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SUMMARY

An investigation into the dynamic nature of the pork production-
consumptioﬁ system has been undertaken, The purpose of this inves-
tigation was‘to provide insight into how the long-term pork system
dynamics are dependent on the information feedback structures which
control the system's important flows and accumulations. This know-
ledge is needed to understand better the fundamental relationships and
interactions among production, storage, processing, distribution,
consumption, and pricing activities within the pork market,

Cyclical patterns with an average duration of 48 months and
amplitude variations of from + 25% to + 60% characterize the long
term behavior of the pork system. Iarge variations in hog supplies
and prices create problems such as resource allocation for the pro-
ducer, plant utilization for the meat packer, product availability for
the retailer, and proper pricing of pork products for the consumer,

The study examined the way in which important pork system
variables change and interact, and thereby create the cyclical pat-
terns. An industrial dynamics model was developed and used to dem-
onstrate which control loops and coupling loops were critical to the
pork system's performance. Model variables reacted to imbalances

in system conditions, and tended to amplify the step disturbance and
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to create uns‘table behavior., Variations in the receipt of pork sup-
plies were amplified by the meat packers through their delayed re-
sponses to a new input rate of pork supplies and their inventory con-
trol policy., Amplification in the producers!' operations occurred be-
cause of the variable feeding delay and an over-responsive production
pelicy,

Relative to the purpose and objectives of the investigation, the
feedback model was determined to be representative of the actual
pork system structure. Drawing upon the model analysis, several
specific ¢conclusions were evident and recommendations for further
study were suggested. The pork system gave rise to its own unstable
behavior and the closed loops involving the meat packers and hog pro-
ducers were found to be the primary determinants of the behavior,
The modelr was used to demonstrate that in the pork system consumer
responses, retailer inventory control and ordering, and producer
capacity adjustments have little influence on the cyclical patterns,
However, the cycle's period is sensitive to the coupling delay which
connects hog prices to the producers' production response, Similarly
the period is sensitive to the producers' hog invénfory adjustment
time, Amplitudc characteristics of the model's behavior are sensi-
tive to the meat packers' price adjustment parameter, and the pro-

ducers' hog inventory adjustment parameter,



Recommendations were offered for further research into the
short-term effects of seasonal breeding considerations, the impact
of a more dominant, quality and price conscious retailing sector, and
the inclusion (;f feeding costs and alternative profit opportunities of
the producers, So far as implementing the research results, recom-
mendations were made for some type of vertical integration in order
to reduce supply variability in the flow of pork supplies. In addition,
recommendations concerning the study of hog prices were made for
further analysis of the value assessment policy and forecasting pro-

cedure in the meat packing industry,



CHAPTER I

INTRODUCTION

The agricultural environment encompasses an important seg-
ment of production and distribution enterprises in the American econ-
omy. Many agriculturally related enterprises experience large fluc-
tuations in their inventories, production activities, sales, capacity,
and earnings. Cyclic, scasonal, and irrcgular patterns of behavior

have persisted over the years.,

~Research Problem and Objectives

Hog markel patterns of behavior have affected everyone con-
cerncd with the pork production--consumption system--hog producers,
meat packeras, distributors, and consumers., Cyclical market pat-
terns with an average duration of 48 months and amplitude variations
of from + 25% to + 60% characterize the long-term behavior. The
Jarge fluctuations in hog supplies crcate problems of resource allo-
cation, capacity utilization, and product availability throughout the
system, Hog producers' income can be changed radically from one
year to the next, Meat packers must build inventories of frozen pork

while hog prices are high and rising. Furthermore, consumers are



usually forced to pay higher prices for a lower quality grade of pork
products as distributors attempt to equalize supply and demand con-
ditions.

The unstable behavior of the pork system receives consider-
able thought and effort by many interested parties. FEach seeks under-
standing of the institutional, technological, and behavioral complex
in which the pork system functions. The economist's goal is to under-
stand market behavior with respect to price and quantity. He chooses
to de-emphasize the broad range of decision-making processes in the
pork system. Statistical regression studies meanwhile aim toward
explaining the formulation of price and determining the causal events
resulting from a change in price, While many such studies have con-
tributed to a higher level of market knowledge, they appear to have
one shortcoming relative to a broad understanding of the pork system,
The studies do not penetrate into the nature of the decision-making
processes and the way in which these processes effectuate the pork
system's dynanjic behavior.

This problem central to this research is to explain how the
long-term, widely varying pork cycle is dependent on the organiza-
tional structures, operational policies, and information flows within
the pork system,

The system structure consists of (a) numerous independent



hog producers who (b) scll to a substantially smaller number of meat
packers who, in turn, (c) sell pork products to a relative few large
distribution outlets, Various sources of information, including gov~
ernmental, market, and private are used by the system participants
in the breeding, shipping, inventory control, pricing, retailing, and
buying decisions, Knowledge about the nature of the decision-making
processes and the way in which those processes bring about the cy-
clical pattern is needed to understand better the economic forces
which influence price and quantities produced and consumed at various
levels in the system. It is needed for improved policy formulation
and decision making by those people interested in the hog market's
performanc.e.

Related to the research problem are a set -of specific objec-
tives which will serve as a guide in the research effort and the anal-
ysis of its results. Those specific objectives are:

1. To identify some of the controlling feedback structures
and couplings which determine the pork system's
cyclic behavior,

2, To illustrate the feedback structures and couplings in
a quantitative model.

3. To demonstrate that the amplitudes@ phasing, and

periods of observable market variables arise from



the information feedback structure.
4, To show that the system's response is controlled by

certain feedback structures,

Research Approach

The complex environment of the pork production-consumption
system can ber viewed in terms of control system operations. An
agricultural market operates as an information decision-making sys-
tem, Within a given system accumulations such aé capacity, inven-
tories, and earnings have variations which affect the market's sta-
bility., System control is accomplished through the information feed-
back loop. The loop provides a decision-maker \a;'ith information
about the state of an accumulation he wishes to control. The de-
cision-maker interprets this information and determines a decision
which alters the flows into and/or out of the accurmulation., It is
hoped that the action resulting from these decisions \‘;vill eventually
produce the desired changes in the accumulation, |

In this feedback systems approach the methods of Industrial
Dynamics will be used. An hypothesized structure of the information .
feedback relationships which control the important accumulations and
flows relative to long-term dynamics will be developed. The struc-
ture will be transformed into a quantitative modellfor empirical

testing. Because of the complexity of the pork system, digital



computer simulation will be used to generate and record model be-
havior. Simulation experiments with the mathematical model will aid
in developing the needed understanding of the real world system dyna-
mics.

Numerous simplifying assumptions relative to the pork produc-
tion-consumption system will not be required to accdmplish the objec-
tives of this re_.search. Rather the research will include an hypothesis
and model formulation which corresponds closely to the real world en-
vironment. Realism is to be stressed throughout the research effort,

This study will not be directed toward an all inclusive model
formulation which accounts for each variable and interaction existing
in the actual system, The proper identification and isclation of the
feedback structures causing the behavioral patterns will be necessary
for the successful accomplishment of the stated purpose and objectives.
Therefore,‘ cor_nsiderable effort will be exerted in defining: (a) the
system boundaries (b) the information feedback relationships in the
system (c) the important system variables within the feedback struc-
tures and {(d) the couplings which associate the feedback structures.
From this information the research hypotheses of the mechanisms pro-

ducing the long term hog price movement will be developed and tested.



CHAPTER 11
LITERATURE SURVEY

Hog market activities pose fascinating economic questions. A
review of the scholarly literature reveals that various statistical
approaches have been employed in numerous hog market studies.
These studies set out to establish numerical estimates of fundamental
market rolationships with the aim of forecasting future events. There
are two types of studies; short-term studies andrlong-term studies.
Short-term forecasts are typically based on a single equation model,
In the model,r one assumes that a variable, such é.s price or guantity,
can be predicted with several known independent variables. Long-
term studies typically require the simultaneous consideration of many
interrelated variables.

Econﬁmists and agricultural specialists have studied the hog
industry for-néarly one hundred years. In 1876 Benner pointed out the
regularly recufring hog price cycles (1), Warrén, in 1914, demon-
strated the tendency for regularity in the hog production cycle (2).
Furthermc;re, Warren emphasized the relationship between abnormal
corn crops and subsequent hog price movement.

Wallace was the first researcher to apply precise statistical



methods to hog market analysis (3), Wallace stressed the relation-
ship between corn prices and future hog prices, and he performed
multiple correlation studies on the relationship between hog supply
and hog prices,

Warren and Pearson demonstrated that hog production follows
changes in the hog-corn ratio (4). They state that the ratio was prob-
ably the dominant element in creating price changes.

Drawing on the techniques of multiple regression analysis,
Haas and Ezekiel found the dominant influences in the hog market to
be the supply of hogs, quantity of pork products in storage, general
price level, general business conditions, and the prices of alterna-
tive meat products (5).

The study by Harlow in 1959 discussed the principal economic
forces affeétihg the hog industry and quantified those forces into a
statistical -model (6). Harlow stated that the model produced good
results for predicting changes in the direction of the dependent vari-
ables in the fo;xr quarters immediately following the period of fit in
1960; however, the model performed poorly in the succeeding four
quarters of 19.61.

In 1967, Meyers and Havlicek focused their attention on the
development of theoretical notions for analyzing monthly aggregate

supply 'reSponée of live hogs for slaughter (7)., They synthesized a



total supply function which included producer price expectations, but
no empirical test was made on this function,

Many of these studies have been instramental in discovering
key market rclationships. In general, the econometric studies were
limited to simple linear supply and demand relationships among a few
variables, Ht:;wever, many important relationships are not linear,
and significant interactions influence the activities within the pork
system,

The nonlinear, interacting segments can be studied via sys-
tems analysis, Systems analysis can offer convincing evidence of the
true cause and effect relationships in the pork system. Such evi-
dence should contribute to a better understanding of the basic forces
interacting in the market.

In this thesis research emphasis is placed upon determining
the types of processes within the pork system. This emphasis is con-
trary to the statistician's interest in ascertaining'the correct param-
eter values for specified syatem processes. The pfocess itself is of
interest in fhis thesis hecause processes determiﬁe the nature of the
decision meqhanisms, and the decision mechanisms control the pork
system's performance. Moreover for the properly defined and mod-
eled system, a wide range of parameter values can be used in the

system processes without altering the basic behavioral characteristics,



Larson developed a simple model for studying the production
cycle in the hog industry (8). Criticizing the theoretical approach of
The Cobweb Theorem, he modeled the production decision in terms of
the percentage by which production activity should change and not the
absolute level of production as suggested by the cobweb model. After
applying a sbphisticated seasonal and trend removal technique he
fitted cosine curves to monthly data and postulated three linear dif-
ferential equations as a production model of the hog industry. The
harmonic oscillations of the actual data are generated by the model's
solution set, :His model includes the concept developed by Lorie in
1947 {9) - .tha.t the period of cyclic movement is four times the fixed
production lag.

Ina .Eecent article, '"The Quiddity of the Cobweb Theorem'',
Larson offered additional criticism of the cobweb model (10). He
asserted that because economists have been unwilling to dispense
with the supply curve concept, the cobweb model stands as a rigid
theoretical rﬁodel of cyclic behavior. However, he states that "the
result has Béer; that the theoretical construct of the cobweb theorem
has done as much to mislead empirical research workers as it has
done to direct them to a true understanding of the phenomena under
study. " {11, p..' 171)

Frequently, one has the impression that a system approach
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will necessarily involve all of the systems variableé.and relationships.
However, successful research in any complex system requires a re-
duction of the complexity to a manageable portion. This study accom-
plishes this reduction by selecting only those variables and feedback
relationships which give some indication of creating the market's symp-

tomatic behavior, In this way a large confusing structure is avoided.
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CHAPTER III
"DESCRIPTION OF THE PORK SYSTEM

This chapter describes the dynamic behavior and structure of

the pork production-consumption system,

Behavior

The pork system displays two types of time-history behavior
in its major flows and accumulations. Oscillations occur at two fre-
quencies in the monthly data of Figures 1 and 2. The low frequency
variation has a period of approximately 48 monthé. Superimposed on
this low frequency variation is the higher frequency variation with a
period of approximately 12 months. Certain features of the time his-
tory behavior are of particular interest in this study. These features
are presented in the following sections.

Pork Processing, Distribution and Consumption

The data in Figure 1 reveals that frozen and cured inventory
holdings are small compared to monthly production é.nd consumption
activities, An average of 10-12 days' supply of pork products com-
prises the normal safety stock., Since the consumers demand fresh

pork, the packérs attempt to clear the market of available supplies,
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leaving only a small carryover as frozen or cured products,

The phasing and amplitude relationships of pork production and
retail sales determine the variations in the packers' frozen and cured
inventory. Inventory builds as long as production is greater than
sales and declines when sales exceed production, Figure 1 does not
include the data for retail sales. But, the graphic relationship be-
tween packer production, frozen and cured inventory, and consumer
demand serves as an approximation of the phasing and amplitude
characteristics in the mecat packers' sector,

Pork production and consumption are almost exactly in phase
and production varies over a larger amplitude than consumption.
While storage data appears to be smooth in Figure 1, production and
consumption data appcar to be much noiser than the storage data.

In addition to the characteristics relating to production, in-
ventory and consumption, hog price data displays symptoms of the
rescarch pr.oblem. First, cyclic price fluctuations do not occur with
exactly the sam.e 48 month period over the years of plotted data,
Second, price amplitudes of the recurring cycles are not identical.
During the cyclic swing from December 1955 to December 1959, hog
prices ros‘e'from 11,.5¢/1b. for a time period of 29 months and then
fell for 19 months back to 11.5¢/1b. During the previous hog cycle,
prices rose and fell over a period of only 45 months, This 45 month

cycle cnded 4t a price below its beginning value in March 1952, The
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price cycle from December 1959 to November 1963 experienced only
a small change in amplitude, Conversely, the subsequent cycle -
December 1963 to December 1967~experienced a significant price
variation over its 48 month period of fluctuation,

in an attempt to plan for production operations and hog costs
many meat packers forecast their future pork production. At various
times, the acc'uracy of the forecast can modify the basic price-making
forces in the system, Forecasted pork production and actual por'k
production data..in three-month segments is plotted in Figure 3. The
forccasted data was derived from information published in Livestock

and Meat Situation reports (12). During certain periods of the time,

the forecasted three month data and thg realized pr.oduction data cor~-
respond closely. Conversely,the two sets of data differed considerably
during other time periods. For example from late 1960 to late 1962,
the two variables corresponded closely, During that same time per-
iod live hog br-ices fluctuated over a small range, Conversely, in the
period 1965 and 1966, forecasting errors existed and hog prices fluc-
tuated over a large range.

Hog Production

The time-history behavior in Figure 2 reveals certain inter-
esting hog production characteristics. Hog slaughter tends to fluc-

tuate over a period of years regardless of outside factors. The price
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cycle runs opposite to the production cycle: when pro.ducti.on is in-
creasing prices are declining., After a time these movements will
reverse themselves and prices will rise as production falls.

As was noted in the previous section, price cycles are not
exactly regular in amplitude or in their period of oscillation, Extra-
ordinary conditions such as a sharp reduction in feed supplies may ex-
tend a contraction or stifle an expansion in the number of hogs that are
in production..

A pronounced scasonal pattern exists in the hog industry data.
That pattern is also reflected in the data of Figure 1. Much of this
secasonality is produced by the climatological and physiological factors
which the producers face. Production expenses sucl_x as feed, shelter,
and death losses are greater during cold weather than during warmer
weather, Since the producer is limited to breeding his sows two times
a year, the majbrity of producers breed their sows to farrow in the
spring and fall. Thus, two seasonal peaks in sow farrowings occur,
Asa hogs are usually marketed six to eight months after farrowing, the
seasonal patl:érns in slaughter and hog prices are largely determined
by the pattern of farrowing. |

Although attention has been called to the séé.sonal changes in
farrowing, s_lauéhter, and price, seasonality is not one of the focal
points of the syétem problem under study. The model developed and

tested for this research will be shown to generate short term frequencies
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of variation which approach the period of the secasonal patterns. If an
exogenous seasonal factor were forced on the feedback model, the
seasonal patterns displayed in Figures 1 and 2 could be generated,
However, the forced seasonal considerations were not believed to he
important in the system of feedback relationships that determine the
long term hog price movement.

Hog production activities show a marked tendency to follow
changes in the level of hog prices. After a short delay for the produ-
cer to react to an average price level, the producer will begin to alter
the number of'_sows bred. For example, this activity can be traced
starting in 1960 after hog price has passed from above an equilibrium
valuc, where it has been for approximately two years, to below an
equilibrium value. Correspondingly, several months later the number
of sow farrowings turn downward. That downturn is again reflected in
the reduction of hog slaughter activity. Furtherm.ore, the buildup and
liquidation of b;-eeding herds alters the flow of market supplies. Herd
capacity changes occur with the greatest impact during those times
where price has been rising or falling at its greatest rate. During
those times the holding of gilts or shipping of sows re-enforces the
rate of change in price, Although there is no data available on gilts
retained for herd build-up or for sow replacement, the available data

on sow slaughter indicates the tendency for producers to reduce their
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herds after prices begin the cyclic decline,

Structure
Hog production enterprises are of substantial importance in
the farm cconomy, and pork is a regular meat item in the consumer's
food purchaées. The system structure which produces, processes,
and distributes pork can be segmented into four sectors:
(é,) Production
{b} Meat Packing
(c) Retailing
(d) Consumption
Both pork and information flows link these sectors together. In the
following scction, several important structural characteristics are
presented for cach sector,
Production
The quantity of hogs produced depends upon the decisions of
many individuals. Hog production is basically a small farm enter-
prise. (13) A large number of geographically dispersed farms produce
almoest all .of the pork consumed in the United States. Only a small
quantity‘ of pork is imported.
Varying amounts of time elapse between the production decision
and the availability of hog supplies. The producer can alter the feed-

ing period for raising market weight hogs; however, most hogs are
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marketed between the ages of six and eight months, The six-to-
eight-month feeding period coupled with the four-month gestation
period delays the market impact of a production decision.

Alfhough ten to twelve months are required to convert pro-
duction plans into market hogs, production clearly responds to price
levels, Thé‘large number of geographically dispersed farms and the
long production period result in problems in coordinated production
response.(14) The hog industry over-adjusts its operations relative
to changeé in live hog prices, and over-adjustment leads to cyclic
behayior.

Producers decide on a production quantity by considering such
factors as past and current hog prices, supplies and prices of feed,
labor costs, .and alternative livestock profit opportunities. Harlow
(15) shows that the hog-corn ratio has been an "extremely reliable'
indicator of the direction of change in the number of sow farrowings.
However, the proportional relationship between the ratio and the
number of farrowings varies considerably. Since World War II the
relationshilp has been less consistent because gox}ernment price
supports and storage programs for corn have tended to stabilize
corn prices by reducing effects of variations in corn production., As
a result hog prices have assumed a more prominent role in deter-

mining the quantity of hogs produced. (16)
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To transform their production plans into market hogs, pro-
ducers must de‘l:ermine the number of sows to breed. If the proper
sow capacity is not available, female hogs are withheld from the mar-
ket shipments of mature hogs. If excess capacity exists, producers
ship the extra sows to market,

Meat Packing

Hog producers usually have several channels for marketing
their livestbck--public terminal stockyards, local auction markets,
direct sales to meat packers, or sale to livestock dealers. In 1964,
packers pufchased 63 percent of their hogs directly from producers
and dealers, {l?)

Compared to the number of hog producers, which numbered
1, 847,000 in the 1959 Census of Agriculture, the nurx;lber of meat
packing companies is small, (18) In 1964 forty companies slaughtered
and processed 76,9 percent of the total commercial livestock slaugh-
ter. (19)

The range of activities in the meat packers' sector includes
converting t.he_'. live hog to a carcass, dividing the carcass into pork
cuts, proccséing pork cuts, and preparing pork products. Once the
hog is slaughtered, fresh pork cuts and pork products must be moved
quickly to the retailing sector, a2s consumers prefer fresh pork sup-

plies. (20)
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In general meat packers can sell up to 90 percent of their
production to their regular customers., (21) The 'portion that remains
has to be sold to the packers' less regular customers., Pork prices to
the packers' customers are generally formed from a pricing base -
the "Yellow Sheet'. Formula pricing closely follows the patterns of
hog price movement, Although the packers can generally sell all of
their pork sﬁp[:;].ies, price concessions are usually necessary. Thus
the meat packers are committed to moving their pork inventories with
little bargaining strength in théir sales market. Unable to exert much
selling préssure, the meat packers attempt to control their raw ma-
terial costs-live hog prices,

Packer bidding for live hogs reflects the value which the meat
packers attach to hog receipts. That value is determined from the ex-
pected pork sales to retailers relative to the expected hog supplies
from the hog éroducers. Any increase or decrease in the normal flow
of market hogs alters the packers' assessed value of future pork sup-
plies and creates a rapid change in the bidding strength for live hogs.
Thus, the a_vez;age paying price for live hogs is closely associated
with the packers'! sales and production expectations.

AQ the general conditions of pork supply and demand change,
the meat packers' efficiency and profitability are affected. Like the

producers, the meat packers must continually adjust their operations
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to new levels as market conditions change,
Retailing

Retailers buy a combination of hog carcasses, pork cuts, and
processed products from the meat packers, Buying with significant
market péWer, the retailers have become important customers to
cach of their meat packer suppliers. (22) The retailers take advan-
tage of an oversupply situation by adjusting their normal purchases to
the available supplies and offering special pork sales to the consumer,
Conversely, a shortage in pork supplies causes the retailer to shift
the promotional interests to another meat product and adjust pork pur-
chases downward.

Retailers do not adjust the sclling price of pork to their pur-
chase cost as rapidly as the meat packers! seliing price adjusts to
live hog costs. The influence of a retailers' purchase price change
is usually distributed over a six-week period, (23) ‘Thus retailers
are able to dilute the pressures of increased or decreased supplies by
maintaining both purchasing and pricing control in their operations.

Cons urgptioh

Pork consumption is clearly the reflection of hog production
rather than the reflection of a change in basic demand. The basic
demand for pork has not grown on a per capita basis like that for other

mcatl products. (24)
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Consumer purchases depend on the consumer's traditional
buying habits and the availability of pork supplies, When promotional
sales are offered, consumers tend to adjust their purchases to the
level of a_vaila.ble supplies, Since retail prices are the primary pro-
motional attraction, the retailing pricing mechanism must function to
establish the proper price relative to the available supplies of the

retailer,
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CHAPTER IV
RESEARCH HYPOTHESIS

The behavioral characteristics and organizational structures
relating to the research problem have been described in the previous.
chapter. Understanding how those characteristics and structures re-
late to one another helps to provide insight into the systems nature of
the long-terrﬁ price movements. In this chapter a system of feedback
relationships is hypothesized to underlie the dynamic behavior of the
pork system. Based on the research hypothesis a qualitative descrip-
tion of the feedback model is included to provide the reader with a

grasp of the system considerations believed to be important.

Hypothesized Feedback Structures

The hypothegized system of feedback relationships is shown in
Figure 4. The following sequence of events describes how the feed-
back system functions, The meat packing industry experiences an
increase in the pork input rate (hogs are shipped at heavier weights),
and the packers are placed under heavy pressure to clear the added
pork from their inventory., As such, the meat packers attempt to
increase the sales to Lheir regular retail customers (Loop B). As

the retailers observe a new level of pork supplies on the market,
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they begin to adjust their normal purchase orders.- The retailer's
inventorics grow and promotional pork sales are offered to pork con-
sumers, Then, in turn the consumers adjust their normal purchases
of pork to the increased available supplies offered_for sale by the
retail outlets (Loop G). In Loop E retailers attempt to maintain a
desired inventory level. Since the retailers do not respond immedi-
ately to increased availability, the packers’ inventories grow. That
growth creates a change in the value which the packers place on fu-
ture hog receipts (Loop C).

The value of pork changes as a result of the net difference be-
tween forecasted pork receipts and average retail demand., Value
increases when pork sales increase or when the fprecast decreases
and vice-versa. Since the meat packers maintain a poor bargaining
position rclative to the retailers, the packers must act to reduce
their raw material input costs. Thus reduced pork values cause
lower prices to be bid for live hogs. The meat packers attempt to
increase their sales to the retail outlets; yet, packer sales are largely
unaffected by sales pressure from the meat packers,

Increased consumer buying is reflected to the retail industry
through the coupling Loop ¥, Retailers respond to a growing consu-
mer demand by increasing their normal orders to the meat packers,

If the incrcase in the pork input rate sustains itself, the meat
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packers will change their forecasted pork production (Loop A). Based
on the amount of pork expected and the level of pork in inventory, the
meat packers formulate their expected pork availability., Using ex-
pected pork availability in conjunction with the average retail sales,
the packers determine the bidding strength for live.'hogs {Loop C).

An increasc in the forecast without a corresponding increase in aver-
age sales reduces the value of pork supplies; consequently, lower
prices are offered for live hogs. As the level of sales increase
through the retailers' and consumers' adjustments, pork supplies
again become valuable and the packers bid up the érices of hogs,

Hog producers watch the prices being paid for their livestock
(Loops K and I), Accordingly, producers alter their past rate of hog
production and the time taken for feeding hogs to market weight
(Loops J, L, M}. A declining price level induces a reduction in the
hog production rate (Loops L and M). Correspondingly, price de-
clines cause cutbacks on the available sow breeding capacity (Loops P
and S). Cap#city reductions flow to the meat packer and add to the
packers' pork supplies, As prices fall, producers tend to feed their
hogs to a lighter finish weight (Loop J).

Producers rapidly adjust their hog production rate and sow ca-
pacity availability and at times the available sow capacity may limit

the desired hog start rate (Loop Q). Loop O monitors the pig
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production intentions,

Movement continues in the major system variables, and the
meat packers' assessed value of pork supplies turns upward., Al-
though the fneat packers reach an equilibrium condition in their en-
vironment, the other system participants continue to adjust their
activitics toward cquilibrinm positions, The system is carried be-
yond an equilibrium condition by corrections previously made in the
system,

The primary overadjustment occurs in the production sector as
the producers'over-respond to a falling price.

Once the productions cuthacks are felt in the market, the pork
valucs incfea.se in the meat packers' sector. Again, the system
attempts to correct these circumstances by adjusting the bidding
strength for live hogs., The cycle soon reverses itself as the system
participants attempt to maintain stable operations,

The entire system reacts to the forces generated from the ob-
gervation of environmental conditions. For the consumers, the
available supply of pork in relation to their normal purchases creates
buying adjustments, For the retailers, the pork being offered for
sale relative to their normal orders brings forth ordering correc-
tions. For the producers, new price levels give rise to production

changes., For the meat packers, forecasted pork receipts relative
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to their past sales creates pork value,

Qualitative Description of the Feedback Model

The feedback loops and the sequence of events in those loops
described in the previous section constitute the research hypothesis.
In Lthis soction a qualitative description o.f the feedback structures
provides the recader with a grasp on the system mechanism believed
significant, The description is divided into three sections:

1, Production Control

2. Sow Capacity Control

3. Distribution Control
The model flow diagram of Figure 5 displays the system structure in
terms of conventional industrial dynamics flow symbols,

Production Control

Producers determine a Hog Production Rate which flpﬁvs into a
backlog of P1g Production Intentions. When Sow Capacity is available,
the Production Start Rate transforms the intentions into the Pigs
Maturing, A géstation delay of four months and a minimum market
weight delay of five months must occur before the hogs flow into the
Mature Hog inventory. After a delay for feeding the hog to market
weight the hogs are shipped to market. The feeding delay is depen-
dent upon the average level of hog prices in the market.

The producers' decision variable--Hog Production Rate--has
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Flow Diagram of the Model Structure

Figure 5.
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been formulated to represent the aggregate actions of the numerous
market pfoduéers. One component, Average Sow Scrap, places pigs
into production based on the average level of sow replacement due to
old age, A second component, Average Shipping Rate, represents
the throughput of market hogs. The throughput concept relates to the
producer's desire to conform to his past production practices. The
final component, Hog Inventory Correction arises from two separate
and critical system conditions, First the producer must control the
number of hogs in the Mature Hog Inventory, The need for control
arises from the producer's financial resources, space, and labor
availability.

Secondly, Hog Inventory Corrections are dependent on Average
Hog prices. High prices stimulate expansion of past production., Cor-
respondingly, a low profit level stimulates contraction. Expansion or
contraction changes are signaled by a nonlinear dependency on Average
Hog Prices.(Figure 6), The normal stocks of mature hogs are for-
mulated from the Average Shipping Rate and the stock's turnover time,
Using the Fraction Change and the Normal Hog Inventory Level, a
Desired Mature Hog Inventory is calculated. Comparing the
actual stocks of mature hogs with the dgsired level of stocks,
the producer adjusts the difference over a period of several

months. The Hog Adjustment Time represents the desired delay
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over which the producer wishes to correct the observed difference.
As the adjustment time increases, the Hog Production Rate decreases,
and vice versa,

Sow Capacity Control

In the model structure relating to sow capacity the producer
regulates his breeding stock through Sow Shipping ana Gilt Retention
activities, Maintaining idle capacity is expensive due to feeding
costs and easé of obtaining new capacity. Consequently, producers
tend to hold o‘nly those sows needed to fulfill their current hog pro-
duction activities, Capacity changes result from the producers’
desire first to maintain sufficient capacity to meet the Average Hog
Production Rate and secondly, adjust the Pig Production Intentions
to a desired level. Gilts Held reduce the flow of hogs into the Mature
Hog Inventory. Correspondingly Sow Shipments increases the flow
of hogs to the market, The sow capacity structure is coupled to the
main flow path of hogs through information about the producers® Hog
Production Rate. Using averaged information one component of the
Sow Capacity Desired For Breeding is formed by the ratio of Average
Hog Prodnié;ion Rate and the Pig Per So.w constant, The second com-
ponent of desired capacity represents the sow capacity needed to
correct any imbalance in the Desired Pig Production Intentions and

the actual Pig Production Intentions within the adjustment time PPLIT,



35

Desired Pig Production Intentions can be satisfied with the Sow Capa-
city Available For Breeding, the required breeding delay, D1, and
the Pigs Per Sow constant, PPS.

Sow Capacity Corrections adjust the available breeding capacity.
Depending upon the rclative magnitudes of the Sow Capacity Desired
For Breeding and the Sow Capacity Available For .Breeding, producers
act to retain gilts through New Sow Added and to market sows through
Sow Shipments. The replacement of old sows through Average Sow
Scrap makes up the remainder of the capacity decision,

Sow Breeding Rate is implied by the Production Start Rate.
After a gestation delay of four months and a weaning delay of two
months, the Sow Finish Rate adds to available capacity. Sows Ship-
ments drain the available capacity as sows are marketed.

The sow capacity sector and the production sector are coupled
through the Production Start Rate and the Mature Finish Rate, At
times the magnitude of the available capacity can limit the Production
Start Rate and thus alter production sector's response to the Hog
Production Rate. At the Mature Finish Rate, young female hogs are
withheld in accordance with the producer's capacity decision to re-
place old sow, and build his breeding levels.

Distribution Controel

Taken together the production and capacity structure contain
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the production activities of the pork system., The distribution struc-
ture contains the activities of three system sectors--meat packing,
retailing, and consumption,

Meat Packing, The primary decision being studied in the Meat

Packer sector concerns hog pricing. The packer has practically no
bargaining strength over the retail segment. Pork sﬁpplies must be
moved quickly into the distribution system. As available meat sup-
plies fluctuate packers sense different values for the live hog, For
example, reduced supplies of pork create higher values of meat, thus,
the packers ténd to bid livestock prices higher, Oﬁ the other hand,
increased supplies reduce the value of their product and prices for
hogs are lowered, In essence the packers cannot exert pressure
upon the retail industry but can control the prices paid for live hogs.

To control the prices paid for hogs, bidding strength depends
on the imbalance of Forecasted Pork Input Rate, Desired Carry-over,
Frozen and Cured Inventory and in addition, to the Average Retail
Demand., The net differcnce represents the value of the packers!
meat suppiies. Changes in the hog prices are derived from a ratio
of the net difference to the Price Adjustment parameter,

Retailing, In the retail sector the primary decision being
studied is retail ordering. The retailers determine their order rate

to the meat packers based on a desire to meet the Average Consumer
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Demand and control the pork supplies in Retail Inventory. The differ-
ence between the Desired Retail Inventory and the actual Retail Inven-
tory is corrected over the Retailers' Adjustment Time., In addition,
orders ge.nc'afa.ted by the retailers respond to the por.k supplies which
are being offered for sale by .the meat packers, The retailers recog-
nize the merits of special sales or de-emphasis of pork products dur-
ing thosc times when pork supplies are abnormal; hence retailers
determine the Retail Order Adjustment based on the imbalance be-
twecen Normal Retail Orders and the Desired Packer Pork Sales. Any
imbaiance is adjusted over the Retail Order Adjustment Time,

Consumpﬁon. The primary decision in the consumption sector

concerns consumer buying of pork products. The decision mechanism
responds to Tfaditiona.l Consumer Demand and Consumer Purchase
Adjustments. Consumers buy their Normal Purchases adjusted either
higher or lower in response to available supplies. Adjustments are

made over the Buying Adjustment Time,

Quantitative Model

The feedback model described qualitatively was transformed
into a system of first order difference equation for the purpose of
testing the research hypotheses. Nonlinearity and complexity of the
system of equations necessitated model synthesis and experimentation

based on computer simulation. With the aid of the Dynamo language,
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the system of equations can be solved sequentially over time and the
resulting system behavior studied.

Model synthesis was a goal seeking activity. The goal sought
was a feedback structure which realistically produced the character-
istic bchavior being studied. To reach this goal various loop con-
figurations, parameters, and couplings were chosen relative to the
symptomatic behavior.

The model structure in Figure 5 displays the e¢nd product of the
synthesis process. A complete listing of the model's equations, sys-
tem delays, constants, adjustment times, and variable identification

is provided in the Appendices.
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CHAPTER V
MODEL ANALYSIS

This chapter develops an understanding of the pork system’'s
cyclic movement and causal mechanisms underlying the movement,
The simulation experiments selected for the model analysis provide
(2) a demonstration that the information feedback model generates the
desired modes of behavior in a logical and consistent manner and (b)
an assessment of each loop's importance in controlling the system's

response,

Description of the Basic Model's Behavior

A step input to the meat packers' operations is used as the basic
model test function. The input creates excessive pork supplies and
forces the various model sectors to adjust their activities to new sys-
tem states, Model variables are sequentially calculated every one-
tenth of a month and plotted as a function of monthly elapsed time from
initial model gr_mditions. Table 1 shows the symbolic representation
of the model variables which are plotted for illustrative purposes in
this chapter..

In the following two sections the model's validity and general

behavior are discussed,
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Model Variable* Symbol Represented by
Price of Hogs PH P
Slaughter Rate Auxiliary SRAl S
Hog Production Rate HPR 1
Hog Inventory Corrections HIC G
Sow Farrowing Rate SFR F
Sow Shipments S5 zZ
Sow Capacity Corrections SCC O
Sow Capacity SC W
Frozen and Cured Inventory FACI N
Consumer Demand Rate CDR C
Pork Input Rate PKIR K
Desired Packer Sales Rate DPSR D
Average Retail Demand ARD R

* Fach numerical value, except for PH, must be multiplied by 103
before comparigon is made to the actual pork system data,
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Construct and Response Validity for the Basic Model

The model generates the pork system's behavior via the struc-
ture of information feedback loops identified in the previous chapter.
Within the feedback structures, decision-making pfocesses convert
information about certain system conditions into sector activities,
These activities are governed by policy statements which approximate
the dominant response relationships of numerous decision makers.
The model's feedback structures were developed using actual system
delay times, policy statements, and market structures which exist
within the system boundaries of the research problem, System var-
iables were selected and interconnected based on knowledge about the
actual system operations and the principles of dynamic systems ana-
lysis,

The model's response to the step input test function provides a
test of response validity. The model should generate time patterns
of behavior that do not differ in any significant way, relative to the
objectives of the study, from the actual system. (25) The time pat-
terns of behavior shown in Figures 7, 8, and 9 résuit from a ten per-
cent step input applied to the basic model (Figure 5 and Appendices).
Ccrtain behavioral characteristics in the model's performance pat-
terns are pertinent features of response validity, First long-term

cycles in the major variables occur with the following amplitude
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ranges:
Basic Model Average Cyclical

Variable Performance Range ' Range
Pork Production

{Ibs /month) x 107 B.550 =~ 1,145 7.850 ~ 1.140
Pork Consumption

{1bs/month) x 109 8.500 - 1.140 7.800 - 1,100
Hog Price (¢/1b) 11,50 - 20.00 12.00 - 26.00
Frozen and Cured

Inventory (lbs) x 105 1.800 - 3.200 1.800 - 3.500
Hog Slaughter

(hog/month) x 106 5.588 .~ 7,126 4.450 - 6,850

As appears to be true in the actual system, the basic model generates

production fluctuations which are larger than the consumption fluctua-

tions. Furthermore, production and consumption fluctuations are

noisier than frozen and cured inventory fluctuations, as observed in

the actual system., The model behavior displays no tendency to atten-

uate the fluctuéting behavior and hence sustained oscillations result.

Sccondly, the model variables oscillate with a period charac-

teristic like that of the actual time history patterns. Periods of

approximately 48 months exist in the fluctuations of the pork system.

Examination of the patterns in Figures 7, 8, and 9 reveals that per-

iods of 52, 48, 49, and 49 months occur over the simulated time

horizon. The 48 month interval separating the peaks of the model

variables indicates approximately the natural period of the pork

system,
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Thirdly, the phasing relationships in the basic model's perfor-
mance patterns are like those of the actual pork system data in Fig-
ures 1 and 2, Examination of Figures 7, 8, and 9 shows that the
peaks and valleys of production and consumption occur at approxi-
mately the same time. Inventory peaks and valleys occur approxi-
matcly at the crossover points of production and consumption. Hog
producers arec increasing production at the fastest rate when prices
are at a pcak and sow capacity is at its peék when hog prices are de-
creasing at their fastest rate, Furthermore sow farrowings lead hog
shipping by the variable delay time needed for raising pigs to market
welight,

General Behavior

Closer examination of the model behavior provides insight into
the pork system's oscillatory nature., The oscillations result from
the over and under corrections continually made by the system parti-
cipants, Referring to Figures 7, 8, and 9, a description of the forces
creating the behavier is prescnted below.

Time 12 to Time 24, Increased pork supplies, brought about by

the step input at time 12, immediately sends the system into its char-
acteristic modes of behavior., The packers' expected pork availability
and the desired packer pork sales rise due to the incfeased inventory

of frozen and cured pork. Under the pressures of forecasted in-

crcases in pork supplies and larger inventory holdings, the packers'
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value assessrﬁcnt goes down, thereby lowering bid prices. Soon
after hog prices decline, producers market hogs faster and decrease
hog production. The Hog Shipping Rate amplifies the original effects
of the step d.isturbancc.

Even though prices continue to decline over a 12-month period
(Time 12 to Time 24), hog production rate reverses its downward
movement at time 18, The reversal occurs as two conditions arise.
First, the producers attempt to maintain production levels near pre-
vious production operations; consequently, rising hog shipments (duc
to the shorter feeding delay) create a2 short-termed increasing pro-
duction order rate. Secondly, increased production operations lose
desirability.because of lower price expectations. The nonlinear
functional rclationship of Figure 6 becomes critical during these sys-
tem conditions. The producers' cutbacks do not change proportionally
with the average price level. As the average price level drops, the
slope of the percentage change relationship becomes less steep and
eventually becomes zero, Consequently, even though price expecta-
tions might indicate a reduction in hog operations, the combined effects
of maintaining past production levels and reducing production only up
to a maximum percentage cause the production rate to turn upward., In
cffeet, the nonlinearity in loop K of Figure 4 forces the loop dominance

to shift from the Mature Hog Inventory Loop (loop M) to the Shipping -
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Production Loop {(loop L).

During the production cutbacks, capacity adjustments are made
on Lthe available breeding levels, Figure 7 illustrates sow shipments
rising and sow capacity declining as the producers bred fewer sows.

Time 24 to Time 48, At time 24, the packers' assessment

policy dictates higher pork values; hence, hog prices reverse their
downward swing., An upward movement of price continues until time
35. At that point, the packers are receiving the hog supplies started
in production approximately ten months earlier. Until those supplies
can be moved to the consumers , hog prices will reflect the decreased
value of additional pork supplies, The upward price movement con-
tinues again at time 39 as the sharp drop in hog slaughtering reduces:
expected pork availability.

Consumer demand fbr pork products follows the availability of
retail supplies, Frozen and cured inventory absorhs the difference
between the packers' production activities and the retailers! orders.

Starting at time 41 (relative to the original equilibrium condi-
tions) the producers switch from an overall activity of production cut-
back to production build-up. A rising price level indicates higher
prices to the producers and production opera.tions.bécome expansion
oriented., Sow shipping drops to the old-age replacement level and sow

capacity conditions indicate gilt retentions.
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Time 48 to Time 74, At time 48, hog prices reach a peak

value. System conditions indicate increased expected availability due
to the sharply rising hog slaughterings at the packers' operations.
The hog production rate continues to increase as the average level of
hog prices indicates positive production corrections to the past pro-
duction activity. Correspondingly, sow shipments remain at the nor-
mal replacement level,

Production expansion continues until the average hog price
level crosses below the equilibrium value (Time 67). Prices keep
falling, however, because the packers are receiving hogs from the
expansion activity approximately eleven months earlier. Falling hog
prices cause the producers to ship faster and amplification occurs in
the price movement,

At time 74, the cyclic movement completes itself and similar
system conditions exist in the model as it did at time 12.

General Rehavior with Noise

Additional insight into the system's characteristics can be ob-
tained by ap'pl.yi‘ng noise to tl‘.he pork input rate. Random noise distur-
bances contain a broad range of component frequencies., If the system
selects certain periodicities to amplify, then the system is said to
have a natural period. In Figure 10 model behavior with noise shows

the 48-month natural périod in the pork system. Throughout the model
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run, random noise causes the system variables to fluctuate around the
initial equilibrium values, Furthermore, because the forecasting
process has been rmade less accurate, the system variables oscillate
at greater magnitudes than in the error free behavior of Figures 7, 8,
and 9,

Summary of the Basic Model's Behavior

Construct validity in the feedback model is supported by the
realistic representa.tion of the actual pork system processes, Response
validity of the berformance patterns shown in Figures 7, 8 and 9 is sub-
stantiated by similar amplitude, frequency, and phasing relationships
evident in actual system data. Model variables react to imbalances in
system conditions and tend to amplify the step disturbance and create
unstable system behavior. Variations in pork supplies are amplified
by the meat packers through delayed reactions of the value assessment
policy. Amplification in the producers‘ sector occurs because of the

variable feeding delay and over-responsive production mechanism,

Controlling Features of the Model

The feedback model shown in Figures 4 and 5 has numerous
loops and parameters which could be tested for sensitivity. Through-
out the model synthesis process certain model features were found to
be relatively unimportant in controlling system behavior. Some fea-

tures, however, were found to be critical to the system performance,
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This section provides an agssessment of each loop’s impor-
tance in controlling system response. Model experiments were made
in accordance with the following procedure:

a. For a control loop:

(1) Examine the effects of a change in a flow path delay
time.

(2) Examine the effects of a change in the adjustment time
or the nonlinear decision component within the loop.

(3} Examine the effects when the contrel loop is made in-
operative.

(b) For a coupling delay:

' (1)' Examine the effects of a change in the information

smoothing constant within the loop.

The simulation runs obtained from the research experiments are eval-
uated to find those parameters and loops which have the most drama-
tic effect on system behavior. By contrasting the individual runs
with the basic model behavior of Figures 7, 8 and 9 the system effects
can be asgessed, The results of the model analysis will be presented
for cach of the four model sectors - Production, Meat Packing, Re-
tailing, and Consumption,

Production Sector

The first critical area of the rnodel is believed to be the
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production sector. Response characteristics indicate that producers
over-respond to the average price level., Coupled with long produc-
tion delays the over-responsive producer perpetuates the forces inter-
nal to the system and carries the system beyond equilibrium conditions.

Hog Adjustment Time. The producers alter the hog production

rate in response to price expectations. Production control is accom-
plished via the policy mechanisms within the production sector., In

the mature hog control loop, the production delays are large compared to
a small adjustment time parameter, and stable system behavior can-
not be achieved, The long delays and short adjustment time cause an
overshoot in the mature hog inventory.

Overshoot occurs because the production adjustments are made
without accounting for those adjustments already in production, but
not yet in the hog inventory, Producers adjust their production activ-
ities until the hog inventory reaches some desired level; however, the
quantity of hogs that flows from the production operat'ions after the
desired level is attained carries the inventory beyond the desired
level.

Relative to the overshoot condition, the hog adjustment time
is the most sensitive parameter in the production sector. Model ex-
periments made with alternative values of HAJ'T réveal varying per-

iod and amplitude characteristics in the system's response,
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Figure 11 illustrates the model behavior with HAJT = 4. A
larger adjustment time causes the producers to place fewer hogs into
production prior to the hog inventory reaching its desired level. Since
fewer hogs are in the production pipeline, the inventory overshoot is
less.

System stability is greatly improved with the longer adjust-
ment time. Damped oscillations in the system variables eventually
settle to a steady state condition. KEven though stability is improved
with the longer adjustment time, system responsiveness is sacrificed,
Loonger periods of movement occur and smaller fanges of fluctuation
result.

Conversely, smaller values of HAJT cause the system to os-
cillate with large amplitudes and higher order frequencies superim-
poscd on the-basgic 48~-month cycle. The model behavior shown in
Figure 12 demonstrates the unstable market activity which results
from a parameter value of HAJT = 1. Because the producers react
more rapidly to correct the hog inventory, larger numbers of pigs
are placed into production before the inventory reaches its desired
state., The system attempts to adjust to the producers' over-respon-
siveness by rapidly changing price levels, supplies offered for sale,
forecasts, and buying and ordering patterns, Nevertheless, the con-

tinued rapid production adjustments place such large quantities of
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hogs into the system that the various sectors are caught in a vicious
circle of unstable operations.

Production Changes Relative to the Average Price Level., With-

in the production sector, a functional 'relationship was assumed to be
representative of the producers' reaction to average price levels.
The basic model contains a relationship developed from data relating
to response activities of the producers, Test runs were made to
study other nonlinear functional relationships. Figure 13 illustrates
the test relationships, Depending upon the slope characteristic and
saturation points tested varying amplitude and dampening character-
isterics were obtained.

Changing the slope of the nonlinear component corresponds to
the testing (;f an adjustment time. For cxample, increasing the slope
accomplishes the effect of 2 decrease in an adjustment time. The
steeper slopes create larger production adjustments and makes the
systermn more responsive; however, stability is sacrificed. Con-
versely, slopes less steep cause the producers to respond over a
longer period of time to a given average price level., The corrections
made to the hog production operations are thus smaller and the sys-
tem behavior displays noticeable damped characteristics,

Hog Inventory Control. Although the produéers over-respond

to price information, the inventory control loop attempts to maintain
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the number of mature hogs within economic bounds. When the control
loop is severed, the system oscillates over a wider range of ampli-
tudes., The larger swings in system variables point out the constrain-
ing features of the control loop. Model behavior geﬁerated without the
control loop is shown in Figure 14,

Coupling Delay - TAHP. Model experiments on the production

sector confirm the importance of over-responsiveness to price infor-
mation, In view of this importance, model experiments were per-
formed to determine the system sensitivity to variations in the coupling
delay, TAHP. Delay parameters of three, six, and twelve months
were substituted for the basic model value - TAHP = 5,

Shortening the coupling delay couples the loops in the production
sector more tightly with the loops in the meat packing sector, and as
such, the loop interactions are more significant, Comparing the model
behavior of Figure 15 with that of the basic model beh;vior in Figures
7, 8, and 9 reveals that the amplitudes and period of oscillation are
increcased. Thus the tighter coupling leads to a more rapidly fluctuat-
ing behavior mode in the pork system variables, Moéel runs with
parameter values of nine and twelve months show .increasingly damped
behavior.

Capacity Control, Because of the relative ease of obtaining new

breeding stock from the hog inventory or shipping excessive breeding
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stock to market, the control characteristics of the capacity operations
arc believed to be unimportant, However gilt retention and sow ship-
ping activities alter the normal flow of market hogs in times of capa-

city cxpansion and capacity reduction.

Loop analysis confirms the belief that the controlling aspects
of the capacity activities are not dominant features of the model.
Variations of considerable magnitude were listed in the following
capacity parameters:

(1) CAJT =.5, 1,0, and 2.0 months

(2) PPUT =,5, 1,0, and 2. 0 months

(3) TAHPR = 2.0 and 3, 0 months
Furthermore, deactivation of the production intentions control loop
results in model behavior very similar to the basic model,

Meat Packing Sector

The second critical area in the model is believed to be the meat
packing sector. Within this sector, the value assessment policy is
assumed to depend partly on information about the frozen and cured
inventory level, When the inventory information lébp is cut from the
decision policy, model behavior changes dramatically (Figure 16).
Oscillatory behavior remains an important feature of the response
patterns; however, the oscillations decay to a steady state condition,
The steady state condition indicates improved system stability. Con-

verscely, the behavior of Figure 16 also indicates that the system is
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less responsive since the period of oscillation is increased substan-
tially, Thus, a trade-off is made between system stability and system
responsiveness,

Additional model experiments were made on the meat packers'
sector., The price adjustment parameter reflects the packers' pricing
responsiveness to a net difference in the average rate of sales and the
cxpected pork availability.' Doubling the value of PAJT indicates that
the packers are less enthusiastic toward changing their input cost and
vice versa., Figares 17 and 18 show model behavior using two differ-
ent values of PAJT, Under these two conditions the model behavior
changes dramatically from that of the basic model, Using PAJT =
100, 000 small amplitude variations occur in the price, production, and
consumption rclated variables. Conversely, using PAJT = 37, 500,
large amplitude fluctuations develop in the model behavior.

Retailing and Consumption Scctors

The retailing and consumption sectors are believed to be rela-
tively unimportant model features. The insensitive nature of the
parameter values in the control and coupling loops confirms that a
wide range of parameter values can be used in the policy mechanisms
without changing the basic behavioral characteristics.

The following values werc tested in the parameters of the

retailing and consumption sector:
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{1) BAJT = .5, 1.0, and 1, 5 months

(2) TACD 1.0 and 3.0 months

(3) TARD 1,0 and 3.0 months

(4) RAJT 2.0 and 3.0 months

(5) TTCDR = .5 and 3.0 months

The retailing inventory control loop was taken out of the model
in order to test the controlling features relative to retail inventory.
Under this model condition, the system behavior remained almost
identical,

Only one parameter, ROAJT, was found to be critical in the
retailing and consumption sectors. The meat packers attempt to sell
all of their pork supplies, with only a small quantity held as a safety
stock. Retailers adjust their ordering rate to the pork offered for
sale Dy the meat packers. Variations in ROAJT produce behavioral
patterns which begin to deviate from the basic model's performance.
The superior bargaining position of the retailers prevents the packers
from accomplishing any significant change in the retailers’ adjustment
response RO.AJT. However, if the packers achieve a stronger posi-
tion in the market system, .the parameter will become a more signifi-

cant feature,
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

The main body of the thesis develops the research objectives,
The model analysis of Chapter V provides insight into the dynamic
nature of the cyclic fluctuations in the pork production - consumption
system., Drawing upon the model analysis, several conclusions are
evident and recommendations for further research and analysis are
suggested,

The conclusions reached as a result of this investigation are
broad in scope since the decision processes under study represent
aggregate activities of numerous participants, Nevertheless, the
importance of the broad conclusions and recommendations is germane
to the level of study. Omne general conclusion and four specific conclu-
sions are precsented below. Following the conclusions, three recoms-

mendations are presented.

General Conclusion

The purpose of this research was to explain how the long-term
dynamics are created in the pork system., To fulfill that purpose a
fecdback structure has been synthesized, tested, and analyzed. The

tests and analyscs show that the structure has both construct validity
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and response amplitude and phasing validity, Thus, it can be con-
cluded that relative to the purpose and objectives of this research,

the model structure is representative of the actual pork system.

Specific Conclusion

1. The pork system gives rise to its own unstable behavior, A dis-
turbance in pork receipts at the meat packers' level creates the
undamped behavioral patterns observed in actual data of the pork
system.

2. The activities of the meat packers and hog producers are the
primary determinants of sfstem behavior. Loop analysis in the
producers' sector indicated both short and long-term effect of
producer responsiveness. In the short run price ;:ha.nges alter
hog feeding delays, and hog price changes are. subsequently am-
plified by abnormal hog slaughtering. In the long run producers
over-respond to hog price changes. The over-response is mani-
fested through future hog marketings being greater or less than
needed to maintain equilibrium price conditions. Ioop analysis
in the hog inventory control loop indicated the sensitive nature of
the producer adjustment time HAJT and the information link from
hog inventory. Long adjustment times create 2 more stable pro-
duction-price relationship and,conversely, short adjustment

times produce more system instability, Furthermore, the cycle's
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period was found to be sensitive to HAJT values. The controlling
aspects of the hog inventory information link was found to be im-
portant in constraining the unstable tendencies of the producers .
L.oop aqalysis in the meat packers' sector indicated that the value
assessment loop was sensitive to parameter changes. Loop
analysis also indicated system sensitivity when the inventory con-
trol information link was cut and more stable behavior was pro-
duced.

Amplitude characteristics of the model's behavior were found to
be sensitive to the meat packers' adjustment parameter, PAJT
and to the hog producers' adjustment parameter HAJT.

The model analysis demonstrated that in the pork system con-
sumer response, retailer inventory control and ordering, and
producer capacity adjustments had little influence on the cyclical
patterns.

Loop interaction between the meat packers! s.ector and producers'
sector depends upon the value assigned to the coupling delay TAHP,
Shorteniné the delay coupled the packers' sector and producers'
sector more tightly and vice versa. Tighter coupling led to
greater system instability and responsiveness, whereas looser
coupling le.d to a more stable but less responsive system, The

cycle's period was found to be sensitive to this coupling delay,
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6. Forecasting errors in the meat packers' sector cause instability
and sustained oscillations in the model behavior., The inability
to forecast accurately drove the system variables to larger
amplitudés of fluctuation; nevertheless, the basic frequency

characteristics of the system were present,

Recommendations

Several recommendations for further research and analysis
can be made r(.:la.tive to the feedback model, system parameters, and
loop analysis., For example, scasonal production habits could be used
as a forcing function and shorter-term characteristics could be
studied, Addiﬁional timme could be spent collecting information on the
activities of the retail sector. The retail sector will probably grow
morec dominant as the producers and nieat packers become more
responsive to the retailers' pressures and incentives. Substantial
work could be undertaken in the area of producer price expectations.
Past hog prices are the factors considered in this research; however,
other factors such as feeding costs and alternative profit opportuni-
tics may he important,

Recommendations can also be made relative to implementing
the research results., Given the desire to diminish the variability in
pork supplies, new policies for system control must be developed,

The new policies can be constructed upon the base of systems
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understanding which has been developed in this research, Improve-
ment criteria will have to be defined and translated into behavioral
characteristics, Then new system behavior produced by changes in
the model structure or parameters can be evaluated.  Some form of
vertical integration may be the means by which pork supplies will flow
in a more steady stream throughout the system,

Given the desire to study in greater depth the hog pricing
mechanism, additional analysis must be made in the meat packers'
sector. Analysis in the meat packers' sector should focus on the
value assessment policy and forecasting procedure. For example, the
packers' desired inventory carryover was formulated to be a constant
valuc; however, a seasonally varying end-of-month carryover may be
more representative of the actual operations. Substantial work could
be done in determining the accuracy of the packers'! hog receipts fore-
cast, The systems effect of an inaccurate forecast was demonstrated
in this rescarch to be a destabilizing influence, Substantial work
could he undertaken in developing a decision rule for predicting the
timing and resulting magnitude of a future turn in hog. prices. An
underatanding of the causal mechanisms of the meat packers' sector
should serve as a basis for determining the information components
nceded in the deciaion rule, The information compohents to be in -

cluded must be ones on which current available data isrpublished. A
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valid decision rule would be beneficial for planning inventories in the
meat packing and retailing sectors, or for developing hedging and

speculative positions in the futures market,



APPENDICES

74



LIST OF ‘MODEL EQUATIONS

75



76

PURK PHODUCT | U/ v SympFedn  SeaTeu TESh - MUDEL——— o

PRUDUv T [UN CUNTRUL Scoldn

RUN

8A HPRenizsASSeKtrile o n+ASK ek

Ly PPLsABPP [ o J+{U ) (PR =P ar e JI) - 0 o o e
OGN Pri=34¢4d

24K PORAsRFALNCPSRLI o2 D oK)

6R PoReALEPSHA X

20A Porlekz=PPlex/u1

C BlZed

irg Mk asdAL N lurl) S oo o T TS e mmsmms e e
JON MrrAzZpUXLJAY(CCr )

C CL2OoUY00

oA AL HAW ) JASP SR JK

7R Ap RoaL=MFRARI 0 a"ayAsK

1L MH [ oA=MA ], J+(Ul)cﬂfﬂ J«-Hbd JA)

ON - MHLS13333.4 - o - e S
2UA  MAVeREMHL /DI .

12A HoASKEMA] aK/ULS oK
S0A DL TABHL (UL »ApLlSeKrlircorld;

C PDLSTAS]1/1 . J/lof/2/202/£ Q7245724873

3L AF LD K= AP[).J+(0;J(1/|&HIS)(PN Jear iS.J)

oN AR losl6- . . e e e . o eme i e s
C TaPlsso

4R ASH s ALSMINIMAV e KaMIgALK)

3L ASReAZAOR S+ (VT I(L/ZIASR)I(HIN . UK=ADR, J)

C TASR=¢

6N AdHEb000./7

D2UA FulhAeRZJABHL{rCu Al s AP K21l Urd201)

C FLUUATR =", 10/ 106/", 15/ 14/ 119/ u0d/u/. 00/.11)/ 14/.15/ lb/olﬁ
7A FULeK2l+FCLANA

124 DMHL e KZ(NMA] e K I(FoeCaK)
124 NMAL A={ AR K I{UL O K)
21A HICeKz(l/HAJT I (UMM e K=Mri] ¢ X )

c HAJ 124
CAFPAGLIY CuniguL SeCiux

[, aleRLSaHA &

ia GHAYKSNIALsKTALS, N

39R GUHRRWALSUELAY SCunr naed)

SzL BSUAB e KZS5CAB e J¥ (JT )l e JK¥DFNA o JA™ bb JETS SR JK )

5N IVAUSYOD 22
2UR 20HeKLIPSRALK/PPS
c Pry={

3YR OFReKLFZULLAY3(SORe ghsrd)
¥R SENReRLSDELAYI(oFR, uK22d)

/n 5394 AL=ISR A+550 oK
BA SUIRFSCAD KPS ueKTSH K
1L SiuenZSLgedt (Ul ) (OHReJK=SFRedR)

6N Jlussyuy,.d



L
6N
12A
SeL
4N

134
21A

214
21A

204
26A
2UA

L
6N

aA
12R
rTA
454

1
6N
3L
6N

3L

214
12A
fA

21A
Z1A

1L
G
3L
ON
c

SHALKISSRIRFSOULREHSKYIK

77

SHaR=sW o J e (T ) (oF R, JR=5F Nty Jx)

Y EAS 2L Y

MO>e K (SCABK)I(PFS)
ArPReKSAHPR  J¥CUTH(LI/ TARPRICHPR e U AHPR Y
AHPR=68Y6,6

TAHPR=1

OPPLenZURPSICULI(SCAN.R)

PPIC AB(L/PPIJTI(PPLoK=UPP I K)

PPldlzelD

SLUBWABLL/PPSICAHERIKHPPLICWR) . el
SCCWK=(1/CAJII(oCUGg s K=dCAB W)

CAJIZLlS

SoCeksMAX(Jr=s0LL, 1)

NIAL JaMAX( Vs >CL )

SORH=ESC e/ S0

SL=30 — L . ST
ASSeK=ADS AU EIC4/TASSI(SSHRVJ=ASD )

ASS=deY Y

TASa=¢

MEAT PACKING CUNTRuUL Stiiun

PRIRSsKL=(CSHAL ) (FKPHK)

PAPH KSPKCHPTES | N

PIeSTK=STEP(LOspPIN)

Pin=lg

PR = L8 e e
FACLen3FACL U+ (DT I (PKLIR JR=DTHaJK])

FACL=22VQ0uV .
DPKLIRsKRBUPR R eJH+{HTI(L/IPKP)(PRIR«JE=UPK]IRed)
UPKIr=1luuguuy

TPRP=479

FPRLIRaNEFPALIR I+ (YTICL/TAPRIDI(PAI R IN=FPK[ged)
FRALIR=10UQU0Y

fAPR]=¢

IPIRKE(L /4CUAAYLFALIC (4P LRan)
FACLICK=(FACLK) (L)

[CUOAWRE1I+]LUD

[Luuse2n» L e e e
EPAasXK=(1/ 1 CuUAsI(raviContrPnlit.d)
CPaR=(1/PAJI1I(ARD P K™EPAK)

PAJIESUVUY

Pﬂ|ﬂ=PH9J*{JI)(CP‘J+U)

Pn=16

ARP o KZAAP  Je (UL /T ARP ) (P U=AdP oY)
AP =16

TAHV =5



78

RETAJLING CONTHRUL SECT YA o

B4R SleAl=aMintrAvenad2InALK). e . - T
2UA FAVer=FACLloK/UI

7A SIRAVKENRUsKEHI I, A o o ) o o B
Iy Rl asRE U (UTI(OTH [ UN=UUR ,Jh)

6N Al=1louuvuy

12A DRl eka(ACL k(T TR

¢ Tind=1 . U, - _ e
Z21A AL en= LIIHAJIJ(UHl K'HI RJ

C Radl=1 , oo e

A Wt e X=ACU ﬂ+R1L ®

214 RUJ X1 /RUAJTILDP SR o ®NRL . K)

C RUAJT =1

kTR AU« KSARD G J#{UTI(L/1ARD)(DITRUK=ARU4J)

&N AUElUvuQuy

o TAKUS oD o o e e e —

CUNsUMPIlun wONTROL obECTUR

S4R CURGHKLEMINC(RAY qa v DHA (K)
CUA RAVsK=ER1LK/70T

TA CURAMRSICIH KeLP Jak - e e e e
3L AUsK=ALD . J*(Ul)(1/|ALU)(LUH-JK'AL01J)

bn ACUS10U00YY

c TACUS 24D

i TOCUR AT JCURJ ¥ (U ICI/TICURIACUR «JK=[CURJ)

oN TLurR=10UOUL

c r i LUN ‘ . . . . . . e ————— e = — e am

12A NP sn= (lLDR-h)(l)
214 CPUeK=(L/BAJTIIR] e =NPWK)

c Bavi=zen

pPrlni 1J“V”’Pfl’Hbd“’HSN'PHIZ)Mb'MFH’HSH’ASH’uH/J)55:55H:;stN5AC.N3AC/4
X1 IMHL s UMAL s NMA L2 AT v p CC/O ) ppioupploppl s AHPR2SCOB/70)ISCAEI S 4o 51 G25C,
X< SR/ P )SERSFNR,ICLsp) SRAL, Padn b BALR G PR IR /o) 9 TRyt RS ARy AGL , TCUR ,
X3 TUIPAVPSTRAPRAYPCURAZLLIFACLRI2DRLPRIC/L2IAHPIARUP CPaPH PRZL3)R]
X4 AP 2CPUSUPSR/14)ASA,ULS

PLUOE  PraP (2235 )/FALlzn?priRag2iuhzC{eltbori,.2oE0,

PLUI SUSW(4VUU,0UJU ) /ST REF ,5534(V,10U0)/5CL=Uu(=ful,1400)
PLOT  PrHEP(S»39)/HPH=122RA1S2(1BUUS ¥9UU I /RICSG(=9u0r 3600}
PLOS PH=EZ (02 30)/F ACIEN?PRIASAALUR=L 2102 ak2EB)/ORALESCLIO0ULPIVD)I/SCSN
X1 (400UV»BUID)

SPEV Dissl/LbnNgTHzedo/rRIPER=24/PLIPLR=2



HPR
PPI
PSRA
PSR
PSRR1
Dl
MFRA
FC

CcC
MFRA*]
MFR
MHI
MAYV
HSA
DLS
DLST
APIS
TAPIS
HSR
ASR
TASR
FCCA
FCCAT
FCC
DMH]I
NMHI
HIC
HAJT

GHA
GH

79

-LIST OF VARIABLES AND PARAMETERS

Production Control Sector

Hog Production Rate (intentions/month)

Pig Production Intentions (intentions)

Pig Start Rate Auxiliary (pigs/month)

Pig Start Rate (pigs/month)

Pig Start Rate One (pigs/month)

Dclay one (months)

Mature Finish Rate Auxiliary (hogs/month)
Feeding Constant {months)

Constant For Boxload (hogs)

Mature Finish Rate Auxiliary for Car One (hogs/month)
Mature Finish Rate (hogs/month)

Mature Hog Inventory (hogs)

Maximum Availability (hogs/month)

Hog Shipping Auxiliary {hogs/month)

Delay For Shipping (months)

Delay For Shipping Tab hl {months)

Average Price Influence on Shipping (cents)
Time for Averaging Price Influence on Shipping (months)
Hog Shipping Rate (hogs/month)

Average Shipping Rate (hogs/month)

Time For Averaging Shipping Rate (months)
Fraction Change Auxiliary (1/month)
Fraction Change Auxiliary Table (1/month)
Fraction Change (1/month)

Desired Mature Hog Inventory {(hogs)
Normal Mature Hog Inventory (hogs)

Hog Inventory Correction (hogs/month)

Hog Adjustment Time (months)

Capacity Control Sector

Gilts Held Auxiliary (hogs/month)
Gilts held (hogs/month)



GHRIR
SPC
SCAB
SBR
PPS
SFC
SWC
SFR
SFNR
58

SC
SIG
Sw
MS
AHPR
TAHPR
DPPI
PPIC
PPIIT
SCDhB
SCC
CAJT
55C
NSAC
SSR
SL
ASS
TASS

SRAI
PKIR
PKPH
PTEST
PKC
FACI
DPKIR
TPKP
FPKIR
TAPKI
FACIC
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Gilts Held Ready Rate (hogs/month)
Sow Preparation Constant (months)
Sow Capacity Available for Breeding (hogs)
Sow Breeding Rate (hogs/month)
Pigs Per Sow (pigs/hog

Sow Farrowing Constant (months)
Sow Weaning Constant (month)

Sow Farrowing Rate (hogs/month)
Sow Finish Rate (hogs/month)

Sow Shipments (hogs/months)

Sow Capacity {(hogs)

Sows In Gestation (hogs)

Sows Weaning (hogs)

Maximum Starts {pigs/month)

~ Average Hog Production Rate {hogs/month)

Time for Averaging Hog Production Rate (months)
Desired Pig Production Intentions (intentions)

Pig Production Intentions Corrections (intentions/month)
Pig Production Intentions Adjustment Time {months)
Sow Capacity Desired for Breeding {hogs)

Sow Capacity Correction (hogs/month)

Capacity Adjustment Time (months)

Sow Shipmient due to Corrections {hogs/month)

New Sow Added due to Corrections (hogs/month)
Sow Scrap from Replacement (hogs/month)

Sow Life (month)

Average Sow Scrap (hogs/month)

Time for Averaging Sow Scrap {hogs/month)

Meat Packing Control Sector

Shipping Rate Auxiliary (hogs/month)
Pork Input Rate (lbs/month}

Pork Per Hog (lbs/hog)

Pork Test Step (1bs/hog)

Pork Constant (lbs/hog)

Frozen and Cured Inventory (lbs)
Delayed Pork Input Rate (lbs/month)
Time for Pork Processing (months)
Forecasted Pork Input Rate (lbs/month)
Time for Averaging Pork Input (months)
Frozen and Cured Inventory Carryover (lbs/month)



ICOD
ICOA
DPSR
EPA
CP
PAJT
Pl
AHP
TAHP

STR
FAV
STRA
RI
DRI
TTRI
RIC
RATT
NRO
ROJ
ROAJT
ARD
TARD

CDR
RAV
CDRA
ACD
TACD
TCDR
TTCDR

NP
CPJ
BAJT
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Inventory Carryover Desired (months/month)
Inventory Carryover Auxiliary (dimensionless)
Desired Packer Sales Rate (lbs/month)
Expected Pork Availability (lbs/month)
Change in Price (cents/Ilbs-month)

Price Adjustment Parameter (lbs2/cent)
Price of Hogs {cents/1b)

Average Hog Price (cents/lb)

- Time for Averaging Hog Price (months)

Retailing Control Sector

Sales to Retailers (1bs /month)

Frozen Pork Availability (1b/month)

Sales to Retailers Auxiliary (lbs/month)
Retailers' Inventory (lbs)

Desired Retailers’ Inventory (lbs)

Turnover Time Retailers' Inventory (months)
Retailers! Inventory Correction (lbs/month)
Retailers! Inventory Adjustment Time (months)
Normal Retail Order (lbs/month)

Retailers' Order Adjustiment (lbs/month)
Retailers' Order Adjustment Time (months)
Average Retailers' Demand (lbs/month)

Time for Averaging Retailers! Demand (months)

Consumption Control Sector

Consumers! Demand Rate (1bs/month)

Retailers" Inventory Availability (1bs/month)
Consumers' Demand Rate Auxiliary (lbs/month)
Average Consumers' Demand Rate (lhs/month)
Time for Averaging Consumers' Demand Rate (months)
Traditional Consumers' Demand Rate (lbs/month)
Time for Averaging Traditional Consumers' Demand
Rate (month)

Normal Purchases (lhs)

Consumers’ Purchase Adjustment (lbs/month)
Buying Adjustment Time (months)
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LIST OF PARAMETER VALUES

The following model parameters were selected as being

representative of the physiological production delays, pork processing

delays, and averaging and adjustment times within the pork production-

consumption system,
Y

These values were used in the basic model run

of Figures 7, 8, and 9.

Parameter

Dl = .5 month
FC = 10 month

DI.ST = TABLE
TAPIS = 6 months
TASR = 2 months

FCCAT = TABLE

HAJT = 2 months

Parameter

SPC =2 monf:hs

Production Control Sector

Explanation

Time to prepare and breed a sow

Time required for gestation period and feeding
a pig to minimum market weight

Table values in months of average time taken to
finish feed a hog to market shipping weight
(beyond the minimum market weight)

Smoothing constant for averaging price influence
on shipping :

Smoothing constant for averaging shipping rate

Expansion and contraction {ractions obtained
{from an analysis of hog price data and produc-
tion levels

Time taken to adjust any difference between
desired hog inventory and actual hog inventory

Capacity Control Sector

Explanation

Time to prepare a minimum weight gilt for
breeding



PPS = 7 pigs/sow
SFC = 4 months
SWC = 2 months
TAHPR = 1 month
PPILIT = ,75 month

CAJT = .75 monih
TASS = 2 months
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The average number of pigs saved per sow
farrowing

Time required for gestation period

Time required for weaning period

Smoothing constant for averaging hog production
rate

Time taken to adjust the backlog error of pig
intentions

Time taken to adjust the sow capacity error

Smoothing constant for averaging sow market
shipments

Meat Packing Contrel Sector

Parameter
PTN = 12 pounds

PKC = 145 pounds
TPKP = .75 month

TAPKI = 2 months

ICDD =, 25 month

PAJT = 50,000 1bs2/
cent

TAHP = 5 mionths

Parameter

TTRI = 1 month
RAJT = 1 month
RCAJT = 1 month
TARD = 2.5 months

Explanation

Magnitude of a 10% step in the weight of pork
yield per market hog

Average yield of pork per market hog

Smoothing constant for averaging pork input and
throughput rate

Smoothing constant for averaging pork input rate

Value of desired frozen and cured inventory

Value of price adjustment parameter
Smoocthing constant for averaging hog prices

Retailing Control Sector

Explanation

Turnover time for retailers' inventory

Time taken to adjust retail inventory error

Time taken to adjust retailers' ordering

Smoothing constant for averaging retailers’
demand to meat packers



Consumption Control Sector

Parameter
TACD = 2.5 months
TTCDR = 2 months

BAJT = .5 months

Explanation

Smoothing constant for averaging consumer
demand to retailers

Smoothing constant for averaging traditional
congsumer demand

Time taken to adjust consumer buying.
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