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© SUMMARY

This paper discusses planning of production and marketing in the hog-
pork industry; Long, intermediate and short term plaﬁning problems‘ére
delineated. A linear programming model is presented which focuses on the
intermediate term planning problem. It is suggested that such models‘are'
themselves part of the technology which will move the hog-pork industry

away from price-coordination towards policy—coordination.
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INTRODUCTION

This paper discusses planning of production and marketing in the hog-
pork industry. Long, intermediate and short term planning problems are
delineated. A linear programming model is presented which focuses on the
intermediate term planning problem. It is suggested that such models are
themselves part of the technology which will mbve the hog-pork industry a-
way from price-ccordination towards policy—coordination.;/ There is little
doubt that substantial changes are occurring in the hog-pork industry.

These changes are likely to have a direct impact on zll industry participants,
including breeders, feeder pig producers, finishers, slaughterers, processors,
distributors and retailers.[l] These changes are prompted both by new
technclogical developments and, as will be emphasized in this bulletin,

improved managerial planning and control procedures.

There is nc consensus as to the future direction of the industry.[2]
Some authorities visualize the industry following the example of the poultry
industry which, for the most part, has been transformed from a traditional
to an agri-business framework.[3] Others do not see any significant change
in the swine-pork industfy, particularly hog production, in the near future.gj
The purpose of this bulletin is to examine the hog—pork industry from a
broad viewpoint. We shall attempt to look at the industry in a perspective
which extends from breeding stock to pork consumptiéﬁ; No claim is made for
the exhaustiveness of this analysis. It is primariﬁy a reconnaissance of the
linkages which exist in the pork conversion process. The USDA in conjunction
with several land-grant schdols are cgrrently considering undertakiﬁg a full
scale research program aimed at the hOg—pqu subsector. [4] |
This bulletin is written from a micro-economic point of view for industry

participants and acedemicians who are looking at pork production and
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marketing in a vertically coordinated framework, It does not consider the
horizontal aspects of the industry, such as interregional competition or the
total supply and demand for pork, hogs, or feeder pigg.[7]_

A coordinated hog-pork industfy-is a reiativély new prospect, Many
firms in othér agricultural induétries, which are now vertically integrated,
did not plan this involvement, but rather suddenly found themselves as part
of a coordinated operation, Economists also failed to predict the magni-
tude and speed of structural change in some agricultural industries, For
example, the broiler industry received some very thorough documentation
after it beéame.tightly coordinated, but not before.

" This largely precluded discussion of whether the government should take
steps to assist the traditional forms of poultry production, It is hoped
that this bulletin will be a modest contribution towards the definition of
the issues involved in any attempt to protect established methods of hog
production. It asks the reader to. consider the prospect of a policy~coor-
dinated hog-pork industry at a t ime when, for the most part, the industry
is price=-coordinated,

Some of the material presented is quite detailed and complex, This is
to be expected as the pork conversion process is likewise very complicated.
- However plaﬁning models are becoming available which will handle this com-
plexity, and theée modelsbthemselves are a new technology which are likely
to acceleraté the tendency toward more policy-coordination in the industry,
It is important that both decision-makers and agricultural policy-makers be-
come aware of these models-~the former to exploit them, the latter to consider

the impact they might have on the structure of agriculture,[8]

PROBLEM
The application of operations research techniques to agriculture has
become a recént,goal of numerous economists in both academia and agribusiness,
The advent of third generation cbmputers has given economists new opportunity
in building large-scale planning models. '
An example is the application of planning models to the hog-pork indus-
try. Considerable research indicates the industry suffers from some degree

of suboptimization. For example, more than ten years ago a Purdue research
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projectgf concluded that a meat-type pork product would command a price at
retail high enough to compensate retailer 6 packer, and producer for their

effort, Yet there was no follow-up by the industry participants after the

’
exper iment,
The lack of enthusiasm for cooperative planning is not completely irra-

tional on the part of the swine-pork industry participants. Retailers cannot
mount a large-scale marketing progfam without some assurance that the product
will be supplied.[10] Packers cannot guarantee a given quality of product
without like assurances from the producers, The prodvcers are attempting to
maximize their own profits and market hogs at weights consistent with that
goal [9]. Swine breeders try to breed more meatiness in hogs over time, but

do not get any specific feedback from retailers, packers, or producers which
will allow an optimum weighting of meatiness, versus feed conversion and other
factors in a scientific breeding program,

The current structure of the industry militates against production and
product planning in the manner that planning is accomplished in large firms
who control their product from design to consumption..

Symptoms of the problem have been discussed and debated[lO] but the
dynamics of the entire process have not been put down in explicit form.

This is part of the problem to which this %?lletin is addressed,
4

Large=scale planning and control models— are a new technology in manage-
ment, The problem of lack of coordination in the swine-pork industry may be
improved by the-use of this technology. At the very least  these models allow
us to better define and understand the problem of coordination., This bulle-
tin is a first attemptlto delineate the many inter=-connections in the process

of converting corn to a consumer product,

THREE LEVELS OF PLANNING
in studying'the‘codrdination of the hogrpork industry at least three
distinct levels of planning can be defined, There is a long term planning
horizon which focuses on investment decision, such as genetic improvement,

plant and equipment configurations, and consumer image creation., There {is
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an intermediate term planning horizon which balances strategic production
and marketing decisions, such as farrowing schedules, production rates,
outside purchases of feeder pigs, market hogs and primal cuts, and alterna-
tive retail marketing strategies. Finally, there is a short term planning
horizon which focuses primarily on the processing and marketing functions
and which synchronizes the weekly slaughter, processing and distribution of
specific closely defined weight-grade groups of live hogs, primal cuts and
processed pork products.

To include all three planning levels in one model would be very awkward
because of size limitations and the plethora of results which would be ob-
tained. Therefore, a chéiée has to be made as to the time horizon which is
of primary interest. In the present study an intermediate term planning
horizon was chosen because this is the area in which the problems of policy-
cgprdination for the hog industry are likely to be felt most acutely. In
thé long run, the capital budgeting decisions in the hog industry are unlikely
to differ markedly from parallel problems in other large industries. Due to
the pioneer work of Dr. James Snyder of Purdue, end his co-workers, many of
the important short term planning problems, for packers and feed
companies, can already be formally coordinated with the aid of computer models.

In this bulletin, the long term (five years), intermediate term (one
year) and short run (weekly) view of coordination will be presented in that
order with emphasis on the intermediate term for which a prototype linear

programming model has been designed.

LONG TERM
While five years in some stable industries is not considered long term,
a detailed planning horizon past five years is difficult to justify in the
< hog—-pork pcrﬁibn of the agricultural sector. This sector appears vulnerable
to considerable change in the next decade: Competition from meat substitutes,
technological changes in production and more sophisticated management tech-
niques are at least three factors which will tend to realign competitive

relationshipse.
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What should these firms consider in attempting to plan greater coordi-
nation in the hog-pork industry? In a five year plan for coordinating this
conversion process some of the important considerations are:

1. marketing

2. production

3. facilities

4, breeding

5., finance

research

T. personnel

8. organization

Although change toward closer coordination is unlikely to occur instan-
taneously -throughout the industry, this discussion will center on the planning
of an organization which controls the total conversion process from corn to
pork.

Before discussing the planning of coordination in detail, the nature of
the organization we are speaking about should be made perfectly clear. In
contrast to the traditional institutional approach tc production and market-
ing in the hog industry, we are concerned with the single price-single profit
approach.

The attitude of a recent spesker at a National Pork Induétry Conference
is somewhat typical of the traditional view,[19] le said, "There are, in my
opinion, Jjust two groups; one being those of us who produce hogs and the
other being those of you who buy, process and market pork products." A packer
or a retailer could have made the same statement, that there are only two
groups -- us and them. In fact, there are many groups which currently function
to make up the whole hog-pork industry and in the past each has viewed his role
as narrowly as the next.

By contrast this bulletin is concerned with planning from corn to retail
as a single entity. This entity does not have to be a corporatidn; it could
be a cooperative, a corporate-cooperative, a joint-venture, a series of
independent firms and individuals who contract or agree verbally to a single
plan. The important point is that there 1s a master plan, which sets the

policies for and coordinates the entire pork conversion process.
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Obviously, the first impulse is to look on either side of the function
that a firm is now performing. For example, a meat packer might think about
expanding forward into centralized retail cut processing, or backwards into
hog finishing.[20] A farm supply firm might consider leasing sows, entering
contract production'éf commercial hogs[Zl] or the operation of a swine

breeding unit.[22] 4
In the following discussion we are assuming that the decision makers are

interested in planning the total process of converting corn to pork. While
the discussion of the master plan does not necessarily need to begin with

the market plan, in 2 market-oriented economy,6 this is a logical first step.

Marketing Considerations

Coordinated production implies the development of a long-term consumer
marketing pléns Such plans do not exist in the hog-pork industry today.
Within the preéent market coordinated structure, retailers must sell to
consumers what is available for them to buy. Processors must sell to
retailers what producers bring to them. Producers sell to processors only
the product of what they can buy from breeders. Breeders are not getting
feedback from consumers, retailers, processors, and producers. as to the
performance of their breeding policies. Thus, unlike a manufacturing firm
which simultaneously designs a product and selects a specific market seg-
ment, the process of converting corn to pork is operating without a "master
plan". Everyone is trying to do a better job in his function; however, the
linkages between functions are quite loose, resulting in an environment in
which a long-term marketing plan is simply not feasible. Prices for breeding
stock, live hogs, primals, and retail product provide some guidance for
production decisions within the present structure. They signal, however,
where we havé been in the past, rather than where we plan to go in the future.

The considerations which enter into a long-term marketing plan for pork:
are similar to those used by firms who research, design, manufacture, dis=
tribute, and merchandise their own products, Most of these firms are market-
oriented, That is, they first analyze a need before making a product to

serve that need,
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While each coordinated production-marketing organization would want to
analyze the needs of the specific consumers it serves, there is some general
information available as a result of public research on pork consumers.

A recent study draws these conclusions about pork and pork products:

Smoked or cured pork -- generally known as "ham" to
consumers -- was found to share many of the favorable char-
acteristics attributed to beef, and to be relatively free
also from negative associations. The chief disadvantages
cited concerned its keeping qualities when raw and being
a meat one tires of.

Fresh pork, although reportedly eaten more often than
ham, projected a less favorable image. Although respondents
themselves tended to characterize fresh pork as tasty, many
may have been unsure that others like its taste, as indicated
by their reaction to the idea of serving pork cuts to guests
whose preferences are not known. In addition to receiving
the unfavorable comments mentioned above for hem, fresh pork
was also often considered difficult to digest, not always
safe to eat, and to have too much waste. Many also claimed
that pork is not good to eat ccld and does not keep well
before cooking. [23]

The image of pork is not as positive as that of beef and chicken, overall,
From the same survey, the following tabulation, based on the total favorable
and unfavoréble are respondenﬁs assigned to each meat, provides a summary of

the comparative standings of these meats.
i

Table 1. Consumer Meat Choices

Average Number of Choices for Each Meat

Beef Chicken Ham Pork

Favorable 7.8 6.6 4.5 3.1
No Choice 5.6 6.3 T.h 7.5
Unfavorable .6 1.1 2.1 3.4
Total ik.0 4.0 1k.0 1.0

Despite the above attitudes thére is little question about the permanency

of pork in the diet of Americans.
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According to many authorities, pork quality needs to be improved.

Quality in pork is a somewhat vague concept. There are no government grades
for retail pork as there are for beef. Nevertheless, many research find-
ings point to the fact that consumers do differentiaste among pork products
énd many will pay more for some meat-type pork cuts.

Results of consumer studies generally indicate that lean cuts sell better.
Several small tests of hams in Iowa[24] and a large sales test of shank hams
portions and loins in Missouri25] found that lean cuts were purchased at a
3:2 ratio compared with regular cuts. However, a study by Purdue researchers
found that lean center cut chops and loin roasts sold no better than well-
trimmed cuts from fatter hogs. [26]

Thus, the answer to the question "Will consumers pay a price premium for
lean cuts?” must be gqualified. For some cuts, such as chops and loins, trim-
ming and selling at a premium price seems profitable. On the other hand, for
other cuts, such as picnics and hams, a lean quality product may only be de-
rived from a high quality hog. Such an animal is often not available in large
quantities on a regular monthly basis.

A certain marketing plan may accentuate or reduce the need for e coordi-
nated approach. For example, a systém which places high emphasis on sausage
and processed pork products may not need a coordinated approach as much as
one which emphasizes fresh pork products. Obviously, in a former case, the
consistency and quality of the raw product has less interrelationship with
the consistency and quality of the final product. On the other hand, a program
which specializes in marketing portion controlled fresh pork cuts to institu-
tional consumers may find a large benefit in coordinated breeding, production,
and processing.

The implication for a long-term coordination model is that feasible mar-
keting strategies must be defined which delineates those market segments which
are to be served with specific qualities of pork products. No one system can
supply all market segments with all pork products all the time. Nor can a
pork system counstantly make major changes in market segments which it hopes
to serve, Without an explicitly defined set of consumer market strategy alter-

natives, a plan to coordinate the pork conversion process would be meaningless.
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Production

Assuming that markets for particular kinds of pork cuts exist, the
critical bottleneck is obtaining hog supplies on a consistent basis to meet
the market demand.

Coordination does not necessarily require large volume. After all, the
earliest forms of hog production were fully coordinated since the hogs were
butchered and consumed on the same farm.

The focus of this discussion, however, is off-farm coordination. There
are at least four volume levels of off-farm coordination which would be possible
in the pork industry. First, individual producers can coordinate their pro-
duction with local locker plants and, in turn, with local consumers. This
is a very low volume (100-500 head) system of coordination, but one which
exists in rural areas. Second, there are local integrators, usually feed
dealers, who coordinate the production of several farmers (500-5000 head)
through a single packer, and sometimes carry this coordination through to a
specific market. This is a local or cluster approach. Third, there are state-
wide organizations (generally cooperative) who coordinate large numbers of hogs
(5000-1,000,000 head), but currently there are no examples of this type of
coordination reaching to retail, Fourth, there is the possibility of a regional
approach in which the larger agribusinesses (packers, assemblers, feed firms,
cooperatives) coordinate hogs (100,000-1,000,000 head) throughout a multi-state
geographical area.

While these four categories of coordination can be defined for discussion
purposes, the percentage of U.S. hog production moving through each is as yet
undefined. Useful estimates of the magnitude of coordination in the hog-pork
industry have been provided by Wilbur Jenny. [27]

Two factors which give rise to speculation and conjecture about increased
controlled production is the movement to confinement production facilities and
the potential of estrous control in scheduling the farrowing operation. In-
creasingly, the traditional bottleneck in the production of hogs, the far-

rowing function, is becoming a scientific process. This farrowing function re-
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mains as the major problem in any scheme to coordinate large numbers of hogs.
Conception rate, litter size, litter Weighf, and disease are four key variables
which are vital to efficiency and yet very difficult to manage on a large

, , . . 5
scale at this point in time.=

Buildings and Facilities

The increased value of land as a result of continuous corn production,
together with the scarcity and cost of high quality labor, and combined with
the increasing need for volume have created an incentive to substitute
capital foi labor by moving the production aspect of the hog business indoors.

The simultaneous availability of these facility innovations -—- slotted
floqrs, partially controlled environment by bﬁilding enclosure, 1nsulation
and ventilation, and reduced number of hogs per pen —- have made possible
the grouping of small numbers of hogs without increasing labor requirements.
And the traditional disadvantages of enclosed production -- high humidity
and rapid building deterioration -- have been partially eliminated by the
slotted floors which made a better controlled environment feasible.[12]

To build the most modern facilities and insert the most labor saving
equipment, however, requires a commitment and capital that many producers

operating on an independent basis do not possess.

For example, the investment in sow capacity for a confinement system
with farrowing crates and a slotted floor with pit is almost twice that of
the investment required for a more traditional operation using individual
outside houses. The investment was budgeted to be $391 andb$202, respec-
tively, in a Purdue study published in 1967.[13]

The same comparison is even more dramatic in swine finishing. This
same study budgeted the investment per hog in an enclosed slotted floor
finishing house to be $46, compared to an investment of $16 in pasture por-
table houses, almost a three-fold increase,[12]

Hdwever, even with the greater investment cost, the conclusion of the

Purdue research is that these modern facilities create an opportunity for

hog producers to further substitute capital for labor without increasing

total cost of production; but also without a noticable reduction in the

total cost of production.
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The building and equipment configuration is the problem which is gener-
ally given the moét consideration by expansion-minded investors in the swine
industry. Greater efficiency of labor[14], especially with regard to the
economics of manure disposal[15], is a major consideration in planning new
facilities.éj Since most facilities are single purpose buildings, the
decision tends to be irrevocable and very high risk in terms of technological

obsolescence.

Breeding Considerations

A coroliary to the quantity problem in a coordinated approach to hog-
pork production is obtaining a quality product. Since inheritance is
responsible for up to one-half of the heterogeneity which exists in hogs,
any serious attempt at creating a differentiated fresh pork product at
retail must control the genetic base.

Even with a single breeding herd supplylng all the breeding stock,
genetic variation is still a problem. If artificial insemination ever
becomes practical, it will be easier to reduce this genetic variation. The
most valuable genetic traits however, are still numbers weaned per litter,
and conception rate. '

Thus the difficult task of choosing from among various lines of genetic
material will not diminish but will increase in importance. It is this
selection decision which illustrates best the opportunities of a broad vert-
ical perspective in the hog-pork industry. In varying degrees, the selec-
tion decision influences farrowing, feeding, slaughtering, processing, and
retailing efficiency. Howevér, there are some tradeoffs inherent in this
selection process: larger hams are not necessarily the easiest to retail,
extreme meatiness can limit pork tenderness and may be associated with pse, and
reproductive efficiency has a very high economic value but this trait is
very ldw in heritability. Thus information feedback from all functions in
the conversion process are vital to a sophistiéated breeding program
designed to avoid suboptiﬁization. o

It is likely that a cqordiﬁated entity would maintain control over a
breeding unit which multiplies genetic stock, but this entity may not
maintain a basic research program since such programs are very expensive and

subject to economies of scale.
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Financial Considerations

There is considerable total risk in any hog—pdrk coordination effort,
caused not only by hog price fluctuations but also by threat of disease
and technological obsoclescence of fixed investments in specialized build-
ings and equipment.

A coordinated approach would contain some risk-reducing elements, how-
ever, particularly the potential for cost saving, increased market penetration
and resource sharing among the various functions of the process. The co-
efficient of variation of income for a coordinated system would inevitably be
smaller than the coefficient for individual members of the traditional market
form of organization.

A basic finencial relationship for the consideration of‘coordinated hog
production is that each hog produced is likely to produce about $100 of re-
tail sales and to require a total investment of about $lOO.Z/ Also, three-~
fourths of the total assets employed would be fixed assets. (This is
assuming a highly capiﬁalized system is budgeted, one which takes advantage
of most recent labor-reducing technology.) Thus, a 200,000 hog enterprise
would involve about a $20 million investment of which $15 million would be
fixed investment.

From these rough figures one can readily understand the major financial
obstacle to rapid expansion in a coordinated hog-pork entity, the low ratio
of sales to fixed assets. Such an enterprise would need as high a return on
sales as investment. With a coordinated apprcach, a‘premium pork market
might be-developed which could support profits at this level or higher. But
the financial obstacle is to obtain the long-term capital necessary to build
market penetration and organizational efficiencies.

Since vertically coordinated pork conversion systems have not yet been
established on any substantial'scaleﬂ capital invested in such a scheme is
likely to be considered venture capitel and would require a high price
commensurate with the risk, The steps to achieve full coordination are known ;

but the value of this type of asscoclation remains g matter of speculation.

Information and Research

The individual subsystems of the hog-pork industry have been, and are,
well researched and developed by industry and the land-grant colleges. The

accuracy with which signals ave transferred from one subsystem to the next
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has received much less attention, but the work which has Been done suggests
conslderable loss of Information between, and even within, firms engaged in
hog and pork production.[28,29,30] The stochastic aspects of optimum systéms
utilization have not been eitensi&ely studied, so that yard sticks are not
available to measure this aspect of current sub-sector performance.

Within a fully ccordinated system total cost information would be a-
vailable at retail and values established at retail could be accurately
transferred back through the production precess to allow élaughtering, finish-
ing, farrowing and even breeding decisions to be synchronated with these
values. The proto-type decision model discussed in this paper illustrates
one way this information could be transferred within a single organizatioh.
It should be noted, however, that the generation of pertinent information
can be quite expensive,

This information would also allow research and investment priorities to
be set so as to remove the bottlenecks which are most important to the system

as a whole,

The Personnel Plan

Appropriate personnel would be vital to any coordination arrangements of
reasonable volume. It has already been pointed out that for every 10,000
hogs to be sold each year, an investment of thé order of o million dollars
would be required. Thus, Just in terms of the scale of assets’being managed ,
significant managerial talent is réquired. This is not all, to keep ahead of
the game at least one policy maker probably requires a Ph. D. level of |
appreciatioﬂ of new developments in nutrition, breeding, swine physiology énd
disease control, At the same time a coordination system needs to be implem-
ented which will allow the information available to a policy coordinated -
system to be produced and used. These are not insignificant requirements.

In addition, personnel have to be found to actually Produce the hogs.
Depending on the éuthority, 3,000 to 6,000 hogs per man per year appears
currently to be the upper limit of productivity which can be envisaged. This
implies a large number of men. ,

Men who can manage the complex problems involved in breeding, farrowing, and
finishing large numbers of hogs are mostly already sucéessfully.employed on
their own account. The alternative of hiring college-trained manggemeht may

eventually be a viable one, but experience so far would indicate that the most



16.

successful swine producing systems are the result of a man growing with
his mistakes over time, and on the same farm. [31]
The profit differences between poorly managed and well managed swine

enterprises emphasizes the critical importance of this factor. [32,33]

An Organizational Plan

An organizational plan is the most critical of all the long-term problems.
There are few, if any, American firms who are currently involved in all
tne functions of the pork conversion process on any substantial scale. If
a single plan covering the entire pork conversion process is to be effected,
two or more firms will need to act as one, or substantial expansion of
current areas of managerial contrcl will have to be implemented. The latter
is likely to be expensive, while the former is very difficult to achieve,
particulaily between firms who have traditionally viewed each other as
"enemies'. ’

Armstrong and Schneidau suggest the kind of activities which need to be
considered in an organizational plan, [34](these activities are particularly
important if the organization is of a contractusl form). They classify these
functions as: primary activities, facilitating services, and service and
supply inputs.

A. Primary Activities

. Producing breeding stock
. Feeder pig production

.  Slaughter hog production
. Slaughtering

. Processing

. Distribution

SOV B O

B. Facilitating Services

. Assembly and distribution (transportation)
Pricing arrangements

Hedging (risk bearing)

Sorting and grading

Marketing information

a. feeder plig market

b, live hog merket

¢. wholesale primal market

d. retail pork cuts movement

6. Storage

°

Vo o
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C. ©Service and Supply Inputs

1. Financing-capital

2. Feed

3. Facilities and equipment

L. Health services

Technical information services

There are many ways in which these functions could be organized and the

9]

profit shared among the various concerned parties. One possibility is that
after input purchases had been paid, each party would receive payment for the

value he had added to the final product.§/

Another more conventional
approach would be to commit gquantity to the system, but price according to a
price formula baséd on reported markets. No matter what profit-sharing plan
is chosen, tne‘result needs to be both flexible to take advantage of a
coordinated approach and equitable to continue commitment from the various

entities to the master plan,

A Long-Term Planning Model

Having briefly discussed some long range planning considerations in a
coordingted hog-pork subsector, it is appropriate to briefly review some of
the components that might reasonably appear in a formal planning model.

Later discussion in our paper will show that formal short-run planning models
are currently in use by some of the more innovative firms in the industry,
and that intermediate term (i.e.within a year) planning models appear feasible,
even for fully-coordinated orgenizations wishing to plan the production of
"pork from corn to consumer. Such models Vould probably require less than
4LOOO linear programming restraints, and as such tend to be toward the upper
limit of economic computation, even with modern codes and computers. Thus,
the possibility of "optimal” and formel coordination from corn to consumer is
a relatively new development for the hog industry.

| The present section of this bulletin is concerned to suggest some of the
relevant considerations in the formulation of a long run planning model for
fully coordinated organizations,

Multiple Objectives: There are very few organizations (Jjust as there are

very few people) that have a single objective, Typical obJectives for a firm

might well include:
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. Maximization of net worth,(and/or liquidity),'
. Minimization of probability of bankruptcy,

. Maximization of the "size" of the business,

. Minimization of effort by the entrepreneur.
ithin a one year planning horizon, there is frequently little con-

1

2

3

4, A reputation for innovativeness, and

5

W
flict between these objectives. Maximization of after tax income will
frequenﬁly be a good surrogate for each of the above objectives.

In the;longer run, however, these,objectivés may well conflict.
Multiple objectives are compatible with formal planning procedures, as
has recently been discussed by.Candler and Boehlje.ﬁg/

Cash Flow: Perhaps the most important component of any long run
formal planning model would have to be cash flow and taxation considerations.
Paying ones' taxes and debts is the name of the game; and alternative invest-’
ment /accounting options can have quite drastic implications for the liquidity
" of an organization° ‘

It should be'epphasized that any worthwhile long run formal pianning
procedure~mus£ take taxation into the planning calculus, and not mefely
treat it as a residual to be calculated ex poste. Similarly, the firms'
long and short term bofrowing capacity must be kept under constant review,

Investment: The crucial‘distinction between the long run and shorter
time periods, is that in the long run the'organization'éan invest (and
disinvest). Many relevant types of ihvestment activity will suggest them-
selves to the reader. Most of the investments which come to mind in the
first instance tend to involve the purchase'of physical facilities.  There
are, however, many other relevant types of investment. An effective
promotional and advertizihg program which achieves & permanent increase in
market share should be viewed as an investment. The simple developmeﬁt of
expertise and management skills within an organization may well be the most
important form of investment that‘can be undertaken: "Look after your
mansagers, and the organization will look after itself."

Aggregation: With current computers, it would certainly not be
economical (and possibly not even possible) to plan for the sale of in-

dividual pork products by the month. Some form of aggregation would be

essential,
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One type of scheme which has some appeal would be to model the next
year by month and individual product; but to follow this with two (or three)
years modeled by quarters, and total requirements of the major primals; and
possibly to follow this with a couple of years planned annually.

The point is, the further we plan into the future, the less relevant
it is to have a very detailed plan. Detail is sure to be overtaken by
events.

Integerization: It is characteristic of investment (which is character-

istic of long term planning) that many options need to be integerized. Many
investments are a "go-no go" proposition. The value of a third of a hog
house (i.e. a physically incomplete hog house) is not equal to a third of
the value of a hog house.

Hog housing, cool store capacity, slaughter plants, etc., are examples
of investment opportunities which are valueless unless completed.

The need to obtain an integer plan for long run planning is much greater
than for intermediate term planning. In the intermediate term most of the
control variables are approximately continuous. This is not so for longer
term planning. This suggests that when long run planning models are developed
they are unlikely to have the strong linear programming orientation of planning

tools currently available to the industryo

INTERMEDIATE TERM

A long run strategy for coordination would only be useful on the
assumption that control could be maintained in the intermediate and short
terms. A suitable intermediate term planning model is outlined in the
following discussion of a prototype linear program,

A linear programming model is used as the framework because fhe dynamics
of supply and demand relstionships in the hog-pork subsector create substantial
variability in the optional resource input-product output pattern. The basic
orientation of the model is one of delineating optimal raw materials input and
transfers under given technological and economic conditions. Four main areas
are described: procurement of feeder pigs and feed ingredientsg production of
finished hogs with alternative'feeding programs, housing systems and market

welights; slaughter and processing of primal cuts; and distribution of products



to alternative retail markets,

The intermediate planning period is defined as one year. It is
difficult to create a retaill pork product, particularly one which is
cured or smoked, in less than one year. The breeding, gestation, farrow-
ing, finishing, processing and distribution of fresh pbrk generally re-
guires from ten to fourteen months, Thus, one year appears to be an
appropriate planhing horizon for the intermediate term.

The annual planning horizon is subdivided by months. It could have
"been divided by quafters or weeks. A month was choéen because it added
substantially to detail without'making the model overly complex. Also,
a month appeared to be a planning period which would be meaningful to
decision making in both the processing and the production areas. The
slaughter fabrication decisions itend to be made weekly, while mating
decisions can only be implemented in something over a three week period, in
any case, a fifty-two week model would be prohibitively expensive in terms

of computer time.

PROTOTYPE MODEL

The prototype model developed using linear programming describes the -
key variables of the pork conversion process and the relationships among
them (Figufeil).

The biggest technical problems faced inuconstructihg this prototype
centered on the efficient generation of thé linear programming matrix from
the raw data. The OPTIMA matrix generator was surprisingly slow for the
structure needed ;n this model. A specialized matrix generator program was
written in Fortran IV whiéh permitted the matrix to be generated efficiently,

The largest conceptual difficulty was abstracting from the weekly |
description of the problem which was aiready available. It is still not
clear what is likely to be the optimum degree of aggregation. This is why
the foliowing paragraph is particularly important.

It must Be emphasized, at the outset, that the degree of abstraction
used in this model prevents it from providing any meaningful empirical

results., Rather the model illustrates the data required for coordination
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of the industry by contract or ownership; it illustrates the types of
information which would result from the use of a‘linéar programming con-
trol model; and, it illustrates the size of the computational probiems
likely to be incurred in any attempts at constructing an operational
intermediate term planning model.

’ SophiSticated models of production decisions for segments ofvthe
industry such as farrdying and finishing Ei/ and slaughter and fabric-
ation Eg/ are aVailablé at eithér a research or operating control level.

It is thought, however, that this is the first development of an explipit
model of the main features of the hog-pork industry; ‘No great originality
is claimed, however, since many of the people we have talked with in
developing this model were well able to visualizeythe\types of relation-
ships which would need to be incorporated. Indeed, it is exactly the fact
that many people are now able to visualize a full ihdustry control model
that makes the current exploratory study timely.

‘ The model allows for twelve months, with variations in the total level
and patterns of demand for pork products, between months. Allowance is
made for hams to be carried forward in inventory for one month, and bacon
for two months. A "circular" or "steady state" model is used in that the
closing inventory for each month is the opening inventory for the next
month. There is no starting or ending point, February follows January ...
Decembef follows November, and January follows December.

The aim is to minimize the cost of meeting assumed fixed demands for
pork products: Given these demands, what is the least cost of satis-
fying them? The model yields information on the quantities of feeds, feeder
pigs, purchasable primal cuts, farm capacities, and the like, which should
be uéed to minimize the cost of meeting the fixed demands. The model also
vields information on the costs of various products demanded, and the value

of additional farm or procéssiqg capacity.

Activities and Restraints Used:

This section describes the activities_(alternative) and restraints
(restrictions) considered in the model. The input/output coefficients con-

necting these activities, and hence discussion of the detailed structure of
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the model is relegated to the appendix. A full list of activities and re-
straints is given in Appendix A.
The model provides for the following 94 activities in each month:

1. Ingredient purchase (2 activities): Two commodities, corn and pro-

tein supplement, can be purchased in each month. In the model, it was
assumed that the cost of corn and protein supplement corresponded to market

price at the time the hogs were put on feed., This would correspond to a

contract being written for finishing feeder pigs, with respect to the price

of feed at the time of purchasing feeder pigs. Other accounting procedures
could have been used. It will be recalled that this model is for a fully
coordinated "corn to consumer" operation. If some hogs were being produced,

say under contract, on corn-hog farms, this ''purchase'" of corn would reflect
the accounting transfer of corn from the rest of the farm to the hog enterprise.

2. Feeder Pig Purchase (2 activities): Two qualities of feeder pigs,

high quality and average quality, were assumed to be available in each month,

Quality was defined in two dimensions -~ feed conversion and percentage
of No. 1 carcasses. These two grades of quaslity might be taken to represent
in some manner the difference between purchased feeder pigs and feeder pigs
produced "within" the coordinating organization.

3. Hog Finishing (24 activities): Twenty-four methods of producing

finished hogs were allowed in each month, These twenty-four alternatives
were made up as follows:

a) 'Three Farming Systems, which used either summer production,

seasonal production, or continuous production,
b) Two Qualities of Feeder Pig,
c) Two Final Weights, 210 and 230 pounds, and

d) Two Rates of Feeding, three and four months to maturity; and hence

different rates of gain and feed efficiency.

These activities contain many important trade-offs such as the cost
of gain vs., rate of gain, the weight of a carcass vs. the quality of a
carcass, and the purchase priée of s feeder pig vs. the demand for a quality
carcass, Although.literature,dbes not agree on the
magnitude of these trade-offs, certainly'the variables of carcass quality,
feed conversion, feeder pig quality and market weight are interconnected.
Although we believe we have used some of the best available estimates of
these trade~-offs in our model, the data used does not claim to be anything
other than illustrative of the kind of structure which would need to be

developed empirically.
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4., Hog Slaughter (4 activities): Provision was made for slaughter of

two qualities of hog, l's and 2's and others at two weights, 210 and 230
pounds.

The number of weight-grades could be expanded to thirty or more. But
here we have used only two grades and two weights to illustrate that the
number of pounds of primgl cuts from each weight-grade differs. This difference
is important. The heavier hogs yield more pounds, but possess a lower per-
centage of guality primals. This trade-off between yield and quality is
a key factor in the analysis of the entire process.

5. Primal Storage (8 activities): Two of the three primals modeled

can be stored. Four weight-grades of .cured ham can be stored one month, and two
qgqualities of bacon can be stored for either one month or two months. Loins

are assumed to be transferred fresh to retail and therefore provision was

not made in the model for the storage of loins.

6. Processing (18 activities): Hams are processed into three products:
rolled hams, sliced leen ham and sliced regular ham. Loins are processed in-
to large and regular roasts and chops. Many different assumptions could be
inserted into the model at this point. This is mainly because there is little,
if any, grading of pork products in the industry.

Grading, at least within the coordinated system, is vital to an approach
which attempts to coordinate the effective demands of discriminating consumers
with production and processing policies. In this model, quality in hams is
" defined as those hams taken from high quality feeder pigs, whether these hogs
were slaughtered at 210 or 230 pounds. In the case of chops and roasts,
.quality is defined as those products sliced from large loins (thus, vielding
a large loineye), whether these hogs were high quality or average quality
feeder pigs. This is a gross abstraction, but one which could be refined with
better data. The quality aspect of pork production is generally recognized to
be g critical area where more research is needed.

7. Distribution: The ten pork products generated are distributed to a

high income and low income market. The demand for the various pork products
varies by market. Other market segmentations could have been included, but

segmentation by income was sufficient to illustrate a market orientation.



Annual Activities {Five Activities Once a Year)

In addition to the above monthly activities, the model allowed for

five annual activities, corresponding to purchase of additional capacity

for:

1. Each Farming System (3 activities),

2. Hog Slaughter (1 activity), and

3. Cold Storage Capacity (1 activity).

These activities represent the costs of fixed buildings and equipment.
- The amount of capacity purchased is dictated by the amount required in the

month of heaviest utilization. In other months there may be idle capacity.

Monthly Restraints (65 Restraints in Each Month)

A total of 65 restraints appeared in each month. The restraints
used were:

1. Feed Balance (2 restraints): These restraints ensured that total

protein and energy used in the feed rations did not exceed the total pur-
chased through the ingredient activities,

2, Feeder Pig Balance (2 restraints): These restraints balanced the

nunber of feeder pigs purchased against the number of market hogs produced
plus mortality.

3, Hog Finishing Quality (4 restraints): These restraints transfer

finished hogs into slaughter activities while keeping four weight-grade
classes separate.

4., Ham Primal Cut-Cut (U4 restraints): These restraints sum four weight-

grades of ham primals and transfer them from the slaughter activities into
processing and storage activities.

5. Ham Transfer and Storage (8 restraints): These restraints subtract

from current availabllity any hams moving into next month's storage as well
as those hams transferred to processing. ‘

6. Loin Primal Cut-Cut {l restraints): These restraints sum four

weight-grades of loin primals and transfer them from slaughter activities
to retail processing activities.

7. Bacon Primal Cut-Out (2 restraints): These restraints sum two

grades of bacon and transfer them to trensfer and storage activities.
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8. Bacon Transfer and Storage (6 restraints): These restraints sub-

tract from current availability bacon moving into storage (either one or two
months) as well as current retail distribution.

9. Whole and Rolled Ham Transfer (2 restraints): These restraints bal-

ance the retail distribution of whole and rolled hams.

10. Retail Utilization (20 restraints): These restraints insure that

for every pound of pork product distributed, a pound of that product has been
made available for distribution.

11. Production Capacity (5 restraints): These restraints assure that

adequate farm production capacity, slaughter capacity and storage capacity

are available for the months in which it is needed.

Prototype Model Results

The following results were cobtained from the matrix of activities and
restraints described in the previous section. The exact linear programming
matrix structure and coefficlents used are described in appendix A, A word
of caution is appropriate before discussing this "solution". The sole pur-
pose of this discussion is to demonstrate the types of information which are
available from & linear programming model applied to an intermediate term
pork production planning system.

In discussing the results from the model it is important to remember
that only a few representative activities were included. For instance, in
any one month only four different categories of finished hogs were available
for slaughter instead of the twenty-four categories with which a grade and
yield scheme normally deals., In the same way only three of the five actual
primal cuts are represented in this model, This leads to results which need
to be interpreted with care., For instance, since only three primal cuts
appear in the model, the total cost of producing the five primal cuts gets
attributed to the three cuts which actually appear. The results reported are

suggestive, rather than capable of literal interpretation.
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The "Solution"

The overall question the linear programming model was designed to
answer was: Given that retailers plan to sell (and consumers are assumed
to demand) a specified number of pounds of pork chops (large and regular),
pork roasts (large and regular), bacon (lean and regular), rolled hams and
whole hams in two markets in each of twelve months, how could one produce
these retail pork products at least cost and, at the same time, not violate
any of the 240 demand constraints (12 months x 20 products x 2 markets)?

The optimal plan generated by the linear ﬁrogramming model reports,
on a monthly basis, the flow of the conversion process from "corn to con-
sumer". The results forrthe month of January (the lst month) are presented
in Table 2 and illustrate the information available.

Beginning with ingredient purchase, L,763 cwt. of corn and 813 cwt. of
protein supplement were purchased at $1.94 and $5.00 per cwt., respectively,
together with 1011 head of average quality feeder pigs at $10.00 per head.

At the same time the plan calls for 533 head of fast-fed (three month)
market hogs to be slaughtered, resulting in 896 cwt. of No. 1 quality and
224 cwt, of No. 2 quality lightweight carcasses. (These hogs were put on feed
in October, and produced using the high capital intensive-year round finishing
system. )

From these 533 carcasses, 99612 pounds of lean bacon and 1,6TY pounds
of regular bacon were packaged for consumption in the month of January, and
407 pounds and 365 pounds of regular bacon were packaged for storage into
tne months of February and March, respectively.

Outside purchases of hams were significant -- 3,617 pounds of high
quality 12/1h pound hams and 660 pounds of low quality 12/1l pound hams
were purchased at $.50 per pound.

Hams from slaughter totaled 19,337 pounds: made up of 11,253 pounds
of 10/12 pound quality hamé; 2,956 pounds of 12/14 pound average hams, and
5,128 pounds of 12/1hk pound quality hams.

A total of 244 pounds of ham were put into storage and a total of
694 pounds were withdrawn. In both cases, 12/1h pound low quality were

involved. None of this type of ham was generated from slaughter.



Table 2. Activities in the Optimal Plan for January

Code ; Description Produced Cost/Unit
Corn Purchased (cwﬁ.) 4763, 1.94
Protein Supp. (cwt.) 813. 5.00

L Ave. Feeder Pigs (head) 1011, 10.00
27 Average 3 month 210# Finished Hog

Totally Slotted System (head) 533. 3.50

29 Lt. Wt. No. 1 Car. (cwt.) 896. 0.
30 Lt. Wt. No. 2 Car. (cwt.) o2k, 0.
33  Lean Bacon to Ret. (1bs.) 9612, 0.
3k Reg. Bacon to Ret. (1lbs.) 1674, 0.
36 Reg. Bacon to Feb. Storage (1bs.) LoT, 0.
38 Reg. Bacon to Mar. Storage (1bs,) 365. 0.
41 12/1h Qu. Hem Pur. (1bs.) ' 3617. .50
L2 12/14 Av. Ham Pur. (1lbs.) 660, .50
43 10/12 Qu. Ham Cut-out (1bs.) , 11253, 0.
Ly 10/12 Av. Ham Cut-out (1bs.) ; 2956. 0.
45  12/14% Qu. Ham Cut-out (1bs.) ’ 5128, 0.
50 12/1k Qu., Ham to Feb. Storage 24l 0.
5 12/14 Qu. Ham from Dec. Storage 69k, 0.
56  Av. Whole Hams to Retail (1lbs.) 557T. 0.
60 Rolled Hams to Retail (1bs.) 682. 0.
63 Ln. S1. Ham to Retail (lbs.) 11253. 0.
6L Rg. 51, Ham to Retail (1bs.) 1035. 0.
65 Ln. S%l. Ham to Retéil (1vs.) - 8T7k6, 0.
66 Rg. S1. Ham to Retail (1bs.) 1355. 0.
68  Rg. Loin to Retail (1bs.) ' 11190. 0.
69 Lg. Loin to Retail (1bs.) 3151. 0.
70 Lg. Loin to Retail (1bs.) 2806. 0.
72 ' Reg. Bacon from Nov. Storage - 26L. 0.
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A total of 557 pounds of whole hams, 682 pounds of rolled hams, and
22,289 pounds of sliced ham was transferred to the retail section of the
model. The sliced ham component was made up of 19,299 pounds of lean cuts
and 2390 pounds of regular cuts. (These figures are obtained from Table 2
by adding code lines number 63 and 65, and 64 and 66, respectively.)

A total of 17,147 pounds of loin was transferred to the retail sec-
tion of the model. This was comprised of 5,957 pounds of large loins and
11,190 pounds of regular loins. _

The retail demand for 264 pounds of regular bacon was met using bacon
which was placed inﬁo storage during the previous November.

The above plan meets all retail demand requirements st least cost, not
only for January but for an entire twelve month planning period.

In addition to telling us what activities to use, the optimal plan
tells us what activities not to use. A sample of these activities for the
month of January has been reported in Table 3. The third column of Table 3
gives the actual cost per unit used in our plan, and the final column gives
a penalty cost (or shadow price) per unit, for including the activity. The
significance of these penalty costs can be seen from the following examples.

Feeder pigs --high quality feeder pigs were not in the optimal plan
for January. The penalty cost of including them in the solution is $4,30
per head. Thus, these pigs would have been competitive only if priced at
$8.70, or $1.30 less than the original $10.00 price. Using penalty costs in
this manner, one can develop a precise value of worth of feeder pigs of var-
ious grades, This type of information could be useful in decisions concerning
the purchase of feeder pigs and/or the negotiation of feeder pig contracts.

Housing Systems -- Conventional and partially slotted housing systems

were not part of the January optimal plan because an artificial price ($100)
was arbitrarily assigned to these activities for that purpose. These ac-
tivities were blocked out of solution intentionally in order to represent the
seasonal availability of the three housing systems. It is assumed in this
example that conventional and partiai slotted housing is unavailable during
January and, thus, all production occurs in the fully slotted housing acti-
vities. The partially slotted house is unavailable since the technology
modelled is an open partially slotted héuse. If it were technically
possible to produce 230 pound finished hogs, using the conventional system,
for slaughter in January, we could afford to pay up to $4.33 per head

(4.33 = 100 - 96.97) to use the technology.



Table 3. A Sample of Activities Not in the Optimal Plan for January

Penalty
Code Description Cost/Unit Cost/Unit
3 High Quality Feeder Pigs (head) 13.00 4.30
5 Quality U4 month 210# Finished Hog
Conventional System (head) 100.00 95.69
6 Quality 4 month 230# Finished Hog
Conventional System (head) 100.00 96.97
T Average L month 210# Finished Hog
Conventional System (head) 100.00 96.91
8 Average 4 month 230# Finished Hog
Conventional System {(head) 100.00 95.48
9 Quality U month 210# Finished Hog
Partially Slotted System (head) 100.00 97.73
10 Quality U4 month 230# Finished Hog .
Partially Slotted System (head) 100.00 99,00
13 Quality 4 month 210# Finished Hog
Totally Slotted System (head) L.17 1.51
14 Quality 4 month 230# Finished Hog
Totally Slotted System (head) b.17 2.79
25 Quality 3 month 210# Finished Hog
Totally Slotted Bystem 3.50 1.27
26 Quelity 3 month 230# Finished Hog ‘
Totally Slotted System 3.50 1.57
32 Hv., Wt. No. 2 Carcass (cwt.) 0. Lol
37 Lean Bacon to February Storage (1lbs.) 0, 0.
49 0. 0.

10/12 Av. Ham to Feb. Storage (1bs.)
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Feeding Programs -- The four month feeding program in the fully slotted

housing activities was not used in the optimal plan for January. The penalty
cost of producing a quality four month 210 pound finished hog in a totally
slotted system is $1.51 pef head. That is, the additional cost of a four

month feeding program compared to a three month feeding program is $1.51 per
head. -In this»case; the penalty cost aids in assessing the economic consequences
of alternative feeding programs.

Market Weight -~ No hogs were fed to the heavier weight (230 pounds) in

the_optimal plan for January. The penalty cost for each hundred pounds of
heavy carcass transferred is $4.04. This means that a rather severe loss of
$9.29 would be incurred for each 230 pound hog transferred.

Storage -- Lean bacon and 10/12 pound hams were not stored in February.
However, there is no penalty cost for such storage. This means that, cost-
wise, there is no difference if lean Bacon and 10/12 hams are stored or not.

This basic information can, of course, be rearranged in other.ways. 1t
might, for inétance, be convenient for the hog production manager to have a
break down, as in Table L, of hogs to be placed on feed, and planned ingred-
ient purchases. It is rather suggestive to note that even for a '"least cost"
prototype fully coordinated hog production system, there are very substantial
savings.in number of hbgs placed on feed going from a low of 238 in May, to a
high of 502 in September.

The slaughter plant menager might wish to know the anticipated slaughter
pattern for the year. An appropriate summary is provided in Table 5. It is
interesting to note that the "least cost' fluctuations in hogs slaughtered
‘is substantially émaller‘than the savings in hogs placed'on feed.

Similarl& the anticipated cash expenses might be of interest. This is
presented in Table 6. Taken together with the average monthly cost of planned
increases in capacity, the total cost minimized by the plan is $191,680. Any
other plan which met the retail sales constraints would have higher total costs.

Similarly, the penalty cost of including particular activities in the
plen can be tabulated in a way which would be useful to management. A selected
example of this type of informatioh is provided in Table 7. It is interesting
to note that when a systems approach is taken to the annual production plan,

"intuitively obvious" relationships fail to hold. Though in the

several
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‘ Table L, logs Placed on Feed and Ingredients Purchased, by Months

Month - Hogs Placed on Feed Corn Purchases Soybean Purchases -
(Head) (ewt.) (cwt.)
Jan 7 533 4763 813
Feb w66 - 1966 291
Mar 433 1339 166
Apr S 291 650 62
May : 238 Lg7 87
June 436 2177 383
July : 438 4255 T2k
Aug , 458 2261 370
Sept 502 1970 310
Oct 435 1253 155
Nov | 272 1176 146
Dec _255 0 _0
Total 4757 22307 ‘ 3507

Table 5. Planned Hog Slaughter (in Head), by Months

Month ‘3 Month Program 4 Month Program Total
T 220 1bs. 2h0 1bs. 220 1bs. 2L0 1bs.

Jan 533 » 533
Feb ' 466 v L66
Mar 355 98 433
Apr Co121 170 291
May 99 139 . 238
June 436 . 436
July ' 438 . 438
Aug ‘ 458 . 458
Sept 502 S 502
Oct 39k , k1 - L35
Nov | : 113 159 272

Dec /106 L) 205

Total 2008 0 1993 156 h757




Table 6. Cash Expense Analysis for Planned Production

Month Pigs

Cash Outflow

TOTAL ~ 55125

Feed  Production  dams  Conv.  Partial Slots  Total Slots  Slaughter  Freezer TOTAL
Jan. $10110 13305 1865 2108
Feb. 5232 5288 1943 19L6
Mar, 4102 3467 1805 6176
Apr. - 2240 157h 1213 8685
May 1414 iu09 929 7136
June 4862 6183 1526 2205
July»_ 8172 12152 5548 2154
hug. 5566 6409 1905 1553
Sept. 5707 5623 2093 2369
Oct. 3850 3160 1813 L1kk
Nov, 3870 2917 113k 8123
Dec, 0 0 o0 8472
Annual 0 | 0 1951 56 9.58
61487 2177k 49533 0 0 1951 56 9.58 191,680

43



Table T.

Cost of Including Non-Solution Activities

in Solution*

Code Description _ Jan. Feb. ‘Maro Apr. May June July Aug. Sep. Oct. Nov. Dec,
3 Quality Feeder Pigs 4,30 3.72 2.69 3.68 4.31 5.88 4.89 4,32 2.67 O. 2.76  3.86
16 L4 mo, Feeding Prog. 2.7k - - - - - 0. - ; - - -
27 3 mo. Feeding Prog. - 3.13 3.20 1.h4 1.00 ‘l.9h - 3.17 2.88 1.30 1.84 0.
19 Conventional Hous. -6.00 -3.00 -3,00 -3.00 -4.00 -5.00 .29 3.4  -1.00 -3.00 -2.00 -L.00
23 Partial Slotted Hous. -2.00 -2.,00 -2.00 -3.00 .5h .02 .0 3.18 3.40 1.84 100.00 -2.00
25 210# No. 1 - - 1.27 3.36 L.27 1.49 .55 .66 1.31 3.82 3.58 5.11 2.86 .0
26 230# No. 1 1.57 5.78 L,76 1.90 0 0 1.15 7.18 5.40 5.60 3.32 .35

* Negative entries in this table correspond to technologically impossible changes.
as absolute amounts, give us the extra profit available if the technological barrier was to be overcome.

The negative, interpreted

33
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present case this may, of course, be more a feature of the model used, than
‘of the real world being modeled.
v As examples, consider the following:
Feeder Pigs - High quality feeder pigs were generally excluded from the
solution. The penalty cost of bringing them into solution varies from month
to month, but ranges from $0.00 to $5.88.

Feeding Program - In the first month, a three month feeding program is

selected and the four month feeding program is omitted from solution. 1In
most of the other mohths, the four month feeding program is selected and the
three month program is omitted. .

The cost of using the four month feeding program in the first month is
$2,7T4. The cost of using the three month program in the other months ranges
from $1.30 to $3.20.

Housing Systems - The continuous production system was chosen in all

seasons, in preference to summer or seasonal production. In May, June, July
and August, however, the seasonal production system could have been included
in the solution for a cost of .54, .02, .29 and 3.44 dollars per hog,
respectively.

Market Weight - Primary emphasis in the solution was on the lighter
(210#)_hoga, To bring the heavier (230#) hog into solution would add a cost
of from $.30 to $lt.64 per head. '

The Value of Restraints

A linear programming model provides economic‘information in several
dimensions other than the level of activities in solution and the opportunity
cost of including excluded activities. '

Economic information is generated on the restraints which are modeled.
If a restraint is effective in the solution, then it has a "shadow price".
If a restraint is not effective in the solution, then it has a "slack", or
amount of the resource not used.

The shadow prices in the optimai plan for January are listed in Table
8A. These brices indicate the chaﬁge in cost to the entire solution which
would result from a one unit change in restraint. For example, in the first
line of Table 8A, the shadow price on the protein balance restraint is .09.
This means that an additional unit (pound) of protein, if required, would

add nine cents to the total cost of the plan. Similarly, the shadow price



Table BA. Optfmum Plan for January: Shadow Prices
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Code Description Shadow Price
1 Protein Balance (lbs.) .09
2 Energy Balance (10 1lbs.) .29
3 High Quality Feeder Pig Transfer (head) 0.00
N Av, Quality Feeder Pig Transfer (head) - 8.69
5 High Quality Light Carcass Transfer 3.16
6 Low Quality Light Carcass Transfer 3.84
T Average Quality Light Carcass Transfer 9.15
8 Average Quality Heavy Carcass Transfer 3.84
9 10/12 1b. Quality Ham Cutout ..50

10 10/12 1b. Average Ham Cutout .50
11 12/1% 1b, Quality Ham Cutout .50
12 12/14 1b, Average Ham Cutout .50
13 10/12 1b. Quality Ham Processing .50
1k 10/12 1b, Average Ham Processing .50
15 12/14 1b, Quality Ham Processing .50
16 10/12 1b, Average Ham Processing .50
17 10/12 1b. -Quality Ham Purchase .50
18 10/12 1b. Average Ham Purchase .50
19 12/14 1bv. Quality Ham Purchase .50
20 12/14 1b, Average Ham Purchase .50
21 8/12 1b. Quality Loin Transfer 0.
22 8/12 1b. Average Loin Transfer .60
23 12/16 1b, Quality Loin Transfer .60
2k 12/16 1b. Average Loin Transfer .0
25 Lean Center Ham Slices -~ Processing 4.5k
26 Regular Center Ham Slices -~ Processing b5k
27 Regular Pork Chops - Retail Processing 0.
28 Large Pork Chops - Retail Processing 2.52
29 Regular Pork Roasts -~ Retail Processing 0.
30 Large Pork Roast - Retail Processing 0.
31 Lean Bacon Transfer 0.
32 Regular Bacon Transfer .91
33 Lean Bacon - Retail Processing 0.
34 Regular Bacon - Retail Processing .91
35 Lean Bacon - February Storage 0.
36 Regular Bacon - February Storage 91
37 Lean Bacon - March Storsge 0.
38 Regular Bacon - March Storage .91
39 Whole Hams - Retail Transfer .50
40 Rolled Hams - Retail Transfer 1.00
41 Leen Ham Center Slices L. sk
42 Regular Ham Center Slices 4.5k
43 Regular Pork Chops 0.
Ly Large Pork Chops 2.89
L5 Regular Pork Roasts 0.
46 Large Pork Roasts 0.
47 Lean Bacon 0.
L8 Regular Bacon .91
49 Whole Hams .50
50 Rolled Hams 1.00
61 Housing Capacity - Conventional System 0.
62 Housing Capacity - Partially Slotted System 0.
63 Housing Capscity - Fully Slotted System 1.58
6L Slaughtering Capacity .005
- Freezer Capacity 0.
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on the second row, the energy balance restraint,'shbws a figure of .29 per
unit (10 pound unit) which indicates an increasedvcost to the solution of
2.9 cents if an additional pound of energy were required. Thus, the bulk
of the feed cost, at least on a per pound basis, is for the purchése of
- protein, not energy. '

As another example, the shadow price of feeder pigs is
$8.69. That is, if we could "out of thin air" pfoduce'an extra high
quality feeder pig in January, profit would rise by,$8.69,> In practice, of
course, the feed and other costs to produce this extra feeder pig would be
almost (probably exactly) $8.69; and, that explains why the plan does not
suggest thé production>of extra feeder pigs.

Looking at the shadow prices on the retail products, it is evident
that in our model, ham is the really expensive item to produce., If Table
8A referred to a real plan, the sales manager should instruct 1nstruct his
sales force to try and lose orders for hamsli

The slacks in the optimal plan for January aré listed in Table 8B.
'Tnese slacks indicate those "restraints" which are not effective. The
magnitude of each slack is given., For example, the slack on 12/16 pound
average loin transfer is 320 units (pounds). This means that 320 pounds
were produced in excess of requirements. In essence, 12/16 pound average
loins turn out to be a byproduct of the other production requirements. The
sales force could be instructed to push average loins, even if price suffered
to some extent, - |

The shadow prices and slacks could be tabulated in a varlety of ways

which are likely to be useful to the management.

Table 8B, Optimal Plan for January: Slacks

"Code : Descripﬁion : Slack
2k 12/16 1b. Average Loin Transfer (1bs.) : 320.
30 Large Pork Roast - Retail Processing (1bs,) 1788,
L3 Regular Pork Chops (lbs.) _ 1868,
46 = Large Pork Roasts (lbs.) ‘ ! 664,

L7 Lean Bacon {1bs.) 4 / 8623.
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Shadow_Prices

Shadow prices, by month, for a year are contained in Tables 9, 10, 11
and 12. The interpretation of these sample values is presented in four
parts. ‘

Shadow Prices on Feed Ingredients and Feeder Pig Purchase: The

shadow prices on the two nutrients, protein and energy, remain relatively

congtant compared to the shadow price pattern on feeder pig purchases.
The latter values indicate a significant seasoral change in the worth of
feeder pigs to the annual solution.

Table 9 tends to confirm the argument that there are very significant
economic forces behind the observed price fluctuations in the feeder pig
" market. It is noticeable that the premium for low priced feeder pigs, in
our model, is much more constant than the actual price level, though
October provides an exception to the point where high priced feeder pigs
are more valuable than the lower priced ones.

Shadow Prices on Hog Weight-Grade Regtraints: The shadow prices on the

- four weight-grades of hogs in the model are reported in Table 10, and
illustrate the cost to the entire process which would result from an addi-
tional hundredweight slaughtered. For example, in January the additional
cost of a one unit change in the av. Quality light carcass restraint is $23
compared to $53 for a one unit change in the av. quality heavy carcass
restraint. Similarly, the additiomal cost for an additional unit change in
the high quality light carcass restraint is only $19 compared to $53 for
the high quality heavy carcass restraint. These differentials hold a
fairly constant relationship for the other months.

While these shadow prices suggest that high quality hogs have more
influence on the total systems cost than average quality hogs and heavy hogs
have more impact than light hogs, the magnitude of the relationship should
only be considered illustrative. The point is that with shadow prices like
these applied to a real situation, management can know specifically what each
weight-grade carcass is worth in reiation to the total cost structure.

Shadow Prices on Transfer, Processing, and Storage Restraints: The

'shadow prices on all ham cut-out, processing and purchase activities are the

same -~ $.50 per pound., The $.50 price on ham outside purchase alternatives

gsets this limit.



Table 9. Shadow Prices on Feed Ingredient and Feeder Pig Purchase, by Month

Code Description Jan. = Feb, - Mar. Apr.,

May

June July Aug. Sep. Oct. Nov, Dec.
1 Protein Balance .09 .09 .09 .09 .09 .09 .09 .09 .09 .09 .09 .09
2  Energy Balance .02 .03 .03 .02 .03 .03 .03 .03 .03 .02 .02 .01
3 High Quality Feeder ’
Pig Transfer - 8. 10. 12, 13. 11. 9. 8. 9. 11. 15. 13. 13.
4 - Low Quality Feeder ‘
Pig Transfer 10. 12. 14, 16. 1L, 11. 9. 11. 13. 1k, . 15. 16,
Table 10. Shadow Prices on Hog Weight-Grades
Code Description Jan, Feb. Mar, Apr., May June July Aug. Sep.  Oct, Nov. Dec,
' ‘ ($/cwt.)
5 High Qu. Light Carcass 23 22 23 23 23 23 22 21 22 23 23 ok
6 High Qu. Heavy Carcass 53 51 56 58 58 53 49 46 51 56 56 7.
7 Ave. Qu. Light Carcass 19 16 21 24 2k 22 21 11 17 21 22 22
8 Ave. Qu. Heavy Carcass 53 52 46 L7 L8 Lk b1 56 51 46 L6 LT

gt
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The shadow prices on transfers, however, vary by month. These values,
which range from .35 to .78 cents per pound, indicate the chaﬁge in total
plan cost given a one pound change in the loin transfer restraeint. Ouch in-

formation might be beneficial as a guide in merchandising loin cuts.

Shadow Prices on Retail Product Restraints: The decrease in cost re-

sulting from a one unit change in the demand for sliced ham amounts to $L 5k
per pound. This value can be traced tc the wholesale walue of ham purchased
which is $.50/pound. Since only 11% of the wholesale ham can be used as
center siiced ham, the value of a pound of sliced ham is approximately nine
times the value of a pound of wholesgle ham, This shadow price would be
different (very likely lower) in a complete model which gives credit for the
butt and shank portion of the wholesale ham. The value of hams and bacon in
Table 11 are dictated by the price at which primals can be bought. The model,
probably unrealistically, assumed that the primal price was unchanged through-
out the year. - » o

The shadow prices on large pork chops illustrate over the twelve month
périod the value to the systém of a one unit change in the demand for this
product. The‘value on large pork chops ranges from a low of $1.L47 in June
and August to a high of $3.25 in March.

In contrast, the shadow prices on regulér pork chops range from zero to
a high of $.27 per pound. This situation indicates that the production of
large pork chops is a bottleneck whereas the production of regular pork chops
is not nearly so critical,

In further contrast, the production of pork roast to meet demands is
such that é one unit change in demand would not affect costs at all.

Bacon, like ham, has a very constant shadow price over all months. This
"is because it is a storable item. The available supply is balanced with demands
after storage costs are considered, causing the shadow price to even out over

the year.



Table 11. Sample of Shadow Prices on Transfer, Processing, and Storage Restraints

Code  Description Jan., Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
9 10/12 1b. Quality Ham Cut-out .50 50 .50 .56 .50 .50 .50 .50 .50 .50 .50 .50
13 10/12 1b. Quality Ham Processing .50 .50 ..50 .50 .50 .50 .50 .50 .50 .50 .50 .50
17 10/12 1b., Quality Ham Purchase .50 .50 .50 .50 .50 .36 .50 50 .50 .50 .50 .50
21 8/12 1b. Quality Loin Transfer 0. 0. 0. ©. 0. 0. 0. 0. 0. 0. .006 .03
22 8/12 1b. Average Loin Transfer .60 .51 .69 .76 .78 .61 45 .35 .53 .69 .70 .72
23 12/16 1b. Quality LoinﬁTransfer .60 .51 .69 .76 ;78 .61 W45 .35 .53 .69 7.70 .72
25 Lean Center Ham Slices-Processing 4.54 4.54 4.54 4.54 4.54 4.54 4,54 4,54 4,54 4.54 4,54 4.54
28 | Large Pork Chops-Retail Processing 2.52 2.12 2,89 3.17 3.25 2,54 1.88 1.47 2.24 2,89 2.92-3.03
32 Regular Bacon Transfer .91 .91 .91 .91 .91 .91 91,91 91 91 .91 .91
38 Regular Bacon-March Storagé .91 .91 .91 .91 .91 .91 .91 .91 .91 91 - .91 .91
39 Whole Hams-Retail .50 .50 .50 .50 .50 .50 50 50 .50 .50 .50 .50
40 Rolled Ham-Retail 1,00 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.00 1.00

“on



Table 12. Shadow Prices on Product Demand Restraints, By Month

Code Description Jan. Feb, Mar. Apr. May June July Aug, Sept. Oct, Nov. Dec.
41 Ln. S1, Ham 4,54 4.5  4.54  4.54  4.54  4.54 4,54 4,54 4.5 4.54 4,54  4.54
42 Rg. S1. Ham 4,54 4.54 4.54 4,534 4,54 4,54 4.54 4,54 4,54  4.54 4,50 4.54
43 Rg. Pork Chops 0. .27 12 0. 0. 0. 0. 0. 0. .026 127
44 Lg. Pork Chops ©2.89  3.17. 3.25 2.54 1.88 1,47 1.88 1.47 2.24 2.89 2.92 3.03
45 Rg. Pork Roast O. 0. 0. 0. C. . 0. 0. 0. C. 0. 0.
46 Lg. Pork Roast O, 0. 0. 0. 0. . 0. 0. 0. 0. . 0.
47 Ln. Bacon 0. 0. 0. 0. 0 0. 0. 0. 0. 0. 0. 0.
48 Rg. Bacon .o .91 .91 90 .90 90 .90 .90 .90 20 .91 91
49 Whole Ham .50 .50 .50 .50 .50 .50 .50 .50 .50 .50 .50 .50
50 Rolled Ham 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1.00 1,00 1.00

“Th
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Slacks

The slacks in the solution are useful in tracing the idle or unused
resources in the plan. For example, in Table 13, regular pork roasts are
in surplus in every month (considering the two markets as one). On the
other hand, regular pork chops are only in surplus five months of the year.
This indicates that a different cutting method at retail to increase the
yield of chops and decrease the yield of roasts may have considerable
value.

In Table 1k, the slacks on the production, processing, transfer and
‘'storage restraints are listed. Lean bacon is definitely in surplus given
the requirements placed into this particular formulation. . In total, 52,399
pounds of lean bacon are slack. This figure is obtained by adding rows 31,
33 and 37, all bacon restraints. ‘

Table 15 lists the slacks on the capacity restraints. Housing is not
at all full capacity in -all months, except for thé conventional system.

The partially slotted housing system has available but unused cap;city in

the first six months, and the fully slotted housing system has available

but unused capacity in nine months. |Slaughter capacity exists in all but

two months and freezer capacity exisﬁs in only two mdnths, (The zero

housing slacks relate to the artificial costs placed on the housing activities.
For-example, the conventional housin% system shows slacks only in those six
months in which an artificially highiCOSt was placed on them. In other

months, the conventional housing system is at full capacity and there are no

slacks indicated.) \
' |
i

Summary-Prototype Model '

The results which have just beenldiscussed serve to illﬁstrate.the key
linkages which exist in the process of converting corn to pork. The quality
and cost of-reﬁail pork cuts is influenced by the intergctioﬁ of processing,

slaughtering,finishing, feeder pig feeding>and housing policies,

Some policy alternatives, while increasing the quality of retail pork,
cost so much as to negate the improvement in quality. Other alternatives

may add to total effectiveness in some months and detract in others. All



Table 13.

Slacks on Product Demand Restraints, by Month

| Mar,

Code Description Jan. Feb. Apr. May June July Aug . Sept. Oct. Nov. Dec.
High Income Market

41  Lean Ham Center Slices

42 Reg. Hah Center Slices

43 Reg. Pork Chops 1868 - 929

44  Large Pork Chops 1528

45 Reg. Pork Roasts 664 1565 1023 231 1472 1538 1280 216 202
46 Large Pork Roasts 581 662 543 - 547 617 619 581
47 Lean Bacon 8629 6142 3210

48 Regular Bacon

49  VWhole Hams

50 Rolled Hams
Low Income Market

51 Lean Ham Center Slices

52 Reg. Ham Center Slices

53 Reg. Pork Chops 1538 1606 1759

54 Large Pork Chops

55 Reg. Pork Roasts 189

56 Reg. Pork Roasts 712 543 571 625

57 Lean Bacon
58 Reg. Bacon
59 Whole Hams
60 Rolled Hams

“en



Table 1k,

Slacks on Production, Processing, Transfer and Storage Restraints, by Month

Code Description Jan. Feb, Mar, Apr. May June July Aug. Sep. Oct. Nov. Dec.
Average Loin Transfer:
24 12/16 _ 320 280 561 698 573 262 263 275 301 390 653 613
27 Reg. Chops-Processed ' 1277
29 Reg. Roast-Processed 1789 1635 1463 168k
31  Lean Bacon Transfer 7058 7102 Th20 8126 6688 3002 2818
33 Lean Bacon-Processed 7552
37 Lean Bacon-Mar, 2633
Table 15. Slacks on Capacity Restraints, by Month
Code Description Jan. Feb, Mar, Apr. May June July Aug. Sep. Oct, Nov. Dec,
61 Housing-Conv. System 0 0 0 0 0
62 Housing-Partial Slots = 393 761 758 689 689 689 0 0 0
63 ~ Housing-Full Slots 139 190 Lk 262 55 257 760 196 35
64 Slaughter Capacity 175 216 590 203 198 157 65 195 515 553
65 Freezer Capacity 958

349

“nh
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these tradeoffs form a very complex esnalytical problem. The prototype model
discussed in this section illustrstes that large-scale linear programming is
one methodology which can not only describe these multiple tradeoffs, but
can solve for én optimal plan. -

We now turn our attention to the question of "What would be involved
in the formulation of an operational, intermediate-term, planning model for

a fully coordinated production system?".

OPERATIONAL MODEL

Our‘primary concern, in this section, is to consider how many activities
and restraints would be needed in a real world intermediate term planning
model. '

This.diséussion is bound to be, to some extent, subﬁective, but despite
this we believe an estimate to be worthwhile. The needed activities and
restraints will be discussed under the same headings used in the discussion
of the protoﬁype model.

The planning horizon (annual) and planning periods (monthly) are the
same for the pro-forma operational model and the prototype model. The
additional activities and restraints do not change the basic structure of
the model but simply add more detail to the skeletal model structure

described above.

Monthly Activities

1. Ingredient Purchase: The feed use and purchase activities for any

month should probably include at least use of available corn, pﬁrchase of
additional corn, purchase of soybean meal for farm formulation, purchase of
pre-mix and purchase of a fully formulated feed. The actual composition and
cost of fully formulated feeds could be programmed separately, and the re-
sults be included as the activities each month in the main model. This would
give five feed purchase activities, plus corn and soybean inventory

activities, for a total of seven activities.

2. Feeder Pig Procurement: In a properly formulated hog-pork industry

analysis feeder pig procuremenﬁ activities would include both "make" and
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"buy" alternatives. In the above model, we have abstracted from the feeder
pig production set of alternatives. However, in a fully coordinated system,
hdg breeding and farrowing would be includeé. Ideally, there would be
several choices among blood lines which could be multiplied and transferred
to the finishing function. Practically spesking, in the short run at least,
the choice would likely be among alternative feeder pig production units.
Bach unit might have a different genetic makeup but the major coordination
problem would center on the productivity of each unit. A unit which has s
disease problem or a conception problem, for example, may be considerably
lower in producticn than other units. Scheduling breeding programs to
balance with finishing and slaughter schedules would be a problem which
should be included in the model. Three types of farrowing systems might he
adeguate.

In addition, several activities representing feeder pig purchase
alternatives should be included. These activities might represent purchases
from local independent feeder pig producers as well as out-of-state feeder
pig sources. Including the two purchase sctivities, we would have five feeder
pig production activities in each unit.

Hence, at least five activities would be required to model the farrowing
function, from gestation through the nursery stage, excluding the breeding
policy question. Assuming three types of farrowing units, the basic activities
would have to include housing capacities for gestation, farrowing and nursery

functions on the three types of farms.

3. Gilt Replacement: These would be new activities designed to insure
adequate breeding stock availability on the assumpticn that sows were
identified by farrowing systems. Allowing for acquisition, retention, breeding
and sale would require 4 activities for each farrowing system or a total of 12
extra activities.

Y. Hog Finishing: In an operational model, it might be reasonable to add

a fourth finishing system. The number of weight-grade classifications would
also increase, from 4 in the prototype, to as many as 24. With the same feed-
ing program as exists in the prototype model the number of activities would
expand from 24 to 96.

5. Hog Slaughter: LEstimates in this area are more valid since operating
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models are avallable and sre being used. These models contain at least 2L
weight-grade categories of butcher hogs and an additional 2L categories for
sows. Provision has already been made sbove for disposal of breeding stock.
Since the prototype models only 4 weight-grade groups, this is a 12-fold
increase in the number of activities.

6. Primal Purchase: Again, cperational models can guide our estimates

of what is required with regard %o primal purchase. There is a wholesale
market for every major pfimal cut. In the prototype, only 3 of the 5 primals
are modeled and of those, only ham was purchased at wholesale. Therefore, in
an operational model, loins, bellies, picnies and Boston butts would be in-
cluded in the wholesale purchase activities. The expansion of sasctivities in
this section would be considerable depending on the number of weight

categories chosen. A good guide is the National Provisioner Daily Market

Service, the so-called "yellow sheet", which lists wholesale prices on major
primal classifications. This sheet lists L weights of bellies, 4 weights of
loins, 3 Boston butts, 3 picnics and 6 hams. The yellow sheet is, however,
only a guide. Quality differentials are not well reflected in the yellow
sheet, and in practice, in an operational model, the firm would have to enter
purchase and sale prices corresponding to the opportunities actually open to it.

If all these wholesale purchase options were included in an operational
model, this wo@ld be an increase of 16 over the 4 included in the prototype,
which would bring the total to 20.

T. Primal Storasge and Transfer: With regard to storage activities,

operational models again provide guidelines to estimate the number of
activities. Although these models have a weekly planning horizon, storage
is represented by inter~company transfer activities. The number of these
activities, LO, is over five times the 8 storage activities included in
prototype. Transfer éctivities would multiply in a similar ratio to 67,
creating a total number of 10T storage and transfer activities.

8. Processing: Short term operational models for wholesale primsl cut
processing contain at least 130 activities. For example, in operational
models wholesale ham processing (converting green hams to various styles of
boned and rolled hams) requires 100 activities. Thus, the 8 activities used
in the prototype model are but a sample of the total needed for this
function., A reasonable aggregation of wholesale processing activities would
be 48 activities.

With regard to retail processing, the prototype contains a sample of
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cutout activities for hams and loins; namely, center cut ham slices and
pork chops and roasts. This section would need to be expanded to include
all parts of the ham and loin in addition to the alternativerretail cuts
for the Boéton butt, the pichic and the bellies. The National Livestock
and Meat Board suggest that the major retail cuts of pork are: ham (7),
loin (13), picnic (6), Boston butt (4), belly (8). Thus, at a minimum,
the activities would need to increase from the present modeling of 3
products to a modeling of up to 38 retail processed products. The number
of activities can only be estimated since there is no operational model
in this area. However, it 1s safe to assume that over 10 times as many
activities will be required as the model is expsnded from 3 to 38 retail
processed products.

In total, the number of processing activities (wholesale and retail)
in the prototype number 16. If an operational model of wholesale process-
ing contains L8 and a performance model of retail processing contains 38,
then the total number of 86 would be an increase of 32 over the prototype.

9. Distribution: Retail distribution of ten products to two stores

L3/

was represented in the'present model. A recent meat industry report —

codes 38 pork products in their "meat system”. Within any one of these
pork products there may be many package sizes and labellings. It is
reasonable to aggregate across package size, label and final store éssign—
ment. The important point is to produce the total mix of retail products
at least cost. Once produced, the allocation to package, label and store
can be made without interaction with the rest of the system.

10. Annual Activities: The operational model would involve the

derivation of an annual plan, subject to fixed building and facility
availabilities. This means that the purchase of additional capacity, with-
in any one year is‘unlikely to be a realistic alternative and the capacity
activities can be removed. Rather, actual capacities will appear as
restraints in each month and the derived plan would have to conform with
these capacities. v

11l. Total Activities: The estimated number of total model activities

is 5,028 for an operational intermediate term model. (Teble 15) Thus, a
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Table 15. Estimated Activities for Operational Intermediate-Term

Planning Model ‘

Model
Function : : Prototype - Operational
Ingredient Purchase 2 T
Feeder Pig Procurement .2 o 5
Gilt Replacement 0 o 12
Hog Finishing 24 . 96
" Hog Slaughter L ' L8
Primal Purchase - g b 20
Primal Storage and Transfer _ 18 ' » 107
Processing- : . 16 86
Distribution . 20 | ' 38
Monthly _ gl L19
Finishing Capacity 3 0
Slaughter Capacity 1 0
Storage Capacity 1 ty 0
Yearly 5 0] *

Total Activities 1,133 5,028

* See paragraph 10.
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less than five-fold increase in the size of the prototype would be required
to construct an operational annual planning model, It is important to note
that this enlarged model would still abstract greatly from short-run
decision-making. This means 1t should be used only in conjJunction with a

short-term planning model.

Monthly Restraints

The monthly restraints, except for the retall pork product demands,
are balancing equations. These equations permit the transfer of various
guantities of ingredients, hogs, caréasses, primals and retail pork products
from one process to another and insure that more quantity is not transferred
than is produced in the previous function. Since it would be somewhat
repetitious to list here all of the additional balancing equations that
would be required in an enlarged model, this listing has been relegated to
Appendix B. Table 16 indicates the total estimated number of restraints,

by function.

Table 16. Estimated Restraints for Operational Intermediate-Term Planning

Model
Model

Function ~ Prototype Operational
. Ingredient Purchsase 2 N 2
Feeder Pig Procurement 2 kL
Gilt Replacement 0 3
Hog Finishing L L8
Hog Slaughter 10 T2
Primal Purchase L 20
Primal Storage | 8 » ’ Lo
Processing 10 38
Distribution ' 20 38
Capacities 5 0

Monthly ' 65 365

Total Restraints 780 4380




51,

Discussion

e et e e

The above section has shown that an intermediste-term linear program-
ming planﬁiﬁg model for a fully coordinated hog-pork firm, based on twelve
monthly time intervals, would fall within the capacity of modern computers.
As formulated with L4380, this model would border on the upper edge of
efficient computing capacity for all but the largest of the modern computers.
This estimate is, however, something of an upper bound. As any particular
firm came to be modeled, economics of problem definition would almost
certainly present themselves as, for instance, in the use of bounded

variables,

SHORT RUN

The "short run' is used in the following discussion to refer to a period
of one or two days to one or two weeks. A short run model, by definition,
may be taken to include information pertaining to, at most, three weeks into
the future.

With this definition, many apparently short run problems such as: Whicﬁ
feeder pigs to buy this week? How many sows to breed? And, should I operate
on the pork bellies futures market Today? sre seen to be intermediate run
problems, since they can only be answered optimally by using information, or
expectations, with respect to prices and demands in future months.

Again, because of the restricted definition of short run used in this
bulletin, the major short run management decisions in the hog-pork industry
relate to feed procurement and mixing and hog slaughter and pork fabrication:
the activities of feed and meat packing companies. Due to the work of Dr.
James Snyder and assocliates at Purdue, a large proportion of these short run
decisions {indeed all of the short run decisions which are within the scope
of an individual company, are actually being made, in ééme orgsnizations,
with the aid of analytical models. In this case rather than the analytical
models abstracting from reality, these models are reality.

In this section we briefly review the analytical models which have been
developed, published and implemented by Dr. Snyder and his group, and then
discuss the modifications to existing models which would be needed for a

fully coordinated organization.
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Review

The programmed profit planning and control system for hog fabrication
built by Snyder and Matthes[38] provides decision guides for routine analysis
of fabrication operations on a daily or weekly basis.

This model uses an objective function which maximizes short run profit
contribution.

Controllable alternatives included in the model can be grouped into
four general categories: pricing, prdduct mix, make or buy, and labor and
plant utilization. These alternatives have been neatly illustrated in LP-
schematic form by Snyder[38], see Table 2.

Pricing

It is assumed the company is a "price taker" in its fresh product sales.
That is, the firm will sell whatever amount possible at the established mar-
ket price. However, in branded products, there are some options in the model
for "price-making"” power. For example, the same product under different
brand names may be entered as separate alternatives in the model. Also
included in the model is a limited stepwise demand function, which permits
additional products tc be sold at a reduced price. For example, 500 pounds
of sliced bacéu may be sold at $L0.00 per hundredweight and an additional

100 pounds mayv be sold at a discounted price of $36.00 per hundredweight.

EZSQBCt Mix

A meat packer must balance the product mix of his purchasing activities
with the product mix of his sales activities. The model permits the simul-
taneous evaluation of multitudious weights-grades of live hogs available
for purchase and an even larger number of primal and processed cuts avail-
able for sale,

Since many of the same primal cuts are obtained from different weight-
grades, cost comparisons are difficult. Each slsughter, cut-out and conver-
sion alternative involves joiﬁt products in fixed prcoportions. In evaluating
expected returns from these alternativesﬁ revenues from disposition of the
final product are evaluated simultaneously with both acguisition and processing

costs.
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Hence, the model indicates the value to the system of each alternative
weight-grade purchase option. Similarly, the model permits the evaluation

of each alternative product sale option.

Make or thi

Packers are faced with fluctuations in hog supplies. Thus, a major
decision is the kill level at which te operate. Often, it is profitable to
buy primals from outside sources. By including outside purchase activitiés
in the model, this source of supply is evaluated against that of obtaining

primals from internal slaughter.

Labor and Facilities Utilization:

Bottlenecks in labor and equipment utilization éan be analyzed effec-
tively with the model. Kill line, smoke house, and bacon slicing are exam-
ples of functions which are subject to labor and equipment capacity restraints.

Actual industry applications of this model ha§e involved systems with as
many as 700 activities and 900 restraints. The major technical components
of the model are: Hog procurement, Hog cut-out, Minor products disposal,

Kill and cut-out expense, Primal cut purchase, Primal cut‘conversion and
sale, Physical facilities utilization, Variable product cost, Product sales
control, Estimated operating margin, and Working capital control.‘ A sche-

matic representation of these components is presented in Figure 1.

Additions

Potential additions to the profit planning and control model for hog
fabrication are 1) a hog finishing components and 2) a retail fabrication
component. ‘ ‘

A hog finishing component would broaden the model to include the control
of hog feeding.. Alternative feeding programs and sla;ghter transfer weights
could be incorporated into the model.

A retail fabrication component would likewise broaden the model to in-
clude detailed cut-up options on wholesale cuts for retail sale. Alternative
marketing strategies could also be included in the retail fabrication compo-

nent.
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~ The effect of these additions would be to attémpt coordination from the
finishing to the retailing function whereas the basic fabrication model
coordinates those activities between the purchase of live hogs and the sale

of wholesale pork cuts.

Hog Finishing Component:

Information necessary to effectively model the hog finishing phase 1is
basically biological data. For each group of hogs the following data are
needed: inventory of hogs under control (control could be separated into
owned, contracted, informally influenced); cost of feed under alternative
feeding programs; gain in weight anticipated by the following planning
period under alternative feeding programs (depending on how the model is
used), thié’could'be one week, two weeks, or a month)y; gain or loss of
grade antiéipated under alternative feeding programs; opportunity cost of
hog finishing space per period; direct labor and materials cost (other than
feed) of holding hogs another period.

Given this input information, the analysis available from an expanded
hog fabrication model can guide decision-making in thé areas of transfer
weight, feed program, length of marketing period, feeder pig replacement
purchases, and, over time, the blend of outsideylive hog purchases with inside
hog transfers under changing ingredient, live hog, wholesale, and retail pork

market conditions.

Retail Fabrication Component:

Information necessary to model the retail fabrication phase hinges on
alternative retail cuts and consumer response to these cuts. For example,
a pbrklloin can be divided into chops or roasts or a'combination of both.
The consumer response to these two retail products varies; depending upon
many factors including season, price, advertising and promotion, and space
allocation in the meat case as well as the basic buying needs of the indivi-
dual consumer. v

From this addition to the fabrication model, guidelines could be developed
which would heip answer retail product mix, pricing, promotion, and meat case

space allocation questions.
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SUMMARY

This bulletin has discussed some of the features of planning models
which would be needed for any form of non-market vertical coordination of
organizations in the hog-pork industry. ‘

The focus has been on the major features cof the management tools which
would be needed by such an orgamization, if it were to function efficiently.
These manageﬁént tools would be needed regardless of the institﬁtional form
of the coordinating organization., The organization could be a cooperative,
joint venture among partmers, profit sharing agreement, or indiviﬁual firm.

It should be emphasized that the models developed in this bulletin claim
to achieve no more thanican be achieved, at least in theory, by appropriately
structured'free marketing arrangements. The same "information'" can be trans-
mitted via price differentials, in a free market, as is arrived at in the
sensitivity analysis of a formally structured model.

Free markets are the main institutional arrangement used at preseht to
coordinate thebhog;pork industry. The contribufion of this bulletin has been
to show that it appears to be technically feasible to achieve this coordina-
tion under one span of managerial control, and hence, in practice, with some
improvement in the transmittal of information across functional interfaces.

The bulletin has drawn attemtionm to the fact that formal short term
’(less'than 3 weeks) planning models are already being used by some of the more
progressive firms in the industry to coordinate the major portion of the short
term decisions which have to be made. The increase in complexity required
for intermediate and long term models does not appear likely to exceed the

capacity of modern computers.

It should also be emphasized that gperationmally the short term models
are the most difficult to implement because short term management guides
which are delivered a week late are useless. Fbr a short term model to be
useful, results have to be available on the day they are asked for. For
intermediate (or long term) models, coperating preformance which gave results
in the week (or month) they were asked for, would probably be satisfactory.

We believe that the models presented im this bulletin show that managerial
procedures exist for full integration of the hog-pbrk industry on the model

of the broiler industry. The authors do not, at this stage, wish to take a
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position on the desirability of such a restructuring of the industry. We
do believe, however, that whether full integration is to be allowed is a

very relevant policy question.

N
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v STRUCTURE OF A PROTOTYPE INTERMEDIATE-TERM PLANNING
MODEL FOR A VERTICALLY COORDINATED HOG~-PORK PRODUCTION SYSTEM

The prdtotype presented here is a highly condensed representation
of a possible operating intermediate-term planning model for a hog-pork
production and marketing system. This condensation is not small, however.
A total of 1133 structural activities and 780 constraints are contained

in the model.

Qverview |
The model has 12 monthly pericds, arranged sequentially, so that
December follows Novemberj; January follows December; and February follows
Janu&ry. There are no opening or closing inveﬁtories, rather a consistent
production pattern is'sough; whichkwould'meet the specified monthly retail

pork requirements year after year. v o

The generallstrategy was to take retail demand as>given, + and to
have the mpdél attempt to meet this demand at least cost.

Whenever possible, restraints have been expressed as less than in-
equélities, so that negative‘matrix coefficients refer to the'productioh
of a‘pfoduct, and positive coefficients refer to use of a resource,
Bounds were not used in the model, though many of the activities are
suitable for bounding. ' '

The 12 monthly periods result in an almost block diagonal matrix, as
illustrated in Table Al. | |

' Now, considering any of the monthly "A" matrices on the main diagonal,
this matrix contains a number of submatrices as follows: '
' The composite model consists of 1133 sectors and 780 restraints. The
basic submatrices number four. The functions of each of the submatrices
are briefly discussed. '
| Submatrix A - This is the monthly allocation model, It is composed
of 94 sectors and 60 rows. This matrix is the heart of the composite model

and, therefore, is discussed in further detail in the following section.



Table Al: Schematic Representation of Profotype Hog-Pork Coordination Model

Jan. Feb.  Mar. Apr. May  June July Aug. Sept. . Oct. Nov. Dec.

--C,1 {Objective Function) F

Jan A | B | ¢
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Submatrix C - This portion of the composite model contains vectors
which make the model intertemporal between non-adjacent months. This sub-
matrix has an even lower density, containing only twovbacon storage acti-
vities. - '

Submatrix D ~ This submatrix contains the annual‘capacity réstraints.
These restraints number five and afe composed of three finishing capacity
restraints, one slaughter capacity réstraint, and one freezer storage
restraint. B ‘ ‘

There are two parts to this component of the model. D; is part of
the monthly .activity, and Dy is composed of five annual activities into
which thebmonthly components are transferred. |
' Submatrix E - This section contains the festraints, all of which are
zero except for the 20 mbnthly demand minimums. Thué, 240 restraints are
positive numbers and 540 contain zero elements.

. Submatrix F - This section contains the objective function, which 1is
a minimization function. All the 1133 coefficients‘are either negative or

zero., This submatrix contains the following parts:

Ingredient purchase and feed formulation

Feeder pig procurement

Féeding programs

Housing systems

Hog slaughter

Primal cut conversion, purchase and storage: ham

Primal cut comversion, storage, and transfer to retail: bacon

Primal cut conversion and transfer to retail: loin,

O 00N O D W N s

Production, slaughter, and storage capacities, and

10. Marketing.

The general arrangemént of these submatrices within one of the main
diagonal matrices can be seen from Table A2. Basically, the submatrices
in TablekAZ refer to activities taking place within a month (thbugh, as
is explained below, a few have implications, such as feed purchase or
pfoduct storage, beyond the month actually being considered). We now turn

to the consideration of the individual submatrices.
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Feed Formulation

Activities j equals 1 and 2 represent two key swine feed ingredients -
corn and soybean meél. Each ingredient contributes both protein and energy,
but in different quantities. (It is important to emphasize that the values
of protein and energy contributed by corn in Table A3 are scaled by a factor
of 10.) This simple least-cost formulation of sﬁine feed could be expanded
to include many other ingredients. However, on—thé-farm mixing generally

is limited to several ingredients; hence, so is this component of the model.

Feeder Pig Procurement

Actiﬁities j equals 3 and 4 represent purchase of feeder pigs of two
different qualities.v There is no limit on the quantity of feeder pigs of
each quality available. '

The oﬁiy constraint on feeder pig purchase is that for every
market hog produced, 105 feeder pig must be purchésed. 'In this manner,

.a mortality figure of approximately 5% is represented in the model in the

two constraints, i equals 3 and 4,

.Quality
Activities j equals 17 and 19 represent two market hogs of the same
weight but different quality.
Quaiity is defined on two dimensions: feed conversion andvcarcass
quality. Constraints i equals 1 and 2 describe the protein and energy
.requirements of both the high and the low quality feeder bigs. Constraints
i equals 5 and 6 describe the percentages of high and low quality carcasses
which result from the two alternative'feeder pig qualities.
Thus, this aspect of the model assesses the trade-off between high and
low quality feeder pig purchase. Costs being equal, the high quality feeder
pig is a better choice, since both feed conversion and percentage of quality

carcasses produced are higher.

Feeding Programs

Activities j equals 5 to 16 represent a limited feeding program in

which major emphasis is placed on feed conversion while activities j equals



‘. »

Table A2. Summérj of "Within Month" Activities

ji= 1-2 3-4 5-28 29-32 33-38 39-66 67-70 71-74

75-85  85-94
Ingredi- Feeder Hog Hog =~ Bacon' Ham Loim Bacon Marketl Market 2
ent Pur- Pig Pur- Finish- Slaugh~- Trans~- Trans- Trans- Stor- Distribution
chase . chase ing ter fer fer fer  age :

i= _ '

1-2 Feed Formulation ! Ty

3-4 Finishing 2 ‘

4-8 Hog Finishing Quality ' 3 LV~

9-12 Ham Primal Cut-out : . 5 f

13-20 Ham Transfer and Stor. o ; 6 |

21-24 Loin Primal Cut-out ] | % 8 |

25-30 Loin and Ham Ret. Cut-out | 6

31-32 Bacon Cut=-out | ‘ 3 -7 ‘

33-38 Bacon Transfer and Stor. ‘ | f 7

39-40 Whole and Rolled Ham Trans. | 6

41=50 Retail Utilization-Market 1

10

51-60 Retail Utilization-Market 2

Ingredient Purchase and Feed Formulation

Feeder Pig Procurement, Mortality, Feed Consumption, and Carcass Quality
Feeding Program and Housing Systems

Housing Capacity

Hog Slaughter

Primal Cut Conversion, Purchase and Storage: Ham

Primal Cut Conversion, Storage and Transfer to Retail: Bacon

Primal Cut Conversion and Transfer to Retail: Lein

Production, Slaughter and Storage Capacities

Marketing

. o &

. . .

bt '
OW OSSN, P WR -
-
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Table A3. Feed Formulation, Feeder Pig Procurement, Quality Feeding Programs, and Housing Systems

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
i i 3 o 2
Ingredient Pigs Limited Feeding Program
Corn S.B.M. H.Q. L.G. Conventional ' Partially Slotted Fully Slotted
H.Q. L.Q. H.Q. L.Q. H.Q. L.Q.
210 230 210 230 210 230 _210 230 210 230 210 230
1. Protein -8.5 -51. 62.58 73.73 64.73 75.88 62.58 73.73 64.73 75.88 62.58 73.73 64,73 75.88
2. Energy - =3.8 - .5 16.56 17.01 17.47 17.92 16.56 17.02 17.47 17.92 16.56 17.01 17.47 17.92
3. High Quality ' '
Feeder Pig : -1 1.05 1.05 _ 1.05 1.05 1.50 1.50
4. Low Quality '
Feeder Pig -1 1.05 1.05 -1.05 1.05 1.05 1.05
5. 210# No. 1 ' ‘
Carcass -.90 -.80 -.90 -.80 -.90 -.80
6. 210# No. 2 .
Carcass -.10 -.20 -.10 ~,20 -,10 -,20
7. 230# No. 1 |
Carcass ~-.80 -.70 -.80 -.70 -.80 -.70
8. 230# No. 2
Carcass ~.20 -.30 -.20 -.30 -.20 -.30

9V



Table A3 (cont'd).

i

Feed Formulation, Feeder Pig Procurement, Quality Feeding Programs, and Housing Systems

17 18 19 20 21 22 23 _ .24 25 26 27 28

Fast Feeding Program ,
Conventional Partially Slotted Fully Slotted
H.Q. 1.Q. H.Q. L.Q. ‘H.Q. L.q.
210 230 210 2304 210 230 210 230 210 230 210 230
1. Protein 85.05 85.15 87.2 88.3 _ 85.05 -85.15 87.2 88.3 - 85.05 85.15 .87.2 88.3
2. Energy 18.49 19.0 19.4 19.91 18.49 19.0 19.4 19.91. 18.49 19.0 19.4 19.91
3. High Quality
Feeder Pig 1.1 1.1 11. 11. - ' 11, 1.1
4, Low Quality .
Feeder Pig 11. 11. 11. 11. 1.1 11.
5. 210# No. 1 ‘
Carcass -.90 -.80 -.90 -.80 -.90 -.80
6. 210# No. 2
Carcass -.10 -.20 =-,10 -.20 -.10 -,20
79 230# NO. 1 - :
Carcass -.80 -.70 -.80 -.70 -.80 -.70
&. 230# No. 2
Carcass

-.20 -.30 -.20 -.30 ‘ -.20 -.30

v
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17 to 28 represent a feeding program designed to minimize the time required
to.reach market weight. The former program requires-four months to finish
weights; but yields a better feed conversion ratio than the latter program
which réquifes only three months to finish the hogs to market weights. There
is no difference in the quality of carcass or the mortality rates produced by
the two alternative feeding programs. (At this time; these relationships are

hypotheses and not scientific fact based on biological research data.)

Housing Systems

Activities j equals 5 to 8 and 17to 20 model a conventional swine
| finishing unit, activities j equals $ to 12 and 21 to 24 model a partially
slotted finishing uﬁit, and activities j equals 13 to 16 and 25 to 28 model
a totally slotted fimishing unit. The major differences in the systems
(other than cost, thch.will be discussed later) is the mortality rate. The
conventional housing system creates considerably less mortality than the
other two systems. ‘ v

The capacity of each housing system is 800 head when the system is
6perating. Each system operates on a separate monthly schedule, as

follows:

Table A4. Housing Capacity, by Month
Jan. Feb. Mar. Apr. May Jume  July Aug. Sept. Oct. Nov. Dec.

Conven-

tional X X X X

Partially

Slotted* _ X X X X X X X X

Totally :

Slotted X X X X X X X X X X X X

* The partially slotted technology is an open partially slotted house.

. However, the model is designed to calculate costs as finished hogs
marketed. Thus, the following marketing months are4available for each
system. (Table A5) The number of months available for marketing hogs under

each systém depends on whe;her a three or four month feeding program is used.
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Table AS. vMarketing Capacities of Alternative Housing Systems, by Month

Jan. Feb. Mar. Apr. May Jume July Aug. Sept. Oct. Nov. Dec.

Fast Feeding
Program
3-Month

Conventional X X

Partially
Slotted , X X X X X X X X

Fully :
Slotted X X X X X X X X X X X X

Slow Feéding
Program
QOMbnth

Conventional X

Partially X X X X X X X
Slotted

Fully
Slotted

Hog Slaughtex

This partition specifies the cutout yileld from four different weight-
grades of hog.k Activities j equals 29, 30, 31, and 32 represent hundredweights of
slaughtered hog. These carcasses yield different percentages of weight and
grade of primal cuts. (Table A6)
For example, a 210# high quality live hog (No. 1 grade) yields 12.55%
10/12 1b. ham and only 5.72% 12/14 1b. ham, while a 230# high qualxty live.
hog yields only 1.2% 10/12 1b. ham and 15. 7% 12/14 1b. ham.
| As the hogs are transferred into hog slaughter the head count is con-
verted to hundredweight. The transfer constraints balance hog slaughter
wiﬁh hog finishing. Total hundredweight of hogs slaughtered in a given

month must equal an equivalent number of head of hogs finished in that month.



~ Table A6. Hog Slaughter

AlO

3= 5 6 7 8 29 30 31 32
210# 230# 210# 230#  210#  210# 2304  2304#
High Low High Low High  Low
Quality Market Hog Quality Market Hog
(%) % (%) (%) No.l1 No.2 No.l No.2
(ewt.) (cwt.) (cwt.) (cwt.)
i:
5 210# No,l(Head) -.90 «,80 476
‘6 210# No.2(Head) -.10 - =,20 476
7. 2304 No.l(Head) = .80 -.70 435 _
8 230# No.,2(Hesd) -.20 =,30 435
9 10/12 High Quality -12.55 -1.24
Hams (1lbs.)
10 10/12 Low Quality ‘ -13.19 - 7.22
Hams (lbs,) N ‘
11 12/14 High Quality .- 5,72 ~15.70
" Hams (1bs.) e B _
.12 12/14 Low Quality = 1.09 -10.37
Hams {1bs.)
21 8/12 High Quality ©-12.48 - 3.08
Loins (1bs.) s
22 '8/12 Low Quality -14.06 - 9,35
© Loins (1bs,) o .
23 12/16 High Quality - - - 3,13 -12,72
Loins (lbs,) _ f ‘ ‘
24 12/16 Low Quality . . .. - 1,43 - 5,33
Loins (lbs.) :
31 High Quality.,-;ijj,.;‘ ‘-16.72 - 7.3
“Bacon (lbs.) o '
32 Low Quality: @ i, - -10.92 - 5,39

Bacon (1bs,) . - ..

3
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Primal Cut Conversion, Purchase, and Storage; Ham: (Table A7) This part-

ition represents the use of ham primals for fresh whole ham. j equals 55 to
58; rolled ham, j equals 59 to 62; and sliced ham pork products, j equals

63 to 66. In addition to ham primals transferred from slaughtering oper-
_ations, j'equals‘29 to 32, ham primals can be purchased, j equals 39 to 42.
Also; ham érimals can be transferfed out of previous period storage, j equals
51 to 54, and simultaneously be transferred into storage for usage in the

following month; j equals 47 to 50, and March 51 to 54,respectively.

Primal Cut Conversion, Storage, and Transfer to Retail; Bacon: (Table 8)

This partition represents the retail utilization of bacon. In this model,
bacon can be stored two months. Hence, bacon utilization in the current
month can be supplied from cﬁrrent slaughter and/or storage from one to
two months prior to the current month.

Activities, j equals 29 to 32, represent bacon primals derived from
slaughter. Activities, j equals 71 to 74 represent bacon stored one and
two months,rrespectively. Activities, j equals 81, 82 and 91, 92 show
current usage of bacon at retail.

Surplus bacon can be steored for one or two months, as presented by
the 8 activities, j equals 35 to 38 and March 73, 74'and April 71, 72.

The restraints, i equals 31 to 38 balance this transfer process to
insure that no more bacon is utilized and stored than is slaughtered

abd taken from storage.



Table A7. Primal Cut Conversion, Purchase, and Storage:

Ham - -

February

March

j:

~29 -30 0 31 - 32
210# 210%# 230# 230#
No.l No.2
Slaughter

Hog

(cwt,)

Ham

Qu, -

Av,

39 40 41 42 43 44 45 46

Purchase -

Transfer

Qu,

~ Ham
Storage Out

Ham

Av, Qu, . _Av,

. .Ham*~
Storage In

_Qu,

%7 48 49 50 51 52 53 54

Av,

55 56 57 58 59 60 61 62 63 64 65 66 51 52 53 54 :

Retail Whole -Retail Rolle Retail Slic-
Ham Transfer ed Ham Tran~" ed Ham Tran-
sfer ‘ ..sfer '

Ham™
Storage -
~oIn

Qu. Av, Qu.. _Av.  Qu. Av.  Qu. _ Av, -

i

g

10

14
15
16
17
18
19

20

10/12 Qu.
Ham Cut~
out

10/12 Av,
Ham Cut-
out ]
12/14 Qu.,
Ham Cut-ou;
12/14 Av,
Ham Cut~-out

10/12 Ham
Transfer

10/12 Ram
Traunsfer

12/14 Ham
Transfer

12/14 Ham =
Transfer

10/12 Qu.Ham

Storage

=12.55

-1.24

13,19 -7.22

=5.72 -15.70

-1.09. -10.37

T -1

-1

10/12 Av.Ham -
. Storage :

12/14 Qu.Bam
Storage

12/14 Av.Ham
Storage

v.'.l

-1

-1

-1



Tabie AB. Primal Cut :onversion, Storage, and Transfer to Retail: Bacon

February ‘ . ' ) v . March = . April
j= 29 30 31 32 33 34 35 . 36 37 38 71 72 73 74 81 82 91 92 - 73 74 71 72
. 210# 2104# 230# 230# Trans~ Bacon Storage Out Bacon Storage In Retail Bacon Utiliza=- Bacon Bacon
Quality Average Car- - fer (1 mo.) (2 mo.) (2 mo.) (1. mo.) tion . Storage Storage
cass Ln. Reg. Ln., Reg. Ln., Reg. Ln. Reg. Store 1 Store 2 in In
' ’ Ln, Reg, . Ln, Reg.  Ln. Reg. Ln, Reg.
i= . _ : , |
31 Quality Bacon =12.72  =7.3 1 1 B T
32 Cut-out -10.92  -5,39 1 ‘ T 1
33 Retail Bacon=Ln, =1 S L -1 -1 1 1
34 Distribution-Reg, T =1 o -1 -1 ‘1 1
35 Bacon Storage-La. _ ‘ -1 . ' 1
36 (1 mo.) -Reg. ,, ' -1 : , 1
37 Bacon Storage-Ln, . -1 1

38 (2 mo.) ~Reg, : -1 ' \ 1

ey
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Retail Transfer and Conversion: Loin: This partition describes the

transfer of the loin primal to retail and its division into pork chops and
loin roasts. (Table 19) -

Activities j equals 29,'30, 31 and 32 repreéent four weight-grades of
slaughter hog. Activities j equals 67, 68, 69 and 70 are transfer and
conversion activities which divide the wholesale primal loin cut into two
weights of chops and roasts. The quality differentiation is not maintained
at the retéil level since the loin is a muscle cut whose quality is not
reflected by carcass quality. ’

Activitiés j equals T7, T8, 79 and 80 represent the distribution of the
four loin retail producfs to market 1 and activities 87, 88, 89 and 90
represent the distribution to market 2, ’

v Constraints i equals 21, 22, 23 and 24 model the percentage cut-out of
loin primals and balance the utilization of retail loin cuts with wholesale
loin primals generated from hog slaughter. The pounds of retail pork cuts
utiliied times the retail cut-out percentages must equal or be less than the
hundredweights of hogs slaughtered times the wholesale cut-out percentages.

7 For example, every 24 pounds of large pork chop sold at retail, activities
J equals 78 and 88, requires a 100 pounds of heavy loin primal, activities J
equals 29, 30, 31 and 32. Every weight-grade of slaughter hog yields some
percentage of heavy loin, but the highest percentage (12.72%) is produced

by the 230 pound No. 1 slaughter hog, activity J equals 31.



‘Table A9. Retail Transfer and Conversion: Loin

j = 29 30 31 32

200# 210# 230# 2304
No.,1 No.2 No.l No.2
Hog Slaughter

67 68 69 70

77 78 79 80 87 88 89 920

Transfer of Wholesale
Cut to Retail Conver-
»sion

Market 1 Market 2
Retail Leoin Cuts Distribution

i::

21 8/12 loin

cut=-out ~3.08

-12.48

22 8/12 loin

cut-out -14.06

-9.35

23 12/16 loin

. dut~out -12.72

‘“3013

24 12716 loin

cut-out -1.43

-5.33

27 Regular
Pork Chops
(1b.)

28 Large Pork
Chops (1b.)

29 Regular Pork
Roasts (1b.)

30 Large Pork
Roasts (1b.)

-.24 - ~.24

STV
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Production, Slaughter, and Storage Capacities: This partition models
the annual capacities required for production, slaughtef, and storage fa-
cilities. (Table A 10)

The balancing constraints, i equals 61 to 65, add one unit of capacity
“for each hog‘produced,beach hundredweight slaughtered, or each pound
stored.

The activities, i equals 1120 to 1133, capture the highest capacity
required in any one month of the 12 month period and purchases that amount
of capacity. This results in an annual purchase of capacity rather than

a monthly purchase.

Marketing ‘

The bnly’restraints on the equations in this model which have numerical
values otherrthan zero are the product demand restraints. For 10 pork products
in two markéts in each of 12 months, a specific demand figure has been insert-
ed in the model. These figures are cohtained in Table All.

All the other restraints are equal to or less than zero constraints.

The advantage of using a less tham or equal to rather tham an equal to
restraint is that itpermits slight inequalities rather”than forcing an
infeasible solution. 8light inequalities sometimes occur when the bal-
ancing equation contains small numbers and large numbers i.e. head of hogs

vs. pounds of ingredients.

Costs

The major costs in this model are on the following activities: Corn,
protein suﬁplement, feeder pigs, housing systems (including some very high
costs when a system was inoperative in a particular month), ham purchase,
and prdduction, slaughtering, and storage capacity. Thése costs for the

12-month period are listed in Table Al2.



Table AlD.Production, Slaughter, and Storage Capacities

ju

4

Conven- ?ar- Full 2104 Ham Bacon Conven~ Par- Full 210#f - Ham ~ Bacon Conven-

tional

9 13 31 51 73 4 9 13 31 51 713 1129 3 1131 1132 1133

, ‘Part{al TFully Slaugh-  Stor-
tial Slots Slaughter Stor- Stor- tional tial Slots Slaugh- Stor- Stor- tional 51otsa 510:3 te,ub aszr
Slot Hog v age age Slot ter Hog age . age- . ted

Capacity Purchased .

{ =
Feb.,

61

62
63
64

65

Conventional "

Production
Capacity -

Partially
Slotted

Fully
Slotted

Slaughtering
Capacity
Storaze
Capecity

March

61

62

63

65

Conventional
Producticn
Capacity

Partislly
Slotted
Fully
Slotted
Slaughtering
Capacity
Storq;c'
Capacity

LY
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Table All. Product Demand Rchtraints, by Months (in 1000 pound -units)

J F M A M 3 J A S O N D

{ =
Row

Hieh Income Mkt,

41 Ham C, Slice LN 807 707 865 807 660 660 661 694 760 751 752 707

42 Ham C. Slice RG 89 77 95 89 72 72 72 76 83 82 82 77
43 Pork Chop RG 242 212 259 242 198 198 19C. 208 228 225 225 212
44 Pork Chop LG 566 495 606 566 463 463 463 486 533 526 527 495
45 Pork Roast RG 156 136 167 156 128 128 128 134 147 145 145 126
46 Pork Roast LG 236 205 251 234 192 192 192 201 221 218 218 205
47 Bacon No, 1 798 698 855, 798 653 653 653 686 751 742 I43 698
48 Bacon No, 2 199 174 213 199 163 163 163 171 187 185 185 174
49 Whole Ham 293 256 314 293 240 240 240 252 276 273 273 256
50 Rolled Ham 321 281 344 321 263 263 263 273 303 299 299 281

Low Income Mkt,
51 Ham C, Slice LN~ 1393 1219 1493 1393 1140 1140 1142 1198 1312 1296 1297 1219
52 Ham C. Slice RG 174 152 186 174 142 142 142 149 163 161 162 152

53 Pork Chop RG 575 503 616 575 470 470 471 494 541 535 536 503
54 pork Chop LG 864 756 926 864 - 707 707 708 743 8l4 8§02 806 756
55 Pork Roast RG 293 256 314 293 240 240 240 252 276 273 273 256
56 Pork Roast LG 293 256 314 293 240 240 240 252 276 273 273 256
57 Bacon No. 1 185 162 199 185 152 152 152 159 174 171 173 162
58 Bacon No, 2 1740.1523 1865 1740 1424 14246 1425 1496 1639 1616 1623 1523
59 Whole Ham - 264 231 282 264 216 216 216 227 248 244 246 231
60 Rolled Ham 361 316 387 361 296 296 296 311 340 334 338 316

Total - | 9780 8560 10480 9758 800 8000 8058 8410 9210 9080 9120 8564




Table Al12. Costs, by Month and Annual’

b 1 2 3 4 5 6 7 8 9 10 11 120 13 14 15 16
Corn Soy- Feeder Single Season Multiple Seasor:
' bean Pigs Single Season Far- Multiple Scason Year Round Farrowing
inge -rino 4
Meal Hi Lo rowing | Far?odlng . (Eu11y181otte )
Grade (Conventional) (Partial Slots) Four Weight Grades
Four Weight Grades o of Hogs
of Hogs :

Slow Feeding Program

$/cwt, $/cut, $/hd. $/fxde $/hd,$/hd,$/hd,$/hd,$/hd,$/bd.$/hd,$/hd,$/hd.$/hd, $/hd, $/hd,

Jan, 1.4 5,00 13, 10. 100, 100, 100, 100, 100, 100, 100, 100, 4,17 4,17 4,17 4,17
Feb, 1.95 oo 14, 12, " 0 v - n " " o " " " n "
Mar 1.97 - 15. 14. L1 1" L 1] " " " " 1] 1} " "
Apr 1.94 5 05 17 16 -8 " 0 " " 1] " o o " " "
May" 1096 5000 16. 14. " ] LI ) o " ” 5 " n n 1
June 1,97 4,95 15, 1, " " " " 4.8 4,80 4,8 4,80 " " " ¥
July 1.98 5 15 13 g " " o Ll " " " o 1 " " "
Aug, 2,00 5,10 14, 11, 5,75 5,75 5,755,75 " #oow e " W " "
Sept, 2,00 5,05 14, 13, 100, 100, 100, 100, " " " " " " " "
Oct 1.91 4.95 15. 14, " M m w m wm . wm s w ww
Nov, 1.88 4,85 16, 15, z : x : 100. 100, 190, 190. :4 : : :
Dec, 1.94 4,90 17, 16, -

Annual

6TV



Table Al2.(cont'd,)

17 18 19 20

31 22 23 2

25 - 26 27 28

39 40 41 42

1129 1130 1131 1132 1133

Single Seacson Multiple Scason Year Round Farrow= Outside Purchase - Building Capa- Slau- Freczey
Farrowing . Farrowing ing of Hams = 4 city Purchacse ghter capaci-
{Conventional) {(partial slots) (Fully slotted) Weight Grades Annually capa=~ ty

Four Weight Grades city Pug-
of Hogs pur=- chase
) chase annu=-
Fast Feeding Program annu- ally
&lly
o $/Lb, $/hd. $/hd.  $/Lb, $/Lb.
Jan, 100, 100, 100, 100, 100, 100, 100, 100, 3,50 3.50 3,50 3,50 .50 .50 ,50 .50
Feb . " " ” " " " 124 28 1" " 8 " " " L "
Mar . # " 3 st 1" " -8t " 11 L] 1] " 1 1] " 11 13
Apr 114 '" 111 . " i " " L " it " " " " "
May " " 11 ” 4.00 4000 4,00 4000 L 1] 11 11 " 1] 11 " "
Juﬂe " " 1" 1" 114 11 " 11 1] [ 2] 9 13 1" " " "
July 4 Al & ‘41 4 41 4 41 " [1} 1" F " " " " " " 1" "
Aug 6; 1 l: ﬂ‘ " " ot 9 it " §¢ 1% " " 11} it
Sep;: 100. 100 100 100, " 1] # " " ] 1" " " 1" ] "
Oct 11" 1] 11 11 11 " 1)) 1.9 it 14 1t 11 n " " "
NOV: " 1 .li (1] 100' 100' 100. 100. L1 ¥t " 11 " . " " "
DeC . u L1 1" " 1" i " " 1" " $t " 14 " " "
-Annual .72 1,95 2,11 005 ,01

ozv
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Table Bl..

Listing of Monthly Solution Values Prototype Model.

Code

(1bs.) 2956

1521

Description . Jan. Feb. Mar. Apr. May June  July  Aug.  Sept. Cct. ©Nov. Dec.
1  Corn Purchased {cwt.) 4763 1966 1339 650 497 2177 - 4255 2261 = 1970 1253 1176
2 Protein Supp. (cwt.) 813 291 166 © 62 87 383 724 370 310 155 146
4 ' Av. Feeder Pigs (head) 1011 436 292 140 101 442 308 506 439 273 . 258
15 Av. 4 month 210# / ‘
Finished Hog : C
~ Totally Slotted System 466 335 121 458 502 394 113 106
16 Av. 4 month 230# ; ' '
Finished Hog 98 170 139 41 159 149
23 Av. 3 month 210#
Finished Hog
Partly Slotted System 110
27 Av. 3 month 210#
Finished Hog
Totally Slotted
System (head) 533 99 436 328
29  Lt. Wt. No. 1 Car.(cwt.) 896 784 563 204 167 733 738 771 844 663 191 179
30 Lt. Wt. No. 2 Car.(cwt.) 224 196 140 51 41 183 184 192 211 165 47 44
31 Hv. Wt. No. 1 Car. 157 273 224 67 256 240
32 Hv. Wt. No. 2 Car. : 67 117 %6 , 28 109 103
33  Lean Bacon to Ret.(lbs.) 9612 8413 7195 4190 804 804 809 845 925 912 916 860
34 Reg. Bacon to Ret.(lbs.) 1674 982 1294 1190 976 1586 1179 1667 867 1007 849 738
360 Reg. Bacon to Feb. .
Storage (1lbs,) 407 417 416 123 479
37 Lean Bacon to Mar. '
Storage (1lbs.) 2633
38 Reg. Bacon to Mar. _ '
Storage (1lbs.) 365 742 609 835 313 958 958 264 307
39 10/12 Qu. Ham Pur. 10934 4308 ~ 7330 14840
40 10/12 Av. Ham Pur. 118 686 1406
41  12/14 Qu. Ham Pur. 3617 3166 17370 . 14133 4410 2421 3572 14275
42 ' 12/14 Av. Ham Pur. : 660 727 1418 1046 1669
43  10/12 Qu. Ham Cut-out : _ } ‘
: glbs.) 11253 9849 7271 2903 2382 - 8662 9262 9676 10431 8407 2716 2549
44 10/12 Av. Ham Cut-out '
2587 2347 1248 2418 2433 2542 2784 2395 1423 1335

-]
[



Table Bl; (cont'd,)

Jan.

84

Code - Description Feb. Mar. Apr. May June  July  Aug. Sept. Oct. Nov.: Dec.
45 - 12/14 Qu. Ham Cut-out
{1bs.) 5128 4489 3225 1168 958 4195 3463 4410 4829 3793 1093 1026
46  12/14 Av. Ham Cut-out 7213 854 1273 1044 199 210° 230 479 1190 423
47 10/12 Av. Ham Feb. Stor. : 542 165 '
49 12/14 Av. Ham Feb. Stor. 757
50 12/14 Qu. Ham Feb. Stor. 244 757 694
51 10/12 Av. Ham Dec. Stor. 201 ‘ - 165
53  12/14 Av. Ham Dec. Stor. 757
54 12/14 Qu. Ham Dec. Stor. . 694 244 542 201
55 Av. Whole Ham to Retail 144 255 67
56 . Av. Whole Ham to Retail 557 497 . 596 - 524 487"
57 Qu. Whole Ham to Retail 458 517
. 58 Qu. Whole Ham to Retail 411 455 199 411 © 519
59 Rolled Ham to Retail 679 557 326 328 305 172
60 Rolled Ham to Retail 682 596 730 231 232 586 642 87 635 424
62 Rolled Ham to Retail . : 239
63 Ln. Sl. Ham to Retail 11253 9849 18206 1399 1266 7753 13456 9609 10431 15291 17557 2203
64 ~ Rg. 81. Ham to Retail 1035 906 288 1521 1366 1955 1967 = 2055 975 2219 1558
65 Ln. Si. Ham to Retail 8746 7655 3225 18538 15032 8606 3005 7589 8402 3726 1093 15301
66 Rg. Sl. Ham to Retail 1355 1186 2273 862 589 - 1276 671 2092
68 Rg. Loin to retail 11190 9794 7522 3393 2784 9153 9201 9622 10538 - 8484 3174 2979
69 Lg. Loin to Retail 3151 2758 2613 1815 1430 2578 2594 2710 2968 . 2600 1698 1594
70 Lg. Loin to Retail 2806 2456 . 3770 4124 . 3383 2295 2310 2413 2642 2931 3857 3620
72  Lean Bacon From Nov. Stor. 264 307 365 742 609 835 313 958 958
74 Reg. Bacon From Nov. Stor. B 407 417 ‘ 416 123 479
75 Lean Ham Center Slices 807 706 864 804 660 660 664 693 759 749 752 - 706
76 - Reg. Ham Center Slices 89 77 95 88 72 72 73 76 83 82 82 77
77 - Reg. Pork Chops 2110 211 1189 241 197 1726 199 208 227 224 225 - 211
78 Large Pork Chops 566 495 606 564 462 462 465 486 533 525 527 495
79  Reg. Pork Roasts 156 1702 1190 386 127 127 1601 1672 146 142 361 339
80 . Lg. Pork Roasts 898 786 250 895 191 735 739 201 220 834 838 786
81 Lean Bacon 9427 698 6997 4005 652 652 656 686 751 740 744 698
82 Reg. Bacon 199 174 213~ 198 162 162 163 171 187 184 185 174
83 Whole Hams 293 256 313 292 239 239 241 251 275 272 273 256
Rolled Hams 321 280 343 320 262 262 264 276 302 298 299 280

Al



Table Bl. (cont'd.)

386

339

- Code Description Jan. Feb., ~ Marv ‘Apr. ' May June ~ July Aug.: Sept. ' Oct.  Nov. ‘Dec.
85 ' Lean Ham Center Slices 1393 1219 . 1492 1388 1139 1139 1146 - 1197 1311 1293 1298 1219
86  Reg. Ham Center Slices 174 - 152 . 186 173 142 1427 143 149 163 161 162 - 152
87 Reg. Pork Chops 575 503 616 - - 573. 470 470 2011 2101 - 2301 533 536 503
88 ' Lg. Pork Chops 864 . 756: 925 861 706 706 711 742 813 802" 805 : 756 -
89  Reg. Pork Roasts 293 256 313 292 429 239 241 251 - 275 272 273 256

90 Reg. Pork Roasts 12293 256 1026 292 - 783 239 241 - 823 901 - 272 273 256
91 Lean Bacon 185 . .161 198" 184 151 151 : 152+ 159~ 174 - -171. 172 - 161
92  Reg. Bacon 1740 1522 1864 1734 1423 1423 1423 - 1496 1638 - 1615 1622 1522 .
93  Whole Hams 264 231 . 282 . 263 215 214 217 227 2487 245 246 231
94 Rolled Hams 361 315 359 295 295 297 310~ 335 336 . 315

€g
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-~ RESTRAINT COUNT FOR AN OPERATIONAL
INTERMEDIATE-TERM PLANNING MODEL

The estimated number of restraints in an operat10na1 1ntermediate term
planning model of the hog-pork subsector is 3276, or 273 per month.’

A 118t1ng of these restraints is contalned in Tabie Bl which accompa-
nies the following brief discussion of each model component.

Ingredient Purchase: 2 nutrienis, protein and energy, comprise the
simplified least-cost feed mixing problem. Although the activities have
been expanded in the operational model compared to the‘prototype model, the
number of restraints remains the same. |

Feeder Pig Procufemenf: 4 feeder pig procurement sources are used, 3
representing alternative farrowing systems using different breeding stock, and
1 representing the quality of feedof pigs available as a'purchased input. |

Gilt Replacemeoff As 3 types of breeding étock are modeled, one for
each farrowing system, 3 restraints are needed to balance the acquisition

and disp081tion of the breeding herd. | , ‘
| Hog Finishing. 48 restraints are needed to model
‘ _ » 24 weight-grades of feeder hogs and the 24 weight-
grades of reproduction stock. While this appears to be a large number of
categories, it is,the_mlnlmumvnumber which is,being,used'in'operational models’
beiﬁgvemployedvby.meatvpackers who have adopted this techhique.

Hog Slaughtef: 72 restrainto are needed in this component to transfer
72 weight-grades of primals to:wholesale and retail processing actiﬁities,
These 72 restraipts are comprised of 24 ham'restraints, 16 loin restraints,
12 Boston butt restraints, 12 picnic restraints, and .8 belly restraints.

Primal Pﬁrchase: 20 purchase restraints are ihcludeo»in this component
" of the model, which consists of low quality primals. The 20 festraints»are
divided as follows:  ham, 6; loin, 4&4; butt, 3; picnic, 3; and bell, 4.

Primal Storage: Bacon and ham are the only primals which have storage
restraints. Bacon is storable for two months and ham for one4month._ The
storage restraint equations nﬁmﬁer‘16 for bacon and 24 for‘ham, for a total

Proc9331ng., 38 processing activities are iﬁcluded. ‘These'are made up
- of 7 retail ham, 13 retail loin, 8 retail bacon, 4 retail_butt,'and 6 retail
picnic product. | ' |

Distribution' 38 retail products are d1stributed and are controlled

with 38 product demand restraints.



2

STRUCTURE OF A PROTOTYPE INTERMEDIATE-TERM‘PLANNING
MODEL FOR' A VERTICALLY COORDINATED HOG-PORK PRODUCTION SYSTEM
The prototype presented here is a highly condensed representation of
a possible opérating intermediate-term planning model for a hog;pork pro-
duction and marketing system. This condensation is not small, however. A
total of 1133 structural activities and 780 constraints are contained in

the model

Qverview ,
The model has 12 monthly periods, arranged sequentially, so that
December follows November; January follows December; and February follows
January. There are no opening or closing inventories, rather a consistent
production pattern is sought which would meet the specifled monthly retail
pork requirements year after year

The general strategy was to bake retail demand. as given, and to have
the model attempt to meet this demand at least cost.

Whenever possible, restraints have been expressed as less than in-
equalities, so that pegative matrix coefficients refer to the production
of a product, and positive coefficients référ to use of a resource. Bounds
were not. used in the model, thdugh many of the activities are suitable for
bounding. ) '

The 12 monthly periods result in an almost block diagonal matrix, as
illustrated in Table Al. |

Now, considering any of the monthly "A" matrices on the main diagonél,
this matrix contains a number of submatrices as follows:

The composite model consiste of 1133 sectors and 780 restraints. The
basic submatrices number four. The functions of each of the submatrices
are briefly discussed. '

Submatrix & - This is the monthly allocation model. It is composed

of 94 sectors and 60 rows. This matrix is the heart of the composite model
v and, therefore;’is discussed in further detail in the foliowing section.
Submatrix.B - This portion of the compoéitevmodel contains the secﬁors
which make the model intertemporal between adjacent months. This submatrix
has a very low density as only 6 vectors are»filled with non-zero elements.

The 6 vectors are the four ham and two bacon storage activities.
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3/

FOOTNOTES

With the usual caveat the authors acknowledge the constructive suggestions

of Bill Morris and Jim Snyder.

Every author seems to have his own favorite phrase to describe closer
vertical coordination, ranging from the "systems' approach to 'sub-
sector' analysis to 'vertigration'. Policy-coordination is our phrase
to describe this phenomonon. Price-coordination, on the other hand,
refers to the more traditional organization, where feeder pig, finished
hog, green cut, and wholesale product market are used to transfer pro-
duct from farmer to consumer, and information from consumer to farmer.

For a full review of industry thinkers on the prospects for and pitfalls
of non-market coordination in the swine industry, see [38].

"Those (hogs) that normally go to market at that time of the year (fall)
would be held back to consume corn. Then, when they do come in, the hogs
are not only heavier, but fatter, too. The packer, in turn, must ship

~ heavier cuts then your order called for rather than short your (retails)

order. There is little that can be done to change this.” [8, p. 45]
Point out that based on farm records of Indiana hog farmers the maximum
economics of scale are reached at low levels in hog enterprises (35-45
sows). The study states that very few operators in the Midwest can
handle over 200 sows, while some European operations run 500-800 sows.
The difference is attributed to the scarcity of high quality labor.[11]

One alternative which might be considered is portable facilities, see
[16] or [17].

This statement based on the following pro forma financial outline.

' Financial Cutline
10,000 Hog-1 Million Dollar Pork Entity (000) .

Total Retail Sales $1,000 Retail Margin (20%) $ 200

(100 1bs. of retail pork per ’ Packer Margin (30%) 300

hog, at $1.00 per 1b.) Feeding Margin(20%) 200
(Comprised of: Feeder Pig Pro-

23% ham, 22% belly, 97 butt, duction Margin(30%) 300

20% loin, 11% picnic, 15% misc.)

$1,000 $1,000

Total Assets $1,000 Boar Inventory - § 10

(Based on 30 boars, 600 sows, Sow Inventory 30

1000 pigs, 500 hogs, and Pig Inventory 20

2000 cwt. primals) Hog Inventory 100

' Primal Inv. 140

Breeding Farm 100

Milling Facilities 100

Farrowing Buildings 100

Finishing Buildings 200

Packing Plant 100

Retail Meat Cases 100

§L,000_ 31,000



For a thorough exposition of this new technology in the context of a
relented agri-business see [18].

One possible formula suggested by a feed manufacturer: The basic inputs
are: Pig supplier-—feeder pigs; feed dealer—~feed, medication, and
other costs; producer--building, equipment, labor. All costs are
charged to the project at retail to computer profit plus interest.
Returns are split as follows: Producer, 1/2; feed dealer, 1/4; and

pig supplier, 1/4. Another method of dividing the returns among these
three functions is: Producer, $2 per head marketed; feed dealer, 1/2 of
profit; pig supplier, 1/2 of profit.
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