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COST U.S. BEEF PRODUCTION .
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~ Abstract

A linear programming model of the U.S. beef industry evaluates meat

import policies for a least cost optimal beef cow herd. Regional adjust-

ments in cow numbers and corn utilization»ére examined. Average cost
for the U.S. is estimated for different levels of cow herd size and

beef production.




IMPACT OF MEAT IMPORTS ON LEAST
COST U.S. BEEF PRODUCTION
Meat imports have been a source of controversy in U.S. agriculture

for more than twenty years. Béef producers contend that imports unduly
restrict their incomes and place the domestic livestock indusgry at a
disadvantage. In 1964, the U.S..Congress put into 1egi§lation The Méat
Import Bill (P.L. 88—4825. This bill limitéd imports of meat to approki—

fert™
mately 7% of domestic red-meat production. Consumers subsequently com-
plained that limitations oﬁ imports have contributed to highef beef

prices. Periodic decisions to adjust quota levels occurred in 1968,

1972, _and 1977 (Houck).

The Meat Import Act of 1979 (P.L. 96-177), recently passed by Con-

gress, includes a counter—cyélical adjustment factor based on moving aver-
ages for domeétié éo@Abééfwﬁféagéﬁioﬁrr‘?févidusﬂétudies“have exaﬁined |
the effécts that imports have on U.S. aggrégate livestock and meat prices
and supplies (Crom; Houck; and Freebaifn and Rausser). Research is needed
to study the impacts on the seétors,with and without meat imports. The
objective of this paper is to identify the net effects on the least.cost
U.S. beef production with and without imports.
Methodology | | .

The analysis is based on results from an interregional linear pro-
gramming (LP) model of the U.S. beef industry. Model résults‘represent
eduilibrium conditions for a set of predetermined.levels of the U.S.

cow herd. The model minimizes the total variable plus fixed costs for

new facilities at each stage of the production and marketing channels
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for beef. Comparisons between total production costs and regional pro-
duction organizations of the beef economy can beQénalyzed with and with-
out imports of beef. The model was used to examine (1) four levels of
U.S. consumption of beef and veal, and (2) four levels of a U.S. beef cow
herd.
The Model

The LP model is a multistage, muitiproduct, interregional competi-
tion model of beef prodﬁction, processing, and distributién in the conti-
guous United States. Five beef production regions are represented ﬁhich
correspond to significant geographical, climatié, anq agricultural pat-
terns (Figure la).

Beef Supply Regions

There are five beef supply regions in the LP model. The Southeast
Region has a long growing season, abundant moisture, and improved forége
technology conducive to fapid growth in cattle populations. . Beef produc-
tion in the Southwest Région is important for supplying feeder cattlé for
large feedlots, packing, and processing plants. In the Corn Belt of the
North Central'Regipn, livestock are raised in the most prodgctive cropping
areas. VThe western part of this region is important for slaughter and
pfocessing plants. - In the Great PlainsARegion,-livestock production is an

extensive operation. The amount of irrigated forage pasture has increased

. in recent years. Large custom feedlots and some large packing and pro-

cessing facilities are located in the northern part of the region. In
the Western Region, cattle raising and feeding have remained stable with
some pressure for land to convert to nonagricultural uses. Cattle feed-

ing has been limited because of transportation of feed grain supplies from
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Figure 1. -The supply and Demand Regions for a Model of U.S. Beef Industry.
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other regions. There are a large number of small to medium size packing
plants. The Northeast Region is not an important beef production area
and is omitted as a supply region in the model.

Beef Production, Processing, and Distribution Stages

The model structure is identical across regions with production al-
ternatives, technical coefficients, and related costs varying by region.
Each region has available subsets of production activities for vertical

linkages in the model.

The Cow-Calf Stage. One hundred seven cow-calf enterprises are typical

of those found in 36 sub-regions of the five supply regions representing
herd éizeg from 50-1,500 cows. Allocation of cows for different budgets
withiﬂ'a region are controlled by reasonable sub-region limitations.
Production and cost coefficients are adapted from the Federal Entefprise
Data System developed by ESCS regional analysts (Gustafson).

Feeders, stéckers, and cull cows are intermediate. outputs of the cow-
calf stage. Cull beef.animals with an exogeneous quanti&y of cull dairy
cows go directly to the packer stage of the model. Dairf calves, not
held for replacement, are included in feeder caﬁtle supplies. Feeder

"calves éf two sexes and weight—fange categories can be retained in cow-
stocker activities or shipped to other stocker éberations or feedlots
along defined transportation routes. Feedercattle, 1-1% &ears of ‘age, can

also go directly to the packer stage.

The Stocker Stape. Stocker programs involve placement of calves on

pasture for 6, 12, 18, or 24 months. Regional differences in pasture and
range qualities are reflected in production coefficients. All stockers

up t0‘2;years of age can be transferred either to the feedlot stage or

-

« - -
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packer stage as nonfed slaughter. Cattle which are 2) years old must be
shipped directly to the packer stage.

The Cattle Feeding Stage. The feedlot stage uses cattle taken from

cow-calf and stocker programs. A range of 200 to 600 pounds of gain will
be added based on sex, age, weight class, and feeding regime. Long (120
to 260 days) and short (40 to 95 days) feeding operations are available.

Sixteen different finished weights are possible, ranging from 600 to

1,400 1b. for steers and 580 to 1;280 1lb. for heifers. Gains in feeding

options are identigal for each region. Non—feed costs vary by region,
reflecting differences in average size.of lots by region (Gee). TFeed
costs also reflect-régional differences‘in corn prices. Feed costs esca-
late aé cattle are fed t0'highernweights, reflecting the decrease in feed
conversion efficiency by older and heavier cattle.

The Packer Sﬁage.' At this stage, the dressing percentages and cut-

ability coefficients for each carcass type produced varies according to
livesto;k clasé, weight, and sex; Cost coefficients refléct typical plant

size and hourly earnings in each region (Cothern, 1977a;.Bak¢r; and U.S.D.L.).
By—products are sold at an average nalue per 1,000 1b. livewelght.

The Fabrications Stage. Fabrication activities are formulated to

reduce carcasses to subprimals. Technical coefficients-are consistent
with the carcass.type, whether it is a cull cow, nonfed, nr short or long
fed steer and heifer. Six classes of fabricated beéf are outputs includ—
ing table cuts and fat trim. Lean trim (15%) and medium trim (50%) can
go into hamburgef production. Fat (1l00%) is sold as a by-product. Beef
imports enter a region as 15% lean trim. Carcass fabrication occurs

in conjunction with the packer stage either at central processing faci-

oo
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lities or at retail levels. Cost by regions reflect typical plant sizes
and hourly earnings (Baker; Cothern, 1977b3 U.S.D.L.).

The Hamburger Stage. Hamburger activities represent all processing uses

of trimmings of beef. The model uses 15% and 50% fat trimmings and table cuts to
produce hamburger which contains no less than 20%, but no more than 30%
fat. Hamburger production can occur at the packer, fabricator, and

retail demand stages. Production capacity is unlimited at any stage.

The Retail Stage. This stage reflects average final distribution
costs and is not divided into hotel—restaurant-institutional-(HRI)fand

food store components (Tribe).

The Transportation Activities and Demand for Beef

Tgansportation activities make up a significant proportion of the
model (1845 activities). These include tranmsportation of feeder cattle,
slaughter cattle, carcass and boxed beef among 5 supply regions and 6
demand regions. Of the 25 possible transfer routes amoﬁglsupply regions,
20 routes are selected fdr the model (15 inter-regional and 5 intra-
regional). Freight costs, death loss, and shrink are included in the ship@ent

coefficients. All inter-regional shipments are between supply points

(Figure la) and demand destinatidns (Figure 1b). All transportation

activitiés terminage at eaqh of.the six designated regional cities.
Nation;l beef consumption is set at four levels exogéneo&sly and région—
alized among the demand regions. National beef consumptioﬁ~was set at
25.8, 26.5, 27.2, and 27.5 billion 1b. carcass weight, which is 117,

120, 124, and 127 1b. per capita, respectively. Demand by regions was

determined from previous research by Rauniker, et al.
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Results

Optimal Least Cost>Production

For the optimal solution, the model is constrained to the production
of 27,200 million 1b. carcass weight.ofAbéef ou£put,,which‘assumed 124 1b.
per capita beef consumption (u.s. population of 232.9 million), and net
meat imports of 1,803 million 1b. A corn price of $2.37 per bu. (U.S.
average price in 1976 dollars) is used in the sensitivify analysis. “This

base beef production and corn price is used to estimate the optimal

(least cost) national cow herd.

With imports, the optimal U.S. beef cow herd is estimated at 53.95

million head (Table 1). This is a long term optimal herd size. Over the
next two cattle cycles this op timum level could grédﬁally be approached
if per capita consumption 1is 124 1b. If ail imports are curtailed and
the lével of pefAcapita consumption is unchanged, the optimal U.S. cow
herd increases 87 to 58.222 million head. The restriction in imports is
equally offset by an increase in cow numbérs to repléce the imported

\

meat.

 With available imports, corn (equivélents) used in cattle £eeaing
in the U.S. is 1,389.0 million bu. (Table 1) .- The impact of restricting
imports requif;s an increase in corn dtiliiation to 1,547.2 billion bu.,
an increase of 11%. The additional corn is used to carry cattle on feed to
heavier ﬁeights to meet the shortfall in meat imports.' Wwith likely future
deficits in world demand for food grains, restricting U.S. meat imports will
affect the U.S. position in international trade in corn.

Regional Impact on cattle Raising and Feeding. In the optimal solu-

tion, the impact of meat import policies on regional livestock production




Table 1. The Effect of Import Policies on Regional Distribution of Beef Cows and Corn Utilization
with the Least Cost Optimal U.S. Cow lerd

Cattle Raising Cattle Feeding
_ _ Beef Cow Production Corn Utilization
Regions Lower Limit With Imports Without Imports A With Tmports Without Imports A
(million hd) (%) ~ — - - (million bu) - - = = (%)

Western \ 5.349 . +13 149.60 151.10 + 1
Great Plains 12.730 . 346.04 347.50 +.4
Southwest | 6.043 . 212.98 252.20
North Central 15.979 . 530.56 644 . 60
Southeast 13.207 13 ©149.00 151.80

Northeast .642

Nation : .950 )  +8  1389.00 1547.20
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is examined (Table 1). Because onlyacertain amount of adjustmenté can
be méde, lower limits on cow production are set for each fégion. With
meat imports, the North Céntral Region produces the greatest number of
beef cows, 15.97§ million head, followed by the Sbutheast Region with
13.207 million head. The Southeaét Region produces its lower limit,
implying cow-calf operations will continue in the region though itbisvnot

at least cost. Without meat imports, beef cow herds increase: the great-

est in the Great Plains (15%), Western (13%), and North Central (9%)

because of lower total variable costs in these regions.

In the cattle feeding stage, corn utilization with meat iﬁports is
highest in the North Central Region with 530.56 million bu., 38% of theb
total.‘ With the cuftailmént of allAimports, corn usage increases by 21%
in this region and 187 in the Southwest. Cattlé feeding increases very

little in the other three regions. The North Central and Great Plains

Regions remain the highest demand regions for corn for cattle feeding.

The Retail Meat Stage.’ Meat imports with the optimﬁm cow herd
affects the typés of cattle processed into retail meats. More non-fed.
and cu;l cows are used as table cuEs for home consumption and HRI. A
lesser éﬁount of fed cattle are used as table cuts. Imported meat, as
857 beef trim, is processed as hamburger and précessed meat.. The impact
of no imports caﬁses non-fed and cull cows to gobfor proéessing into ham-
burger to replace imported beef trim. In addition,‘cattle are fed a
longer period in feedlots to pfoduce more beef. The increased number of

fed cattle go for table cuts and for fat trim to make hamburger.
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Impact of Imports with the Cattle Cycle

Projections of cow numbers into the 1980'sAéﬁd beyond are based on
beef cow numbers over the last two cattle cycles. Peak to peak changes
applied to the 1975 cow herd indicate a high of 61.9 million beef cows.
A small increase in trough to trough applied to 1979 cow numbers project
a low of 38.5 million cows in middle or late 1980'3. Thebmiddle range
herd size is the average of the high and low, 50.2 million cows. Average
cost of production (1976 dollars) for each level of the U.S. cow herd is
compared as an index to the least cost optimum herd size of 53.95 million
cows with meat imports and the optimum herd of 58.22% million cows with-

out meat imports (Figure 2).

ﬁitﬁ Meat Imports. The medium level cow herd of 50.2 million cows
is the least cost level with meat imporﬁs fo: all lévels of 71.S. beef
production. Average cost was slightly above the cost for the optimum U.S.
cow herd. As U.S. beef production increases from 25.8 billion 1b. to
27.5 billion lb., index of average costs falls leOhtly from 1027 to
100% and then increases again slightly. With the larger U.S. cow herd of
61.9 million, the index of average cost falls slightly from 104%Z to 102%
with iné%eases in U.S. beef production. When the U.S. cow herd is at- the

lower level of 38.5 million, increases in beef production cause average

costs to rise more rapidly from 1167 to 1247 because of feeding corn to

cattle over a longer period of time to meet domestic beef production
requirements.

Vithout Meat Imports. With no imports, minimum average cost is now

lower with the larger herd size of 61.9 million cows except at 25.8 bil-

lion %bs. of U.S. beef production where average cost with 50.2 million

Pt
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Figure 2. Index of Average Cost of Beef Production With and Without Meat Imports
for Specified Beef Cow Herds and Beef Production Levels, United States
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cows is identical. With increases in total beef production, average cost
incfeases sllghtly from 105% to 106%. With the medium herd size of 50.2
million cows, average cost increases from 105% to 110% with 1ncreases in
U.S. beef production. .Average cost increased at a faster rate than with
meatﬂimports. The smaller cow herd causes an even mOTe dr;gtic increase in
the magnitude of average costs with increases in U.S. beef production.
Without meat impoTrts, higher average costs are incurred because the smél—
jer size of the U.S. cow herd must then be fed over a longer period of
time.
Conclusion

Results should be interpreted to indicate directlon order of magni-
tude, and general areas of economlc 1mpacts——not predlctlons of actual
future outcomes. With.the current 1980 U. S. beef cow herd of 36.9vmil—
lion (USDA}, tﬁevéattle industry is not at the least cost optimum size.
The currént high price of beef coincides w1th a need for an addltlon of

cows to the U.S. inventory. The buildup of the national cow herd to the

- optimum 1evel will be slower in the future because of uncertainty in the

economy .

Restricting meat imports requires a larger U.S. cow herd (8%) and

greater utilization of corn (11%) in cattle feeding above the optimum .
herd size. More resources have to be put into 11vestock production
resultiﬁg in higher average'costs of produétion. The roie of meat imports

" helps the cattle industry approach the least cost optimum herd size.




References
[cierences

Baker, Allan J. "Federal Inspected Livestock Slaughter by Size and Type
of Plant." USDA/ERS Statistical Bulletin #549, May, 1976.

Cothern, James H., et al. Economies of Scale in Beef Processing and
Portion Control Operations: Northern California, 1976. Extension
Leaflet, Davis, California, May 1977a. ’

Cothern, Jémes H. et al. Economies of Scale in Beef Slaughtering: Nor-
thern California, 1976. Extension Leaflet, Davis, California.
June, 1977b.

Crom, R. J. "Dynamic Price Output Model of Beef and Pork Sectors."
USDA/ERS Technical Bulletin # 1426, 1970.

Freebairn, J. W. and G. C. Rausser. "The Effects of Changes in the Level
of U.S. Beef Imports." “Amer. J. of Agri. Econ., Vol. 57 (1975) :676-
688. ’

Gee, Kerry C. et al. U.S. Fed Beef Production Costs, 1976-77 and Indus-
trv Structure. USDA, Agricultural Economic Report No. 424,

Gustafson, Ronald A. et al. "Costs of Producing Feeder Cattle in the
United States, 1976. Preliminary Estimates." Livestock and Meat
Situation. USDA,_LMS—221, June, 1978.

Houck, J. P. "The Short Run Impact of Beef Imports on U.S. Meat Prices."”
Australian Jo. of Agr. Econ. "(1974):60-72.

Rauniker, R.; J. C. Purcell; K. E. Ford. "Spatial and Temporal Aspects
on the Demand for Food in the United States: I7T. Beef.!" Georgia
Research Bulletin 63, August, 1969, :

Tribe, S. E. '"Meat Retail Costs." Paper pPresented at 68th Animal
Science Meeting, Texas A&M University, August, 1976.

USDA. Cattle. ERS Crop Reporting Board, January, 1980.

USDL. "Industry Wage Survey-Meat Products." Bureau of T;abor Statistics,
Bulletin No. 1896, 1976.




Lau, L.J., Wuu-Long Lin and P.A. Yotopoulos, "The Linear Logarithmic

Expenditure System: An Application to Consumption-Leisure

~\*\~<uqq\\¥ J; Choice,'" Econometrica 46 (1978):843-69,
(10] Parks, R. and A.P. Barten, "A Cross-Country Comparison of the
Effects of Prices, Income, and Population Composition on

Consﬁmption Patterns," Economic Journal 83(Sept. 1973):834-52.

[11] Pollak, R.A, and T.J. Wales, "Estimation of Complete Demand Systems

from Household Budget Data: The Linear and Quadratic Expendi-

ture Systems,' American Economic Review 68(1978):348-60,




