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INTRODUCTION

The beef packing industry has undergone pronounced changes in
the last thirty years. The influence of the four major packer'sl has
diminished with the growth of highly automated and specialized beef
processors. The old gravity flow multiple specie packing houses are
all but extinct, and with this extinction has come the abandonment of
beef slaughtering activities by same of the traditional leaders.

The growth of technology has had its effects on the industry
with respect to both location and plant operation. The adoption of
capital intensive techniques has permitted greater output per produc-
tion employee. It has also freed the slaughtering plants from
locations where labor was a key factor. In other words, with plants
requiring less labor to produce comparable amounts of meat, the plants
found it more feasible to locate nearer the source of their raw
material. This signalled the decline of terminal markets and the beef
packing associated with those locations. This is evidenced particu-
larly in the Plains states. The locational shifts have seen packing
move from the traditional centers of Omaha, Kansas City and Fort Worth
to more remote locations in the hinterlands.

Technology has affected the product. The adoption of fabricated
beef processing has shifted much of the trimming, boning, and breaking
that was the job of retail meat cutters to centralized assembly line
plants where specialization of labor can be put to its fullest advantage.

As a result, more pounds of salable meat are shipped per load, thus

Armour, Swift, Cudahy, Wilson
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utilizing transportation more effectively. The final produce is now
boxed and sealed in air-tight containers permitting a longer storage life,
requiring less storage space, and facilitating mechanized handling.

Beef marketing is not a static function. The conditions that
influence long and short run decisions are changing as new information
is gained and old information is updated. The primary function of
marketing hasn't changed; its focus is on the customer. By making the
customer sovereign, its purpose is to deliver satisfying products and
services. The customer rewards the system by purchasing its product or
service. When the system fails in its primary objective the consumer
transmits his/her dissatisfaction by not purchasing or searching out
more satisfying alternatives. The marketing function attempts to anti-
cipate the demands of consumers and offer the right product, at the
right time, in thev right location and for the right price, so as to
satisfy the time, place, form and possession utilities of that con-
sumer. It is this marketing concept that must prevail in the minds of
decision makers in the marketing system.

Firms also have a responsibility to themselves and their depen-
dents and that responsibility is to generate a reasonable profit as a
reward for their efforts and risk. These rewards have been small for
meat packers. The 1925-1976 average of the earnings-percentage of total
sales has been less than one percent,2 and have ranged from a -.6% to
1.6% over that period. Campared to other industries in 1976, meat

packing had a $311.5 M1 income after taxes, while the forty industry

Source: A.M.I. quoting Citibank. Monthly Economic Letter, April
1977.
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average was $13u5.4 . 3

Competiton in the packing industry is a point of contention from
both the product and input sides. The "Yellow Sheet", the traditional
price and volume source of information, is being questioned with respect
to its objectivity and charges of manipulation by major packers are not
uncamnon.  Johnson (30) has questioned the degree of competition that
exists in the marketing of livestock. He states, "Slaughter livestock
marketing in the United States is not as efficient, competitive, or as
equitable as one would reasonably expect, given existing technology,
nor is it properly organized and structured to maximize the inherent
benefits of a market-directed private enterprise economy ... marketing
costs in 1975 were ... $298 MM higher than they needed to be ... (and)
producer efficiency would ... improve by $3 billion by a pricing system
that objectively equates product value and product price," (pg. 180).
The accuracy of his figures and his hypotheses are not universally
accepted. It is a fact that regardless of the competitive envirorment,
profits result when revenues are greater than costs, and that by
reducing total costs the profit potential is enhanced. This research
will devote itself to cost minimization in the beef packing industry.

Marketing research is characterized by a systematic inquiry
defining content - what the researcher is going to study, defining a
method - a strategy of inquiry, and using a technique or tactic to
implement the strategy. It is, in essence, a search for and analysis of,

information relevant to identifying and solving of a problem related to

Source: A.M.I. quoting Citibank. Monthly Economic Letter, April
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4
the delivery of a product or service in order to satisfy the consumer's

time, place, form and possession utility, and do so profitably. This
research will address itself to the problem of plant size and location
which will result in a minimal cost system of procurement, processing
and distribution of beef cattle from selected supply points, through
selected processing points and to the demand centers in the contiguous
United States.

It is assumed that readers of this dissertation have an above
average knowledge of the beef packing industry and all of its activi-
ties. Thus, what is considered widely known in the industry in terms
of techniques, terminology, etc. will not be defined here. If this is
not the case, numerous U.S.D.A. publications are available and easily
accessible. In areas not in common knowledge of the above average
reader, explanations will be either in the text or delegated to foot-

notes.
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CHAPTER II

PROBLEM

The marketing of cattle and beef should be deone as efficiently
as possible, if the industry is striving for cost minimization, the
assumed objective of this research. In the industry as it exists now,
live cattle are trucked hundreds of miles and some beef slaughtered
€ast of the Missouri River is shipped west, passing western beef bound
for eastern markets. If slaughter plants were optimally located and
least cost flows of cattle and beef established, then ideally this
Share of the marketing cost could be minimized without reducing ser-

vices to consumers.

Obj ectives

1) To derive the necessary slaughter, processing, assembly, and
shipping cost functions necessary to generate the objective
function that will be used in an optimizing model

2) To build a normactive model capable of determining the optimal
slaughter plant locations, by regions, and calculate the least
cost flows of cattle and beef.

3) To examine the results of the model and the sensitivity of the
solution with respect to the cost and activities

4) To consider a range of plant sizes and what influence size

economies have on the plant locations and flow networks
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CHAPTER III
THEORY

This chapter will state same of the basic assumptions dealing
with the model employed. It will then discuss the elements of costs,
revenues and profits from a mathematical perspective using the standard
notation and basics of microeconamic theory. The problem of externali-
ties in the real world is briefly discussed. The purpose of the theory
discussion is to lay the foundation for the objectives of this study.
The model chosen for the normitive research is a cost minimization
transhipment model. Since individual plants are assumed to have little
or no influence an the market price of either cattle or beef, a competi-
tive structure is assumed.®’

This model assumes that profit maximization is the firm's goal by
looking at the dual situation, i.e., cost minimization. The theoretical

discussion that follows should highlight the major points of the model.

Johnsen (27) has argued that there is a decided lack of compe-
tition in live animal marketing. His contention is that there
are only a few buyers of cattle in any cattle producing area and
that buyers representing the large slaughtering plants face little
campetition and thus have a degree of control over the price paid
for live cattle. On the selling side the "Yellow Sheet" has been
the traditional source of price and quantity information for the
meat industry. Its purpose was to expose all traders to the same
market information and provide an equal information base for their
selling decisions. The effectiveness of the "Yellow Sheet" is
widely questioned in the meat industry and charges of manipula-
tion by large packers seems to have cast doubt upon the sheet's
validity. Until a better method of information transfer is
adopted or marketing practices and alternatives improve, this is
the arena in which the meat industry operates.
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7
Profits are the result of five elements. These are the cost

factors representing processes that change the cattle into salable beef,
the purchase price of the cattle, and the plant's total revenue.

The total cost of beef packing system, with reference to equations
1-5 below, is assumed to be the sum of (1) assembling cattle for
slaughter from the possible points of origin, (2) slaughtering plus pro-
cessing, (3) distributing beef from all possible packing locations to
the possible demand centers, and (4) purchase price of the cattle. Pro-
fits are the difference between total revenue and total cost, and maxi-
mized where this difference is maximized, assuming a coampetitive market

exists with known quantities of supply and demand.

D cy=£

Cost of slaughter + processing

27 27

2) ;E-L:x C?.j=i§igij (Xij )* = Cost of assembling live cattle
32 4 32 * et e

3 . = Z h.,, X3k = Meat distribution
3=13 =} ik

27
8 =5 P. x5
ij it M
32 &
§) TR.= I Pk Xjk
J k:l.

Purchasing cost of live cattle

Total revenue

Notation:

C) = Slaughter + processing at the "jth" plant location

"i" = Live cattle shipping points

"j" = Packing plant locations

"k" = Demand point locations

Thus, C3. is the assembly cost from the ng point of origin to

thy

the "j " packing plant location.
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8
The fact that profit maximization occurs where added costs of

production and delivery are offset by added revenues has an important
bearing on the dynamics of the actual product flows. Temporary price
imbalances serve to attract or repulse product flows. Thus, if regicna-
lized supply and demand become imbalanced so as to push a local price
higher and create a greater than "normal" spread between that region and
others, product flows from packers will readjust toward this area.

This normitive model will assume that price spread imblances do
not exist and that the product flows represent the "no " situation

that exists if the demand and supply are to be equalized.

Profits are:

6) Te5=cj+t cRvr Q.5 od
j = P . e -
=t B g WY g=! BES

32
7) TRj = I Pk Xjk
k=?!

8) 1.
J

TRj - 1Cj

. = L P Xep = £. (Q:) = Ig.. (Xij) - IP.. (Xij) - Th., (X3
9 Wy = IPy Xy - £ Q) - Igyy (Xij) - gy () - Ty (Xl
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Assuming these to be continuous and twice differentiable

functions, the first order conditions for profit maximization are:

10) ol = Pk - hik Gck) = 8
Xjk
1) o = £2(Q) = 8
12) 'o_I'I_j_z -g (Xij) -Pij =8
0X1]

. e o
% B_=hik (Xjk)

Pij = g (XiJ)
If we constrain each plant to at least break even, then prices

and costs would be equal or Pjk/cost = 1, or

_ ol rme .o .. 0 .
13) Py = £7(Q3) + Zgij (Xij) + 2Pij + hj’k (Xjk)

14) P51 2.z Pax
££(Q3 +Tgd3 (i3 )+£Pij+h'j’1 (%51) £70Q3)+2gij (Xi3 )+2Pij+hj'k(Xjk)
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10
In the equilibrium state, equation 14), for a firm to sell beef

into a sepcific region, the ratio of the price of beef in a market
destination region to the added cost of a unit of beef sold into that
region must be equal between markets. For the industry this means that
each plant, if it were to 6ptimally allocate its product flows, would do
SO to equate the margins of costs and revenues for all possible destina-
tions and ship accordingly. All destination points are candidates but
became receivers when the cost-price calculus is such that a breakeven
or greater situation exists. At equilibrium there would be no abnormal
profits with no firms entering or leaving the industry.

Looking at the state equilibrium we find that:

15) ' A = Assembly
TC = TC (A,S,D,P) B = Slaughter + Processing
D = Distribution Cost
P = Prices
-2TC DIC 45 + 2 gp +2TC
16) arc=T% A+Zeas+ B+ Lo

By assuming dP=0 as discussed previously,

-oIC 21C -IC
1) diC =5x dA + s ds RS

It is assumed management decisions cannot influence prices, the
changes in total cost are the results of changes in the assembly,
slaughter + processing, and distribution costs. In many plants where
unions have a strong foothold, a firm can do little about the slaughter
+ processing cost. Output is measured in the time dimension, not rate,
the chain speed remains constant and the production workers either work

to match the chain ar don't work. If guaranteed wages and annual work
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11
day guarantees become the norm, the major portion of the slaughtering +

processing costs will not be under management's control as these major
variable cost items become more fixed in nature. If we can assume for

discussion purposes, then, that dS=8, we are left with

¥\ DIC
18) ch-oAdA+-—.>DdD

If the firm is operating at minimal total cost, then dTC=§ and

_DTC ©oTC
19) ﬂ"'DAdA+-oDdD

20)  IC 40 BIC o

24 "D
21) IC fAIC = db/aa
GYVAY)

Proceeding through the equations terminating with 21) we have
been building a normitive theoretical foundation. The purpose of the
theory has been to state the géneralized pristine enviromment that re-
flects the less than mathematically precise world. From a more prag-
matic viewpoint, the analyéis must explain "positively" rather than
"normitively".

The impact of 18) - 21) is that a negative and inverse relation-
ship exists Setween assembly and distribution if the firm is operating
at dIC=8. Thus, if assembly costs increase distribution costs must be
lowered and vice versa. This is acramplished through lower transporta-
tion tariffs, volume discounting, etc., or by reducing the distance |

travelled. In the case of supply this cost reduction may be attempted
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12
by more intensive procurement of cattle closer to thé plant. In the

case of supply the more distant markets may have to be abandoned or
cheaper methods of transportation found. In either case, the marginal
markets will be eliminated.

A mare dynamic examination would have to include the externality
problem that would result if firms eliminate marginal markets. On the
procurement side more intensive purchases of livestock in a particular
area would create a stronger quantity demanded for the existing stock
and drive prices up in the short run and possibly offsetting antici-
pated savings. From the distribution perspective, reducing the market
area increases the campetition for the "local buyer's dollar and could
cause lower beef prices in the short run. Efficiency becames the
essence of campetitive staying power, from the perspective of the
physical input/output of the plant, and the size of plant built. Plants
that can take advantage of size economies can operate at lower average
costs and be the last firms to withdraw from a market and be able to
withstand the caompetitive pressures.

One could hypothesize that if size economies exist then large
plants should prove to be the most stable in their price and cost
sensitivity. The underlying tennet is the theory of comparative advan-
tage applied to production costs and location. To permit location
selection to be achieved to its fullest, all possible cambinations of
supply, slaughter, and destination regions should be considered. The
optimal solution would then reflect the flows of cattle and beef té

minimize the total cost and satisfy supply and demand at same price.
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The stability of each "network" in the solution would also be an impor-

tant consideration, as it shows the resiliency of optimal "networks" to

cost changes and the potential for market penetration and development.
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Chapter IV

REVIEW OF LITERATURE

Studies of the optimal spatial distributions of processing plants
for meats, fruit, milk products, etc. date back into the late 1940's.
The difficulty in doing early work was a lack of computers to do
justice to the inter-relationships existing in complex problems. As a
result, the growth in the number and complexity of research problems
has paralelled the growth in computer sophistication.

This literature review examines approximately fifty articles and

papers and spans about twenty-eight years. It is by no means a com-
plete review of all the literature on the subject. In light of this,
the early literature cited is what this writer judged to be the most
seminal in the topic area, and related to agricultural economics.
Some works were selected because of their illustration of technique
or their application to the subject of this paper. This literature
review is chronologiéally structured and lays the foundation for the
justification and objectives of this research.

One of the first articles to appear in the agricultural econcmics
journals was that of Snodgrass and French (Journal of Farm Economics,
Feb. '57). They illustrated in a nonmathematical example the essence
of the transportation problem that had been theoretically treated by
earlier authors. This was a procedural example whose purpose was to
illustrate a technique for manual computation. It made the restric-
tive assumption of costless intraregional transfers. This is

questionable in light of their example using the United States as a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15
subject area and dividing it into four regions.

In 1957, Orr's (43) dissertation research looked at meat packing
in the southestern United States. He took as given the regional
demand, regional supply, cost functions for processing, and the trans-
portation cost relations faced by carriers. He determined supply,
demand, and price patterns, and the movement between regions. He con-
cluded that growth of demand in the Southeast was a primary factor in
expansion of meat packing there. Secondly, the changes in transpor-
te.zon rates of meat products into and out of the Southeast relative
to the other quadrants of the nation would have to be changed to ele-
vate these "rate relationships that appear unfavorable to Southern
packers". This he hypothesized to be highly unlikely. This research
was in essence testing the locational stability of the southeastern
meat packing industry.

In 1959 Hassler (J.F.E., Dec. 1959) challenged the researcher
studying interregional competition to bring spatial, temporal, and
oroduct form inter-relationships together fo:r. more realistic and
applicable models. His descriptions of space models (single homogeneous

products), space-time models, and space-time-form models are valuable

T. C. Koopmans, "Optimum Utilization of the Transportation System'",
Econometrica, Vol. 17, Suppl. (July 19u3).

D. A. Samueleson, "Spatial Price Equilibrium and Linear Programming",
A.E.R. Vol. 42, No. 3, June 1952.

J. N. Boles, "Linear Programming and Farm Management Analysis",
J.F.E., Feb. 1955.

E. 0. Heady, "Simplified Presentation and Logical Aspects of Linear
Programming Technique", J.F.E., Dec. 1954.
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reading. His discussion of needed data and the structure of the above
models serves as a valuable "road map" in studying the application of
model building to the complexities of the real world. His concluding
remarks are worth quoting, "We have too many economic 'artists' who
'know' what is right and wrong about economic structures without analyses
or facts." The model in this dissertation research would be considered
normative and of the space-form variety. It converts a raw product,
cattle, into beef, then considers the cost of live animal transportation,
slaughter and processing, beef transportation costs and the spatial im-
balances of supply and demand.

In this same journal King and Henry (J.F.E., Dec. 1953) discussed
Hassler's points but devoted more effort to an actual calculation of a
transportation problem. Wnereas Hassler's treatment was conversational,
King and Henry went into more depth on not only model types but also the
side analysis that can be gleaned from transpdrtation models. Here the
concern was with both transportation costs and processing cost. That
paper was a result of Henry's work with the North Carolina broiler
industry where the space~form model was applied.

Henry published a paper in the J.F.E. of 1857 entitled "Broiler
Production Regions of the Future", where his concern was with the
growth or decline of the industry in various locations. The article's
tabies and illustrations of fonnalized L.P. matrices is a great aid
for the model builder. The early work of both King and Henry served
as a springboard for future location and transportation research con-

cerning agricultural products.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



