
volved inventories of breeding stock as the critical 
explanatory variables. Thus, for cattle and calves, 
the year-to-year shifts in the breeding intentions 
and market expectations of ranchers and farmers 
are revealed over the next several years in the 
changing rates of slaughter of calves, heifers, 
cows and steers. Similarly, changes in the breed
ing plans of hog producers are represented first, 
in changes in brood sows and gilts on hand Jan. 1 
and, later, in sows farrowing and in pork produc
tion. In both areas of decision making, price sta
bili ty would be associated with more general live
stock market stability in succeeding years . In
creased livestock price and market st ability would 
allow for increased specialization in livestock pro
duction and slaughter and, hence, increased opera
tional efficiencies in the meat packing industry. 
When the cyclical variability in the livestock mar
kets is reduced substantially, however, year
around cattle feeding and multiple hog-farrowing 
programs may induce only a limited reduction in 
the industry''s excess capacity of plant and facili
ties. Capital expenditures must be made pru-



dently in the light of existing capacity and pros
pective growth in consumer demand. 

Meat Consumption 

Consumer demands and preferences establish 
the critical limits to changes in livestock produc
tion and marketings through the rather stable 
quantity-p1·ice relationships that prevail for dif
ferent socio-economic groups. As the distribu
tion of these groups in our total population changes, 
the nature of the quantity-price relationships for 
meat changes also, as indicated earlier in this re
port. If livestock production or meat processing 
and distribution technology reduces the cost of 
meat, the average American consumer will in
crease the consumption of beef and pork, provided 
incomes, household composition and preferences 
remain unchanged. 

Most demand projections use disposable personal 
income as the principal index of socio-economic 
change. To the extent that consumer incomes in
crease, meat consumption is a lso expected to 
change for a specified level of farm prices in a 
manner prescribed earlier in this report. Unfor 
t unat ely , for regional projections of meat con
sumption, adequate data are lacking for estimat
ing both the quantity-income and quantity-price 
relationships, particularly for specified meat 
classes or qualities. 

The generally rising consumer incomes will re
sult in expanded regional markets for beef and, to 
a lesser extent, pork. Thus, the substantia l growth 
in population together with a posit ive, though 
small , income effect can be expected to sustain 
retail market prices, in constant ·dollars, at ap
proximately 1949-60 levels during the 1960's. 
Changes in regional meat consumption patterns 
thus are confined largely to the effects of changes 
in regional population rather than changes in re
gional incomes and consumer tastes. The income 
effects on particular meat cuts and meat products 
are recognized as important factors, however, in 
accounting for changes in the regional distribution 
of prepared meats plants and a lso in the degree 
of specialization in meat packing plants. 

Marketing Costs 

Regional d ifferences in marketing costs, except 
transportation, were quite difficult to obtain. The 
available data, largely from the 1954 Census of 
Manufactures , reveal a pronounced effect on em
ployee wages of urbanization rather than of re
gional location. Differences in labor costs per 
worker among establishments within the same 
region are substantially greater than their dif
ferences among plants in comparably sized towns 
in different regions. Regional differences in labor 
costs may occur, however, because of regional dif
ferences in plant location with respect to urbani
zation. 24 

Although the available data suggest a lack of 

'.! l Union cont racts account for som,~ differences in reg io na l wage pat-. 
terns by a ll ow ing for geographical wage diffe re ntials in industry-w ide 
ba rgainin g . 

regional differences in labor and related costs, 
these same data, when obtained for different 
years, show some changes in total marketing costs 
from year to yeai ·. First, labor costs are expected 
to incr ease (though recent changes in reported 
employment in the meat packing industry reveal 
significant changes in total labor utilization). 
More and more marketing services are being in
corporated into the final retail product, which, 
together with the rising rate of labor remunera
tion, would increase aggregate livestock and meat 
marketing margins. Competitive factors and 
technological changes in the livestock and meat 
industries, moreover, add to the cost-increasing 
pressures. As a result , the expected 1964 market
ing costs cited in this report are expected to in
crease, in total, over their 1954 levels. 

Industry Organization 

The composite effects of intertemporal a nd in
terspatial changes in livestock production, meat 
consumption and marketing costs are represented 
in a preliminary manner in the reported shifts in 
the size and geographical distribution of meat 
packing and prepared meats plants. Two sources 
of data are available to show these changes in in
dustry organization; namely, the U. S. Census of 
Manufactures for 1954 and 1958 and the U. S. 
Department of Agriculture reports on the num
ber of sla ughter plants, March 1, 1955, and March 
1, 1960. 

Shifts in size distribution of establishments. A 
significant reorganization in total labor utilization 
within the meat-product industries was evident by 
the end of 1958. In 1954, an average monthly 
employment of 252,200 persons was required to 
handle an average monthly commercial sla ughter 
of 3,570 million pounds liveweight, including 1,934 
million pounds of cattle, 234 million pounds of 
calves, 1,275 million pounds of hogs and 127 mil
lion pounds of sheep and lambs. By 1960, an 
average monthly slaughter of 3,961 million pounds 
liveweight · was handled by 241,800 employees in 
the meat-product industry (meat packing and pre
pared meats establishments). By 1964, however, 
less than 240,000 employees are expected to 
handle a total monthly slaughter of 4 billion 
pounds. 

A prediction equation was derived from the 
monthly data on employment in the meat-product 
industry reported in the Survey of Current Busi
ness and the monthly data on liveweight com
mercial slaughter reported in various U. S. De
partment of Agriculture publications. From these 
data, a conclusion was formed regarding the ap
propriate historical period on which to base the 
estimates of future employm ent in the meat pack
ing and prepared meats industries (namely, the 
36-month period since January 1958). Dur ing this 
period, 80.2 percent of the m onth-to-month change 
in employment (averaged over 3-month intervals 
starting Jan.-March 1958) was explained by the 
relation, 
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( 

:::S.t.Ewt ] 

t 
3 

= -0.804 + (~:~6~;'*:y~Q2wt-l 

where E wt 

Q wit 

+ 0.012':' *:::Sb. (Q1wt-1 + Q3wt-l 
(0.003 ) t 

+ Q,Jwt-1) (22) 

average monthly employment in 
meat products industry in thou
sands of employees, t -th month, 
w-th quarter. 

= total liveweight commercial slaugh-
ter i-th livestock class (i = 1, 
calves; i = 2, cattle; i = 3, hogs; 
i = y, sheep and lambs), in millions 
of pounds, t -th month, w-th quar
ter. 

A change from the preceding month, t-1, to the 
current month, t, or from a lagged month, t~2, to 
the preceding month, t -1, was shown, respectively, 
by t.E wt = (Ewt - E wt-1) and t.Qi wt-1 = (Qi wt-1 -
Qiwt-2 ) · 

According to the prediction equation, average 
monthly employment declined 804 workers per 
quarter-year during the 1958-60 period independ
ently of changes in commercial slaughter. In ~d
dition, an average month-to-month change durrng 
each 3-month period of 1 million pounds in com
mercial cattle slaughter was associated with a 
chano-e of 18.9 employees in the meat-product in
dust;y, while a corresponding change in the com
mercial slaughter of hogs, calves and lambs was 
associated with a change of only 12.5 employees. 
Despite the larger labor requirements per million 
pounds of hog, calf and lamb slaughter, the 
month-to-month change in employment associated 
with chano-es in the commercial slaughter of these 
livestock classes was only two-thirds of the change 
in employment associated with a correspondin~ 
change in cattle slaughter. 25 The greater van
ability in hog slaughter and the greater uncer
tainty associated with this variability may ac
count for the sluggishness of changes in employ
ment to achieve efficient levels in short-term labor 
utilization in the meat packing and prepared 
meats industries. Again, the existing levels of 
employment in the meat industries are le~s than 
optimal because of the seasonal and cyclical in
stabilities in livestock marketing. 

Because the recent decline in total employment 
has occurred during a period of growth in the 
total number of establishments, the average size 
of establishment has declined somewhat in the 
meat packing industry. The 1958 Census of Manu
factures preliminary reports show a total of 
203,887 employees in meat packing - a decrease 
of 16 307 from the reported 1954 employment. 
Mean~hile the number of establishments with 
20 or mor~ employees increased from 933 in 1954 

25 F or fur t he r di scu ss io n of labor r equiremen ts in li vestock s la u ghter, 
see : Wilbur R . Maki a nd Charles Y . L iu, op. cit. 
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to 1,030 in 1958. (The U. S. Department of Agri
culture report cited earlier shows an increase of 
slaughter plants under federal inspection from 455 
on March 1, 1955, to 530 on March 1, 1960. Large 
and medium sized slaughter plants not under fed
eral inspection declined in number, however, from 
952 and 1,810, respectively, on March 1, 1955, to 
902 and 1,712, respectively, on March 1, 1960.) A 
further examination of the census data revealed 
a trend toward a smaller average size of meat 
packing establishments in the North Central 
states, Oklahoma, Texas and California. Gener
a lly, in other states, an increase in the number of 
establishments was associated with an increase, 
rather than decrease, in total employment. The 
trend toward a smaller average plant size is re
vealed most clearly by the reported data for Illi
nois which show a decline from 26,526 meat pack
ino- i)lant employees in 1954 to 16,628 employees in 
1958 while the number of plants with 20 or more 
empioyees increased from 46 in 1954 to 61 in 1958. 
Generally, however, small establishments not un
der federal inspection have declined in total num
ber during recent years. 

Shifts in geographical distribution of estab
lishments. In this report, the prospective regional 
redistribution of employment in meat packing is 
reviewed briefly in relation to the changing lo_ca
tional pattern of livestock slaughter. 26 Accordrng 
to the employment estimates on which the per
centage distributions in table 55 are based, live
stock slaughter in the West North-Central and 
Southeast reo-ions may be expected to increase in 
relative impo'i-tance, largely because of the decline 
of slaughter in the Northeast and East North
Central regions. 

Because of the increasing efficiency of labor 
utilization and the changing size distribution of 
slatwhter establishments, the projected regional 
redi;tribution of employment in the meat packing 
industry can be associated with a differential rate 
of increase or decrease in the number of slaughter 
establishments in each of the livestock regions. If 
the increased labor efficiencies were experienced 
simultaneously in all segments of the meat pack
ing industry, the total number of establishments 
in 1964 (with 20 or more employees, for example) 
probably would exceed the 1954 level only in the 
West North-Central region. 

26 A m o re complete d iscu ssio n of pr ospect ive r egiona l cha n ges in mea t 
p ackin g a nd prepared m ea t s establi shmen ts is included in t he repor t 
b y Ma k i a nd Liu cited earl ier. 

Table 55. Pe rce ntage distribution of employment in meat packing in• 
dustry, by regions, 1954 and 1964. 

R eg io n 

Nort heast . . ..... .. . ....... .... ... .................. . 
Ea st N orth-Central ......... .......... .......... . 
W est N or t h-Cent r a l ... .. ................... ..... . 
Sout heast --- ----------------- ---- ···- ·· ····-··---- ·--
W est South-Centra l.. .... . .... ... ............. .. . 
Mounta in 

P acific ··· ···· ··-•-----·---··· ·········· ·· ········ ·-- --
Tot a l ..... ... ....... ....... ... .. .. .. .. .............. ... . . 

Reported 
1954 

11 .9 
26.8 
34 .3 

9.9 
7 .1 
3 .2 
6.8 

10 0.0 

Proj ected 
196 4 

10. 1 
22 .7 
37.7 
1 2. 7 

6.2 
4 .o 
6. 6 

100.0 



USES AND LIMITATIONS OF FINDINGS 

Economic studies of the livestock and mea~ in
dustries frequently deal wit~ ~arrowly defmed 
problems facing small or speciahzed segments of 
the livestock-meat economy. Because of the 
specific nature of these studies, the _findings gen
erally assume as given such eco:r:iomic phenome_na 
as cattle and hog cycles, excess mdustry capacity 
or declining demand for po~-k. Though thes_e 
events plague much of agriculture and agri
business, prescriptions for the reme_dy of the~e 
ills are unlikely to come from partial economic 
analyses. This study was initia~ed, therefore, to 
provide (1) a broad, aggregative approach. to 
later studies of major long-run problems facmg 
the livestock and meat industries and (2) a cur
rently useful regional breakdown of selected ag
greo-ative elements in the livestock-meat econ
omy. 27 Calendar year 1964 was selected as the 
target year for testing t he analytical techniques 
developed in the early stages of the stu~y . 

Like most predictions of our economic future, 
the findings are presented with the usual warn
ino-s of their limitations. For one or more reasons, 
th: explanatory variables associate~ with past 
changes in specified livestock marketmgs, sla 1:1gh
t er and utilizat ion may assume a substantially 
different role in f ut ure years . Forecasting errors 
thus can be introduced into the set of predicted or 
projected values based on the o~t~ated empirical 
relationships. Furthermore, a hm~ted _number_ of 
years are included both _in the hi_storical per10d 
upon which the forecastmg equat10_ns '.'1-re based 

. and in the period covered by the proJect10ns. Yet 
durino- the short proj ection interval selected, un
expected, t hough _signifi~ant, changes may o~cur 
in such farm policy variables as support prices, 
fo1· example, that affect the level of livestock pro
duction and slauo-hter. The recursive approach, 
moreover result~ in a substantial cumulative 
error if ' past trends or relationships change 
sharply during the e~rly part _of ~he foreca~t pe
riod. Finally, all reg10nal p~0Je~t10ns ar~ hed to 
corresponding natio~al pr0J ect10ns .. Either or 
both the national pr0Ject10ns and the mterdepend
ence coefficients that relate the regional values to 

27 The organization and results of this study relate parti<:tJlarly to the 
current reg ional research project of the North Central L1vestoc½ Ma_r
ket ing Research Comm ittee, "Adj ustments in Li vestock Mark~ting 1n 
t he N orth Central States to Changi ng P atterns of Production a nd 
Consumption." 

their national totals may be estimated with sub
stantial error. 

Because of the. "systems" approach used in the 
study of prospective changes in the livestock-me~t 
economy, a large number of_ relevan_t economic 
variables thouo·h estimated with varymg degrees 
of reliability ~nd precision, can be examine_d 
profitably in a comprehensive and systematic 
manner in terms of the over-all effects of these 
variables on at least two of the major questions 
that concern various segments of the livestock
meat economy ; namely, the regional locat~on of 
the meat packing industry and the reduct10n of 
excess plant and facilities for l~vestock slaughter. 
These basic data thus are available for purposes 
of lono--rano-e planning within the livestock-meat 
econo~y. Moreover, the procedures for _obtaining 
these data are included to allow for thelI' adapta
tion to the more specialized needs of particular 
segments of the economy. 

By starting with the total livest<?ck-m_eat ec~m
omy and by showing the interrelat10nslups _exist
ing among the regional livestock and meat md_us
t r ies from year to year, the effects ot cychcal 
variability in aggregate livestock marketmgs were 
related to each region 's competitive position in 
livestock slaughter. According to the findings of 
this study, a reduction of year-to-year variability 
in livestock marketings and slaughter, for ex
ample, would have the greatest impact on ~he ef
ficiency of slaughtering plants located m the 
areas of most extreme variability in livestock pro
duction and marketings. These findings thus 
point to a potential source of substantial change 
in the reorganization and subsequent further re
location of the meat industries. 

The nature of the economic projections obvious
ly prescribes the recommendations that might fol
low from the research findings. The continua
tion of historical patterns of yearly livestock mar
ketin o·s does not imply, however, an inevitable in
consi;tency between market expectations and 
subsequent market performance. For this reason, 
the price-generating mechanism was presented 
early in this report to illustrate the sequence of 
market events as they appear to affect production 
and marketing decisions in each livestock region. 
A further stage in this particular line of investi
gation could profitably examine the elements of 
the decision processes of livestock producers and 
the possibilities of modifying these processes and, 
thus, the outcome of production plans extending 
over a planning horizon of several years. 
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SUMMARY 

The economic structure of the meat-products 
industry is described in this report in terms of 
the changing patterns of livestock marketings, 
meat consumption and marketing costs. A sys
tem of prediction equations based largely on data 
covering the 1949-60 period was constructed to 
estimate for the United States, and for each of 
seven livestock regions, projected 1964 levels of 
livestock prices, marketings and slaughter, and 
meat consumption. The projected data then were 
compared with predicted and reported data for 
1954. The latter year, for which rather extensive 
data from the U. S. Census of Manufactures were 
available, thus served as a base year from which 
changes in regional and national components of 
the livestock-meat economy were measured. 

This report describes for much of the livestock
meat economy a period of substantial growth from 
1954 to 1964. It indicates that an expanding pop
ulation and rising levels of personal incomes are 
expected to sustain essentially the same patterns 
of livestock marketings, meat consumption and 
market prices that prevailed during 1949-60. 

The report also indicates, however, that signif
icant departures from these recent historical pat
terns can be expected in specific segments of the 
regionally differentiated livestock-meat economy. 
Livestock slaughter, for example, will tend to 
occur more and more in the producing areas, 
particularly in the West North-Central and South
east regions. Furthermore, a significant decrease 
in year-to-year variability of livestock marketing 
is expected. This will improve labor efficiency 
and, thus, further increase the prospective levels 
of livestock slaughter in the West North-Central 
region. 

While livestock slaughter is supply-oriented, 
meat processing is market-oriented. Despite some 
freight advantage obtained by locating prepared 
meats establishments near the place of slaughter, 
rising consumer incomes and increasing demands 
for locally differentiated processed meat products 
continue to favor the growth of meat processing 
in the major metropolitan areas. Increased plant 
specialization, together with the locational factors 
cited earlier, would contribute to further spatial 
segregation of slaughtering and processing activ
ities in the over-all meat-products industry-lo
cating most of the slaughtering plants in the pro-
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ducing territory and most of the processing plants 
in the consuming territory. 

Essentially three types of conclusions may be 
drawn from this study. First, to estimate the 
size of each regional "slice" it was necessary to 
estimate the size of the "pie." For each projected 
regional variable, a corresponding variable for 
the United States was obtained as well as a set 
of interdependence coefficients specifying the na
ture of the association between the two sets of 
variables. In addition, a second set of relation
ships was derived to show the effects of aggregate 
market prices on regional demands for and sup
plies of livestock and meat. These prediction 
equations were used, finally, in the allocation of 
total national livestock and meat production 
among the seven livestock regions. Thus, the 
question of regional adjustments in livestock mar
keting to changing patterns of production and 
consumption was approached systematically with
in an analytical framework that represented the 
entire livestock-meat economy as a set of mutually 
determined economic activities. 

Second, to estimate the nature and magnitude 
of prospective changes in the location of livestock 
slaughter, it was necessary to consider the impact 
on regional slaughter of (1) the cyclical variabil
ity in livestock marketings and (2) the recent im
provements in labor efficiency in the meat
products industry. Changes in livestock produc
tion and slaughter were related to changes in 
national market phenomena in a somewhat differ
ent manner in each livestock region. Improve
ments in labor utilization also were associated 
with somewhat different patterns of change in 
the average size of establishment. The o-reatest 
variability in livestock marketings and sl~ughter 
occurred in thE; West North-Central region. Also, 
the average size of plant has declined in this 
region. 

Finally; to estimate the effects of livestock and 
meat transportation on industry location, it was 
deemed desirable to include transportation policy 
variables in the linear programming procedures. 
A further shift from a value-of-service to a cost
of-service basis in pricing rail transportation serv
ices, for example, was shown to increasingly favor 
the location of livestock slaughter in the major 
areas of livestock feeding. 
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