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ABSTRACT

Commodity exports provide ninety percent of all foreign exchange
earnings in the underdeveloped countries. Thus there is much concern
about the pronounced fluctuations which characterize the price, produc-~
tion and Income of these products. Fluctuations are a function both of
the commodity system's inherent stability and of the disturbances (war,
drought, business cycles, etc.) imposed upon it. Attempts to decrease
the magnitude of fluctuations by altering the production, consumption,
or pricing decisions have generally failed for lack of any general thaory
relating these three to the stability of .a commodity systenm.

In this thesis 1 review the literature on the only general theory
of commodity cycles, the Static Cobweb Theorem. Ezekiel's formulation
and the extensions proposed by Akerman and Nerlove are presented in de-
tail. These static theorems have been little used because they are based
upon the static and non-operational concepts of "supply” and “demand".

Aa alternative approach, the Dynamic Cobweb Theorem, quantifies
the individual relationships involved in the production, consumption and
pricing of commodities. It includes the relation of inventory to price
and the effects of individual biological, physical, and psychological
delays inherent in commodity systems. Simulation analyses of the Dynamic
Model reveal that it has price-production cycles with phase relationships
similar to those in the long-term cycles of all real commodities.

An extensive review of the empirical literature on the U.S. hog sys-
tem supports the structure of the Dynamic Model and provides for each of
its parameters a value characteristic of the hog system. The resulting
model exhibits the same four year production cycle as the real system.
Less extensive changes in the Dynamic Model to incorporate the biological
constants of the relevant system leads to modela which exhibit respectively
the fifteen year cattle cycle and the 31 month chicken cycle. It is sug-
gested that the Dynamic Theorem also explains the long-term cycles in min-
eral and vegetable commodities.

Those designing commodity control schemes must consider many alterna-
tive policies. To determine the impact of these alternatives on the sta-
bility of commodity systems, several are investigated through simulations
of the Dynamic Model. Those factors which increase the price-response of
production do destabilize the system; factors which increase the price-
response of demend tend to increase system stability. Variable utilizacion
of installed productilon capacity is less effective in decreasing fluctua-
tions than 1s action to increase or decrease the use of commodity just



becoming available for distribution. Processor and distributor pricing
decisions are found to have a marked impact on system stability. It is
suggested that these pricing decisions may respond to any formal stabil-

ization scheme so as to neutralize its impact on the fluctuations in the
commodity eystem.

Thesis Supervisor: Jay W. Forrester

Title: Professor of Management
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CHAPTER I
INTRODUCTION

The Problem
In terms of their influence on the long term prospects for inter-
national stabilicty, few objectives are more important than that of rais-
ing the living standarde in underdeveloped countries. Because most of
the poorer nations are dependent upon the export of Primary commodities
for the bulk of their foreign exchange (Table I.1), the pronounced fluc-
tuations which characterize most commodity production have arcusdd much

concern.

Table I.1: Exports from Less-Developed Countries
to the Rest of the World.

Billions of Perceatage
Dollars of total
* —
Agricultural commodities (food and raw
Mterills) L] - » [ o . [] . . . . L] . . . . 10 . 9 54
Non-agricultural raw materials . . . . . . . 2.3 11
Petl‘olelll'l . . - - . . . » . ] . . . [ . - (] . 5 . 0 25
All Primary commodities . . . . . . . . . . . 18.2 90
Mﬂ!‘lﬂfactures ® ¢ ® ¢ s 2" s & s e 8 T 8 2 e » 2 » 1 10
All exports from lesa-developed countries
to the rest of the wordd . . . . . . . . 20.3 100

‘Source: (U.N.; 1965, p.151)

Inflation, disruption of development programs, loss of investor confidence,

and political unrest are only a few of the results commnonly attributed to
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fluctuations in the price and quantity of the commodities exported by the
underdeveloped countries. Even the developed countries may find their
economies affected. A minor decrease in economic activity of the advanced
countries leads to reduced commodity demand. Underdeveloped countries are
then able to purchase fever manufactured goods, further accentuating the
initial recession in the advanced countries.
There have been numerous unsuccessful national and multi-naitional
attempts to control commodity prices over the past thirty years, and
many articles on the sources, characteristics, and implications of fluc-
tuations in commodity production and price. Yet we are still unable to
control commodity systems satisfactorily. Political factors have contri-
buted to the failure. East and West, producers and consumers all have
intense and conflicting interests in commodity trade. A more fundamental
cause of failure to stabilize prices, however, is our inability to com-
prehend all aspects of the dynamic interaction between supply and demand
for commodities. Though some systematic basis is implied by the presence
of a dominant, relatively constant, long term cycle in many commodities,
we do not understand its causes well enough to desipgn viable control
mechanisms. Wherever stabilization has been attempted, supply or demand
has risen inexorably to defeat the control scheme.
There is a strong feeling evidené in the literature that each com-

modity is a law unto itself, that generalizations are not warranted:

There is little point in comparing the success of

the [International Commodity] agreements, one with

the other, since each faces the peculiar problems

attendant upon the commodity concerned.

(Baranyal & Mills; p. 18)
Every commodity - and its frequently numerocus grades and

sub-types - faces demand and supply conditions different
from those of any other commodity. (Wallich; p.349)
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This attitude makes systematic study difficult and Prevents the mass of

data already available on different commodities from being inter-related.

Objectives and Methodology of the Ressarch

Given the ubiquity and tenacity of cyclical commodity fluctuations, it
would appear that, in fact, esome quite general phenomena must be reaspon-
sible. If some unique combination of €actors were required to produce
regular long term cycles, one of the many control schemes surely would
have succeeded in arresting their course. It seems more .likely that there
is some basic cause in all Primary commodity syatems which leads to their
pronounced instability. It is the objective of this research to derive
a general dynamic model of the structure underlying long term commodity
production cycles, to validate that model and determine its implicatioms
for the design of commodity stabilization policy.

If there is a common basis for commodity cycles, it is not to be
found in the many exogenous, random influences on commodity systems. It
is more likely inherent in the interrelation of supply and demand forces.
Industrial Dynamics 1s a Philosophy of systems behavior and a set of simu-
lation aids vhich seeks the cause of complex behavior in the feedback
loops underlying a system's flows of pPersonnel, capital, information,
finances, and material. Using Industrial Dynamics techniques it has been
possible to identify and then redesign the structure underlying many

other socio-economic problems.l In this thesis, I apply Industrial

lFor examples in different areas of application see: (Forrester; 1961)-
control of industrial production and inventory; (Forreater; 1969) - arrest-
ing urban decay; (Nord) - administering the growth of new productsa; (Packer)
management of corporate growth; (Roberts) - management of research and de~
velopment projects; (Hamilton) - regional economic development.
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Dynamics to the problem of commodity production cycles.2

Overview of the Thesis

In Chapter II I briefly describe the magnitude of-commodity
price fluctuations and the current status of stabilization policy.
The only other general theory of commodity cycles, the Static Cobweb
Theorem, is described in Chapter III through a detailed summary of the
Cobweb Theorem literature. I Present in Chapter IV an alternative to
the Static Model, the Dynamic Cobweb Model, and present preliminary
analyses of its behaviar. In Chapter V I test the Dynamic Model by de-
termining its abilicty to explain the distinet cyclical behavior of a
specific commodity, hogs. In Chapter VI I analyze the Dynamic Model to
determine the influence of several factors upon its stability. The
final chapter summarizes the thesis and suggests geveral extensions

of the Dynamic Theorem for future research.

2
This thesis will assume familiarity with thc basic concepts and

tools of Industrial Dynamics. These are presented in (Forrester; 1961)
and (Pugh; 1963, 1968),
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CHAPTER II
COMMODITY PROBLEMS: MAGNI-

TUDE AND PROPOSED SOLUTIONS

Definition of Instability and Fluctuation

Although the economic literature does not observe any distinction
between a system's fluctuations and its instabllity, we will find it
useful through the remainder of the thesis to distinguish between the
two. Stability ise an inherent characteristic of any system which deter-
mines its response to exogenous disturbances. We speak of stability in
reference to an equilibrium point of the system. Equilibrium exists when-
ever the system levels are unchanging through time. Many different for-
ces may act to displace a commodity system from 1its equilibrium: war,
weather, pests, business cycles in the consuming countriea, etc. A stable
equilibrium is one which will be re-attained, though usually through con-
verging oscillations, after such a disturbance. One measure of a system's
stability is its damping factor, i.e., one minus the ratio of the relative
magnitudes of two successive oscillations. The greater the damping factor,
the more stable the system. Damping factors will be explained more com-
pletely in Chapter III.

Fluctuations are actual movements in any parameter of the systenm.
The magnitude and duration of the fluctuations depend on the size of exo-
genous disturbances and the system's damping factor. A common measure
of system fluctuations is the average magnitude of year-to-year movements
in price, gquantity, or income about their longer-term trend.

One can seldom influence the magnitude of the exogenéus distur-
bances in commodity systems. Thus we can decrease the impact of fluctua-

tions only by increasing the stability of commodity systems. In our
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analysis of the Dynamic Cobweb Model, we will simulate the effects of a
standard, constant disturbance to determine the relative stability of
alternative commodity systems.

Commodity research has generally focused upon the magnitude of
fluctuations with little attention to the stability of specific systems.
The former can be obtained directly from time series on the system's
parameters; the latter cam not. Greater fluctuations iwmply, all else
equal, less inherent stability, i.e., a lower damping factor. It is
reasonable to assume, however, that exogenous disturbances will vary in
magnitude over time and from one commodity to another. Where empirical
data does not control for the magnitude of the disturbances, inferences
about the astability of different systems must be made with cauﬁion.

Wwith that warning,I present data from two empirical studies on
commodity fluctuations and summarize the causes which have been advanced
in the literature to explain the instability which those fluctuations

imply.

Magnitude of Commodity Fluctuations

A United Nations study using statistically derived linear trends
found average year—to-year changes in commodity income to average twelve
percent (U.N.; 1958, p. 40). Another.study. summarized in Table II.1,
revealed average yearly changes in individual commodities ranging from

three to twenty- six percent.

Reasons Suggested for Instability

There are several widely accepted reasomns for the instability implied

by the United Nations and other commodity studies. In open trade, price
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Table 1I.1l: Primary Commodities: Fluctuations in Trade, 1950-1961

EXPORT EXPORT EXPORT
COMMODITY VOLUME UNIT VALUE PROCEEDS
fODIT LUME VALUE —=ROCEEDS
Natural rubber . . . L - |
Cocoa 10 20 15
Linseed 23 17 18
Tallow e e e e+ . 13 . . . . .17, . . . . . .16
Lard 13 17 . 20
Sisal 7 16 16
Zinc metal . . . . 6 . . . < 6. . . . . . J1e
Wool 11 16 15
Jute 10 15 15
Copra ., . . .« . . 10 . . . .+ . 15. . . . . . J12
Abaca 11 14 20
Lead metal 7 14 10
Cotton-seed . . . ., 26 . . . , . W&, ., . . . . .25
Copper metal 8 ' 13 16
Olive oil 21 12 18
Palm kernels e . 6 . . . . . 1. . . . . . .12
Soya beans 24 11 24
Palm oil 5 11 9
Cotton e I ¢ I e
Barley 15 10 20
Tin metal 8 10 10
Butter e e e e e 7 . .+ . . . O. . . . . . J1€
Coffee 7 9 8
Beef and veal 11 9 11
Mutton and lamb . 11 . . . . ., 9. . .+ . .+ . .12
Pork 17 7 21
Maize 10 9 10
Rice . . . . . . 10 . . . . 9. . . . . . L1
Ground—-nuts 10 8 10
Oranges 9 7 8
Tea e e+ e s e W 8 . . . . 7. . . S & |
Sugar 7 7 9
Aluminum 11 6 13
Syntheiic fubber . . 20 , ., . . . 5. .+ .+ < .+ . , 18
Wheat 13 5 13
Bauxite 10 4 13
Bananas . . . . . 5 . . .« . . 3. . . « & . . 5
Tobacco 7 3 8
Crude petroleum 10 3 9
Average, 39 ftems = 0 . . L 11, . . .. . .14

Source: (U.N.; 1965, p.85)
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changes act to equate supply and demand. However, the influence of price
{n moderating commodity systeme is decreased by the delays and the low
marginal costs inherent in both production and consumption. Supply and
demand functions are both relatively price-inelastic.

Delays from one to five years in length, between the decision to
acquire new production cepacity and ite firset contribution to output are
found in most commodities. Further, commodity production processes often
have high ratios of fixed to marginal costs, and there may be heavy penal-
ties assoclated with the suspension of production. Mines will become
flooded, for example, if they are not continuously maintained. Orchards
may become infested; fields will erode. Thus, there are incentives to
continue production long after price has gone below a level which returns
full costs to the producer. Supply inelasticity is modified somewhat by
the existence of producer stocks, but technical problems of storage and
the costs of deterioration and space minimize their potential impact.

The demand for commodities is similarly inelastic. For some pro-
ducts, consumption is governed more by custom than price. For many others,
such as minerals and vegetable raw materials, demand is derived from the
product's use in manufactured goods where the commodity's price often con-
stitutes a very small fraction of the total cost.

Technological inflexibility also dampens consumption's short run
response to price changes. Production processes or products designed to
utilize a specific commodity often can not be quickly changed in res-—
ponse to a fluctuating price. In moderating the difference between supply
and demand, consumer inventories are hampered by the same factors which
limit the effectiveness of producer stocks. If anything, speculation may

lead inventories to play a destabilizing role. It has been suggested that
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they may be increased in periods of rising price, and decreased when
price falls in the face of abundant supply.

It has been reasoned that this supply and demand inelasticity com-
bine to make any commodity system quite unstable in the face of distur-
bances from weather, pests, diseases, strikes, transportation inter-
ruptions, or business cycles. Thig argument 1s plausible, but it
has been difficult to assess itg validity or the relative importance
of the various factors discussed above. The Dynamic Cobweb Theorem will
incorporate most of these factors and permit us to relate éach of

them quantitatively to the observed cycles in price and production.

Attempts to Control Fluctuations

There have been four basic approaches to decreasing the fluctuations
in commodity proceeds: long-term bilateral agreements, production quotas ,
buffer stocks and buffer funds. Individual examples of any given approach
may differ in their details (sources of financing, for example) but all
members of a class share underlying similari:ies.l

Bilateral agreements pledge a consuming and a producing party to the
exchange of a specified quantity of commodity within a narrowly defined
price range over some (often extended) period of time. Quotas are an
attempt, generally by a union of producing countries, to limit and allocate
the production for international markets. Buffer stocks attempt to main-
tain price within specified limits through purchase or sales of the com-

modity by a stockpiling agency. Supplies are purchased on the open market

when necessary to maintain prices above the lower price limit. When demand

1 For a list of commodity agreements see (U.N.; 1965, pp. 88-89)
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threatens to force prices above the upper limit, supplies are released from
the buffer stoﬁk. Buffer funds involve no physical stocks. They smooth
producer prices through the use of taxes, variable exchange rates or fixed
producer prices. In times of high prices the buffer fund accrues foreign
exchange reserves for use in subsidizing producers through periods. of
low prices. No direct attempt is made to interfere with the intermational
price.

Only four international control schemes are currently in effect: for
tin, sugar, wheat, and coffee.z When evaluated in terms of their twin
goals, price stability and the equation of supply with demand, all have at

least partially failed.

Relative Decline in Commodity Income

The effects of price fluctuations would be less serious if the rela-
tive trade position of the underdeveloped countries were not steadily de-
teriorating. Export incomes of the developed countries rose 26 percent from
1956 to 1961. Comnodity income, which accounted for about 90 percent of
less developed countries' export proceede rose only ten percent in the
same period. The increase was only three percent 1f we exclude petroleum
and other fuels from these calculatione. (Figure II.1)

Foreign aid and private investment supplement export income, of
course, but commodities still accounted for 66 percent of the total for-
eign exchange receipts in the poorer countries during 1960. The relative

decline of commodity income is exacerbated by inflation in the unit price

The current olive oil agreement provides only for a concerted pub-
lic relations activity; it does not directly control either prices or
quantities. For an assessment of each existing commodity agreement Bee
(Baranyal & Mills).
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Figure II.1: Indices of Manufacturing Production in Industrial
Countries and of Quantum and Prices of Exports of Industrial
and Primary Producing Countries, 1950-1959 (1950 = 100)
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of manufactured goods.

Many reasons for this income stagnation have been offered. Demands
for fcod stuffs in the advanced countries grovw little with income. Advan-
cing technology at the same time increases the efficiency of raw mater-
ial use and pr~vides synthetic competitors for many of the commodities'
traditional markets. No doubt, too, the relative undifferentiation of
commodities has made 1t impossible to sustain the high profit margins
characteristic of manufactured goods. These trends seem certain to con-
tinue. The final chapter discusses the interrelation of stability end
growth in commodity systems and indicates how the Dynamic Theorem may be

extended to study their interactionm.

Actempts to Avoid Income Stagnation

There has been less attention in the literature ¢ the problem of
relative income decline. The typical reaction among producer governments
has been some attempt to fix prices artificially above the level which
would obtain in the free market. These efforts have been hampered, how-
ever, by the reluctance of consuming countries to participate. In the
long run, each effort generally collapses as surpluses accumulate and
consumers switch to competing products or suppliers, leaving the producer
in a less favorable position than at the initiation of his price-fixing
program. Though some analysts question the economic severity of these
problems, see for example (MacBean), the tensions and the frustration
which they engender are very real. The political importance was brought
cogently to the attention of our government at the 1964 and 1967 UNCTAD

conferences (United Nations Conference on Trade and Development) where
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the U.S. found itself politically isolated among the developed and under-

developed countries in its support of traditional arrangements for inter-

national commodity trade. At that conference it was concluded:

One of the chief difficulties in the actual negotiation of
international commodity agreements has been that the parti-
cipating Governments have not always been fully comnscious of
which .... objectives they were aiming at; nor were they
fully conscious of the extent to which any one of these ob-
jectives, or a combination of them, could be successfully
attained by one or the other of the standard types of agree-
ment-techniques. (U.N.; 1965, p. 141)

Vithout & theoretical understanding of commodity production cycles,
these difficulties will continue to hinder international action. In Chap-

ter III I will review the literature on the only general theory thus

far advanced to explain commodity cycles, the Static Cobweb Theorem.
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CHAPTER III

THE STATIC COBWEB THEO-
REM AND ITS EXTENSIONS

Definitions

It is necessary to define several of the terms which we wiil employ
in presenting the Static and the Dynamic Cobweb Tﬂeorems. Economic analy-
sis is essentially the attempt to relate postulates about the process of
resource allocation to the dynamic behavior of producing and consuming
systems. Theorems are the fundamental building blocks of economic analy-
sis. Every theorem has three components: definitions, assumptions, and
conclusions.1 A specific set of definitions and assumptions about the re-
lationships among elements in a system constitutes a model of that sys-
tem. Conclusions are derived from a model through various means of analy-
sis: verbal reasoning, geometrical representation, mathematical analysis,
simulation. The conclusions resulting from a set of assumptions must
be independent of the mode of analysis, but every analytical tool will
place some constraints upon the number and type of assumptions which may
be accomodated by the theorem for which it is used.

One set of assumptions underlies all Static Cobweb analyses, wvhether
they are conducted verbally, geometrically, or mathematically. Those
assumptions and the resulting conclusions about system scability will be
referred to as the Static Cobweb Theorem. Analysis through computer sim-
ulation makes it possible to eliminate several restrictions. The more
realistic set of postulates and the conclusions about system behavior
which are derived from them by simulation analyses will be called the
Dynamic Cobweb Theorem.

c % This terminology is ddapted in part from that presented in (Cohen &
yert).
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Static Cobwelh Model

A general formulation of the Cobweb hypotheses includes three

assumptions about production and consumption within a commodity system:

1.

Consumption is a decreasing function of the price recognized by
coﬁsumers.

Production is an increasing function of the price which was ex-
pected by producers ﬁhen production was initiated.

There is a lag between initiation of production and availabilicy

of the resulting commodity.

These assumptions form the foundation of both the Static and the Dynamic

Cobweb Models.

Limitations inherent in the analytical tools available to economists

have traditionally forced several additions to these basic assumptions to

make the model more tractable analytically:

4.

Producers act as if their decisions will not influence future
prices. '

Producers will always expect the existing market price to con-
tinue indefinitely into the future.

Production, consumption, and inventory decisions can be sum—
marized by supply and demand curves, which are both functions
only of price.

The continuous evolution of a system may usefully be divided into
segments each equal in length to the lag between initiaction of
production and ultimate availability of the commodity.

Price adjusts in each period so that supply and demand are

equated for the period.
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9. One irrevocable production decision is made in each period on
the basis of current expected price.
10. Production initiated in one period is only and wholly available

in the next.

Together, the ten statements constitute the Static Cobweb Model. The re-
strictions permit one to approximate a real system's continuous seJuence of
prices with a series of equilibrium prices calculated for each of several
consecutive per:l.ods.2 For such a system only the supply and demand curves
and the commodity's price in period "t-1" are required to predict its equi-
librium price in period "t". Price in "t" determines production in "t+1",

so that the behavior of the commodity system is fully determined.

Static Cobweb Conclusions

The implications of these ten assumptions were initially derived geo-
metrically. A recent article employed mathematical analysia.3 Either
approach concludes that there are three possible behavior modes for price
and production: divergent, sustained, or convergent oscillatioms, with

the two parameters 180° out of phase.

2 This approach to dynamic system behavior, known as "period analysis"

is discussed by Samuelson, who presents the Static Cobweb and several other
theorems as examples.

3 The theorem was first developed with geometric analysis of the sup-
ply-demand relationships by three authors independently: Ricci, Schultz,
and Tinbergen, all in 1930. Ezekiel summarized and extended the earlier
work, again geometrically, in 1938. His paper is the classic exposition
of the Static Cobweb Theorem and is the basis for all subsequent work. Ner-
love rederived the Static Cobweb conclusions mathematically in 1961.



28

Any oscillation may be characterized by two parameters, itse period,
and its damping factor. The period of an cscillation is the time which
elapses betweeh two consecutive peaks. The Statlc Cobweb Thecrem concludes
that the period of commodity oscillation should be just twice the length
of the production delay. The damping factor equals one minus the ratio
of the relative magnitudes of two successive peaks. When the damping fac-
tor is negative, the system exhibits divergent, i.e., explosive, oscilla-
tions. Where the damping factor equals zero, fluctuations continue indefi-
nately. When the factor is b.twuc; zero and one, oscillaticne nfe steadily
diminished, and equilibrium will ultimately be reached in the absence of
any subsequent disturbancee. The principal conclusion of the Static Theorem
is that a commodity system's damping will depend upon the price elasticities

of its supply and demand schedules (Table III.1)

Table III.1: Relation of Supply and Demand Price Elasticities
to the Behavior of the Static Cobweb Model.

ELASTICITIES BEHAVIOR
Supply ¢ Demand Convergent Oacillatiéns

Supply = Demand Sustained Oscillations

Supply » Demand Divergent10qc111ationg

Employing the agricultural terminology most often used in presenta-
tions of a Cobweb Theorem we may illustrate the static analysis of a hypo-

thetical commodity both geometrically and mathematically.

Geometrical Analysis

Assume a demand and a supply curve, Q, and Qe (Figure III.la) with
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elasticities as specified by the Static Cobweb assumptions above. At
equilibrium, in this example, ninety units of product will be initiated

in each period, ninety units will be consumed, end the price will remain
at $5.00 per unit. The assumptions give no definite information on the
behavior of price and production between successive equiiibrium points,
but we will make the usual, though unwarranted, assumption that it

changes linearly. In that case, the time series for equilibrium price

and production in successive periods would be that shown in Figure III.1lb,
P. =P, =~ $5.00 per unit; 9, = 9o = 90 units; t = 1,2,3,...

Any of several factors might diseturb this commodity system from its
equilibrium. Disease or weather could suddenly decrease the amount avail-
able in one period. A sudden shift in either the supply or the dewmand
schedule might mean that production and consumption are no longer equated
at the former equilibrium price, $5.00 per unit. Assume, for example, that
the weather has destroyed one third of the crop in period 1, and that only
sixty units of the commodity will be available in period 2 (Figure IlI.lc).
That decreased amountﬁwill be purchased at a price Pz)' Pe' This anigher
price leads the producers to initiate an anount'q;. By assumption #8,
consumption will just equal production in periocd 3. However, q, will only
be cleared from the market at a price P3. which is lower than both the
previous price, Pz. and the equilibrium price, Pe' One could continue to
trace the reactiomns alternately between supply and demand aeh;dulea to
obtain the time forms predicted for this commodity By geometrical analysis
based on the Static Cobweb assumptions. The resulting time series for
prices and production are represented in Figure III.1d. In this instance,
supply is less elastic than demand so that the oscillation is convergent,

the damping factor is positive, and equilibrium is reattained. The period of
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the fluctuation is two time periods or twice the production delay, used
here as the unit of time.

If the price-elasticity of supply and demand for this commodity
had been assumed equal, it could eimilaerly be shown geometrically that
che initial disturbance leads to sustainea oscillatiouns. Divetgeﬁt oscil-
lations would result if the product's supply curve vere assumed to be
more price elastic than its demand curve. These conclusions can also be

derived from a mathematical analysis of the assumptions #1 - #10 above.

Mathematical Analysis

In a derivation adapted from (Nerlove), we assume that the supply
and demand functions may be represented in the vicinity of their inter-
section by the linear functions:

D
q, =8 + th

S
qt = c + dpt_l

Since we assume for static analyses that th -»qts » within each time

period (assumption #8, p. 26):

cC - a d '
a p, = + = Py
' b

Consequently:
S c - a d :

When the system is in equilibrium:
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Assuming that the initial price, P_,, is something other than Pe. what will

be the sequence of prices, Pl' Pz, «e+? Equatizcn (1) has the solution:
d\t [, _ ]
Pt L Pe + (b—) [PO Pe

The sequence of prodution is thus:
's d t-1
qt = ¢ + (lPe + d(—F) [l’o - Pe]

By assumption d> 0, b<0. Thus, d/b< 0 and Pc may only oscillate; it may
not exhibit monotonic growth or decay. The type of oscillation will be the
same for both price and production, though they will be 180° out of phase,
and it will depend upon the relative magnitudes of b and d, the price-elas-

ticities of demand and supply.

Table III.2: Summary of Nerlove's Static Cobweb Model Analysis

0> .g.) -1 1’t and q, coaverge to their
equilibrium points

d

5 1 l’t and qc undergo sustained
oscillations

% < -1 P: and qt diverge from their

equilibrium points

Given the same assumptions, both means of analysis lead to identical pre-

~ dictions for the behavior of price and production.
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'Revised Static Cobweb Model

0f the many simplifying assumptions in the Static Cobweb model, none

| have received more criticism in the literature than those specifying the

;
| .
gmanner in which production responds to a change in price. For the case of

la step increase in price, production in the Static Model reéponds as 1llus-

Etrated in Figure III-2:
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Figure III.2: Static Price-Response of Production

Empirical evidence on the influence of price changes in actual commodity

systems contradicts this assumption:

There appears to be a general type of production response to
price, common to each of the (agricultural commodity) cases
analyzed. In each case the price received for the production

| of the preceding season is the dominant factor in production

| in any given year. In most cases the price received during the
season two years preceding is also an important factor, par-
ticularly if the price has been low. (Bean; p. 369)

The behavior often exhibited in actual commodity.systems, then, is more

nearly similar to that in Figure III-3:
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Figure 1II.3: Dynamic Price-Response of Production

Four processes intervene between a price change and the subsequent adjust-

ment in production (Table III.3):

Table III.3: Processes Intervening Between
Price and Production Changes

1. formation of producers' price expectations.

2. determination of the appropriate respomse.

3. acquisition (disposal) of productive capital and corresponding
change in the initiation rate of new commodity.

production or maturation of the commodity.

The Static Model assumes the first three to occur ingtantaneously. The
fourth is assumed to require one production (or growth) period. Akerman
and Nerlove have considered models in which these assumptions no longer
hold. Their analyses indicate both the importance of changes in these
relationships and the difficulty of deriving their implications cthrough

the traditional modes of analysis. I will examine their analyses in detail,
for Nerlove's addition to the Static Model will be employed to represent

distributor and producer expectations in the Dynmamic Model.
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Akerman's Geometrical Analysis

Akerman recognized that net changes' in i{inventory, producers' delay
in acknowledging price changes, and the physical constraints upon the

rapid exchange of productive capital among competing uses sall influence

the response of production to price.

If a sudden increase in demand or a bad harvest and dimin-
ished current supply with rising prices occurs, some part of
the regular stocks will be utilized before the time when the
next harvest 1s due. (p. 153)

And when the price P_ has risen, the farmer, generally, will
not be convinced it will remain so elevated until several
years have elapsed. (p. 154)

If a farmer has experienced an appreciable price change for one
of his products A and, therefore, wants to extend its cultiva-
tion during the following year, he will meet with greater immed-
jate difficulties than if the extension could be brought about
gradually over a period of years. The existing crop rotation
system is generally more difficult to change immediately than in
the long zun. (p. 154)

He concludes that the result should be:

A rise in P, at the beginning of the cultivation year, therefore,
will cause an incicase in supply at the end of that year comn-
siderably lower than the ultimate increase resulting from a last-
ing price rise of the same magnitude. (p. 154)

To accomodate the influence of these changes in the model, Xkerman defines
three supply curves which differ in their time frame and, consequently,
in their price elasticity. We are asked to imagine a commodity system in

which:

Between the sharply rising market supply curve and the very
slowly rising long-term normal supply curve there exists, accord-
ingly, for some time following the current cultivation year a
moderately rising short-term normal supply curve. (pp. 154-155)

The market supply schedule relates price to the supply which will exist
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before the next harvest. Supply during this period consists of production
plus any change in stocks. The short term normal 8upply curve expresses
the relation of production to price after the current cultivation year

but before farmers have adjusted fully to price. The long term normal
supply curve indicates the total yeatly commodity production which would
eventually be forthcoming should the price'zemnin at any given level. The
latter curve thus expresses the long rum, equilibrium supply-price rela-
tionship. A geometric representation of the model is employed to analyze
the impact of a sudden shift in demand on the pPrice and production of the
commodity. Akerman concludes that the commodity system would return to
equilibrium even when production in the long run is substantially more
price elastic thar demand (i.e., when d/p<« -1). Analysis of the model isg

unfortunately quite cumbersome and qualitative (Figure III.4)

s The converging fluctuatioms

f shown in our treatment depend on
our assumption of a series of dif-
ferent, successively arising and
vanishing, moderately elastic
short term normal supply curves.

(p. 158)

PRICE

QUANTITY

giﬁuie III.4: Akerman's Geometrical Analysis pf the Revised Statie Cobweb
ode

It would be impossible to trace geometrically the implications of a second

disturbance in Akerman's model which occurred before the transient effects



37

of the first had died out. Nevertheless, the presentation does at least
suggest that price-production relationships characteristic of actual com-
modity systems may substantially alter a commodity system's stability
from that predicted by the simple Static Cobweb Theorem. This conclu-~

sion is supported by the more specific model and analysis of Nerlove.

Nerlove's Mathematical Analyasis

One feature of Akermsn's model 18 the assumption that producers do
not adjust their forecasts instantaneously to the most recent market price.
Rather, they tend to discount recent changes. Nerlove and Arrow had earlier
proposed a similar quantitative model of price forecasting which they des-

ignated "adaptive expectation".(Arrow & Nerlove),

* *
(1) P* =P} ) +B(P,_, - Prop)s O ¢B &1

P: -~ Price Expected to Obtain in Period Mgt
P, -~ Market Price in Period e’

B -- Coefficient of Expectations

Nerlove has incorporated this assumption in an otherwise Static Cobweb
Model to determine its implications for the relationship of relative supply
and demand elasticity to stability of the commodity system. A

Assume, as before, that the supply and demand functions may be repre-
sented by linear functions in the vicinity of equilibzium. Demand is again
determined by current market price, but supply in each period is a function
of the price producers had earlier forecast for that period.

2) qE = a + bP,

3 qi = c + dP:
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from (1) and (3):

s
e

L] *
¢+ d[Py_; + B(Pe_y - Py_1)]

c + dP}_; + dBP,_; - dBP{ , + (cB - cB)

(1 - B)(c + dPg_1) + cB + dBP,

S
4) = (1 - B)g,_, + cB+ dBP__

1

By assumption in the Static Cobweb:

S D S D

from (2) and (4):

q, = (1 - B)(a + bPy_;) + cB + dBP,_;

(6) = [b + B(d - B)] Popta+ B(c - a)
from (2) and (4):

a+bP = [b+B(d-Db)P _, +a+Bc- a)

d c -
and (7) P_- [1+B(g - L)]P = lB(cb a)

We define P, as the price which equates qi and qz and P, ¥ Pe a8 the ini-
tial price {as, for example, after some initial disturbance from equilibrium) -’

Then (7), a first order difference equation in Pt has the solution:
8 P =P + (. -P)[1+BG -1I°
t e e ] %)

For Pt to converge to Pe' as t increases, it is necessary that:

9 |1+ B@/Mb -1

Relationship (9) is both necessary and sufficient for ‘convergent oscilla-

tions. It may also be written:

(10) 1 - 2/B{d/b<1
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When B = 1, (10) reduces to:
(11) -1 ¢d/b< 1 (the requirement for conveigence in the simple
Static Model)
Where 0 ¢ B ¢ 1, system fluctuations will converge over a wider range of
supply and demand elasticities than in the classic case. This, in more

precise terms, is the conclusion derived by Akerman.

Implications of the Static Cobweb Extensions

These extensions of the classic Cobweb Theorem have profound impli-
cations for its validity and utility. They indicate that even very simple,
albeit more realistic, assumptions about the price-production relationship
may change our predictions about the stability of a commodity syetem. While
Nerlove znalyzed only the influence of a change in the process of price
forecasting, it should be clear that the formation of expectations is
iittle different from the investment decision, or the acquisition of
production capacity or the maturation (production) of the capacity in its
effect upon the dynamic relationship between price and production. All of
these invalidate the strict omne-period lagged response assumed in the Static
Model and thereby alter the system's stability from that predicted by the
Static Theorem.

It is important for those designing control policies to understand
the implications of alternative assumptions about each of these four
processes, for commodity stabilization policy may act upon any one of
them. It is theoretically possible to institute producer information
systems; to provide restrictions or assistance in changing the level of
productive capacity; or to use new breeds, varieties, procedures, or

more intensive cultivation to shortem biological and physical delays.
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Because one small change in the Static Model, adaptive producer expecta-
tiona, caused important changes in the conclusions about system stabil-
ity, it is important to develop a more realistic model which explicitly
represents all the prodesses relating price, production, and consumption.
Verbal and geometrical analyses were extended past their capabilities

by Rkerman. They will clearly be inadequate for a more complex model.
Because the necessary changes in the Static Model are numerous and in-
clude non-linearities, mathematical analysis will also be impossible.
After incorporating the factors in-Table III.3 and assumptions about
price and consumption into the Dynamic Cobweb Model, we will thus employ
simulation analysis to study the determinants of commodity system ata-

bility.
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CHAPTER 1V

THE DYNAMIC COBWEB THEOREM

Overview of the Model

The detailed discussion of the relationships in the general
model should not be permitted to obscure the basically simple
structure underlying commodity production cycles. The essentials
of that structure are two coupled negative feedback loops, consumption

and production, each acting to adjust inventory coverage to the

desired level.

PRODUCTIO INVENTORY
CAPACITY COVERAGE

Figure IV.1: Feedback Loop Structure of Production Cycles

In commodity systems the goal implicit in both the production
and the consumption relationships is the maintenance of inventory
at a particular level. When stocks are lower than desired, for
example, price increases. This increase effects changes in both
the production and the consumption sectors which act to return

inventory to its desired level. The price increase loﬁers per



42

capita consumption of the material. With less drain on inventories,
they will tend to rise. Production relationships act with the

same effect. The increase in current price raises producers'

price forecasts and thus the capacity they wish to utilize.

After acquisition delays, additions to capacity result in increased
production and higher inventory.

Were inventory to rise above its desired level, the resulting
price decrease would again be propagated around both the production
and the consumption loops to yield counteracting forces, decreased
production and increased consumption.

It will be easier to focus on the essentials of this under-
lying feedback structufe 1f we do not simultaneously concern
ourselves with estimating the parameters of a specific commodity.
Thus we turn now to presenting the general Dynamic Cobweb Model,
the relationships which are hypoéhesized to cause all long term
commodity production cycles. In Chapter V we will set the
parameters of this general model to values which characterize a

specific commodity system.

Dynamic Cobweb Model - Introduction

In moving from verbal, geometric. or mathematical analyses
to simulation studies, all practical constraints on the complexity

of an economic model are removed. Models of individual commodities
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may be dynamic, nonlinear, and as detailed as desired. However,

it 1s postulated that a éomplicated model is not required to explainm
long~-term commodity instability. The three fundamental Cobweb
assumptions (p.26) should, in fact, include the essential elements
of the structure underlying long term cycles. The Dynamic Theorem
is based upon ihose assumptions. The restrictions inherent in
assumptions #4 to #10 of the Static Model, which were imposed
primarily to facilitate analysis, are eliminated. In the

Dynamic Model:

- producers may employ any function of current and past
prices to form their expectations about future prices.

- emphasis is upon actual commodity, capital and information
flows. The model includes an inventory of processed
commodity which serves to decouple production and
consumption over the short run.

- we shift from the "period' to the "rate'" form of analysis.
Production and consumption are assumed to adjust
continuously to price changes, not abruptly from the
equilibrium point in one period to that in the next.

- price is determined by those who hold inventories through
interaction with producers and consumers. As inventories
rise above the desired level those holding stocks will
decrease price to discourage production and raise
consumption. When inventories fall below the level
desired by those holding them, prices will be increased.

- delays important in the behavior of real commodity systems
are explicitly included in the model: )

— producing coumodity

forecasting producers' price
forecasting consumption
recognizing retail price
responding to price forecasts
transferring productive capacity

oounHLUNH
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Until we are able to test a model based upon the above assumptions,
we will accept them as working hypotheses for use in defining

the individual relationships of the general model. Althqugh

these relationships will be presented initially without veri-
fication, they are empirically based. Discussions with commodity
economists and an extensive study of empirical literature

on different aspects of specific commodities have provided the
author with the generalizations incorporated in the Dynamic Model.
However, with three exceptions to be noted, the relationships

are so diffused through the literature that it is not particularly
useful to give citations. When we turn to the examination of a
specific commodity in the next chapter, it will become appropriate
to cite specific studies in support of each assumption. The
elements of the Dynamic Cobweb Model and theilr interrelationships
are represented in Figure IV .2. Following the diagram are

verbal descriptions of each model relationship, and a listing of
the equations used to represent each relationship quantitatively
within the simulation model. The number within each element of
th: diagram indicates the relevant section and equation set in

the text. Several different compilers, including FORTRAN,

could be employed in analyzing the model. However, DYNAMO is
generally best suited for the study of dynamic behavior in
economic systems. It is specifically designed to represent the
feedback loop structures which determine behavior, and it is

extremely efficient. The computer time for one simulation of
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a typical economic model would cost about $.50. Thus we will represent

the model relationships in equations compatible with DYNAMO.I

Dynamic Cobweb Model - Verbal and Quantitative Description

1. Inventory -

In every commodity.system there will be stocks of the product
in several physical forms and in many locations. It is assumed in
the basic model that only the combined magnitude of all inventories
is important in the long rumn behavior of the system. Further,
only production and consumption determine that combined level.

Theft, dumping, spoilage, etc. are not represented in the basic

model.

INV.K=INV,J+(DT)(PR,JK-CR.JK)

INVN=6000
1NV - INVENTORY OF COMMODITY (UNITS)
PR - COMMODITY PRODUCTION RATE (UNITS/MONTH)
CR - CONSUMPTION RATE CUNITS/MONTH)
INVN = INITiAL VALUE OF INVENTORY (UNITS)

The initial value for inventory refers to no specific commodity.
In presenting the basic model we will specifi hypothetical, but

realistic, values for all constants and tabular relationships.

lAn appendix lists the total model equations. A complete
explanation of DYNAMO is given in (Pugh; 1963 and 1968),
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2. Coverage -

Those holding stocks of the commodity are concerned with the
length of time current inventory would satisfy anticipated demand.

Coverage is simply the ratio of current inventory to expected'consumption

rate.
COV.K=INV .K/ECR,.K
cov - INVENTORY COVERAGE (MOMNTHS)
INV - INVENTORY OF COMMODITY (UNITS)
ECR - EXPECTED CONSUMPTION RATE (UNITS/MONTH)

3.&84. Desired and Relative Coverage -

Inventories play several functions. They protect intermediate
processors from the cost of idle capacity should their supply
of commodity be interrupted. They stabilize the price which
processors must charge to recover the average cost of their product.2
As inventory increases, however, the costs of storage, facilities
maintenance, personnel expenses, spoilage, and interest charges all
rise, while the protection afforded by each additional unit decreases.
The marginal stockout yield and the marginal-carrying cost are

qualitatively represented in Figure IV.3.

2
For a comprehensive discussion of inventory costs and a quantitative
theory of the inventory-price relation see (Weymar; esp. pp.32-59 ).
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CARRYING
cos

COST, YIELD ($/unit)

COVERAGE (months)
Figure IV.3: Marginal Cost and Yield of Inventory

Those holding stocks will prefer to hold that amount "D" which Just .
equates the marginal coat and yield of the inventory. The level
of the stockout yield depends upon the magnitude of fluctuations in
the system. With smaller production cycles, a given quantity of
inventory 1is more likely to protect against;production interruptions.
As fluctuations decrease the stock out yield curve would thus shift
to the left, lowering the economically optimum, desired &overage.
However, desired coverage would be essentially constant over the
course of one production cycle and, it will be assumed constant
in the Dynamic Cobweb Model. In Chapter VII we will discuss an
important implication of desired coverage's longer term dependence
upon the magnitude of fluctuations in the system.

In actual systems, distributors may hold some of their

commodity stocks as future contracts. The Dynamic Model assumes

that there 18 no futures market, and that all inventory must be
held as physical stocks. Since cycles existed before there were wide-

spread futures markets, futures transactions and price information can not
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be essential components of the cycle. Where it becomes desirable
to study the impact of a futures market on system stability, the
desired coverage relationships could easily be modified. This has
been done for different purposes in (Weymap.

Actual coverage 18 compared with that desired to determine

the relative coverage afforded by current stocks

DCOV=19Q
RCOV.K=COV.K/DCOV
RCOV - RELATIVE INVENTORY COVERAGE  (DIMENSNLESS)
COV =~ INVENTORY COVERAGE (MONTHS )

DCOV - DESIRED |INVENTORY COVERAGE (MONTHMS)

5. Price -

Whenever the relative coverage is greater tham 1.0, it will pay
those holding stocks to decrease their inventories. They will correspond-
ingly lower the coondity Price in an attempt to discqurage production
and stimulate consumption. The converse is also true. Price will be
increased when the relative coverage falls below 1.0. Price is thus

determined by relative coverage.
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Figure IV.4: Relative Coverabe-Price Relationship
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PRICE.K-TABLE(PTAB,RCOV.K,O,I.QQB,.333)
PTAB=100/94/80/50/20/10/0
PRICE - COMMODITY PRICE (DOLLARS/UNIT)

PTAB - PRICE TABLE " (DOLLARS/UNIT)
RCOV = RELATIVE INVENTORY COVERAGE (DIMENSNLESS)

In actual commodity systems there are, of course, several different
prices: price received by producers, by processors, and by distributors,
i.e., that charged the consumers. Where there are more than a few
competitors, however, these different prices are generally highly
correlated. Their differences will be unimportant in determining the
long-term dynamics of the system. Like the Static Cobweb Model, then,
the Dynamic Cobweb Model assumes only ome price. We will acknowledge
separate, though linearly related, producer and consumer prices when

the parameter values of the basic model are changed to represent

the hog system.

6. & 7, Expectations -

Given the history of consumption and price fluctuation in commodity
systems, producers will tend to discount recent changes in either
parameter. We adopt the model of producer expectations proposed by
Nerlove and presented in Chapter III.3 The current rate of change

in the expected value is proportional to the difference between recent

3Though first proposed in the context of commodity analysis by Nerlove,

this formulation is merely the process of exponential smoothing. The expected
i.e. forecast, value 1s simply a weighted average of all past actual

values, with greater weights placed upon the more recent data.
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expected value and recent actual value.

EV.K = EV.J + (DT)(B) (AV.J - EV.J)

The inverse of B is a measure of the time required for a producer to

adjust his expectations to a change in the actual value.4 We thus define

an "expectation adjustment delay" equal to B' for each expectation process.

R ACTUAL
58 |
B' "-
SS ',o’ EXPECTED
A3 Jig
2= Y
a2
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— o
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Figure IV.5: Response of Expectations
to Change in Actual Parameter Value,

EP.K=EP,.J+(DT) (PRICE.J~EP.J)/EPAD

EP=EPN
.EPN=50
"EPAD=3
| EP

PRICE

EPAD
EPN

PRICE EXPECTED BY PRODUCERS

COMMODITY PRICE

EX. PRICE ADJUSTMENT DELAY

INITIAL VALUE OF EX,.

PRICE

(DOLLARS/UNIT)
(DOLLARS/UNIT)
(MONTHS)

(DOLLARS/UNIT)

4

Where expouential smoothing is used, B' is the time required for the
expectation process to reduce by 637 the difference initially caused
by a step change in the actual value.
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ECR.K=ECR.J+(DT)(CR.JUK-ECR.J)/ECAD

ECR=ECRN

ECRN=600

ECAD=100
ECR = EXPECTED CONSUMPTION RATE (UNITS/MONTH)
CR = CONSUMPTION RATE (UMITS/MONTH)
ECAD - EX. CON. RATE ADJ. DELAY (MONTHS)
ECRN = IN. VALUE OF EX. CON. RATE (UNITS/MONTH)

8. Desired Production Capacity -

Associated with each expected price is a unique desired production
capacity. The relationship reflects decreasing marginal returns and

the assumption that there 1s mo backward bending supply relationship.
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Figure IV.6: Expected Price-Desired Production Capacity
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DPCAP.K=TABLE(CATAB,EP.K,0,100,20)
CATAB=0/40/200/1000/1200/1280
DPCAP - DESIRED PRODUCTION CAPACITY (UNITS/MONTH)

CATAB - CAPACITY TABLE (UNITS/MONTH)
EP = PRICE EXPECTED BY PRODUCERS (DOLLARS/UNIT)

Desired capacity is an equilibrium concept. It specifies the amount of
capzcity which would be maintained in the long-run if the price were

to remain at its currently expected level. However, there are constraints
on the rate at which producers may profifably acquire (or dispose of)
productive capital. Two processes, capacity ordering and capacity
arrival, intervene between a change in desired production’ capacity and

a corresponding change in actual production capacity.

9. Capacity Transfer Initiation Rate -

Additional resources will generally be required to initiate any
increase or decrease in productive capacity. Competition for those
resources - personnel, finances, physical facilities - will prevent
producers from immediately acting to re-establish capacity at the new
desired level. Instead, resources will be diverted to the tasks
of transfer, i.e., to construction, to the search for customers, to
the purchase of new machinery or facilities, etc., in proportion
to the difference between that capacity which is desired and that

which is already available or being transferred. The degree of
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competition for the necessary resources determines the transfer initiation
delay, 1.e., the time period required by producers to initiate transfer

on sufficient capacity to eliminate the current difference.

CTIR.KL=(DPCAP.K-PCAP .K=-CBT.K)/CTID

CTID=3
CTIR = CAP TRANSFER INITIATION RATE (UNITS/MO/MO)
DPCAP - DESIRED PRODUCTION CAPACITY (UNITS/MONTH)
PCAP - PRODUCTION CAPACITY (UNI1TS/MONTH)
CBT = CAPACITY BEING TRANSFERRED (UNITS/MONTH)
CTID - CAP TRANSFER IN. DELAY (MONTHS)

Software restrictions prevent direct reference to the contents of the
transfer delay. Thus, an additional level, capacity being cransferred,

is defined to contain at all times the same quantity as the transfer delay.

CBT.K=CBT.J+(DT)(CTIR.JK=CTCR. JK)
CBTN=(CTID(DPCAP-PCAP))/(1+CTID)

CBT = CAPACITY BEING TRANSFERRED (UNITS/MONTH)
CTIR =~ CAP TRANSFER INITIATION RATE (UNITS/MO/MO)
CTCR = CAP TRANSFER COMPLETION RATE (UNITS/MO/MO)
CBTN - INITIAL VALUE OF CBT (UNITS/MONTH)
CTID = CAP TRANSFER IN. DELAY (MONTHS)

OPCAP - DESIRED PRODUCTION CAPACITY (UNITS/MONTH)
PCAP - PRODUCTION CAPACITY (UNITS/MONTH)

10. Capacity Transfer Completion Rate -

That capacity which has been ordered or earmarked for disposal will
not immediately alter the rate at which new commodity is initiated.
Construction, or shipping, or maturation, or conversion, etc., must be

completed before that capacity becomes or ceases to be utilized.
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Capacity disposal may generally be enacted more quickly than acgui-
gition. In the generzl model, however, we treat the processes as if they

were symmetric.

CTCR.KL=DELAY3(CTIR.JK,CTD)
CTD=4
CTCR = CAP TRANSFER COMPLETION RATE (UNITS/MO/MO)

CTIR = CAP TRANSFER INITIATION RATE (UNITS/MO/MO)
CcTD - CAPACITY TRANSFER DELAY (MONTHS)

11. Production Capacity -

One often measures capacity in térms of the production rate it could
sustain at full utilization. Refinery capacity is measured, for example,
in barrels per day. We adopt a similar convention in the basic model,
and measure capacity in units/month. Models of specific commodities
will, of course, express capacity in units appropriate to that
commodity: sows, acres, trees, etc. Capacity will be influenced

by two flows: capacity transfer completion and capacity depreciation.

-

PCAP.K=PCAP.J+(DT)(CTCR,JK=-CDR, JK)

PCAPN=600
PCAP - PRODUCTION CAPACITY (UNITS/MONTH)
CTCR - CAP TRANSFER COMPLETION RATE (UNITS/MO/MO)
CDR = CAPACTIY DEPRECIATION RATE (UNITS/MO/MO)
PCAPN - INITIAL VALUE OF PROD. CAP. (UMITS/MONTH)

12. Capacity Depreciation Rate -—

Whatever the nature of the production capacity, orchards, livestock,

acreage, mineral seams, machinery, etc., it will have some average life.
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Depletion, biological aging, or physical deterioration will act to
depreciate the potential of a stock of productive capital. The rate

of depreciation will equal, on the average, the total amount of capacity
divided by the average capacity life. Although average life will
sometimes depend upon the rate of utilization, we assume it to be a

constant in the basic model.

CDR.KL=PCAP.K/ALPC
ALPC=200
CDR - CAPACTIY DEPRECIATION RATE  (UNITS/MO/MO)

PCAP - PRODUCTION CAPACITY (UNITS/MONTH)
ALPC -~ AVERAGE LIFE OF PROD, CAP, (MONTHS)

13. Initiation Rate -

Where capacity is measured in '"units/time", as in the basic model,
initiation rate simply equals production capacity multiplied by the

capacity utilization factor.

INR.KL=(PCAP.K) (CUF.K)
INR = COMMODITY INITIATION RATE (UNITS/MONTH)

PCAP - PRODUCTION CAPACITY (UNITS/MONTH) -
CUF = CAPACITY UTILIZATION FACTOR (DIMENSNLESS)

14. & 15. Utllization Factors

In the production of most primary commodities the major components
of total production costs are fixed. Utilization of the capacity costs
relatively little more than merely maintaining it. As explained in
Chapter II (p. 19), there may even be penalties assoclated with suspend-

ing production. Thus, producers will tend to initiate production



57

(breeding, excavation, planting, etc.) at the maximum rate permitted by
their capacity. Only where there is a great difference between actual and
desired capacity may the capacity be used at other than 100 percent of
normal production rate. Pesticides, fertilizer, overtime help and
marginal capital may be used to increase slightly the amount of product
which is initiated. Even after production is essentially completed,
producers may have the option of harvesting, refining, etc. more
intensely. If desired capacity is far below that actually available,
some capacity may simply be left idle or the finished product may

be left unharvested or may be destroyed or deployed outside the
commodity system. Oné may distinguish between those actions employed
before and after the production process. The first affects the
utilization of available capacity, the second affects the use of the

finished product. It is initially assumed that utilization does not vary.

CUF.K=TABHL(CUTAB,RDAC.K,0,1.998,.333)
CUF = CAPACITY UTILIZATION FACTOR (DIMENSNLESS)

CUTAB - CAPACITY UTILIZATION TABLE (DIMENSNLESS)
RDAC - RATIO OF DES. TO ACT. CAP. (DIMENSNLESS)

RDAC.K=DPCAP.K/PCAP.K
CUTAB=1/1/1/1/1/1/1

RDAC RATIO OF DES. TO ACT. CAP. (DIMENSNLESS)

DPCAP - DESIRED PRODUCTION CAPACITY (UMITS/MONTH)
PCAP - PRODUCTION CAPACITY (UNITS/MONTH)
CUTAB -

CAPACITY UTILIZATION TABLE (DIMENSNLESS)

PUF.K=TABLE(PUTAB,RDAC.K,0,1.998,.333)
PUTAB=1/1/1/1/1/1/1
PUF - PRODUCTION UTIL. FACTOR IMEMSNLESS)

(D
PUTAB = PRODUCTION UTILIZATION TABLE (DIMENSNLESS)
RDAC - RATIO OF DES. TO ACT. CAP, (DIMENSNLESS)
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16. Production Rate

The Static Cobweb Theorem acknowledges a lag between initiation and
final availability, i.e. production, of the commodity, but the delay

is assumed to be in tke form of a pipe~1line.
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Figure IV.7: Static Relation between Initiation and Production

Because several bfological, physical, and meteorological factors

will determine the length of the production delay for any given commodity,
the delay is probably not so constant in length. The Dynamic Model
assumes that the production resulting from some earlier initiation

at time "t" will be distributed over a relatively short interval

centered about "t + PD" (Figure IV.8).

PR.KL*DELAYS(INR.JK,PD)-PUF.K

PD= 6
PR ~ COMMODITY PRODUCTION RATE (UNITS/MONTH)
I NR ~ COMMODITY INITIATION RATE (UNITS/MONTH)
PD = PRODUCTION DELAY (MONTHS)
PUF = PRODUCTION UTIL. FACTOR (DIMENSNLESS)
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Figure 1IV.8: Dynamic Relation Between Initiation and Production

17. Equilibrium Per Capita Consumption

In most of its uses a commodity will have one or more competitors.
Lead, copper, and aluminum; pork, beef and lamb; rice and wheat all
compete in numerous applications. As the price of a commodity increases,
it will be found economical to replace it in more and more applications.
At any given price there will be certain uses for which the commodity
is still the cheapest alternative and other uses in which it 1s displaced.
The relation between commodity price and the demands for uses in which
it is optimum at that priée defines a long-run equilibrium per
capita consumption function. There 1s some suggestion that long-run
consumption is also dependent upon the variance as well as the mean
of a commodity's price. However, that relationship is a very minor
factor in long-term commodity cycles and is thus eliminated from

the basic model.5

5If we were primarily interested in the absolute level of commodity
Price rather thanm its fluctuatiomns, this factor would have to be
included in the model.
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EQUILIFRIUM PER CAPITA
CONSUMPTION (units/mo)

PRICE
Figure IV.9: Price-Equilibrium Per Capita Consumption Relation

EPCC.K=TABLE(COTAB,PRICE.K,0,100,20)

COTAB=7/6.5/5/1/.3/0
COTAB - CONSUMPTION TABLE (UNITS/MAN-
PRICE - COMMODITY PRICE (DOLLA‘S?sNrgg

';_agcc_ = EQUI. PER CAPITA CONSUMPTION (UNITS/MAN=-MO)

18. Per Capita Consumption Requirements

Several factors prevent consumption from adjusting immediately to
a change in commodity price. Since consumers do not shop continuously,
it will take them some time to recognize that a ﬁew commodity price
prevails. Where a commodity is used as an intermediate, i.e., is an input
in the manufacture of a more refined product, product design or process

technology may force some delay in taking advantage of a new relation
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6
between the prices of competing commodities. Thus, we define a per

capita consumption requirement which adjusts continuously toward the
equilibrium per capita consumption defined by the current price. The
speed of adjustmeat, géverned by psychological, physical, and
technological factors, 1is a function of the consumption requirements
adjustment delay.
PCCR.K=PCCR.J+(DT)(EPCC.J-PCCR.J)/CRAD
PCCRN=3
CRAD=9
PCCR = PER CAPITA CONSUMPTION REQS. (UMITS/MONTH)
CRAD =~ CONSUMPTION REQS. ADJ. DELAY (MONTHS)
PCCRN = INITIAL VALUE OF PCCR (UNITS/MONTH)

19.° Consumption Rate’

Consumption rate is the product of per capita consumption Tequirements
and the Population of consumers, assumed constant in the basic Dynamic
Model. We add to the consumption rate equation an additional input
which will be used to simulate the impact of exogenous influences

on the system.

CR.KL=(POP.K) (PCCR.K)(INPUT.K21)

POP=200
CR ~ CONSUMPTION RATE (UNITS/MONTH)
POP - POPULATION OF CONSUMERS (MEN)
PCCR = PER CAPITA CONSUMPTION REQS. (UNITS/MONTH)
INPUT - EXOGENOUS INPUT TO CONSUMP. (DIMENSNLESS)

6

The distinction between long-run and short-run demand is often obscured
in economic studies. An excellent discussion of the two functions

with statistical estimates of adjustment delays for meats is

presented in (Towmek & Cochrane).
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These nineteen assumptions constituted the basic Dynamic Cobweb
Model. Alternative and additional assumptions can easily be added,
but, as I demonstrate below, these relationships are sufficient to
produce in simulations the long term cycles characteristic of actual
commodity systems.

The equations above together with control cards and a specification

of the i{nput functions are included as Appendix I.

Preliminary Analysis of the gznanic Cobweb Model

Before we base any interpretive or normative statements on our

analyses of this model, it is i{mportant to obtain some measures of
its validity. The concept of validity is discussed in the next chapter.
Here we need only recognize a minimum requirement: the model muet
exhibit the behavior we seek to study. That qualitative test may be
administered by subjecting the model, initially at equilibrium, to the
same sort of exogenous disturbance employed in Static Cobweb analyses.
We simply increase the consumption over a brief period and monitor
the systems' subsequent behavior through computer simulation of the
model. The resulting behavior over a 150 month period is shown in
Figure IV.1l1 Three model parameters are plotted:

1-Initiation Rate

2-Production Rate

3-Price
These parameters are equivalent to the hog cycle parameters which

are presented in Figure IV.10 for comparison:
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1-Pig Crop
2-Slaughter Rate
3-Price
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Figure 1IV.10: Phase Relationships in the U.S. Hog Cycle

In the simulation, the system is inicially at equilibrium.
Consumption equals production and there is thus go change in inventory
or price. Then exogenous inputs increase the consumption rate by
a factor of fifty percent from the fifth through the tenth month.
Because production does not increase immediately, inventory decreases
and the price rises. Higher prices lower consumption and stimulate
investment in PTroduction capacity resulting eventually in greater
initiation and ptoduction'nates after the ninth and the twelth month
respectively. Investment in capacity and the removal of the extra,

exogenous consumption in month ten combine to give excess production
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which reaches a peak in month twenty-one. At this point, however, pro-
duction is substantially greater than consumption and price is thus too
low to support the installed capacity, which consequently begins to de-
crease. The production sector over-reacts, however, and disposes of

too much capacity to support consumption at the normal, equilibrium price
of $50.00/unit. Capacity and iaitiation rate thus begin to increase after
the twenty-seventh month and a typical production cycle ensues.

Notice the marﬁed siﬁileritiea between the simulated and the actual
cycles. Peaks in the initiation rate (pig crop) alightly lead those in
production rate (slaughter rate), and each rate in the latter pair is
always 180° out of phase with price in 4its system through all cycles.

The differences in scale are not inherent in the structure of the
simulation mpdel. but result primarily from the choice of initial values
in the Dynamic Cobweb Model. There are, however, three apparent differ-
ences between the actual and the simulated time series. First, fluctua-
tions exhibited by the model are damped, the damping factor appears to
be about 0.6, while the fluctuations in the real system appear to be sus-
tained. Second, the real world parameters are more erratic than those
in the model. Simulated price changes quite smoothly over time. Third,
the period of the model fluctuations is only about sixty percent as large
as in the actual system: twenty-seven months vs. forty-eight months.

The first two discrepancies derive from the difference in the nature
of the exogenous inputs to the real and the simulated system. A distur-
bance of the form and magnitude employed in static analyses and in the
simulation above would seldom be found in actual commodity systems.
Instead of a single pulse there is a constant sequence of brief, small,

rendom disturbances, noise, impinging on each relationship in the system.
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It is impossible to analyze the influence of noise in the context
of the Static Cobweb Model. In the Dynamic Model we may easily include
a noise component in the consumption rate. The results of this change,
illustrated in Figure IV.12, eliminate the first two discrepanc¢ies
without altering the similarities in the phase relationships of the
actual and the simulated cycles.

The period is the attribute which most differentiates-one commodity's
production cycle from another's. The period is determined by the structure
of the commodity's production end consumption relationships and by the spe-
cific value of each parameter in that structure. We would not expect that
a set of randomly chosen parameter values would produce the exact periodi-
city of a real commodity cycle, even if the supply-demand structure were
similar to the actual sys:em..ﬂowever, 1f both the structure and the para-
meter values of a model resemble those of the real system, the periods
should also be equal. -

While the simulated behavior of the Dynamic Cobweb Model is qualita-
tively similar to the one we wish to understand, the model might still omit
several relationships essential in the study of actual commodity produc-
tion cyclés. To test that possibility we change the value of each para-
meter in the Dynamic Model to represent a specific commodity. To the ex-
tent the simulations then exhibit the periodicity of the actual system
we will have confidence in the conclusions derived from further analyses

of the model.
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CHAPTER V

TEST OF THE DYNAMIC COBWEB THEOREM -

THE U.S. HOG CYCLE

Brief Comments on the Concept of Model Validity

Cohen and Cyert (p. 119) list three steps in the use of simulation
models for economic analyses:

1) Formulation of an appropriate structure

2) Estimation of parameters

3) Test of model validity
0f the three, the last has been the greatest source of confusion. An excel-
lant discussion of validation for socio-economic models is presented by
(Forrester; 1961, pp. 115-129, 430-436). Several of his points will be sum-
marized here. No useful model is completely valid, for a model would not
be useful unless it were a simplification of reality. Validity ie thus a
relative concept at beet. Because random influences are important deter—
minanes of behavior in socio-economic systems, the accuracy of point pre-
dictions for individual parameters in the system ie not a very useful cri-
terion of model validity. We must rely instead on a comparison of the
dynamic behaviors of the model énd the real system. Phase relatioms, rela-
tive magnitudes, periods, and rates of parameter change are important.

Administrators formulate models for help in solving problems. It
appears more fruitful, therefore, to discuss the utility of any given
model. Models are useful to the extent that they explain problems and
facilitate the search for solutions. Complex system problems are gener-
ally expressed in terms of some undesirable behavior phenomenon. A mini-

mum requirement for utility is thus that the model exhibit the same
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behavior phenomena it has been gonstructed to explain. Of course, a
model must pass that test without including eny assumptions which are
not at least characteristic of the system being modeled.

Specifically, if the Dynamic Cobweb Model is to be useful in
studying the stabilization of long tz2rm commodity fluctuationé we should
expect it to exhibit in simulations the long-term periodicity and
phase relationships characteristic of any specific commodity represen-
ted by its coefficient values and tabular functions. We have chosen
the U.S. hog industry from 1950-1965 as a basis for this test. There is
abundant data available on the system, and it exhibita very distinctive
four year cycles whose source has long been the subjgc: of debtate. More-
over,.the hog system 18- generally the example selected to illustrate the
utility of the Static Cobweb Theorem (see, for example, Samuelson, pp. 484~
486). Adaptation of the Dynamic Model to the same system will permit, in

Chapter VII, a direct comparison of the two theorems.

The Hog Cvcle

The hog cycle illustrates the phenomenal ubiquity and tenacity
of behavior patterns derived from simple feedback structures. The insta-
bility of hog systems was noted as early as a century ago. In an 1876
article, Samuel Brenner declared the "advance and decline” in the value
of hogs to be "for twenty years past ... as alternately certain as the
diurnal revolutions of the earth upon its axis..." (cited in Breimyer; 1959,
p. 760). Tinbergen, one of the original formulators of the Static Cobweb
Theorem, 1llustrated his analysis with reference to a statistical analy-
sis of the German hog cycle presented in (Hanau). There was spirited

debate during the thirties about the causes of the hog cycle in Great
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Britain (Coase & Fowler, 1935a, 1935b, 1937), (Cohen & Barker). The

hog cycle in the United States has received attention in every decade
since the forties (Breimyer) (Lorie)(Harlow). Until recently, the U.S.
hog cycle was generally thought to be the result of the essentially ran-
dom fluctuations in corn supplies. Hog feed 1s one of the largest and
most fle*iblg uses for corn. Since demand for pork products is rela-
tively price inelastic and inventories of frozen and cured pork are
necessarily small, hog production has been directly tied to corn out-
put. There were continuous, and pronounced hog production cycles be-
tween 1890 and 1940; but they varied in length from three to six years

(Figure V.1)
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Figure V.1l: A Measure of the U.S. Hog Cycle — 1890 to 1944; Index of the
Hog Numbers on Farms (Expressed as a percent of trend)

Fluctuations in the price of hogs cause financial hardship for hog

producers. When variations in the corn supply were identified as
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contributing to the 1n§tab111ty in hog production, the government began
to enact various acreage control and price support programs fof corn.
Most important of these was the Agricultural Adjustment Act of 1938. With
some modifications, it remains in effect today. The program has served
to control production, raise prices, and stabilize the supply of corn
through the maintenance of inventories. It was expected that the hog
production would be stabilized as a result. In fact, the system now
exhibits greater fluctuations than it did before. Average annual varia-
tions in deflated hog prices (averaged ffom October through April of
each year) rose from 16 percent in the pre-war years to 25 percent in the
post-war years (Dean & Heady; p. 845). Figure V.2 illustrates the cycle
from 1925 to 1968. The corn support programs were based on too simple a
view of the hog supply and demand system. It is not corn price, but the
hog-corn ratio which determines the level of hog production. This ratio
measures the amount of corn in bushels equal in value to 100 pounds of
live hogs. When the ratio decreases, it becomes relatively more profit-
able to sell corn directly to consumers. When the ratio increases, it 1is
more profitable to feed the corn to hogs and then sell the resulting pork
products. The corn programs affected only the denominator df the ratio
leaving the price of hogs still free to fluctuate. Thus, short run changes
in demand still were possible as temporary imbalances between supply and
demand brought changes in the price of hogs and pork. Moreover, the in-
ventories of corn created by the program permitted the stock of hogs to
be expanded and contracted more quickly in response to these demand changes.
As a consequence, hog fluctuations were not decraased. But as their
source shifted from exogenous, random factors, to the endogenous character-

istics of the system itself, the cycles did become more regular. A
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periodicity of about four years began to emerge (Breimyer, 1959).

Since the new cyclé could no longer be simply attributed to varia-
tions in the corn crop, it intrigued economists where the earlier cycles
had not. There is today a diverse economic literature on the character-
istics of the supply an& demand for pork products. Some of the economists
display good qualitative understanding of the factors involved in the
cycle (Breimyer), (Haas & Ezekiel), (Lorie). However, quantitative
efforts to explain the periodicity and the damping of the cycle in gen-
eral terms have all begun (and foundered) with the Static Cobweb Theorem.
The Static Theorem predicts, as we have shown, that the period of commo-
dity cycles should be about twice the production delay. Hoge have a ges-
tation and growth period of about 11 months. The quantitative litera-
ture which deals with the total hog system consists of attempts to ration-
alize away the two year discrepancy between the observed period and that
predicted by the Cobweb Theorem (Harlow) and of models which treat hog
production as a uniqge system (Larson), (Maki). We turn here to the task
of formulating a dynaﬁic hog cycle model as a special case of the Dynamic
Theorem to determine whether it offers an explanation of the four year

cycle.

Adaptation of the Dynamic Cobweb Model to Hogs

Except for several additional biological conatants, the model dif-

fers from the basic model in only two ways:

(1) Price received by farmers is distinct and different from the
commodity's retail price. The two are linearly related.

(2) Any change in Production capacity, i.e., breeding stock,
alters the production rate directly.
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An additional level, mature Stock, is inserted between production
and inventory. The first order delay formed by this level, mature
stock, and mature stock slaughter rate is so short it is dynamically
unimportant. However, it portrays the relationships in the real
system through which the breeding stock adjustment rate influences
the flow of meat into inventory. Similarly, the equivalent'of'capacity
depreciation rate, i.e., old 8ow glaughter rate, now augments the ifiven-
tory of commodity. As we will i{llustrate in analyzing the hog model,
these changes have little influence on the long-term dynamics of the
system. They are included primarily for realism. The Dynamic Model
exhibited long term price-production cycles without these additions and
it will be seen that except for its periodicity and damping the hog
model behaves similarly to the basic wodel.

One simplification of the real system will be made in the model.
There is in the hog system a strong short term cycle with a period of
six months induced by the farmers' marked desire to avoid farrowing
their sows in cold weather. The farrowing peaks in May and September
(Figure V.3) produce short term fluctuations in slaughter rate and inven-
tory of pork but these tend to be discounted by the producers in making
their long term capacity adjustment decisions, thus thie short term cycle
is not represented in the model.

Statistics used in determining the appropriate parameter values are
from issues of Livestock and Meat Statistics, published by éhe Economic
Research Service of the U.S. Department of Agriculture. All relevant
series from that publication are included as Appendix II to this thesis.
The model's relationships are represented pictorally in Figure V-4. Num—

erals on each element of the flow diagram again refer to the section in
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the text which specifies the relevant assumptions. Element names have

been adapfed from the basic model to conform with common terminology in

the hog system.
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Figure V.3: The Seasonal Characteristics of Hog Farrowingse

Dynamic Hog Cycle Model -~ Verbal and Quantitative Description
1. Inventory of Pork

There are many organizations involved in the flow of pork products be-
tween producers and consumers (Figure IV-5). Each of these entities main-
tains an inventory of pork in one or more forms. One important set of

inventories is the cold storage holdings of frozen and cured pork (HFCP)
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which are monitored on a monthly basis by the U.S. Department of Agri-
culture (A.II-1). We assume that this stock represents the total inventory
of pork; The model remains valid, however, if there are other stocks of

pork whose relative change is the same as that reported for HFCP.
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Figure V.5: Schematic Diagram of Principal Distribution Channels for Livestock
and Meat

Imports and exports consistently are less than 2 percent of production
(A.II.11lc, lines 3 & 4), and they tend to offset each other. Military con-
sumption is also unimportant, only a few percent of the total (A.II-1llc,

line 6). Thus, we may assume that the inventory of pork is increased only




77

by the slaughter of mature stock and breeding stock and depleted only
by the domestic, civilian consumption rate.

The addition to inventory produced by slaughter depends upon the
number of hogs slaughtered, their live weight (LWSH), and the percent
of each hog which 1s not discarded as waste during dressing,.the dress-
ing yleld. A secondary relation has been found between producer price
expectations and the live weight of the hogs offered for slaughter
(Haas & Ezekiel; pp. 23-25). However, between 1950 and 1966 the average
yearly LWSH varied only between 234.8 1lbs/hog (1956) and 245.8 1bs/hog
(1951) (A.II-2). We therefore assume the live weight of hogs slaughtered
to be constant at 240 lbas/hog, its 1961 value. The difference between
live and dressed weight can be inferred from three time series: (1) Live
Weight of Slaughtered Hogs (A.II-2), (2) Number of Hogs Slaughtered
(A.II-7), and (3) Totai Pork Production (A.II-1llc, line 1).

Total Pork Production (1lbs)

Dressing Yield =
Total Slaughter (hogse) * Av. Hog Wt. (1bs/hog)

The dressing yield has been rising very slowly:

Table V-1: Change in Hog Dressing Yield

A
Year Dressing Factor
1950 .552
1955 .561
1960 577

We assume DY to be constant at .58.
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lP.K-lP.JO(DT)((MSSR.JK+0§SR.JK)(LNSH'DY)-CR.JK)
IPN=200E6

LWSH=240

DY=,58
1p = INVENTORY OF PORK (LBS) .
MSSR = MATURE STOCK SLAUGHTER RATE (HOGS/MO)
OSSR = OLD SOW SLAUGHTER RATE (SOWS/MO0)
LWSH = LIVE WT. OF SLAUGHTERED HOGS (LBS) '
DY = HOG DRESSING YIELD (DIMENSHNLESS)
CR = CONSUMPTION RATE (LBS/MO)
1PN = INITIAL VALUE OF 1P (L8S)

2. Inventory Coverage -

As in the basic model, inventory coverage is the ratio of current

stocks to the expected consumption rate.

COV.K=IP.K/ECR

ECR=_,99E9
‘cov = COVERAGE PROV. BY INVENTORY (MOS)
P = INVENTORY OF PORK (LBS)

ECR = EXPECTED CONSUMPTION RATE (LBS/MO)

This ignores the role of futures contraéts in providing coverage. However,
open interest tn pork bellies and hogs has only recently become a signi-
ficant fraction of the physical holdings, and the phenomenon we seek to

explain existed long before the availability of futures contracts.

3. 'Relative Inventory Coverage

As formulatéd in cthe basic model. relative coverage, the ratio of
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actual coverage to that desired, measures the relative desirability of cur-
rent inventory levels. If we assume th;t the average value of inventory
coverage over the course of one hog cycle will be that actually preferred
by the processors and distributors, we may infer the value of desired cov-
erage. ﬁuring the four year period from 1955 to 1958, pork production
averaged about 813 million pounds per month. The average cold storage
holdings of frozen and cured pork reported for that same period was approx-
imately 293 million pounds. We therefore set desired coverage equal to

0.36 months.

RCOV.K=COV,.K/DCOV
DCOV=_36
RCOV = REL COV PROV BY INVENTORY (DIMENSNLESS)

cov = COVERAGE PROV, BY INVENTORY (MOS)
DCOV - DES COV PROV BY INVENTORY (MOS)

4. Hog Price

Prices are continually established at each of three interfaces in the
hog system: farmer-processor, processor-distributor, and distributor-con-
sumer. No one of these is solely responsible for prices. Consumers' pre-
ferences limit the amount of pork which can be 80ld at any given retail
price; the expectations, economic constrgints, and stocks of speculators

and processors determine the premium (or discount) they will
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pay over current prices; and the economics of swine production together

with the number of hogs on the farm influence the amount of pork which

will be forthcoming at any price. A 1935 study of direct hog market-

ings indicated that "a rise or decline in hog prices is at least as

likely to occur in interior points as at public markets" (Bjorka)

Most economists have thus adopted the attitude expressed in a recent text:
All that can be stated with confidence is that prices among

the various kinds and types of markets and market locations are

highly interrelated. They are jointly determined by factors

which affect all of them and which tie them together into one

vast economic system. (Williams & Stout; p. 566)

Like the instinct theory of behavior, this~lppréach explains everything
and accomplishes very little. Anyone interested in the design and under-
standing of a system must attempt to identify the major causal relations.
As a working hypothesis we provide here an alternative explanation of
price determination based on actual decisions of participants in the
system.

The first of the three interfaces listed above is the only ome in
which one participant has virtually no bargaining power. Farmers have
little alternative to selling their mature gtock for the beaé price
offered them by processors. We look therefore at the farmer-processor
interaction for an explanation of short-term price determinmation. It will
be argued later that retail prices are determined primarily as competition
forces essentially constant margins between the initial cost and the re-
tail price of pork. Farmers are at least fortunate that there is intense
competition among processors for their product. It has been suggested

that no economic system approaches perfect competition as closely as the
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meat economy (Breimyer; 1961, pp. 10-12). Prices offered to farmers

are thus not likely to result from capricious decisions, but will be

the result of economic comstraints upon the procegsors. The most im-
portant determinants are the underlying price trend and the level of
current stocks for pork. Since we are intereated in the endog;nous
determinants of production cycles, we have assumed the price trend to
have zero slope. The major factor thus is the current coverage offered
by processors' stocks. The important role of these inventories was sum-
marized very well in the report on a 1926 study of hog price determina-

tion reported in (Haas & Ezekiel).

In making bids for hogs, the buyers gave more attention
to how large market receipts (i.e., prices) had been run-
ning, and how large they wers expected to run during the
next several months, than they did to the receipts dur-
ing the single month. At the same time, they had to get
their share of the business volume, so during short per-
iods when receipts (of live hogs) temporarily fell below
the Beneral average,the competition to get a share of the
business forced prices somewhat asbove the general trend,
though not nearly so much as did an equal shortage in sup-
Ply extending over a considerable period. (pp. 10-11)

The quantity of hog products in storage is another of

the factors which men who are buying live hegs for slaughter
take into consideration, as bearing upon the prices they
will probably be able to get for the products from the
hogs. Large storage stocks represent that much to be added
to current production to give the supply of products avail-
able for consumption during the next few months; low storage
stocks may mean that some of the production of the next
few months will be held out of consumption and used to
build stocks up to their usual level. For this reason hog

- s8laughterers usually tend to bid somewhat higher for live
hogs when the stocke of provisions are low than when they
are high. The quantity of hog products in storage had a
material influence upon the strength of the demand for live
hogs during the period before the war, especially whenever
they went more than about 40 percent above the usual quan-
tity in storage for the particular season of the year.
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Next to changes in export demand, change in storage

stocks was apparently the most important cause of

change in the strength of the market demand. (p. 18)

This study was conducted shortly after World War I, when exports had
been a significant fraction of the total U.S. production. Now net
exports are less than one percent of production, and export demand is
unimportant in determining price.

We have desciibed in Chapter 1v the factors which determine the
relation between the size of inventory and its cost or value to the pro-
cessor. It was apparent that coverage, rather than absolute quantity,
was the important measure of an inventory's value. Relative coverage
was introduced simply to normelize this measure to the economics of any
particular commodity.

We have found no study of the relation between relative coverage
and hog price, but the precise nature of the relationship must be fairly
unimportant. The relationship certainly has changed during the last 90
years, but the dynamics of the hog system have remained essentially un-
changed during that period. The approximate relationship can be inferred
through analysis of data on cold storage holdings, price received by far-
mer, and consumption (A.'s II-1, 3, 11). 1Im the actual system desired
coverage logically would change throughout the year in relation to the
peaks in slaughter, being high just after the €211 slaughter peak and
low just before it. To eliminate this seasonal component ffom our cal-
culations we will look at data for one month for each of four years dur-
ing a hog cycle. We have chosen July, 1955~1968. The calculations are
shown in Table V-2 (next page). Since July's inventory tends to be only
80 percent of the average month's holdings' CSH are normalized to get a

figure more characteristic of all months.
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Table V.2: Hog Price vs. Relative Coverage
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July 1955 298 373 837 .43 .36 1.19 16.40
July 1956 307 384 820 47 .36 1.32 15.30
July 1957 204 255 790 .32 +36 .90 19.30
July 1958 173 216 849 .25 ?36 .71 21.70

The empirical relation above is represented in Figure V.6.
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Figure V.6: Hog Price vs. Relative Coverage

HP.K=TABLE(HPTAB,RCOV.K, .4,1.6,.4)
HPTAB=24.8/20.6/16.4/12.2

HP - HOG PRICE 22/100 LBS)
HPTAB - TABLE OF HOG PRICES /100 LBS)

RCOV =~ RELATIVE CUOVERAGE PROV. BY INVEN., (DIMENSNLESS)
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5. Farmers' Expected Hog Price
No part of the Static Cobweb Theorem has received more criticism
chan the assumption that producers will continue to formulate their
price forecasts on the basis of recent prices even after several com-
plete cycles in hog prices. Two different authors have recently ad-
dressed this specific assumption in the Theorem.
...it is probably not reasonable to suppose that a decision-
meker ignores information vhich is easy to obtain, particularly
information which he can obtain by observing his own past beha-
vior. If by observing his own past expectational errors, he
can perceive a simple mechanical pattern in these errors, the

economist should probably not assume that the decision-maker
ignores this information. (Mills; p. 331)

...the inviolable assumption that people never>1earn from
experience, no matter how protracted, 1s at least debatable.
(Buchanan; p. 81)
Significantly, neither author cites any empirical evidence to support
his claim.

One could postulate numerous alternative assumptions about the man-

ner in which producers forecast future prices for their hogs. We know that
exogenous factors such as weather, war, and business cycles exercise some
influence on producer price forecasts (Heady & Kalder; p. 35). However,
the regularity of hog cycles suggests a dominant endogenous component.
The direct empirical evidence which is available dbes not give overwhelm-
ing support to any of the various forecasting models which have been pro-
posed. However, there is general support for the Nerlovian model postula-
ted in the Dynamic Cobweb Model.

A survey of 177 lowa hog producers in 1947 and 1948 provided infor-

mation on the formation and revision of their hog price forecasts (Heady
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& Kalder). In December, 1947, and again in June, 1948, all producers
were asked to give their best guess about the level of hog prices in
December, 1948. The history of actual prices and the producers' fore-

casts are pictured in Pigure V.7.
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Figure'V.7: Actual vs. Expected Hog Prices
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In December, 1947, the mean of producers’' individual estimates was $22.60;

77.4 percent of the producers forecast a price between $18.00 and $27.80.
Thias dramatically suggests that simple extrapolation was not being used
by producers. The simple trend, as shown in the figure, would lead to an

estimate of about $33.00 for December, 1948. With the gix months of
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additional data (from December, 1947, through May, 1948) producers re-
vised their previous estimates downward to yield a new mean expected
price of $20.19. That revision ie also consistent wirh the Nerlove
model.

A 1940 study of hog price expectations in a declining market also
suggested that about 80 percent of the producers were averaging recent
prices to estimate prices nine wonths in the future (Schultz & Browvnlee;
pP. 494-495).

We know that the producers' response to price for hogs is similar to
that for other agricultural commodities.

Changes in livestock (hog) numbers on farms show the same
general type of response to antecedent prices received by pro-
ducers as do changes in crop acreages. (Bean p. 370)

Thus, data on the formation of expectatione for other prodﬁc:s is rele-
vant here. Exponential averaging apparently does take place in related
commodities.

In a survey of 134 farmers, "a comparison of weighted means of long
and short term prices with the expectations of the farmers showed that
the statistical averages which give heavy weighting to prices in the
immediate past were closest approximations to the expected prices for
corn and soybeans". (Williams; pp. 23-24).

In a study of corn yield expectations it was found that:

Farmers would give the average of the last three years'

yields about equal weight with the long-term average and,

accordingly, would expect future yields to maintain half of

the recent gains in yields, ascribing the remainder to an un-

usual combination of favorable corn seasons. (Schultz §
Brownlee; p. 489).
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The length of the expectation delay for hugs is somewhat clouded
by the presence of the strong farrowing seasonal, for the two marked far-
roving peaks are reflected in seasonal price trends. Thus, producers
find it necessary to consider current prices in the context of those
obtained a year ago. Omn the average, however, it appears from the data
that it takes only four to eight months of prices different from last
year's equivalents to persuasde producers a new price level will be
obtained. We will thus employ a Nerlovian expectation model vith B= .16,
i.e., the expectation udjuatnen: delay, B, is six months. Setting FEHPAD

= 6 means that hog prices occurring more than twelve monthe earlier

are given essentially zero weight:
6
(1 - 1/6) = .0083

This assumption is supported by an econometric study of producers' coef-
ficlient of expectations, i.e., B, for hog prices. The analysis of yearly
figures for hog price, farrowings, etc. found B = 1. Producers vere giv-
ing no weight to pricee one year or more before their breeding decisions

(Dean & Heady; p. 856).

FEHP .K=FEHP.J+(DT) (HP,J~FEHP.J)/FEHPAD

FEHPN=21,2

FEHPAD=6
FEHP - FARMERS' EXPECTED HOG PRICE ($/100 LBS)
HE - LIVE HOG PRICE ($/100 LBS)

FEHPAD- FARMERS' EXP HP ADJ. DELAY (MOS)
FEKPN = INITIAL VALUE OF FEHP ($/100 LBS)
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This formulation neglects the possible influence of futures markets on
the decisions of hog farmers, but it has been suggested that the bio-
iogical and economic characteristics of hogs minimize the utility of

futures price information for producers (Skadberg).

6. Expected Hog—Corn Ratio

Feed expenses constitute 75 to 80 percent of the total cost of
swine production (Carroll et. al.; p. 199). Thus, expected grain costs
are important determinants of the producers’ desired breeding stock.
Most hogs are corn fed, so that changes in the hog-corn ratio have been
found to be the most important determinant of the level of breeding atocks
(Brandow) , (Dean & Heady), (Warren & Pearson; p. 133-149), (Wright).l

As we mentioned briefly in the introduction to this chapter, U.S.
government programs have reduced fluctuations in corm prices to the point
where they are no longer the most important source of variation in the
H-C ratio. The ratio tends now to move primarily in response to hog
prices (Figure V-8, next page). Linear regression of hog—corn ratio
on hog price for the years 1955 to 1965 shows a correlation of 0.87
Changes in hog price thus accounted for 75 percent of the variance in the
value of the ratio over this period. We therefore assume farmers' ex-—
pected corn price is constant at $1.14/bushel, its average value over the

past decade (A.II-4).

1 The Hog-Corn Ratio is defined:

H-C Ratio = Hog Price ($/100 pounds live wt.)
Corn Price ($/bushel)

It is the number of bushels equal in value to 100 1lbs. of live hog.
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EHCR.K=FEHP .K/FECP
FECP=1
EHCR = EXPECTED HOG-CORN RATIO (BSHL/100 LB)

FEHP - FARMERS' EXPECTED HOG PRICE ($/100 LBS)
FECP -~ FARMERS' EXPECTED CORN PRICE ($/BUSHEL)



90

7. Desired Breeding Stock
A study of hog production decisions lends support to our assump-

tion that farmers base their desired level of breeding stock on a Ner-

lovian-like price forecast.

The third farmer changed his production from year to
year in response to current and past price relations. Five
years out of seven the third farmer had fewer hogs to sell
when hogs were high in price, and many to sell when hogs
were cheap. Most hog farmers vary their hog production in
much the same way that this third farmer did. They decide
what to do on the basis of the current or past prices, pay-
ing no attention to the way such conditions have worked out
in previous years. (Haas & Ezekiel; p. 3)

The exact relationehip between desired breeding Stock and the ex-

pected hog-corn ratio will depend upon the marginal cost curves of the

individual farmers. Rudimentary economic considerations would suggest

a relation in the form of Figure V-9.

DESIRED BREEDING STOCK

EXPECTED HOG-CORN RATIO

Figure V.9: Probable Relation Between Desired Breeding
Stock and Expected Hog-Corn Ratio

We will explicitly rule out the possibility of a backward-bending supply

curve.2 Although the elasticity of supply has been addressed by more

2 .

For an article which should finally lay this artifact to
rest,despite its continuing fascination for static model builderscaee
(Farnsworth & Jones).
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econometric research than any other aspect of the hog system, there is
unfortunately little good information on the relation of the hog-corn
ratio to long-term equilibrium supply decisions. All econometric models
have so far confounded the influence of long-term supply and short-term
adjustment constraints. The reported increase in the elasticity of sup-
ply (Dean & Heady) probably stems more from decreased adjustment delays
than from a shift in the long-term equilibrium production function. A
few economiats have come to accept the possibility of psychological de-
lays in information processing of price data without apparently recogni-
zing that there may also be other processes and constraints between price
and capacity changes.

To infer the approximate relationship we will examine the historical
reaction of total spring farrowings to earlier hog-corn ratios. Since all
of the breeding Sstock 1is bred to farrow sometime during the spring season,
data on total number of Sows farrowing (A.II.6) gives good data on the
actual size of tﬁe breeding stock. There is some indication .
:hq: fall farrowinge may be less responsive to changes in the ratio
(Dean & Heady).

According to the Dynamic Theorem there is a value of desired breed-
ing stock uniquely associated with each value of expected hog—corn ratio.
That value is determined by the marginal cost of all non-corn inputs re-
quired in the production of meture stock. If the assumption is correct,
the change in breeding atock which follows any specific hog-corn ratio
is, in itself, meaningless. One must also consider the initial value of
the breeding stock. One - could easily get either a positive or a negative

change in the breeding stock for any given H-C ratio depending upon whether
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In Figure 2 a similar analysis 1is presented for the year-to-
year changes in the number of hogs on farms in the United States.
| The corn-hog ratio for the calendar year was first related to
changes in hog numbers between the beginning and end of the year.
The changes not accounted for by this price, (as represented by
curve 1 in section 1) were then related to the corn-hog ratio for
the second twelve-month period prior to the changes in numbers, and
finally, the changes not accounted for by this second price series
were plotted in eection 3 and represented there by a regular dovm-~
ward trend. The extent to which these three curves account for the
yearly variations in hog numbers is indicated in the fourth section

of Figure 2, where changes computed from these curves are compared
with the actual.3

— _

Figure V.10: Bean's Analysis of Hog Inventory's Price Responase

If we assume that it would take three parameters each to describe
curves one and two and two parameters to describe curve three, we must

glve credit to Bean for fitting nine data pointe with only eight explan-
atory variables,
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the initial value of breeding Stock was below or above the desired
level. The analysis performed by Bean is thus invalid (Figure V-10).
The assumption that a given value of the hog-corn ratio is associated
always with a specific change in the breeding stock cannot be correct.
1f the ratio were held at some constant value other than that for which
there is no change (11.2 in Bean's analysis).  then breeding stock would
continue to increase or decrease linearly and 1ndefinite1y according to

Bean's theory.

A more fruitful approach should be to plot both the initial and the
final value of breeding stock assoclated with each value of expected hog-
corn ratio. If our theory is correct we would expect a result like that

shown in Figure V.1ll:

3/3/ I
4~
I//‘ l
//s

INITIAL (®) AND SUCCEEDING
SPRING FARROWINGS

|

EXPECTED HOG-CORN RATIO

Figure V.1l: Expected Relation of Breeding Stock Adjustments to
Hog—-Corn Ratios
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The dashed line denotes the underlying, but unknown, long-run equi-
librium supply curve. The tail of each arrow denotes the total breeding
stock (i.e. spring farrowings) in year t-1. The head of the arrow de-
notes the same parameter for Year t. Location of the arrow horizontally
specifies the hog-corn ratio for the year t-1. We will use this as a
measure of the producers' expected Tatio. When the initial value of
breeding stock is further from the desired level, the change is greater.
A full adjustment is not made in one year. .

The analysis outlined above was conducted for data from 1956-1966

the result was similar to that predicted (Figure V.12):
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AVERAGE HOG-CORN RATIO DURING YEAR t-1

Figure V.12: Empirical Relation of Breeding
Stock Adjustments to Hog-Corn Ratios

The solid line indicates a poasible underlying desired breeding stock
curve. As 1n any of the table functions, extreme values are not of
interest in interpreting past behavior. They would be more important

in any attempt to radically redesign the system.
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DBS.K=TABLE(BSTAB, EHCR.K, 10, 25,5)
BSTAB=SE6/7E6/9E6/10.6E6

DBS = DESIRED BREEDING STOCK (SOWS) i
BSTAB - TABLE OF BREEDING STOCK (SOW) .
EHCR - EXPECTED HOG-CORN RATIO (RSHL/100 LB)

8. Breeding Stock Adjustment Rate

The number of sows and gilts in the breeding stock at any specific
time will generally noé be exactly that desired by the producer on the
basis of his current hog~corn ratio expectations. Comparison of the cur-
rent breeding stock with that desired indicates the changes in stock level
which should eventually should be made. Associated with each level of
breading stock thepe 10-3 epecific quantity and mix of inputs: man-hours,
shed or lot space, feed stores, feeding and sanitary equipment, etc., re-
quired to maintain that number of swine. Since these inputs are quite
flexible, they will generally be released or allocated to other agricul-
tural products when not required in pork production. The Aelayn inherent
in re-acquiring those 1n§uts or ehifting them between hogs and other uses
prevents immediate adjustment of the breeding stock to the level desired.
We assume that the effort directed to re-allocating the necessary resources
will be proportional to the difference between desired and actual breeding
stock. Breeding stock adjustment delay (BSAD) is a measure of the time
required to reduce the difference. Conversations with a hog producer sug-

gest that BSAD is approximately five months.

BSAR,KL=(DBS.K-BS,.K)/BSAD
BSAD=5
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BREEDING STONK ACQUIS.. RATE (SOWS/MO)

BSAR -

DBS - DESIRED BREEDING STOCK (SOWS)
BS - BREEDING STOCK (SOWS)
BSAD =~ BREEDING STOCK ACQUIS. DELAY (MOS)

9. Breeding Stock

Neglecting deaths from disease or injury which make them unsuited for
consumption, the number of sows and gilts used in breeding depends only
upon the breeding scock adjustment rate and the slaughter of old sows
which have outlived their period of efficient production.

Gilts are ready to be bred at about the same time as they would other-
wise be slaughtered. Mature stock can thus be diverted to breeding with
essentially no delay. Similarly, gilts which have been fed for breeding
can be sold for commercial slaughter at only about 20 percent discount.
There are consequently no biologicai delays in switching hogs between

mature stock and breeding stock.

BS.K=BS.J+(DT)(BSAR,JK-0SSR.JK)

BSN=8,2E6
BS - BREEDING STOCK (SOWS)
BSAR - BREEDING STOCK ACQUIS. RATE (SOWS/MO)
OSSR = OLD SOW SLAUGHTER RATE (SOWS/M0)
BSN - INITIAL VALUE OF BS (sows)
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10. 01d Sow Slaughter Rate

Breeding stocks may consist of sows and/or gilts. Sows are bred
until their productivity begins to decrease, gilts are bred once and
then finished for slaughter. Each has its advantages. Gilts sell at
less discount, offer higher feed efficiency, and give certain tax bene-
fits. However, sows produce larger and heavier litters (Carroll et.
al.; p. 127). Ve aslﬁme for purposes of this study that the average
Productive iife of sows is three years, and that the fraction of breeding
stock composed of sows is .6. Both values are obtained from a study of

farrowing ve. age (Carmichael & Rice; Table 10, p. B87).

OSSR.KL=(BS.K*FSBS)/APLS

FSBS=,6
APLS=36
OSSR = OLD SOW SLAUGHTER RATE (SOWS/MO)
BS = BREEDING STOCK . (HOGS)
FSBS - FRACTION OF SOWS IN B, S. (DIMENSNLESS)
APLS = AV. PRODUCTIVE LIFE OF SOWS (MOS)

11. Breeding Rate

Breeding stock maintenance costs represent approximately one-third
the total cost of producing pork (Carroll et. al.; p. 126). Thus, there
is high incentive to use the stock at full capacity, i.e. to breed all
sows so that they farrow twice a year. If any sows are not required for
farrowing, they are transferred to the mature stock and slaughtered.

Slightly more pigs are saved from each spring litter (A.II.6a) than
from those in the fall (A.II.6b). The average pigs saved per litter

(PSPL) has been rising in each case.
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Table V-3: Trend in Pigs Saved Per Litter

Jdear. Pigs Saved Per Litter
_ Sgrins. Dec.- May Fall, June-Nov.
1950 6.41 6.65
1955 6.90 6.81
1960 6.96 7.02
7.22 . 7.27

We take PSPL to be 7.0

12,

BR.KL=BS.K#LPSM*PSPL
LPSM=,17
PSPL=7.0
BR - BREEDING RATE (HOGS /MO)
BS - BREEDING STOCK (sous)
LPSM - LITTERS PER SOW-MONTH (LIT/SOW=MO)
PSPL =~ PIGS SAVED PER LITTER (PIGS/LITTER)

Gestation and Maturation Delay

The delays involved.in obtaining mature stock for slaughter are

illustrated in Figure V-13.
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Figure V.13: Gestation and Maturation Delays
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Ninety percent of ail firrowings take place between 111-119 days after
breeding (Carmichael & Rice; p. 68). Pigs are weaned at about two
months, and sows come into heat for the firet time about one month later.
Best practice, however, is to wait until the sow has reached around
250 pounds before first breeding 1:.‘ This takes about 8ix months from
weaning. Hogs generally are slaughtered at sbout the same age. We
thus define a gestation-maturation delay between breeding and idditian
tc mature stock. GMD is a third-order delay of eleven months.

Even after birth, there 1s a fairly high attrition among young
pigs. One study revealed that only 69.9 percent of all pigs born alive
live to be weaned (Carroll et. al.; p. 138). To refiect this factor we

introduce a weaning survival factor equal to 0.7.

MR.KL=(DELAY3(BR.JK,GMD))*WSF

GMD=10
WSF=.7
MR - MATURATION RATE (HOGS /MO)
BR - BREEDING RATE (HOGS /MO)
GMD - GESTATION-MATURATION DELAY  (MOS)
WSF = WEANING SURVIVAL FACTOR (DIMENSNLESS)

13. Mature Stock

Mature stock is composed of those hogs in the terminal stage of feed-
ing and preparation either for slaughter or for addition to the breeding

stock. The primary source of mature stock is those pigs bred ten months

4 This information was provided by the staff of the animal husbandry
department of Rutgers University.

e e e e e S AmAS e Bann EER
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earlier. However, when breeding stock adjustment rate is negative,
mature stock will be incremented by those sows and gilts not currently

required for breeding.

MS.KaMS.J+(DT)(MR.JK-MSSR.JK-BSAR, JK)

MSN=13E6
MS = MATURE STOCK (HOGS)
MR = MATURATION RATE (HOGS/MO)
MSSR = MATURE STOCK SLAUGHTER RATE (HOGS/MO)
BSAR - BREEDING STOCK ACQUIS,. RATE (SOWS/MO)
MSN = INITIAL VALUE OF MS (HOGS)

14. Mature Stock Slaughter Rate
The rate at which mature stock 18 slaughtered depends upon the

number of mature swine and the average mature stock feeding period.

Feed expenses constitute 75 to 80 percent of total costs in swine pro-
duction, and efficiency of feeding goes down with age and weight (Figure
V.14, next page). Since heavier hogs also sell at a discount, producers
can not economically delay slaughter by more than two months. Grain

very soon costs more than the marginal value of the meat it produces.
Most mature swine will have been slaughtered by the end of their first
month after entering the category of mature stock. The mature B8tock feed-

ing Period is thus set at two months.

MSSR.KL=MS.K/MSFP
MSFP=2

MSSR - MATURE STOCK SLAUGHTER RATE (HOGS/MO)
MS - MATURE STOCK (HOGS)
MSFP - MATURE STOCK FEEDIMNG PERIOD (MOS)

i tm e e e e t AT e 1 e e e et et e e %t h et e e A e e s« o e e ime m e ae e ermm b . —
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Figure V.14: Marginal Efficiency of Hog Feed

15. Retail Price
Due to the wéight loss in processing meat, the production cost
(1.e. farmers' receipts) for each pound of meat sold at retail is 1.75

times the original hog price, i.e., hog price/dressing factor. All
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processors' and distributors' receipts must be added to that. The mar-
gin betwaen production cost and retall price of each pound sold at re-
tail has a small seasonal component (Figure V-15). However, its pri-
mary determinante are long term trends in the unit costs of labor and
other marketing inpute and trends in the amount and kinds of services
rendered by the intermediate handlers of pork. We would expect margines
to remain fairly constant. During the period of our interest there was,

in facty little change:

Table V.4: Marketing Margine for Pork

Year Production cost —
Retail Price Margin

1957 27.00

1958 27.90

1959 29.80

1960 27.10

1961 27.80

L1062 28.10 |

Source: Afpehdix V.8

We thus set Tetail price equal to the production cost of meat plus a con-

stant marketing margin equal to $.28/1b. retail.

RP.K=(HP.K/DY)+MM

MM=28
RP = RETAIL PRICE ($/100 LB
HP = LIVE HOG PRICE (85100 Lﬂgg
3; = HOG DRESSING YIELD (DIMENSNLESS)

MARKETING MARGIN ($/100 LBS)
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i6. Per Capita Consumption

An examination of consumers' response to price of pork indicated there
is essentially no adjustment delay (Tomek, 1962; p. 725). Thus, we do not
in the hog model diltiﬁguish between the equilibrium and the current value
of per capita consumption. PCC of pork is a function of many factors
(Williams & Stout; pp. 95-104). Only three of these, the season, price
of alternative meats, und pork price, change significantly over the course
of one cycle. Income, urbanization, occupation, etc. will shift the con-
sumption function over longer periods, but are of no interest to us here.

We have elininiced seasonal trends from our model, but competition
from other meats could be an important factor. However, studies indicate
the cross elasticity of demand to be sufficiently low ihat the price of
beef, veal, lamb, and chicken need not be cénsidered in specifying pork

consumption:

Table V.5: Cross Elasticities of Demand for Pork

Retail Prices of

Beef Veal Lamb & Mutton Chicken

Quantity of
Pork demanded .13 .04 .03 .07

Sources'(hrandow)

To infer the relative influence of price on per'enpita consumption we

plot yearly per capita consumption ve. average price during the year (Fig-
ure V-16, next page). The resulting scatter diagram has been hand fitted
with a line which exhibits a price elasticity of about 0.8. This agrees

with the elasticities obtained in other more elaborate studies.
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PCCP. k .
PCCP.K=TABLE(CONTAB,RP.K, 40, 80, 20)
CONTAB=6.4/5/3.7

CONTAB - CONSUMPTION TABLE
PRICE - COMMODITY PRICE

Pcce ~ PER CAPITA CONSUMPTION OF PORK

(LBS./MAN-MO)
($/100 LBS)
(LBS./MAN-MO)
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Table V-6: Elasticity of Demand for Pork

Elasticity of Yearly

Author
N <o -3 A {-} 1 S

Brandow =75

- Tomek -.74 & -.78

17. Pork Consumption Rate

Pork consumption rate is the product of per capita consumption and
the population of consumers. The United States' population currently is
increasing at the rate of 0.79 percent per year. Thus, it is essentially
constant over the duration of the four year cycle we are interested in
explaining. We asasume the population eating out of civilianz supplies to

be a constant 200 million.

CR.KL=(POP)(PCCP.K)+INPUT.K

POP=200EG
CR = CONSUMPTION RATE (LBS/MO)
POP = POPULATION OF CONSUMERS (MEN)
TSSGT = PER-CAPITA CONSUMPTION PORK (LBS/MAN=-MO)

EXOGENOUS INPUT (DIMENSNLESS)

18. Expected Consumption Rate

Since we have eliminatec. sc.xsonal factors from the model, processors
and distributors are left with only population changes and long term con-
sumer preference and income factors upon which to base expectations about
future consumption rate. We will assume expected consumption rate is con-

stant.
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_ECR=9_,9E8
ECR = EXPECTED CONSUMPTION RATE (LBS/MO)

Analysis of the Dynamic Hog Cycle Model

The equations derived in Chapter V together with apecifications of
the exogenous consumption input and several DYNAMO control cards are
listed in Appendix III.

Analysis of the hog model is conducted as with the general model in
Chapter IV. When an =xogenous consumption fsctor of twercy percent 1is
added to consumption rate, a typical production cycle 18 induced. Ita
period is forty-four months (Figure V.17); its phase relations and magni-~
tudes are also similar to those of the actual system (Figures V.1 & 2).
The Dynamic Cobweb Model does include sufficient relationships to explain

the production cycle of a particular comnodity!

Test of the Dynamic Model for Cattle and Chicken Cycles

Substantial effort was required to determine which values of the
Dynamic Model parameters would best represent the hog system. Adapting
the general model so precisely to a particular commodity is justified
only where it 1s important to determine rather cloﬁely the costs and
quantities which would be involved in the behavior of the system over
the course of its cycle. However, much of a commodity's behavior can
be explained with simpler changes in the Dynamic Cobweb Model. To {llus-
trate, I have selected two commcdities, each an extreme example of long-
term cyclical behavior. Cattle exhibit a cycle of fifteen years, chickens

a cycle of thirty-one months.
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Using relevant taBLea from Livestock and Meat Statistics, it was pos-—-
sib1e>by inspection to select initiai values, and table functions repre-
sentative of the cattle system. Empirical literature provided informa-
tion on the biological delays involved (Maki). The parameter values
selected for the general model are 1isted in Appendix IV. The statistical
tables on cattle are included in Appendix V, and the total model specifi-
cation is provided in Abpendix VI. When simulated, this Dynamic Cat-
tle Cycle Model exhibits the fifteen year periodicity of the actual system
(Figure V.18).

To represent the production of chickens, even fewer changes were made
in the Dynamic CobweB'Hode;. Only the biological and psychological cona-
tants were changed. Capacity transfer delay was set to six months, the
time elapsing between the shipment of primary setting eggs to the hatchery
and delivery of the first broiler eggs (Table V.7). The production delay
time required éo raiae broilers from eggs, was set equal to three months
(Table V.7). The p;ycho}ogic;l Production delays, expected price adjustment
delay, and capacity transfer initiation délay. were made lower than those
in the hog eystem to represent the smaller risk associated with investment
in chickens. COnuuup:ion rate ndjustmgnt delay was reduced to the one
month found appropriate for meat (Ch. V.16). This model had a periodicity
of thirty monthe (Figure V.12), one month less than that observed in the
actual system (Figure V.20). In this last case, of course, the magnitudes
of parameters during the cycle bear little resemblance to those in the
actual system.

Time constraints have precluded the representation of any additionmal

commodity systems in this phase of the study. It is hypothesized, however,
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" Exhibit 11. Broiler Production Time Intervals
(ThnCyde,Shrﬁng'iﬂlMptbyluieMr—wllilm
- —of an Order for New Hatchery Flock Chicks)

Number of Days
: From Shipment of primary setting cggs to

hatchery, to placing of chick in hatchery

supply fock:
— Rt T 2
to handle ut hatchery ........ .. ... ... 1
—to incubate .. L 21
to sex and sort .. R .
——tn deliver chick to Auck .. ... . 1

Total for this stage ............. .. ..., . .. 24

From placement of chick in hatchery supply
© Ak o delivery of commercial broiter
hatching egps to hatclery:
slays to pullet’s first egge . 168
typical laying period . ..... 245
————f0 sort and delivery to hatchery . . . LI
Total for this stage . ........0 0 o 169 (to first
ey )
414 (to Lt
cEg)

From receipt of broiler hatching egg to
delivery of chick to broiler house:
tuw\andle cegg at hatchery ... .. ... e 1
e——toineubate . LT 21
‘——to grade, de-beak ... 1
to vacvinate and deliver ..... ... .. .. .. 1
Totalforthisstage ................................ 24

- From placing of chick in hroiler house
to J::Iivcry of 3.4 M. live broilers to
dressing plant:
days to reach 3.4 Tbs. including
few hours delay ... 0oL 60

From arrival of broilers at dressing plant to
ing for shipment to warchouse or store ............ 1

Total time affecting finished broiler production ......... .. 280 (to first
) immpact)

525 (to fimal

impact)

Source: (Tobin & Arthur; p.48)

Table V.7: Biological Delays in the
Production of Chickens
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that the behavior of any commodity system exhibiting regular long-term
cycles, whether in ghé production of animal, vegetable, or mineral pro-
ducts, can be explained with the Dynamic CoSweb Model. For the moment,
we will simply assume that the Dynamic Model is a better general repre-
sentation of commodity cycles than any other mndel available. Upon that

basis, we turn in Chaﬁter VI to analyze the determinants of its stability.
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CHAPTER VI
SGME DETERMINANTS OF STABILITY

IN THE DYNAMIC COBWEB MODEL

I have suggested above th-t a significant decrease in the magnitude
of commodity fluctuations can only be accomplished by increasing the inher-
ent stability of the commodity system. Any stabilization scheme must work
by altering the structural relationships among production, consumption and
price decisions. It 1is important, therefore, to understand the relation of
a system's structure to its stability. The following illustrate, but by no
means exhaust, the analyses which should be conducted as a prelude to the
design of effective stabilization procedures. In this chapter we briefly
examine the effects of changes in the equilibrium capacity and consumption
functions, in the consumption and production delays, and'tn the level of
desired coverage.

The Reference Sznteﬁ

In analyzing the Dynamic Model we are not interested in the abaolute
stabilicy of specific model systems, for the precise damping factor result-
ing from any change is relevant only to that particular structure and set
of parameter values. We are interested instead in the relative influence
of different changes. - Does decreasing the production delay make the sys-
tem more or less stable? Will a given change in the production or the zapa-
city utilization factor be more effective in decreasing price fluctuations? -
Answvers to these and many other similar questions will generally be appli-
cable to any system represented'by the general structure, whatever the

values of its parameters.
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This .approach requires a reference system whose &stability may be com-
pared with systems in which specified changes have been made. For purposes
of comparison we take the Dynamic Cobweb Model exactly as derived in Chapter
IV and listed in Appgndix I.

We determined'in Chapter 1V that either a pulse or a noise input could
be used to determine the inherent period and the phase relations of a commo-
dity's production cycle. The use of a noise input has one disadvantage,
however. It obecures the damping gactor of the system. Since the objective
of thie chapter is to determine the relative stability of al:efnative eys-
tem structures, it is important to measure damping. We will, therefore, em-
Ploy a pulse input in noht of the simulations. With the exogenous influence
thus confined to one poiﬁé at the beginning of the simulation, it will be
unnecessary to exteﬁd each computer run until the system reattains equi-
librium. We may aimply determine the system's damping factor from the first
few cycles.

The exogenous influence is introduced through the consumption rate
as in Chapter 1V:

| CR.KL= (PCCP.K) (POP) (1+INPUT.K)

INPUT.K ¢

5 10
TIME

CR = CONSUMPTION RATE
PCCR = PER CAPITA CONSUMPTION REQUIREMENTS
POP = POPULATION
L...UT = EXOGENQUS INPUT TO CONSUMPTION
Price, production rate, and initiation rate were monitored in the
simulations of Chapter IV to permit comparison with actual commodity data

on those parameters. In general, however, inventory, price, consumption
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rate, and production capacity provide a better description of commodity sys-

tem behavior. We will thus monitor gach of those foﬁr parameters inm our simu-

lations. We need mnasufe only one of the four to determine the damping factor

of the system; productiop capacity will be used in each of the following runs.
When the 1nput’défined above 1s applied to the reference model, the

now familiar production cycle is induced.Its period, again, 1is t;enty-seven

months, and its damping factor is approximately 0.6 (Figure VI.1l). In the



1

Table VI.1l: Parameter Chénges

PLFSENT
URIGITIAL

PRESENT
OHIGINAL

PRESENT
ORIGINAL

PRESENT
ORIGINAL

PRESENT
ORIGIHAL

PRESENT
ORIGINAL

PRESENT

ORIGINAL

PRESENT
ORIGINAL

PRESENT
ORIGINAL

PRESENT
ORIGINAL

PRESENT

4 o,

7 o,

0
o W

10 o,

sH

3 ..

SH

SH

5§ .5

SH

6 o.

SH
.5

SH
.-

SH
o.

oRIGINAL 11 0.

CATAD
0.
ol

COTAD
7.

PD
6.

CRAD
6.

,.’

CRAD
100.
3.

CRAD
100.
3.

CRAD
100.
3.

CRAD
100.

NM
.3
0.

NM
.3
u.

CUTAB

Sl

PUTAB

1.

PUTAB
.3
1.

LENGTH
120.
60.

LENGTH
- 90.
60.
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PARAMETER VALUES

200.

PIT
30.
0.

1150, 1s00.  1600.
1000. 1200. 1280,
175 1.2 T T
1. .3 0.
- S 1.2
1. 1. 1.
AR DA O
1. 1. 1.

° ..i . .l. l.
1. 1 1.

si pcov 1NV

L. 3. 1800,

3. 10.  6000.

for the Analyses of the Dynamic Cobweb Model

subsequent simulations individual changes were made in this reference model.

The original and revised values of all affected parameters are givenm in

Table VI.1l. Those parameters not appearing in the table retained their orig-

ijnal values throughout the study of stability.
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Equilibrium Capacity and Consumption Functions

The Static Cobweb Analyses of Chapter IIT employ only a system's
"gupply" and "demand" schedules. We have subsequently shown that produc-
tion and consumption are in fact determined by the interaction of num—
erous psychological, physical, and biological factors, which may change
independently. There is no unambiguous way of relating a sfecific
change in any of these factors to revisions in the supply or demand
schedule. For this reason alone the Static Cobweb Theorem is useless
in any quantitative analysis of commodity behavior. Its éonclusions
are qualitatively correct, however. Any factor which changes to in-
crease the long-term response of the production sector to a change in
price, does destabilize the system. Any factor which changes to de-
crease the short-term response of consumption to price changes has a
similar effect.

Runs 2 and 3 1llustrate the effect of changes in the desired
capacity and the consumption tables, the two Dynamic Model elements
which most closely approximate the supply and demand functions of the
Static Theorem. In Rﬁn 2, price-elasticity of desired capacity was
increased thirty-seven percent over the relevant range of expected
price. The new system is less stable than the reference. The damping
factor is decreased to about 0.2. '

Decreasing the elasticity of equilibrium consumption a similar amount,
thirty-seven percent, has a much greater influence upon the stability of
the system (Run 3). The damping factor for the system with less elastic
consumption is about zero, Oscillations induced by the pulse input are

essentially sustained.
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The price-response of production and consumption may also be altered
by a change in one or more of the delay constants. In Run 4, the pro-
duction and capacity transfer delays were decreased a total of three
monthe. The resulting system damping factor was .3. The system still
exhibits convergent oscillations, but it is substantially less stable
than the reference system (Figure VI.4). Again, a similar change in
the consumption loop has a greater impact on stability. In Run 5, con-
sumption rate adjustment delay is increased three months. In the consump~
tion sector the three month change produces a system which is explo-
sively unstablé. The damping factor is -0.5, and the standard pulse
input thus produces divergent oscillations. As a general rule, a change
in the delays or the table functions of the consumer secior will have a
greater influence on system stability than a change of the same mag-
nitude (but opposite direction) made in the production loop. Since
total délay around the consumption loop 18 much less than the total of all
delays in production, a given change is proportionately more impor-

tant in the consumption relationships.

Utilization Factors

Ezekiel noted one shortcoming of the Static Cobweb Theorem:

Even for the commodities which approximately fulfill the
assumptions, however, the theory must be limited. In many
commodities farmers can do little to increase their future
production, once they have made their initial commitment in
acres seeded or in animals bred. But altho they cannot
increase, they can reduce at any time until the product is
finally marketed, by plowing up portions of the crop or let-
ting it go unharveated, by slaughtering breeding stcck, or by
slaughtering pigs young instead of fattening them. There is
thus in practice some elasticity of response left, on the
downward side at least. (Ezekiel; p. 272).
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The Static Model assumes that production capacity is fully utilized.
It is thus impossible to analyze the implications of this increased flex-
ibility. This cmission in the Static Theorem is a serious limitation,
since variations in the utilization of productive capacity and in the
stocka of commodity already produced have been very common means of sta-
bilizing commodity syetems. Capacity often has been idled and commodity
stocks destroyed or diverted to noncompetitive uses after prices became
depressed.

Although, as Ezekiel notes, less use has been made of changes in
utilization during high prices, this is a promising policy.

Increasing the short- and medium-term production response

to prices by adjusting the level of applications of fertilizers

and pesticides provides another way of breaking the long-term

cycle, less efficient than the (counter-cyclical planting pol-

icy), but much less demanding in terms of forecasting abilities.
. (Goreux; p.1)

mem“wuumofnﬂaﬁhmmmgmnw.memn

would permit the production of higher grade ore during per-

iods of relatively high price and the mining of lower grade

ore during periods of relatively low prices, succeeded (in

gsimulations of copper production) in reducing price fluc-

tuations to some extent. (Ballmwer; P. 4)
One may distinguish between use made of the availlblt‘productive capa-
city in initiating new commodity and use of producers’' stocks of essen-—
tially completed commodity. The difference is that between not planting
a field and not harvesting its mature crop. Either of these general poli-
cies may be studied within the context of the Dynamic Model.

Because the effects of utilization policies are much smaller than

those observed above, Run 1-5, it is useful to define as a reference

a system which is extremely unstable. In Run 6, the consumption zate
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adjustment delay has been increased to 100 months, consumption rate is
essentially constant and any disturbance from equilibrium results 1in

markedly divergent fluctuations. Into this syatem we introduce three

different utilization policies.

= =
- g =
SRR Y il RUN 9 <
~ N J U N
Q 1 =]
G wd =&}
25 ' SE
oD ’ 1.0 £

DES. CAP./ACT. CAP. DES. CAP./ACT. CAP,

Fipure VI.8: Three Alternative, Variable Utilization Policies

Where a policy of variable utilization is applied to production

capacity, Run 7, it effects the initiation rate:
INR.KL=(PCAP.K)(CUF.K)

Its impact on inventory is thus delayed the length of the p roduction
delay, but the policy does increase system stability (Figure VI-7).

Where the utilization policy effects production (Run 8 & 7):

PR.KL=DELAY3(INR.\IK,PD)*PUF K

it impacts on inventory directly, and is consequently more effective.
(Figure IV.9).

Where production utilization is free to respond both to high and to low
prices, it is markedly more effective than a eimilar capacity vtilization
pPolicy- (Run 8 vs. Run 7). If there is no possibility of making production
utilization greater in response to high price, the Production policy be-
comes less effecti@e (Run 9 wvs. Run 8). Even with this res:ricti;n,

however, varying the intensity of production remains a more effective
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means of damping fluctuations than changing the percent of capa-

city emplcyed (Run 9 vs. Run 7.

Desired Coverage

It has been shown in the analyses above that changes in either the
production or the consumption sectors may alter the stability of the
commodity system. Heie we examine the influence of an impoftant deci-
sion by those‘who prdceas and distribute the commodity, the choice of
desired inventory coverage. Runs 10 and 11 differ only in the initial
values of inventory and desired coverage. In the latter simulation,
desired coverage and initial value of inventory were both reduced to
thirty percent of their original value. Both systems are initially in
equilibrium; both are eubjected to the same sequence of noise in their
consumption rates. ﬁouering desired coverage by seventy percent in-
creased the magnitude of the fluctuations in capacity by about 250 per-

cent.

Structural Changes

The simulations above snalyze only simple changes in the model's
parameter values. It should be quite clear, however, that the 1nf£;ence
of alternative structures could be studied in a similar fashion. For
example, the relation of current price to expected price is an impor-
tant element of the system. That relation can be altered by infofna-

tion programs oOr marketing board arrangements. It is important to under-

stand how different forecasting rules influence system stability.
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Many of the traditional stabilization schemes involve structural
changes in the Dynamic ﬁbdel. Buffer stocks, for example, act by chang-
ing the.relative coverage-price relationship. Producer subsidies change
desired capacity's-depéndence on expected price. Import restrictions
will alter per-éapitﬁ consumption. All of theae structurai changes could
be analyzed through qinulations of a simply~-revised Dynamiﬁ Model. These
are beyond the scope of this thesis. In the concluding chaptét, however,
I will summarize the thesis research and point to its more fruitful ex-

tensions.
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CHAPTER VII

CONCLUSION

The study reported here was undertaken to develop and validate a
more powerful tool for the design of commodity stabilization policies.
The focus of the initial effort has been on methodology rather than on
specific recommendations for commodity agréements. In concluding this
phase of the effort it is appropriate to summarize the implications of
the study for the conduct of commodity research and to indicate the ex-
tensions of this work which will be most useful in the formulation of

specific approaches to commodity stabilizatiom.

Implications of the Study
In the process of developing a general theory of commodity production
cycles, I have substantiated several principles of commodity research rele-

vant to the areas of daEa collection, model formulation, and analysis.

Collecting Data-
When an analyst 1s unable to explain the behavior of a system, he
may either:

- admit ignorance of the system's structure, i.c. of the important
interactions among the system's elements.

- claim that more data 1s required on the precise value of cer-—
tain system parameters.

The latter excuse is most often found in the 1iterature on commodity cycles.
This thesis demonstrates that readily available statistical data in com-
bination with a structure derived from the experience of those involved

in the system are sufficient to explain the phase relationships, the per-
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jodicity, and the stability of specific commodity cycles.

For administrators a model is sufficilently accurate 1f it leads them
to select the correct policy alternative. Experience with many Industrial
Dynamics studies suggests the ranking of policy alternatives generally
is sensitive to only a few assumptions in each model. Though attentiom
should be concentrated on those few factors, it appears that commodity
research focuses primarily on parameters which are already sufficiently
understood. An example is current research on supply and demand.

The price-elasticities of supply and demand have received more atten-
tion by economists than any other pair of parameters. However, the precise
values of these elasticities are relatively unimportant in choosing among
stabilization policies. For example, the relative effectiveness of the.
capacity and the production utilization policles studied in Chapter VI
would not be altered by a change in the model's elasticities. On the other
hand, the exact nature of the desired coverage decision may be an impor-
tant factor in determining the relative effectiveness of alternative pol-
jcies. There has been essentially mo empirical research into this factor.

The success of the simple inference methodologies employed in Chap-
ter V suggests that sophisticated econometric techniques are not absolutely
essential in understanding a system. In fact, the nature of feedback inter-

actions violate many of the assumptions underlying traditional statisti-
cal inference techniques.l

It is iwportant not to waste scarce analytical resources on unneces-
sary or invalid analyses. The formulation and analysis of quantitative

models should precede intensive data collection in the study of commodity

problems.

1 Weymar (pp. 29-31) briefly describes the requirements which one
aspect of feedback interaction places upon the form of regression analysis.
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Formulating the Model-

Commodity systems are a subject of concern primarily because they
are not in equilibrium. Commodity analysts are thus less interested in
the equilibrium value of commodity parameters than in the path those
parameters take when the system is disturbed from equilibrium. The equi-
librium point becomes in many instances less important than some measure
of the system stability, for example the damping factor defined in Chap-
ter III. Research into the correlates of commodity systems' stability
requires a dynamic model.

One effective stabilization policy studied in Chapter VI, varying
the utilization of production, depended upon the introduction of a non-
linear relation between production capacity and production rate. To study
the effects of similar control approaches, commodity models must thus be
able to incorporate non-linear relationships.

The Static Cobweb Model reviewed in Chapter 1IT does not permit quan-
titative representation of alternative policies. It is important to em=
ploy models complex enough to represent each parameter which 1is subject
to change through policy decisions. -

Complex, dynamic, non-linear models will be required for the evalua-

tion of alternative commodity policies.

Conducting the Analysis-

The analysis of Nerlove's Static Model in Chapter III illustrates the
effort and expertise required to analyze mathematically even comparatively
simple, linear commodity models. Few policy makers could follow the logic
of the analysis or repeat it for a slightly different set of assumptions.
In contrast, the twelve analyses of the Dynamic Cobweb Model in Chapter VI

could have been conceived and conducted by anyone familiar with commodity
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systems after only amn hour's instruction in DYNAMO. The analyses of this
more complex model required less than an hour's effort and only five dol-
lars of computer time.

If the best available model can be analyzed mathematically, that
approach does yield more precise and general solutions than those avail-
able from simulation. However, it is a mistake to limit the comprehensive-
ness of the model in order that it may be analyzed mathematically. The
costs inherent in such constraints are illustrated by the differences
between the Static Cobweb Model as it 1s used by Samuelson to explain hog
cycles (pp. 484-486), and the hog model developed in Chapter V. The static
model predicts a two year hog cycle and provides no opportunity to deter-
mine quantitatively the effects of alternative control policies. By simply
eliminating those assumptions imposed for analytical convenience, the
simulated model gains dynamic validity and the power to represent any
stabilization policies of interest.

This study makes concrete the general statements of Cohen and Cyert.

Computer models may be the most efficient approach when the model

portrays a dynamic process and numerical answers in the form of
time series are desired. -

The usual procedure is to comstruct a model which specifies the
behavior of the components, and then to analyze the model to de-
termine whether or not the behavior of the model corresponds with
the observed behavior of the total system. When this model is suf-
ficiently complex, either because of the nature of the underlying
functions or the number of variables contained in it or both, com—
puter simulation may be the most convenient technique for manipu-
lating the model (Cohen & Cyert; p- 118)

The necessary computers and efficient software such as DYNAMO are readily
available. Simulation should be made the dominant mode of analysis in

commodity researchs



134

Extensions of the Stud
The Dynamic Cobweb Model alone constitutes a powerful tool for the
study of alternative control policies. However, the full potential of

this general approach to commodity problems will be Tealized only after

additional work in four areas.

Analyzing Specific PoliEieé-

In Chapter VI I presented several analyses of the relation between
the structure and the stability of a commodity system. I outlined there
the approach which could be followed to represent specific policies. The
Bauer-Paish buffer fund proposal, buffer stocks, quotas and bilateral
agreements can all be studied with simple extensions of the Dynamic Cob-
web Model. Of these four, the first is probably most important.

The buffer fund is one approach which can be enacted unilaterally.
It does,therefore, eliminate many problems of implementation. However,
there is disagreement about its exact effects on the level and the sta-
bility of a nation's commodity export income. The implications of one
effective national buffer fund on the stability of the entire internac
tional system is also uncertain. There is some suggestion, however, that
buffering as little as thirty percent of the world's output might sig-
nificantly stabilize the entire system.2

Information on each of these questions could easily be obtained
through analyses of the Dynamic Cobweb Model. The study would merely re-
quire a Dynamié Model with two production sectors. One, representing the

controlled economy, would be modified to include the effects of a Bauer-

2 Schlager found that one company could stabilize the entire copper
processing industry through its pricing decisions. I have observed sim-
ilar results in one other American commodity market.
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Paish fund on the determination of price and the formation of producer
price expectations. The other, unmodified, would represent production in

the remainder of the world.

Extending the Model-

Income stabllity is not an objective in itself. It is sought as omne
means of facilitating self-sustained growth among the underdeveloped econ-
omies. Policies made in response to commodity fluctuations have implica-
tions for total commodity income, for other agricultural activities, and
for the industrial and political sectors of the country. It is important
to extend the boundaries of the Dynamic Cobweb Model so that stabilization
policies may be evaluated within this broader context.

The relative decline in commodity income, described in Chapter 1I,
should certainly be studied in parallel with the problem of instability.
Income fluctuation and stagnation are clearly related phenomena. The
risk of price fluctuations is a cost borme by all those who carry commodity
stocks. Much of the incentive to develop Qynthecic alternatives for pri-
mary materials may come from the wish to avoid that cost. Thus decreased
fluctuations should lead to increases in both consumption and production
at any given price. It 1s important to determine whether commodity sta-
bilization would also yield increased income over the long run. Extensicn

of the Dynamic Model to include the influence of fluctuations on equi-
llibrium production and consumption decisions would permit study of.this
important question.

As analysts identify the feedback structure underlying the per-
formance of other sectors in underdeveloped economies, the resulting

models may easily be combined with the Dynamic Cobweb Model, Tmplicit



136

in the model's initiatiomn and production rates is a given level of employ-
ment. Addition of a few appropriate employment factors would thus 1ink

the Dynamic Model to another model of personnel movements within the coun-
try. The prpduction rate and cormmodity price determine producers' income;
the production capacity change rate determines the amount of investment
required by the commodity sector.

The Dynamic Cobweb Model, a relatively simple example, explicicly
combines biological, psychological, physicai, and economic hypotheses in-
to a single model of commodity cycles. The methodology of Industrial Dyn-
namics and the logic of Dymamo lend themselves well to a modular approach
to model building. They provide a common language which enables specialists
in many disciplines'to cooperate in the formulation of comprehensive models. 3

An important extension of this work is application of its basic

methodology to other sectors of the underdeveloped economy.

Conducting Sensitivity Analyses-

False assumptions can lead to false conclusions whatever the mode
of analysis. Where policy recommendations are found to be quite sensi-
tive to the precise form or value of some assumption, it is important
to determine the nature of that relationship in the real vorld. A third
extension of this work thus becomes the identification and validation
of pivotal assumptions. An example is provided by the desired coverage
assumption analyzed in Chapter VI.

In Chapter IV I suggested that a rational decision maker would

choose that level of coverage which just equates the marginal stockout

3 Hamilton et. al. extensively dilscuss Industrial Dynamic's contri-
bution to this aspect of economic systems research (pp. 276-288).
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yield with the marginal carrying cost of his inventory. In this thesis
I assumed that desired coverage remains constant over the comparatively
brief span of one production cycle. Over longer periods, however, the
coverage decision may depend upoun the magnitude of fluctuations in the
commodity. system. Whenever there is a decrease in fluctuations,smaller
commodity stocks are required to provide a given level of protection
against stockouts. As fluctuations decline, the stockout curve should

shift to the left (Figure VII.1). Desired coverage should decrease.

—_ STOCKOUT CARRYING
fort IELDS COST
w5
~
= >
0
[=}
OA
-
]
[
Lal

COVERAGE (months) -
Figure VII.1l: Impact of Stockout Yield Decline on Desired Coverage

There is some circumstantial evidence in support of this conclu-
sion. Chapter V mentioned the recent increase in hog system fluctua-
tions (p. 70). This observation is perplexing because several trends
in the production of pork should have acted to stabilize that system.
Corn price variations have been largely eliminated. Hog production is
increasingly concentrated in large production facilities which are most

_efficient when they maintain a constant production rate. The futures
markets and the Department of Agriculture are providing more scurces of
information on future production and price. At the same time, however,
cold storage holdings have decreased from an average of 490 million pounds
in 1948 to 208 million pounds in 1966. Since consumption has increased
twenty-five percent during the same period, coveragebhas decreased to

only thirty-five percent of its value in 1948. Chapter VI illustrated
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that a decrease of this magnitude in desired coverage Iincreased the av-
erage fluctuationa of the Dynamic Model by about 250 percent.

The exact nature of the desired coverage decision is thus very im-
portant. If it does respond to decreased fluctuations as suggested above,
it would tend to counteract any formal stabilization scheme. A smaller
decrease in fluctuations‘would result from buffer operations than might
be sugpested by a priori analysis. In effect, a portion of the investment
in buffer operations would result only in decreased inventory carrying
costs for the producers and distributors.

As commodity models become more comprehensive, the identification and

study of critical assumptions will become an increasingly important part

of the research.

Understanding Social Choilce- -
Although a good model of commodity systems will facilitate the de-
sign of effective commodity stebilization policies, it may actually im—
pede their implementation. It is naturally easier to obtain a group con-
sensus when the analytical models are so poor that each member believes
the proposal will satisfy all of his own goals. As the models become
more adequate, the process of social choice must be made more explicit.
Selection from among alternative commodity control policies
is a complex process. Simulztions of commodity models provide many in-
commensurate measures of performance. One can not reduce measures of
income level and disruption of traditional labor patterns to a single
index. Participants in the production, distribution, and consumption
of a commodity have many different and conflicting goals. Governments

may want to increase their economic influence or thelr long-term for-




139

eign exchange income. Producers may prefer to maximize their short-run

profits. Consumers want fast deliveries and low prices. A further com-
plication arises from the empirical fact that complex problems seldom
have a dominant solution. There is rarely a policy which yields more
of everything good and iess of everything bad than any of its competi-
tors.

For problems of this nature, selection from among alternative

stabilization policies 1is inescapably a political process, i.e. one

which 1nyolves the weighting of conflicting value judgements. Under
these circumstances analytical studies can not indicate the "right"
answer. They can only quantify the implications of each alternative.

There is little good theory about the procedures of group cholce
in situations similar to that described above.“ However, implementation
is dependent upon our understanding of that process. To fully utilize
the insights developed through this and related studies we must develop
an explicit methodology of social choice. That research, in concert
with the other extensions described above, appears to of fer some hope
that we may eventually be able to manage effectively our important

commodity systems.

4. Arrow presents a comprehensive discussion of the theoretlcal
difficulties implicit in social choice.
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APPENDIX I ]
THE DYNAMIC COBWEB MODEL

GBHERAL DYNAMIC COBWEG MODEL

INITIAL CONDITIONS SET TG EQUILIBRIUM
INV.K=1NV, J+(DT) (PR, JK-CR. JK)

INV=INVH

INVN=G0 00

COV.K=INV.K/ECR.K

RCOV.K=COV, K/DCOV

DCOV=10 : CPTAD. : .
PRICE.K=TABLE(PTAB,RCQV_ k .
pTAB=100/9u/30150/20/?o)o'°‘1 998, .333)
EP.K=EP.J+(DT)(PRICE.J~EP.J)/EPAD
EP“EPN - I

EPN=50

EPAD=3

DPCAP.K=TABLE(CATAB,EP.K,0,100, 20)
CATAB=0/40/200/1000/1200/1280

g;:g §L =(DPCAP.K-PCAP.K-CBT.K)/CTID

CBT.K=CBT,J+(DT)(CTIR, JK~CTCR. JK)

"CBT=(CTID(DPCAP- PCAP))/(1+CTID)

CTCR.KL=DELAY3(CTIR, JK,CTD)

CTD=i
PCAP.K=PCAP.J+(DT) (CTCR. JK=CDR, JK) °
PCAP=PCAPN

PCAPN=600

CDR.KL=PCAP.K/ALPC

ALPC=200

INR.KL=(PCAP.K) (CUF.K)

CUF .K=TABHL (CUTAB,RDAC.K,0,1,998,.333)
RDAC.K=DPCAP.K/PCAP.K
CUTAB=1/1/1/1/1/1/1
PR.KL=DELAY3(INR.JK,PD)«PUF,K

PD=6

PUF.K=TABLE(PUTAB, RDAC.K,0,1,998,,333)
PUTAB=1/1/1/1/1/1/1
EPCC.K=TABLE(COTAD, PRICE.K,0,100,20)
COTAB=7/6.5/5/1/.370

" PCCR.K=PCCR.J+(DT)(EPCC,J=PCCR.J)/CRAD

PCCR=PCCRN
PCCRN=3

CRAD=3
ggaKL=(POP)(PCCR.K)(INPUT.K)
ECR.K=ECR.J+(DT)(CR. JK ECR.J)/ECAD
ECR=ECRN

ECRN=600

ECAD=100

EQUATIUNS TO GENERATE EXOGENOUS
INPUT TO CONSUMPTION
INPUT.K=1+STEP.K+NOISE.K
STEP.K=STEP(SH,ST1)+STEP(-SH,ST2)
SH=0

ST1=5

s$T2=10

NOISE.K= NﬂtSAMPLE(NORHRN(O NSD),St,0)
NM=0

tsp=.5

Si=8

CONTROL CARDS
DT=,2/LENGTH=60/PRTPER=0/
PLTPER.K=STEP(PP,PIT)

PP=3

PI1T=0

INV=1(0,12000)/PCAP=C(0,1200)/PRICE=P(0,100)/CR=E(0,1000)"

e e
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A.I--2 Definitions

INV
INVN
cov
RCOV

DCOV
PRICE
PTAB
EP
EPN
EPAD
DPCAP
CATAB
PCAP
CDR
ALPC
PCAPN
INR

PR
PD

EPPC
CQTAB

POP.
ECR
ECRN
ECAD
PCCR

- PCCRN
CRAD
CTIR
CTID
CBT
CBTN
CTCR
CTD
CUF
RDAC
CUTAB
PUF
PUTAB
INPUT

INVENTORY OF COHMODITY
INITIAL VALUE OF IHVENTORY
INVENTORY COVERAGE

RELATIVE INVEMTORY COVERAGE
DESIRED INVENTORY COVERAGE

COMMODITY PRICE
PRICE TABLE

PRICE EXPECTED BY PRODUCERS
INITIAL VALUE OF EX. PRICE
EX. PRICE ADJUSTMENT DELAY

DESIRED PRODUCTION CAPACITY
CAPACITY TABLE

PRODUCTION CAPACITY :
CAPACTIY DEPRECIATION RATE

AVERAGE LIFE OF PROD. CAP.
INITIAL VALUE OF PROD., CAP.

COMMODITY INITIATION RATE
COMMODITY . PRODUCTION RATE

"PRODUCTION DELAY

EQUI. PER CAPITA CONSUNMPTION
CONSUMPT 10 BLE
CONSUMPTION RATE

POPULATION OF CONSUMERS
EXPECTED CONSUMPTIOMN RATE
IN., VALUE OF EX. COM. RATE
EX. COM. RATE ADJ., DELAY
PER CAPITA CONSUMPTION REQS.
INITIAL VALUE OF PCCR

CONSUMPTION REQS. ADJ. DELAY
CAP TRANSFER INITIATION RATE
CAP TRANSFER IN. DELAY

CAPACITY BEING TRANSFERRED
INITIAL VALUE OF CBT

CAP TRANSFER COMPLETION RATE
CAPACITY TRANSFER DELAY
CAPACITY UTILIZATION FACTOR
RATIO OF DES. TO ACT. CAP.
CAPACITY UTILIZATION TABLE
PRODUCTION UTIL. FACTOR
PRODUCTION UTILIZATION TABLE
EXOGEHOUS [IMPUT TO CONSUMP.

(UMITS)
(UNITS)
(MONTHS)
(DIMENSNLESS)

(MONTHS)

{DOLLARS/UNIT

)
(DOLLARS/UMIT)
(DOLLARS/UNIT)
(DOLLARS/UNIT)
(1OMNTHS )

UNITS/MONTH)
UNITS/MONTH)
(UNITS/MONTH)
(UNITS/MO/MO)
(MONTHS)

(UNITSII‘IOP'TH)
(UNITS/IMONTH)

(UMITS/IMONTH)

(MONTHS)
(UNlTS/MAN 1103
I TS/MALI=110)

UN 1TS/MOMNTH)
(MEN)
(UNITS/HMONTH)
(UMITS/MOMNTH)
(MONTHS)
(UNITS/MONTH)
(UMITS/MONTH)
(MONTHS)
(UNITS/MO/MO)

- (MONTHS)

(UNITS/MONTH)
(UNITS/MONTH)
(UN{TS/MO/MO)
(MONTHS)

(D IMENSHMLESS)

"(DIHENSNLESS)

(DIMEMSHMLESS)
(DIMENSHMLESS)
(DIMENSNLESS)
(DIMENSHNLESS)




-142-

APPENDIX II

HOG STATISTICS

/A-II.]. Inventory of Frozen dnd Cured Pork
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A-T.2 Live Weight of Hogs Slaughtered

) .
Table 12#-[30.--!.1“-. veizht of ldvestock sleughtered: Eaticated average of-slaughter ucder Pedarsl {ospection X
o 1940 to date 1/ £

! _BOGS _

Yeer f Jn.f l-‘eb.f }ht.: Apr.: Hay f .I'|.|:|=== Julyf Aug. : Sep:.f o:e.f nw.f Dec.f Avcrage
S Lb. Lb. Lb, Lb.  1b, LS. Lb.  Lb. Lb, 1b. Lb. Lb. T

1940 ...t 233,0 232.6 231.6 230,6 235.1L 241.3 249.5 2¢0.1 231.8 22¢.9 224.7 227.6 232.5
1941,....: 232.9 237.7 238.3 237.3 239.3 247.6 263.4 26l.1 244.9 23,2 233.3 239.2 241.0
1942 ...z 239.8 237.0 232.5 234.9 240.4 251l.5 265.2 255.7 250.3 2£0.6 224.6 248.7 245.4
1943 ,,,: 252,1 252.2 252.7 254,0 256.& 260.4 273.9 276.7 262.3 212.7 238.0 244.4 254.5
1944 ,..: 249.3 246.8 242,5 2¢0.3 _.238.,7 244.8 251.8 255.1 248.0 238.1 238.3 240.1 244.3
1945 ...: 244.1 246.3 251.1 257.1 264.5 275.6 297.3 30i.2 295.3 276.6 262.7 "254.6 264.6
1946 ...: 259.4 250.5 2£8.6 247.6 244.3 263.2 239.5 262.8 264.1 2U6.Z 242.6 2¢6.1 254.7
1947 ,..: 254.6 251,9 253.3 254.4 260.1 275.3 288.0 233.7 247.3 2%1.9 234,.1 242,2 253.9
1549 .,.: 253.6 254.9 289.9 2¢4.6 255.3 275.2 231.3 270.8 2¢2.9 233.6 241.4  2¢3.8 252.9
19¢9 .,..: 255.2 249.7 245.8 2il.5 2¢9.4 265.6 281.8 261l.6 234.2 227.6 236.2 2¢3.1 247.6

1950 .,.: 2¢5.7 239.7 234.5 238.0 2¢5.1 266.1 277.7 259.3 252.6 229.7 257.4 245.2| 2¢e.4
1951 ..,: 2¢9.9 245.1 240.2 281.6 244.4 251.0 275.9 261.7 235.1 250.8 235.6 241.4] 245.8
1952 ...t 265.7 24S.1 239.5 235.6 2¢2.1 255.0 264.7 25:.0 256.0 229.2 255.2 281.0| 2¢2.6
1953 ..,: 242.9 236.8 231.1 233.4 244.2 261.3 252.6 233.5 224.6 224.8 234.2 2¢0.0! 235.¢

1954 ... 2¢4.0 235.5 237.6 246.5 260.6 275.5 26¢4.7 238.2 220.0 232.1 . 233.6 244.5 2:3.9

1955 .,.: 246.7 250.9 239.2 2¢£.0 251.9 ' 255.7 256.4 228.2 229.3 228.0 235.2 257.2  20.8
1955 237.8 255.1 230.6 255.5 239.7 249.5 2¢5.1 232,3 225.2_ 226.6 253.5 256.9  234.8
1957 236.6 235.4 254.2 257.9 2¢4.8 252.9 204.4 229.2 Z21.¢  225.4 235.8 257.9  255.5
1958 ...: 256.2 230.2 232.8 236.6 2¢5.9 250.8 2:4.5 252,35 230.0 232.8 2:1.9 242.3  238.0
1559 2¢0.6 234.8 235.5 26l.4 2¢7.4 250.5 243.1 232,68 251.9 235.5 2¢0.9 2£0.5  259.5

1550 ...: 235.2 251.8 231.9 238.6 241.6 2:5.9 245.7 259.2 255.4 235,1 242.6 23,4 239.8
1961 ...z 2¢0.6° 235,2 235,5 2¢0.4 2:5.5 251.6 247.1 259.,0 235.2 23¢.8 239.6 2:2.7 240.2
1952 ,.,: 240.8 257.5 237.0 241.1 245.5 289.4 2¢7.2 2il.1 23’.‘7 240,0 2<:.1 24406 281.9

: ll Estizateo baoed oa sectual vaizhte reported by packars undar Foderal inspectica.

Table 127-130.--Livo velght of liveotock slauzhterod: Estimated aversgo of elaughter mdos |
Poderal inmpectios, 1959 to data 37 L o oo enter mdo

) wes .
- — 1 .8 . 1 [ 1 1 .
T : Jan. : Fob. . Mar, : apre . Yay . Juno ' Jay ' Ln.g._ . Sept.: Oet, : Nov. : Dec., :Averaze
- s Ib. b, b, b, . Lb, Lb, b, Ib, “Lb. Ib. Lb, b, Lb, .
' ) L = ans, —_— -t = = = _— =

1963 ...1 242,8 236,6 234.6 236,0 242.9 246.4 247.0 2368,5 254.7 236.5 244.1 245.0 240,4

1964 ...t 244.1  230.5 237.7 zu.g :4.:..; :316 :ﬁg i;_z,.g gg.t :43.; §4s.s' 245.9 243,58
1965 ..ot 2418 234.7 2X4.5 289. 43, . . . . 40, 44,2 2¢4.9 240.1
1966 ...t 2L3.k 233.8 2ko.3 2u5.F  251.1 253.5 2kT.0 2335.9 236.8 239.9 2u6.3 246,k 2k3.9

Y
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A-11.3a Hog Prices

Table 203A.--Pork: Live animal and wholesale prices, wholesale and retuil values

, i LIVE ANIMAL PRICE 1/
Year : : H : : : . H : : : A
: Jan. Fcb.‘ ¢oMar. ¢ Apr. : May i June : July : Aug. : Sept. : Oct. : Nov Dec. :Averaze
H Dol. Dol. Dol. Dol. Dol. Dol. Dol. Dol. Dol. Dol. Dol. —  Dol.
20.94 21.48 19.1k 19.26 21.51 22.30 21.91 20.95 18.15 16.29 15.57 19.9%
17.56  16.72  16.52  19.57 20.39 24.22  2b.32  21.98  19.72  1B.L2 19,30 13,?9
23.02 22.12  21.5 21.61  22.74 23.17  22.72  20.9% 20.67° 18.72  18.57  21.i5
18.02 17.36 17.31 21.21 20.96 22.63 22.2h 20.28 19.13 17.19 1747 19.36
20.08 21.00 22.32 24 .58 25.39 26.41 2L .80 24 .89 21.62 21.16 2L.s8 22.99 --
26.25 26.36 27.84 27.15 25.25  23.47 22.94 20.01 18.95 19.2L 18.31 23.58
17.06 16.65 17.49 18.08 20.24 18.10 16.L3 16.28 1L.67 12.61 11.52 16.L1
12.8L  13.bL 31544 16.8)  17.00 16.82  17.0T 16.k2  15.88  15.23  17.2% 15.53
17.38 17.60 18.34 18.76 20.18 21..29 21.k2 19.61 17.53 17.46 19.25 18.93
20,54 21.5L 21.20 23.06 23.68 23.52 21.h 20.60 19.32 18.87 18.72 21.02
16.15 16.LL" 16,713 16.94 16.83 1k.%0 b .67 13.84 13.16 13.06 12.42 15.21
13.95 15.78 16.48.  16.78 17.56 18.25 17.11 16.84 . 17.82 17.97 18.21 16.65
18.54 17.92 17.58 17.28 17.52 18.31 '1B.u6 18.33 1T7.40 16,55 17.39 17.78
17.04 16.69 16.56 16.22 17.76 18.85 _-18.8% 19.10 17.27 17.18 17.06 ' 17.52
WIOLESALE VALUE 2/
25.01 25.78 2L 77 23.88 25.k2 25.96 27.06 26.77 23.90 21.25 20.15 2l .63
21.50 21.32 20.99 23.53 2L,.16 27-89 28.L2 27.52 2438 23.21 24,65 23.99
27.32 26.81 25.97 26.l0 = 26.18 26.23 27.18 26.98 26.57 23.45 23.05 26.04
22.30 22.51 22.4o 2k.95 25.01 26.11 27.80 25.51 24 .37 22.22 21.88 23.99
2b.69  25.43  26.55 28.72  29.23 30.37 30.66  30.0b  27.23 25.73 28.93  27.58
30.51 31.03 31.85 31.68 29.80 28.76 27.95 25.6h 23.69 2L .60 23.66 28.32
22.46 21.46 22.58 22.92 2k .69 23.94 22.65 22.46 20.74 19.53 18.29 22.08
19.04 18.88 20.46 21.75 22.07 22.09 22.18 22.5.0 21,50 20.67 22.29 20.97
23.55 23.22 23.75 24.09 25.21 26.45 27.15  25.84 23.37 23.36 2L.L6 2i,51
26.18 27.07 27.24 28.18 28.90 29.12 27.58 26.51 25.44 2k .68 2L .11 26.69
21.94% . 21.h2 21.85 21.95 22.09 20.72 20.30 20.60 19.5k 19.08 18.L0 20.92
19.25 20.86 21.54 21.61 22.30 22.95 22.90 22.10 22.98 23.27 23.34 21.84
1961..... : 22.97 23.64 23.26 22.65 22.00 22.02 22.63 23.11 23.63 22,65 21.71 22.13 22.70
1962.....: 22.34 22.16 21.90 ~ 21.26 21.36 22.42 23.60 23.58 24.e8 22.70 22.67 22.5k 22.65
WIOLSSALE FRICE 3/
- g
: Ls.k3  w7.07  45.94 ub.21  47.38  48.85  50.19  49.17  43.87  38.96  37.09 45.37
39.96 19.13 38.70 43.19 LL.S1 51.36 S1.21 L9.36 L43.89 Ll.11 k3,32 L3.€0 "
47.83 L6.61 L5.49 45.33 L6.83 L6.91 L8 .49 L8.21 L7.3% 41.66 LO.o4 L6.03
Lo.4s5 41.30 41.11 u6.k5 46.87 u8.7h 52.11  L8.28 L6.06  L1.,7%  L1l.09 L4 .60
Lé.gk  k7.90  L9.T7  53.91  55.57  5T.3t  56.710  54.30  48.40  46.53  52.17  S51.14
1954....02 $5.79  55.06  55.83  56.96  57.23  sk.l9  51.95 50.85 46.36  43.00 Lk.4O0 k2.91 s51.21
1955.....: b2.k9 k1,32 39.87 L1.81  L43.0h  L6.72  LL.6T  L3.06 L2.32  38.66 35.26 33.23 Ll.os
1956.....7 33.55 35.02 34.89 37.60 39.64 41.30 L1.66 -u41.38 Ll.53 39.17 37.57 40.45 38.65
195Tc....2 b3.30 42.53 k2.26 L3.49 4L .91 LT.21 L9.45 50.€% L7.40 L3.09 L42.49 45.09 L5.16
1958.....: 4T.60 L8.34 50.04 50.47T 51.85 53.38 sk .ok 50.7T 49.0L 46,55 u5.36 4l 51 49.33
Lo.28 41.32 k1.55 42.26 39.70 39.20 39.62 37.53 36.34 35.23 39.81
ko.s53  L1.26  41.36  u2.77  WL3.51 #3.11 k2,26 L43.49  k3.43  B3.55 L1.56
42.85 L1.53 LO.TT 40.96 L2.53 43.85 L .87 42.43 ko.49 41.83 42,42
L1.26 40.38 40.09 42.28 44 .81 45.51 u6.6L L2.87 k2.62°  u42.62 L2.76
RETAIL VALUE &/
. 56.90  s4.80  57.70  56.70  59.30  60.70  $6.90  51.k0 48,50  55.82
?3.33 50.00 sL.00 56.00 60.30 61.30 ~ 62.ko 5T.L0O 5k .90 55.L0 55.08
59.50 58.70 59.10 59.60 59.90 60.50 60.60 60.50 58.30 55.80 59.16
5i 40 54 .00 55.70 58.40 58.60 . 63.00 62.00 60.80 56.70 55.30 57.48
58.90 60.10 64 .40 68.10 <3.70 69.50 69.20 65. ho 60 .40 63.50 63.52.,
€8.10 €3.90 69.20 68.30« 85.50 €3.80 é2.80 59.90 58.20 5T.ko 6% .85
54 .00 53.90 55.00 57.60 57.90 56.50  57.30 55.10 50.60  L48.10- su.BL
LT.50 L9.60 51.00 54.60 sk.60 55.10 55.90 55.20 53.10 53.70 52.09
56.60 57.k0 59.00 61.80 64,20 67.00 65.20 60.40 58.10 59.20 €0.22
6% .20 65.10 65.60 67.50 69.10 €3.20 65.30 63.L0 61.80 61.L0 6475
5T.50 58.00 58.20 $8.50 58.10 56.50 57.20 55.50 53.60 52.20 57.11
53.00 54 .80 56.10 57.60 59.10 59.80 58.70 59.10 53.70 59.20 56.66—
59.50 59.10 57.90 57.90 $9.10 .€0.10 61.00 60.50 58.140 57.70 59.20
ST.ko  57.90 57.50 58.00 60.10 61.90 64,60 6120 59.60 59.10 -59.45

yAvernse price of 200-220 pound barrTows and gilto, Chicnso
2/ Woolessle value of carcass and by-products.

3/ Valuc of 100 pounds of pori cuts st Chicogo cozpused 1‘-0:1 price quotations of individual cuts in the Livestock Market

Bews acd the National Provisioncr.

4/ Celculated from average retail pricca of msjor retail cuts of meat 1n urban aress, publiched by the Bureau of Labor

Bt-*“qtics.
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Table 203A --Pork:
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Live animal and wholesele prices,
wholesale and reteil values

Year Jan.

: Feb.

: Mar.

Dol.

: Apr.

: May

LIVE ANIMAL PRICE ;/

s ‘June

s July

Aug.

Dol.

: Sept.

Dol.

: Oct.

Dol.

: Nov.

Dol.

: Dec.

Dol.

: Av.

Dol.

: Dol.

Dol.

Dol.

Dol. Dol.

Dol.

.:27.38
.:13.09
..:18.03

.:17.62
116.29

..;15.39
..:16_75
-$29.08

16.15
13.95
18.54
17.04
15.52

15.28

17.92
29.15

164,
15.78
17.91
16.69
1h.36

15.08
17.40
25.30

16.73
16.48
17.58
16.56
14,22

14.90
18.02
2,25

16.94
16.78
17.28
16.22

15.70

15.85
20,04
23.58

16.88
17.56
17.52
17.76
17.83

16.8L
23,65
25.80

1k.20
18.25
18.31
18.85
18.91

17.91
24,72
25.4k

1k .67
17.11
18.L46
18.84
17.7h

17.52
2L 7l
26.40

13.84
16.84
18.33
19.10
16.18

17.28
22.89
24 .59

13.16
17.82
17.40
17.27
15.81

16.06

23.97
23.08

13.06
17.97
16.55
17.18
13.92

15.30
24 .90
20.78

12.42
18.21
17.39
17.06
15.16

16.48

29.32
21.28

15.21
16.65
17.78
17.52
15.97 .

16.16
22.03
24,89

WHOLESALE

VAIUE 2/

1959...:24 .42
1960...:20.31
1961...:2hk.23
1962, ..:23.72
1963...:22.98

196k, ..:22.28
1965...:23.19
1966, . .13k .7

23.13
20.77
25.1h
23.50
22.47

22.04
23.73
34.58

22.72
22.63
24 72
23.28
21.48

22.01
24 .03
32.78

23.32°

23.14
2L.01
22.72
20.T7)

21.71
24,8k
30.94

23.32
23.06
23.33
23.09
21.66

21.64
25.46
29.95

23.52
23.87
23.18
23.76
23.82

22.76
28.43

31.35

22.23
2k ,51
23.95
25.00
24 .82

23.91
30.2L
31.82

21.90

2h.51
24 .69
25.47
ol.51

2k .o
31.30
32.hk2

22.19
23.92
25.26
26.09
23.4L

24 .24
30.33
30.53

21.11

2k.u8

2k .02
24 .37
22.99

23.15
30.01
30.65

20.53
2L .64
23.02
24 .19
22.18

22.43
30.63
28.38

19.77
24,50
23.50
2L .03
22,27

22.68
.91
28.77

22.
23.36
2k-.09
2.

22.78

35

22.77
28.08

31.39

WHOLESALE

FRICE 3/

1959...:43.53
1960...:36.19
1961...:42.79
1962, ..:42.25
1963...:40.64

196h...:39.38
1965. ..:50.48
1966...:60. 6h

ho.92
37.07
L3.95
L1.60
39.L8

38.66
41.52
€60.94%

ko.2h
40.36
42,87
41.06
37.71

38.62
ho.,01

57.31

41.26
L1.08
41,69
40.16
36.29

38.05
L3.45
53.92

La.ky
hi.ih

40.98
40.88
38.31

37.97
Lk 65

52.06

42.13
L2.67
41 .06
ho.21
L2.41

L40.20-
50.53
55.23

39.64

43.59
L2.53
L4 .63
Ll 39

Lh2.k9

53.66
56.19

39.18
43,26
43.81
45,46
43.87

43.33
55.33
57.33

39.58
L2.kg
44 .87
46.60
41.71

L42.81
53.48
53.36

37.45
43.37
L2.67
h2.99
Lo.82

Lo.s58
52.82
53.72

36.33
L3.35
40.66
L2.59
39.14

38.92
53.68
Lg.21

35.15
L3, 27
41.83
k2,59
39.28

39.46
62.11
50.69

39.T4
L1,

L2.48
b2.75
L4o.34

0.0k
49.48
55.05

RETAIL VAIUE 4/

1959...:
1960...:
1961...:59.30
1962...-58.00
1963...:58.50

196k...:55.80
-1965...:56.4%0
1966... 117,60

60.90
51.70

58.50
51.70
59.50
57.90
57.60

55.80
56.90
78.80

57.30
52.80
59.30
57.20
56.50

55.30
57.20
78.00

57.80
5L .80
58.90
5T.T0
Sk.90

Sh .90
57.40
73.30

58.00
55.90
5T.70
57.30
5k .70

sh 60
58.00
T1.60

53.30
57.hoO
57.T0
5T7.80
56.40

sk4.80
63.80
T72.40

57.90
58.90
58.90
59.90
58.80

56.70
68,10
73.00

56.30
59.60

59.90
61.70

59.90

57.60
70.30
73.60

57.00
58.50
60.80
64 .30
59.60

59.60
T0.50
T4.10

55.30
58.90
60.30
61.00
5T7.90

'58.30

69.70
72.70

53.60
58.50
58.20
59.40
56.50

56.90
69.40
69.80

52.00
59.00
5T.LO
58.90
56.10

56.20

T2.90
68.00

56.91
56.u46
58.99
59.26
5T7.30

56.38
6L .24
73.58

1/ Average price of 200-220 pound bdarrows and gilts, Chicago.

2/ Wholesale value of carcass and by-products.
3/ Value of 100 pounds of pork and sausage at Chicago computed from price quotations of
individusl cuts in the Livestock Market News and the National Provisioner.

_/ Calculated frcm average retail prices of major retail cuts of meat in urben arees, published
by the Bureau of labor Statistics.
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Tab"‘.o 182.--1’.{039 . Avergge price recelved by farmers, per 200 pounds, 48 States, by zoaths, 19Lo to date
] [. : s ol 1 : : H : :Weighted
Year :: Jan. Feb $ Mar., ¢ Apr. : My June-: July : Ang. : Sept. : Oct. : DNov. Dec. :nvc-rjngc
it : : : : i : : 2
¢ % Dol. Dol. Dol. Dol. Dol. Dol. Dol. Dol.  Dol. Dol. Dol. Dol. Dol.
1980...cc0r 5.7 B96  LBT b9 5.37 W78 5.8h 5.0 6.20  5.85 561 5.61  5.39
9Leeesens T4 7029 7.6 B.16 8.31 9,12 10.30 10.50 11.20 10.10  9.70  10.30  9.09 -
- A9M2.0..0002 20,70 21,90 12,50 13.50  13.30 13:40 13.80 14.10 13.60 1k.10  13.50  13.30 13.00
1943.000e0r 14,20 1460 1470 14,30 13.90 13.60 13.20 13:70 1k.10 14.00 12.90 12.80 13.70
194k, ... +: 12.80 12.90 12,90 13.00 12.70 12.60 12.70 13.50 13.60 13.80 13.50 13.%0 13.10
1945......: 13.80 14,00  14.00 1k.10 1k.10 1L.10  14.10 14.10 1h.10 14,10  14.20 1L.20  1k.00
1946.4.000s 2430 2420 1L,20 1k,20, 14.30  1K.30 17.20 20.8¢ 16.10 22.20 23.00 22.80 17.50
IGWTeeeans 21,90 24.30 26,50 23.90 22.20 22.10 22,00 23.60 26.70 27.10 2k.30 25.20 2h.10
1948.s.0es 26,60 21,60 21,50 20.30 19.90 22.90 25,20 25.90 27.10 24.70 21.80 20.90 23.10
1949ceenset 19.60 13.30 v 20,00 18.30 17.90 18.80 18.60 19.40 19.80 17.60 15.60 1k.80 18.10
1950..s00: 15.10 16,60 16,00 15.70 18.30 18.20 20.90 2170 2130 19.20 17.80 17.80 18.00
195Le.ase o3 20,00 21,90 21.20 '20.60 20.40 20.90 ¢ 20.50 20.90 19.80 20.20 18.10 17.60 20.00
1952.00000t 17,30 17.10 16,60 16,40 19.20 19,40 19.70 20.60 19.00 18.50 16.60 16.10 17.8
1953.0e000t 17.90  19.30  20.20 21,00 23.10 22.80 23.70 23.30 23.90 21.30 20.30 23.00 21.40
195k, peiz 26070 25.30  25.00 26.40° 24.70 21.50 20.k0 21.10 19.70 18,40 18.50 17.00 21.60
i PR [y . X
195’5......: 16.80 - 16,30 15.50 16.60 16.40 17.70 16.40 15.70 15.70 1k.50 12.10 ° 10.60 15.00
195600000t 12,00 12,20 22,50 2h.40  15.h0 15.70 15.30, 16.20 15.70,* 15.50 14.30  16.20 1k.kO
195Teeans .1 17.30  16.80 16.50 17.k0 17.k0 18.40 19.30 20.20 19.10 17.00 16.60 17.80 17.80
1958...04.: 16.50 19.50 20.30 21.20 21.10 21.60 21.70 20.80 19.90 18.50 17.90 °17.50 19.60—
1959 eusss s 16,40  15.k0  15.50 15.50 15.40 14,90 13,40 ¢ 13.80 13.30 12.60 12.10  11.30 1k.10
19604ass : 12.10  13.00 15.00 15 50 15.k0 16.00 16.60 16.30 15.70 16.70 16.60 16.50 15.30
1961.... 16.70 17.60 17.10 16.80 16.10 15.80 16.60 17.30 17.50 16.60 15.70 16.10 16.60
:{ggg 16.50 16,30 15.90 "15.50 15.20 15.90 17.00 17.50 18.10 16.60 16.20 15.70 16.30
196h:::::.:

1/ Computed by velghtins State welghted aversge prices by quentities sold.

Table 182.--Hogs:

Average price received by farmera, per 100 pou.nd.s, 48 states,

by months .. 1958 to éate

) H H H H H $ H H H : : -2 tWelghted
Year ; Jan. : Feb. : +¢ Apr. : MRy : June : July : Aug. : Sspt. : Oct. : Fov. : Dec, -avcr/age

H H : : I H .8 3 H : : H HER

¢ Dol. Dol. Dol. Dol. Dol. Dol. Dol. Dol, Dol. Dol. Dol. Dol, Dol.
1958..., 18.50 19.50 20.30 21.20 21.10 21.60 21.70 20.80 19.90 18.50 17.90 17.50 19.60
1959...: 6.0 15.k0 15.50 15.50 15.%0 1k.90 13.40 13.80 13.30 12.60 12.10 11.30 1,10

ess: 12,10 13.00 15.00 15.50 15.L0 16,00 16.60 16.30 15.70 16.70 16.60 16.50  15.30

1961...: 16.70 17.60 17.10 16.80 16.10 15.80 16.60 17.30 17.50 16.60 15.70 - 16.10  16.60
1962...: 16.50 16.30 15.90 15.50 15.20 15.90 17.00 17.50 18.10 16.60 16.20 15.70 16.30
1963...: 15.k0 14.60 13.80 13.50 1k.ko 16,10 17.10 16.70 15.50 15.20 14,20 13.60 1k.%0
1964, ..: 14.30 14.30 1k.20 1k.00 1k.30 2k, 16.00 15.80 16.20 15.10 1L,00 1hL.80 14.80
1965...: 15.50 16.hko 16.L0 16.90 19.70 22.L0 23.20 23.70 22.10 22.90 23.50 26.90 20.60
1966...: 27.30 27.20 24,00 22,10 22.30 23.20 23.20 2L4.50 22.30 21.20 19.30  18.90 22.8

1/ Computed by weighting State weighted average prices by .

quantities sold.

1g-" 7
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A-II.3d Hog Prices

\

Table 187.--Price per 100 pounds received by farmers, parity price, and price received
" as percentage of parity, mecat animals, 48 States, 1940 to date :

: . Hogs ' -

& Price : : Per- ’
ireceiv-~; Pari-; cent-

Year : ed by : ty : age

: fargers: price: of

mi} g/ : pari-

: ty

Dol. Dol. Pct.

1940..:  5.42 9.01 60
941..: 9.13 9.52 96
1942..: 13.20 10.80 121
1943..: 13.80 11.60 120 -
194k..: 13.10 12.20 108

14,10 12.4k0 113
1946..; 17.30 13.90 124
1947..: 2L.20 16.70 145
1948..: 23.30 18.00 129
1949..: 18.30 17.60 104
1950:.: 18.20 19.20 95
1951..: 20.20 21.30 95
1952..: 18.00 =21.k0 8L
1953..: 21.60 20.20 107
1954..: 21.90 20.70 106

'1955..: 15.40 21.20 73
1956..: 1k.50  21.30 68
1957..: 17.80 21.90 81

1958... 19.80 22.10 90
1959... 1lk.10 21.60 65
1960.,. 15.40 21.30 T2
1961... ‘16.70 21.30. 78
1962... 16.40 21.70 76
1963... 15.00. 22,40 67
1964... 14.80 21.70 &8
1965..° 20.80 2l.ko 97
1966..° 23.00 22.60 101
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Table 188.--Hog-corn price ratio, by months, 48 States, 1940 to date 1/

Hog-Corn Price Ratio -

ATII.4

live weight.
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A~II.8a Per Capita Meat Consumption

© Table 7.--Meat: Per copita consurption, carcess and retail cut, equivalent, 1909-63

: : Skeletal meats 1/ : : Toua) ¢ :
: Beet H Veal : Pork : Lanb and mutton: Totel : : re: . :C a
: : : : H i Retajl cut : : T : . meat o ., .Canne
Year ! ‘:“m‘:“k::n ¢ Carcase: Pl | Corcans! equivaient | Carcass FOtAil Carcase; 1811 e ;(ret:il; G;;c meat
_ veégh :equive-; \‘Ei?ht ;equivn-; weyht * Lean Fat weight fequwa-i velght fequiva-: :w::glt')': 'h‘/
: : lent . : lent : ' pork : cuts k _ lent . lent ' gote
: Ldv.,  Lb. Lb, Lb. Lb, Lo, Lb, Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb,
1909 : 4.2 58.6 7.3 6.6 67.0 43.6 18.8 6.7 6.0 155.2 133.6 11.1 1447 3.0 _—
190 : 0.4 55.6 7.2 6.6 62.3 lLo.s  17.4 6.5 5.8 164 12 10 '
1911 : 68.5 shka 7.1 6.5 69.0 kLB 19.3 7.3 6.5 151.9 132.3 110.'3 fn?g.'g 222 -—
1912 : 64.6 51.0 6.9 6.3 66.7 L34 16.7 7.7 6.9 145.9 126.3  10.3 136.6 2.5 -—
1913  : 63.3  50.0 6.3 5.7 66.9  L3.5 8.7 7.2 6.4 137 12,3 10.1  13/.4 2.4 -
191k : 62,0 k9.0 5.8 5.3 65.1 42,3 18.2 7.1 6.3 14%0.0 .121.) 9.6 130.7 2.3- -
1915 v 56.4 LL.6 5.9 5.4 66.5 L3.2 18.6 6.1 5.4 1359  117.2 101  127.3 2.2 -—
1916 : 58.9 46,5 6.4 5.8 69.0 LL.8 19.3 5.8 5.2 1k0.1  121.6 10.6 132.2 2f3 -
1917 : 6L.7 51.1 7.2 6.6 5879 38.3 16.5 k.5 L.o 135.3 116.5 10.3 126.8 2.5 —
1918 : 68.5 54.1 7.3 6.5 61.0 9.6  17.1 4.8 4.3 141.6 121.7 10.6 13.3 2.6 -—
w9 : 61.5 18.6 7.8 7.1 63.9 Ll.5  17.9 5.7 5.1 138.9 120.2 11.0 131.2 2.5 —
1920  : 59.1  L6.7 8.0 7.3 63.5 1.3 17.8 5.4 L.8 13.0 117.9 10. 8 ——
1921  : 55.5 43.8 7.6 6.9 4.8 421 181 6.1 5. 13316;.0 112.2 9.?/ 12670 gl:; -
1922 : 59.1 L6.7 7.8 7.1 65.7 L2.7 18.L 5.1 L.s 137.7 119.k  10.0 129.4 2.h -—
1923 : 59.6 k7.1 8.2 1.5 Th.2 u8.2 20.8 5.3 L.7 147.3 128.3 10.7 139.0 2.4’ -—
1924 T 59.5 47.0 8.6 7.8 4.0 L8.1 20.7 5.2 L.6 147.3 128.2 10.5 138.7 2.3 -
1925 T 59.5 L7.0 8.6 7.8 66.8 43.4 18.7 5.2 4.6 . 1%0.1 121.5 10.2 131.7 2.1 -—
1926 : 60.3 47.6 8.2 7.5 6L.1 Li.7 17.9 5.k 4.8 138.0 119.5 9.7 129.2 1.9 -
1927 : . 5L.5 L3.1 7.4 6.7 67.7 L0 19.0 5.3 L.7 13k.9 117.5 9.l 126.9 1.8
1928 : W8.7 38.5 6.5 5.9 70.9 L6.1 19.9 5.5 4.9 131.6 115.3 9.0 124.3 1.8 —
1929 : k9.7 39.3 6.3 5.7 69.6 us.2 19.5 5.6 5.0 1.2 1k7 9.0 123.7 1.6 -—
1930 : LB.9 38.6 6.4 5.8 67.0 L3.6 18.8 6.7 6.0 129.0 112.8 8. 121.7 1.6 —
1931 : W86 38.4 6.6 6.0 68.4  uli.,5 19.2 7.1 6.3 130.7 1k 9.3 123.6 1.6 -—-
1932 : W7 369 6.6 6.0 70.7 L6.0 19.8 7.1 6.3 1311 150 9.2 122 1.6 ---
1933 : 51.5 Lo.7 7.1 6.5 70.7 L6.0 19.8 6.8 6.1 136.1 119.1 9.3  128.4 1.6 -—
1534 : 63.8  50.4 9.k 8.6 6k.4 k1.9 18.0 6.3 5.6 143.9 124.5 9.6 13,1 1.6 —
1935 : 53.2 42.0 8.5 7.7. 8.4 31.5 13.5 7.3 6.5 117.4 o012 €. 109.3 1.6 -—
1936 : 60.5 7.8 8.L 7.6 55.1 35.8 15.4 6.6 5.9 130.6 112.5 8.4 120.9 1.7 -
1937 : 55.2 L3.6 8.6 7.8 55.8 3¥.3  15.6 6.6 5.9 126.2 109.2 8.8 118.0 1.7 3.2
1938 : Sh.b 43.0 7.6 6.9 58.2 37.8 16.3 6.9 6.1 127.1 110.1 8.5 118.6 1.7 3.1
1939 : 54,7 43.2 7.6 6.9 64.7 42.1 18.1 6.6 5.9 133.6 116.2 8.9 125.1 1.7 3.9°
19Lo : 549 L3 7.4 6.7 73.5 L7.8  20.6 6.6 5.9 pUERN 124, 4 9.7 13%.1 1.8 L.3
1941 : 60.9 L8.1 1.6 6.9 68.4 Ly, 5 19.2 6.8 6.1 143.7 124.8 10.1 134.9 2.1 5.3
1942 : 61.2 18.3 8.2 7.5 63.7 L.k 17.8 7.2 6.4 140.3 1.8 1.5 132.9 2.2 1.6
194, : 53.3 h2.1 8.2 7.5 78.9 51.3 22.1 6.4 5.7 146.8 128.7 12.4 141, 2.2 3.k
195k : 55.6 L3.9 12.4 11.3 79.5 51.7 22.3 6.7 - 6.0 154.2 135.2 . 13.5 148.7 2.2 3.h
945 : 59.4 46,9 1.9 10.8 66.6 L3.3 18.6 7.3 6.5 145.2 126.1 12.6 138.7 2.2 4.9
194 @ 61.6 u8.7 10.0 9.1 75.8 9.3  21.2 6.7 6.0 1sk.1  13%.3 11.3 1k5.6 2.2 8.0
1947 - : 69.6 55.0 10.8 9.8 69.6 Ls.2 19.5 © 5.3 .7 155.3 13,2 1.2 145.4 2.0 7.2
1946 ;. 63.1 T k9.8 9.5 8.6 67.8  Lu.1 19.0 5.1 4,5 145.5 126.0 10.3 13%.3 2.1 7.8
.1_9!:9- - e 63-9' 50.5 8.9 8.1 67.7 k4.0 19.0 4.1 3.6 1k .6 125.2 10.1 135.3 2.3 1.2
1950 : 63.b 50.1 8.0 7.3 69.2  45.0 19.L L.0 3.6 1,6 1254 10.1  135.5 2.3 8.7
1951 : 56.1 b3 6.6 6.0 71.9 6.7 20.1 3.4 3.0 138.0 120.1 9.9 130.0 2.4 8.9
1952 : 62.2 49.1 7.2 6.6 T72.4 47.1  20.3 L.2 3.7 16,0 126.8 10.2 137.0 2.k 9.4
1953 : 71.6 61.3 9.5 8.6 63.5 41.3 17.8 L.7 4.2 155.3 133.2 0.8 L0 2.4 10.0
1954 : 80.1° 62.9 10.0 9.0 60.0 39.0 16.8 4.6 4.1 1547 131.8 10.6 w2k 2,5 9.8
1955 : B82.0 6k.0 9. 8.L  66.8 k3.b 18.7 4.6 4.1 162.8 138.6 1.0 19.6 2.6 10.2
1956 : B5.h  66.2 9.5 8.4 | 67.3 k3.7 18.8 k.5 b0  166.7 11,1 11,2 152.3 - 2.6 11.0
1957 : 846 65.1 8.8 7.7 61.1  39.7 17.1 .2 3.7 158.7 133.3 10.8 1kk.1 2.6 10.6
1958 : 8.5 6l.6 6.7 5.8 60.2  39.1 16.9 4.2 3.7 151.6 127.1 9.8 13%.9 2.7 10.7
1959 : 814 6L.9 5.7 k.9 67.6 3.9 18.9 L.8 L3  159.5 133.9 10.1 144, 2.6 10.7
1960 : 85.0 6h.2 6.1 5.2 64.9 42,1  18.2 4.8 4.3 160.8 13%.0 10.1 143 2.6 10.8
1961 : 87.8 65.9 5.6 L.7 62.0 40.3 17.4 5.1 4.5 160.5 132.8 10.1 2.9 2.6 1.5
1962 . 88.8 66.2 5.5 4.6 63.6 L1.3 17.8 5.2 4.6 163.1 13,5 10.1  1LL.6 2.5 1.9
19635/ : .2 697 K9 w1l 65.3 2k 183 b9 L4 1269.3 1389 10.3 9.2 2.5 121

o

y Civilian consumption only, beginning 194%1. Includes processed meats on & fresh basis. Carcass weight converted to retail
weight equivalent using factors indicated in table 6. : .

2/ Approximately at wholeszle level of distribution.
;/ Api:roxi:n;tion of game birds and mammals and commercially raised rabbits,
y Fet canned weight; federally inspected only; excludes soups. Conned meat is included in total skeletal mcat; see footnote 1.

5/ Preliminary.
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A-II.10 Population of Consumers

Table 100.-~Population, 48 and 50 States: Total and number eating out of civilian
food supplies, United States, 1909-64% 1/

: Total, including HH : Total including ¢ BNumber eating out of
H Arned Forces overseas :: H Armed Forces overseas : civilian supplies 2/
Year : : Year : : :

: January 1 : July 1 B ¢ January 1l : July 1 ! January 1 : July 1

: Millions Millions :: : Millions Millions Millions Millions
1909 i 89.7 9.5 | :: : , .
1910 S 91.5 92.k  :: 194 ¢ 131.5 132.1 -— [
1911 : 93.2 93.9 119k :  132.8 133.4 132.0 131.8
1912 H oh.7 95.3 i1 19k2 ¢ 1342 134.9 132.3 13.5
1913 i 96.b 97.2  :: 1943 : 135.9 136.7 129.8 128.9
191L 98.2 99.1  :: 194k : 137.7 138.4 128.8 128.6
1915 . 99.9 100.5 :: 1945 : 139.2 139.9 128.7 o 129.1
1916 3 101.3 102.0  :: 1946 : 1bo.7 1.k 13k.5 138.4
1917 o 102.7. 103.4  :: 1947 : 142.8 1hkk.1 140.9 142.6
1918 : 10k.0o - 104.6 :: 1948 ¢ 145.5 T 1k6.6 1kk.1 1h4s5.2
1919 :  1oh.8 105.1  :: 1949 :  18.0 149.2 146.4 147.6
1920 :  105.7 ©106.5 :: 1950 : 150.6 151.7 1L49.0 150.2 -
1921 © ¢ 107.6 , 108.5 " :: 1951 :  153.1 154.3 150.7 ©151.0
1922 :  109.k 110.1  :: 1952 : 155.8 157.0 152,2 153.3
1923 : 111 112.0 :: 1953 :  158.k4 159.6 154.9 156.0
192k ot 1131 114k.1 :: 1954 : 161.1 162.4 157.7 " 159.1
1925 ' : 115.0 115.8  :: 1955 : 16k.0 165.3 160.7 162.3
1926 : 116.7 117.% :: 1956 :  166.8 168.2 163.9 165.4
1927 :  118.3 119.0  :: 1957 : 169.8 171.3 . 167.0 168.L
1928 : 119.8 120.5 :: 1958 s 172.7 17h.1 170.1 171.5
1929 : 121.2 121.8  :: 1959 : 175.7 177.1 173.1 17k.5

; : ::48 States
1930 :  122.5 123.1  :: 1960 : 178.6 179.9 176.1 177.L
1931 : 123.6 12,0 :: 1961 :  181.5 183.0 - 179.0 180.4
1932 ¢ 12k.5 12k.8  :: 1362 © ;  18L.5 185.8 181.6 183.0
1933 :  125.2 "125.6 iz 1963 :  187.2 188.5 18k4.5 185.8
193L .1 126.0 1264 :: 196k :  190.0 191.2 187.2 188.5
. : +:50 States _3/ . :

1935 T 126.§ 127.2  :: 1950 179.4 180.7 176.8 178.2
1936 : 127.7 128.1 :: 1961 . 182.3 183.8 179.8 181.2
1937 : 128.5 128.8 . :: 1962 . 185.3 186.7 182.5 - 183.8
‘1938 :. 129.4 129.8 :: 1963 : 188.2 189.4 185.4 186.6

1939 :  130.L 130.9 :: 196k . 190.8 192.1 188.1 189.3

;/ Estimates of the Bureau of the Census, not adjusted for underenumeration. In computing per capita
food consumption, the population for the date closer to the midpoint of.the year concerned was used
(e.g., for consumptidn data on a calendar-year basis, July 1 population was used). Beginning 1941, data
on mllltary takings for most commodities were deducted from total domestic consumption and per capita
figures were computed using the series for population eating out of civ113an supplies; data on military
tekings prior to l9hl were not available.

E/ Estimates computed from data supplzed by several Federal agencies. For the period January 1,
1941, through January 1, 1946, an adjustment was made to allow for members of the Armed Forces eating
out of civilian supplies; these adjustments were originally estimated by OPA on the basis of data from
several official sources. Beginning July 1946 data are the civilian population estimates of the Bureau
of the Census.

3/ Includes Hawaii and Alsska. Unless otherwise indicated, data in this handbook include information
from these States beginning 1560.
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A—I{[.lla. Monthly Supply and Distribution of Pork 1959-1961

—_—

o —" B
! Commerclelly produced Total 3/
|
| _Supply : Distribution i Civilian
! : consunption
t H ] : B 3. Civilimn H : —
Pericd E Begin- mr;‘:t- . ot . “ ' eonm::ﬂlon  Produce , : rer
Produc- ; ming . yq . . g , Ml | . tion
1 H ports : ebip- : 1 ;. Per : Total @
; stocks : ments 1 stocks , tar¥ . goa) : person : i Fi;m
1 R | t 1 1 1 H pY : T
1 3 2 < 2 [ 1 t tH
M. wi. K1, Ml LU (S Mil. w1,
1b. . . d. ., . o, v, b, b,
January 965 206 19 12 240 1 92l 5.3 — — ——
February < 907 2L 14 13 316 1k 818 4.7 — —_ —
March : 918 316 16 1m 331 18 885 5.1 — — —
15t quarter 200 51 36 337 13 2,628 15.2 3,119 2,922 169
April .337 20 11 381 19 866 5.0 -— P
ray 38: 16 1 365 16 &8 . b.B — ——
June 365 17 10 313 13 871 5.0 —
, 2pd quarter 337 53 2 313 |73} 7,565 _ 1h.{ 2,695 LI
f -
i 195G oy 13 17 1n 248 20 83 51 - — -
~ Pagust 2u8 12 13 184 1 auly 4.8 — — —
. September 3 184 13 13 163 15 93 5.3 | — - -
! 3rd quarter f 33 W2 37 153 73 7o io.a | 2622 2,815 161
Octover i 1,0% 163 2 12 185 U 1,024 © 5.8 p— —_— —
Tovember B 1,028 185 13 975 509 —_ —_ -—
December 3 1,125 b 1 1,07k 6.1 —_— —_ —
kth quarter E T 3673 17.5 33,08 19.h
Year ; 181 10,935  62.1 12,10 11,91 683
. January 1,058 - 264 17 10 312 15 1,002 5.7 .- .nn .
~. . Februmy EC 312 15 12 33 15 891 5.1 e - o
. Mareh ) L 1 1 : 8 16 5.5 --- — —
1st quarter 2‘.97§9' — ‘%:’L' ELY) 35 T 338 LE 2,8%9 16.3 3,30 3,093 175
April 910 333 17 13 383 15 85l .8 ---
n:; 05 383 15 12 66 19 836 5.0 --- -
June '__5,22___155___19____10____.151—-—% 874 L.9 e --- e
. 2nd quarter 2,007 3B 51 35 351 5 2,614 1L.8 2,112 2,T75 15.7
1960 | T - N
< | nugast ) . - o .-
e “f‘” - 845 221 1 12 it%h__‘_‘l;igg__ 5.0 oee . o
' 3rd quarter [f_ 2,810 — 351 53 ) - 1 1 % 1.5 2,063 2,101 5.2
October e85 158 15 n il 15 838 5.0 - p— -
November 956 pLen 15 pLY 154 13 93k 5.2 - - -
December __,195__;2;_ 19 _137 : 170 12 9% __ 5.2 P e -a-
lth quarter 2198 15| Tl 3 X0 Lo 2,752 150 3,155 3,013 16.9
: Year 10,863 264 185 138 1o 183 0,821 -610 | 1,6 11,58 65.3
. ) Janmary N7 110 15 13 201 15 903 5.0 I
T February - 823 201 b 12 235 16 TS L b3
T ¥axch 235 1 1 2Lk 1 5.0
. o 1st quarter 2,190 170 3 2,642 15.7
) April 823 2 13 n 2 15 T b
May 923 270 13 13 269 16 . 908 5.0
June 85t 16 1n 20 1 874 i.9
2nd quarter 2.& % i L2 3» 260 L5 2,566 16.3
1961 |y 123 2k 15 12 189 17 160 | b2
s August 82 189 15 10 137 16 883 4.9
¢ - ° -. | Septenber . 838 1 1 1n 128 21 8 L.6
3rd quarter 2,403 2 33 2,572 13.7
: October 993 128 18 n 135 21 97 5.k
S Soveaber . 1,034 136 18 13 193 . 19 5.3
- Decesber 950 133 1T n 200 16 933 5.1
4th quarter 2,971 &) 53 35 200 S5 2,507 15.8
Year 10,730 110 387 139 @0 201 30,547 58.5
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A.11.11b Monthly Supply andl.l)_istribution of Pork 1962 & 1966

f Comrercially produced Total 2/
: Supply : Distribution T Civilian
: : :__consumption
Period ° o8 : : : : +  Clvilian C .
: :Begin-: : Exports: H i__consumption Produc-: ' Per
; Froduc-: ning ‘Imports’ pno . iEnding: Mili-: Do Per| ORI qgta) pergen
) : ‘etocks® : :enf; istoc P YBIY ¢ rotal T person : Y
i . . . H : H H A PEY A .
T VA Ty v Ty v M1, Mil. Wil Wil o ¢ 7ML WL
: b b, 1b. 1b. 1b. 1b.  1b. Lb. b. - 1b. 1b.
- ua.ry 1,01 200 1 10 210 1T ' 999 .5.5 § . --- — -
. g::nm;r '861 210 12 9 235 18 828 4.6 [ . - —
T March,.....: 1,010 235 20 10 280 18 - o957 5.3 .- . .
1st qtr....: 2,891 200 55 29 280 53 2,784 15.3 3,139 2,957 16.3
April......: 93 280" 17 1 316 17 885 4.9 - .- -—
MBY..eeeneas 964 316 20 n 339 19 931 5.1 — - -—-
June.......: 853 339 . 19 1k 295 ' 16 886 4.8 — e 1l
- |2 qtre...o2,Th9 2800 56 36 295 52 2,702 14.8 2,787 2,840 1s.
' Ty | T 5 18 11 en 18 B8 b6 | eme e e
'ﬂél Amt.....: gg?( §§u 17 12 182 17 07 5.0 - - —
) : ‘| september..: 787 . 182 15 8 139 16 821 k.5 - - "
3rd qtr....: 2,452 295 50 31 139 51 2,576 .1 | 2,491 2,. 5 1h.6
“ . |october....: 1,002 139 20 10 16 21 1,059 5.8 | =ee  eee e
“.. . - | November...: 1,052 ;% ig i.; g%.g i.g ggg gla» - - -
December...: 993 L [ J——
bth qtr....: 3,137 139 55 36 230 . 5k 3,011 "6k 3,42k 3,213 17.5
e - Punm e e e emcim e eiiml L L e e e —— v - - e v m— ey B
— . . c— a ‘.’ -— ,___ -
138 » 2 B = % " -
} 1 983 2
ig_g' 13 ;3 :g é 2,595 13.95 2,743 2,618 : 23,5
g2 M6
o z et % 2 g A5 tC
L .
:ﬁ % 2 Fy o 2,85 337 |2.8%5 2.151 6.2
. 1b 7 k.
B 8§ fF B 5 B4
R ripeiid =it B ig + T &5 266 138 o zme 1o
Oetober-....: 1,029 15 * ﬁ ;.g .g i;g ;5 . ,
Bovexber....: 1,094 mn 1 21 1,074 5.6 -
Degeaber....: 1106 fOf : 2 355 233::* [/ 312 162 1328 LI 162
MR it TS 2% B5 N0 T2 [L37 | D,k .
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A~IT.11lc 'Supply and Distribution of Pork —- Yearly

' \ o . .
Table 212.--Supp1:,: and distribution of pork, excluding lard, annual 1940-62, by months 1962

..
.

Commercially produced Total 2/

Supply : " Distribution S ¢ Civilian
. : : : : :_consumption
. Period ° : : : : -2 : Civilian : : -

: *Begin-® © : Exports: HE ¢ consumption : Produc-: i
: Produc-: pyne iImports: and  :Ending: Mili-:. P per ' tlon tporal person

t tion  giockst : ship- :istocks: tary : mopgy ° person® - : 2y

: : : " ¢ *ments : : HE : 1/': : : =

Mil.  Mil. Mil. Mil. - Mil. Mil. Mil. , CMiT. Mmil.

1b. 1b. 1b. 1b 1b. - lb. 1b. Ib. - . 1b. 1b. Ib.

: 2 3 g 4 2 7 0 S o X
1040...: 8,246  Lég 6 162 656 -~= 7,93 59.8  10,0kk 9,701 73.5
IGh1...: 7,904 656 12 u83 533 173 7,383 56.0 9,528 9,007 63.h
k2., 9,234 533 1 1,200 -938 ook 6,726 51.2 10,876 8,368 63.7
19k3..:11,762 938 8 2,113 970 1,331 8,294 6h4.3 13,640 10,172 78.9
9%k.. 11,502 970 . - 3/ 1,7Ak 487 1,843 8,l28 65.5 13,30k 10,230 T9.5
1945..: 8,843  L87 2 873 428 1,287 6,74k 52.2 10,697 8,598 €6.6
1946..: 9,220 428 - 3/ 480 - 297 295 8,576 62.0 . 11,136 10,k92 75.8
1947..: 8,811 297 3/ 132 518 230 8,228 57.7 10,502 9,919 €9.6
1948..: 8,486- 518 1 85. 169 180 8,271 57.0 10,055 9,840 67.8
1949..: 8,875 469 3 110 L7l 183 8,580 58.1 10,286 9,991 67.7
1920..: 9,397 L7y 33 110 k99 - 222 9,073 60.% 10,71k 10,390 69.2
1951..:10,190 k99 - 51 136 549 1,89 9,566 63.3 11,481 10,857 T1.9
1952..:10,321 5L9 1 15k 189 392 9,906 6L.6 11,527 11,112 712.h4
1953..: 8,972 489 164 - 134 327 298 8,865 56.8 10,006 . 9,900 63.5
195%..: 8,932 307 18L 105 ko 278 8,611 5k.1 9,870 9,549  60.0
1955..:10,027 4k 175 - 126 421 23k 9,870 €0.8 10,990 10,833 66.8
1956. . :10,28% k21 151 138 280 229 10,209 61.8 11,200 11,125 67.3
1957..: 9,579 280 hnn nh 19h 213 9,k52 56.1 10,k24 10,297 .61.1
1958..: 9,618 19k 193 18 206 192 9,489 55.% 10,454 10,325 €0.2
1959..:11,131 206 186 143 264 181 10,935 62.7 11,993 11,797 67.6
, 1ggo.q:10,863 26k 186 138 170 183_,10,8§2 6%'0 ii,ggg ii’Zgg gg.g

1961..: : 18 1 200 201 10,547 58.5 ’ .
10,730 170 T 39 ] %2 1118&1 11685  63.9

1962.,:11,229 200 216 132 - 230 210 ' 11,073

1/ Derived from Census éstimates of population eating out of civilien food supplies, unad justed

- .-.-for underenureration. '

g/ Includes production and consumpticn from farm slaughter,

3/ Less than 500,000 pounds.

. . -
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APPENDIX III
THE DYNAMIC HOG CYCLE MODEL

A.ITI-1 Equations

. '\ = = e s s > —
=1 PN
N=200E6
WSH=240
Y=.58

COV.K=1P.K/ECR

ECR=,99E9 N

RCOV.K=COV.K/DCOV

DCOV=.36 o

HP.K=TABLE(HPTAB,RCOV.K, .4,1.6,.4)
HPTAB=24.8/20.6/16.4/12.2 o

FEHP.K=FEHP.J+(DT)(HP.J-FEHP.J) /FEHPAD

FEHP=FEHPN

FENPN=21.2

FEHPAD=6

EHCR.K=FEHP ,K/FECP

FECP=1

DBS.K=TABLE(BSTAB, EHCR.K,10,25,5)

BSTAB=5E6/7E6/9E6/10.6E6

BSAR.KL=(DBS.K=BS.K)/BSAD

BSAD=5

BS.K=BS.J+(DT) (BSAR. JK-0SSR. JK)

BS=BSN

BSN=8.2E6

0SSR.KL=(BS.K*FSBS)/APLS

FSBS=.6

APLS=36

BR.KL=BS.K*LPHM*PSPL

LPHM=.17 .

PSPL=7.0 -

MR.KL=(DELAY3(BR.JK, GMD))*HSF

GMD=10

WSF=.7

MS.K=MS.J+(DT) (MR.JK-HSSR. JK~ BSAR. JK)

MS=MSN

MSN=13EG

MSSR.KL=MS .K/MSFP

MSFP=2
. RP.K=(HP.K/DY)+MM

MM=28

PCCP.K=TABLE (CONTAB,RP.K,40,80,20)

CONTAB=6.4/5/3.7
" CR.KL=(POP){PCCP.K) (1+INPUT.K)

POP=200E6

INPUT .K=STEP(SH,ST1)+STEP(- SH, STZ)+SAMPLE(NH*NORMRN(0 NSD),S1,0)

SH=0

ST1=3

ST2=12

‘NH=0

NSD=.5
U s1=7
OT IP=1(0,400E6)/BS=B(5EG, 12E6)/CR=E(6ES, LLES) /RP=P(30,100)
EC

:g 1P, J+(DT)((MSSR JK+OSSR JUK) CLWSH*DY)=CR. JK)
1P ' '
L

“H>OD>POOZIr~-A>0>0>000Zr

;

;'nn>m'un.ononn>o:7-1>o>nxozr-nn:onn:onoxoz:-o:o

L

p DT=.5/LENGTH=120/PRTPER=0 )
PLTPER=STEP(PP,PIT) :
PP=L
PIT=0
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A.TII-2 Definitions

e
I PN
LWSH
DY
cov
ECR
RCOV
DCOV
HP
HPTAB
FEHP
FEHPN
FEHPAD
EHCR:
FECP
DBS
BSTAB
BSAR
BSAD
BS
BSN

 FSBS
0SSR
APLS
BR
LPHM
PSPL
MR
GMD
WSF
MS
MSN
MSSR
MSFP
RP
M
PCCP
CONTAB
CR
POP
INPUT

INVENTORY OF PORK

INITIAL VALUE OF 1P

LIVE WT. OF SLAUGHTERED HOGS
HOG DRESSING YIELD '
COVERAGE PROV. BY IMVENTORY
EXPECTED CONSUMPTION RATE
REL COV" PROV BY INVENTORY
DES COV PROV BY INVENTORY
LIVE HOG PRICE

TABLE OF LIVE HOG PRICES
FARMERS' EXPECTED HOG PRICE
INITIAL VALUE OF FEHP
FARMERS' EXP HP ADJ. DELAY
EXPECTED HOG-CORN RATIO
FARMERS' EXPECTED CORN PRICE
DESIRED BREEDING STOCK

TABLE OF BREEDING STOCK
BREEDING STOCK ACQUIS. RATE
BREEDING STOCK ACQUIS. DELAY
BREEDING STOCK

INITIAL VALUE OF.BS

FRACTION OF SOWS IN BS,

OLD SOW SLAUGHTER RATE

AV. PRODUCTIVE LIFE OF SsoOUsS
BREEDING RATE _

LITTERS PER HOG-MONTH

PIGS SAVED PER LITTER
MATURATION RATE '
GESTATION-MATURATIOM DELAY
WEANING SURVIVAL FACTOR
MATURE STOCK :

INITIAL VALUE OF MS

MATURE STOCK SLAUGHTER RATE
MATURE STOCK FEEDING PERIOD
RETAIL PRICE T
MARKETING MARGINM

PER-CAPITA CONSUMPTION PORK
TABLE OF CONSUMPTION
COMSUMPTION RATE

POPULATION OF CONSUMERS
EXOGENOUS [INPUT -

(LBS)

(LBS)

(LBS)
(DIMENSNLESS)
(MOS)
(LBS/1M0)
(DIMEMNSNLESS)
(HOS)

($/100 LBS)
($/100 LBS)
($/100 LBS)
($/100 LBS)
(MOS)

- (BSHL/100 LB)

($/BUSHEL)
(HOGS)

(HOGS)
(HOGS/MO)
(MOS)

(HOGS)

(HOGS)
(SOWS/HOG)
(SOWS/MO)
(MOS)
(HOGS/10)
(LIT/HOG=HO)
(PIGS/LITTER)
(HOGS/1MO)
(MOS)
(DIMENSNLESS)
(HOGS)

(HOGS)
(HOGS/1M0)
(HM0S)

($/100 L8S)
($/100 LBS)
(LBS/MAN=HO)
(LBS/MAN={10)
(LBS/MO)
(MEN) _
(DIMENSNLESS)




/

N I K A 3 D A Y S 8 3 e a8 s N 5 i o

-161-

APPENDIX IV

CATTLE SYSTEM PARAMETER -VALULS

E?ch of the constants and the table functions in the Dynamic Hog

i
Cycle Model was changed to represent the beef system. This appendix lists

the values of each constant and, where appropriate,-refers to a table of

cattle statistics from which the value was derived by inspection. Some

. parameter values are not pfecisely correct, but the biological constants

which dominate the system are easily determinable. For the remainder of

the values it is sufficient to

|

The initial values were chosen
cause of the similarity of the
meter names have been retained.

parameter values.

eakh parameter and the correct

ensure that'the approximate magnitude of
-direction of each relationship is obtained.

to place the system in equilibrium. Be-

cow system to that of hogs, the hog para-

The models are identical except for

Unless otherwise noted, the tables are taken from Live-

stock and Meat Statistics, Supplement for 1967 to Statistical Bulletin

Noi 333, U.S. Department of Agriculture, Washington, D.C.

Assumed Value Reference Table
IPN = 400E6 A:V.1
LWSH = 850 A:V2 & 3
DY = ,58 “A:V.4
ECR = 1.854E9 A:V.5
DCOV = .216 A:V.1 &5
' _ RCOV:0 .33 .67 1.0 1.33 1.67 2.0 .
PTAB = A:V.6 & 7
i 40 37 30 20 10 3 0
FEHPN = 20 A:V.6
FEHPAD= 24
FECP = 1
- _ EHCR:10 15 20 25 30 . .
BSTAB = —>-0 'A.V.6 & 7

32E6 4OE6 50E6 60EG6
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APPENDIX IV (cont'd.)

Assuméd Value ' Reference Table

BSN = 4OE6 ‘ A:V.7
BSAD = 24
APLS = 30 S A:V.7
LPSM = .1
PSPL = 1 - -
WF o= .94 ALY
M = 30 '
MSN = 45.15E6
MSFP = 12 - o
MM = 24 ' - A:v.8
- COWTAB = RP: 0 30 60 90 120 A:V.5

16 15 9 3 2
POP = 206E6 | '
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APPENDIX V: CATTLE STATISTICS

Vol

-

A

Table \1Y.=-Frozen and cured beef: Cold -Lorlsle hrnldlAnq,l.‘ !n‘d of month, LB States, 1961 to date v
Year : Jan. Fab. Mar. ApT. My June . July Aug- Sept. Oct. Nov. Dec.
g 71 eI v\ v R vt v I o1 JR v TR VIR VO A YL PN R v
i pounds  pousds  pounds  poands  pounds  gounds  pounds  pounds  pounds  pounds pounds  pounds
: \
1061+ 156,392 143,888 141,505 153,960 153,471 135,370 159,73 167,248 170,635 173,327 201,k78 199,987
19621 184,11 165,41 172,130 162,947 1h1,3b7 122,65 121,876 137,512 1k5,398 150,314 170,619 189,351
1963.-.: 165,562 177,136 190,130 186,70k 185,059 189'508 192,752 201,301 220,057 237,k31 268,050 27h,335 |
196k -..c 283,L55  268,LL9 271156 23,405 272,343 287.h56- 283,561 283,650 256,957 263,317 291,325 315,4k1 |
1965-..2 293,083 254,776  &h5,280 201,850 20L,706 172,337 168,004 173,559 193,512 203,230 235,185 259.668 °
1965.-.2 251,639 247,937 221,946 < 216,833 205,773 211,911 200,433 215,821 22u,699 252,853 272,643 306,558
Yoo7...: 9,36k  N2,523 299,536 259,641 233,007  275.656 265,122 25,1L8 250,302 25h,931 - 268,2L6 271,675

Teble 86.--Cattle and calf slaughter: Kumber by class of eslaugher, 48 States,-1961 to date

Cattle Calves
: Commercial . : : Commercial : :
Year : Federally : : — : Farm : Total : Federslly : H - ! Farm : Total
i inspected :Other : Total 1/ : : : inspected : Other : Total 1/ : : .
: 1,000 1,000 1,000 - 1,000 1,000 1,000 1,000 1,000 1,000 1,000
¢ head head head head head bead hend head head hesd
1961 .. 19,968 5,666 25,635 83 26,471 5,005 2,606 7,701 319 8,080
1962 ..t 20,339, 5,745 ,093 828 26,911 4,980 2,515 7,494 363 7,857
1963 ..; 21,662 5,510 27,232 838 28,070 L,535 2,298 6,833 371 7,204
196k ..z 25,133 5,685 30,818 860 31,678 4,820 2,k34 7,254 318 7,632
1965 ..: 20,61k 5,733 32;3‘*7-/ ‘321'-/ 33,171 5,076 2,344 7,420 o/ 7,788
: . : 2 2 ' : R
1966 ..z 27,319 6,408 33,727, MO, 34,171 L,432 2,225 6,647 2/ 2k, 6,861
1066 T 6o neesd  wew? Faze Moz L1 593 w2 6109
1968 ..z » ' B oo
1969 .ot T - ,
1970 ..:
1/ Total based on unrounded data. )

for farmers is included as part of farm slaughter.

A AT A o T M MW

Data for 19656 end 1967 not comparable with previous years due to change in definition to include custar
slaughtering in plents for fermers as part of cammercial slaughter prior to 1966 custom slaughter

AV 3
,m—.—”ﬁ-— —‘I;-l_l;lg 120.--

ty class of sleughter,

Live v;-:ights of livesto::k slad'-g;liered: Average per head,
43 States, 1961 to date. ,

e v e et S A M P i et Yo

. " Cattle . Calves
i A . Coumercisl : : : Commercial : :
: Year : ) : : : i } . E
E | : : '§ : Farm : Total: : : : Farm : Total
' s Feder- : : : : : Feder- : : : :
:21ly in-: Other: Total: : :ally in-: Other: Total: :
: spected: H H H :+ spected: '
; Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds
OBliuieeiee.s 1,063 23 1,017 B8k 1,01 209, 249 223 388 231
.1322. veeeesenl 11027 928 11005 853 1,001 205 2571 223 384 23g
1963e.0nnee-er 1,086 939 1,024 869 1,020 200 260 220 386 22
196h..eeeeenar 1,041 929 1,020 876 1,016 204 280 230 395 238
1665+ . eaeranst 1,016 920 999 873 996 - 203 289 227 Loo 237
1966..uuaunen: 1,031 2k 1,011 872 1,009 201 308 235 394 20
' 1367..,.......: 1,039 93 1,020 870 1,08 191 307 229 398 23
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APPENDIX V cont.

AV 40

Table 14d,--Dressing ylelds: FEotimated average of slaughter
. under Federal inspection, 1963 to date y

s

Tables 210..  --Montblf supply and distribution of beef, veal, pork,
4. V1amd end mutton, and totel meat, 1957

BEEF

Year . . CATTIE }
: Jan. : Feb. : Mar, : Apr. : May : June : July : Aug. : Sept.: Oct. : Nov, : Dec. ; Ave.mge
Pct. Pet. Pct. Pct. Pet, Pct. Pet.  Pet.  pet, Pct. Pct. Pet. Pet.
163 .ovat STLS 578 SB.3 SB.7 5B.8  5B.6 - S84 5B F
: . . . . .5 58.2 . .6 . .
igg!; g_s{g gg{.g ;gg §$-6r gg.g gg{,; ;9{3 g;i 57.5 ?gl ?E.T 32.3 ??.3
B .6 57, . o .6 . . 7.0 N 6. .
ng seeee? 9100 ST.0 STA 579 572 382 80 a9 ;8.2 ?e.l ?7.3 ;g.g ;-7(?{
. 9_7..::_.’-_ L-...';_-_;‘_;.,.s?'a_. »5@.9 59._0 '__5?.1_'_ 59.1‘ "58.6 58.3 58.1 57.8 58.1 58:5
: . CALVES AND VEALERS T '
1963 ..uei 6.8 ST.0 S6.7 567 56k 57.3 575 57
6 : ) . . . . .5 56.8 5671 56.0 56.k 56.8
bonr mt el wd am o B8 BE BSR4 B0 5 &
seeeei 56 W1 56, . . . . . . 55, . . .8
iggﬁ 55.%  55.4 554 555 553 55.3 55.3 55.6 55.5 55,2 223 ggl 223
T oeeeet 5540 557 55.7 55.8 55.k 55.9 56.0 55.5 3s.6 354 55.4  55.2  55.5

Commercially produced

Total 2/

; H B t Civily
. Supply . Distribution ; - cons “;on
H B H H [] T B Civilian H H ’_':Eﬂ re—
H : H -3 Exports : H i consumpt ion * produc-
Period t H © ¢ smd : H c 8 3 H H s  Per
T vad t Beglo- : Imports : ship- : Ending H ¥ili- 1 3 Per : tion : Total : p=rson
' ue= ;  niog .t ments g stocks : tary : Total : person 1 : 1
g tlom ¢ stocks ; : : : : : : : :
t ma. wi. uil. M. Ml Wl wl. © oM. Mil,
3 b, . b 1b. . . . b, . ., Ib.
5 . .
i .
Jamuary..s...t 1,728 307 1o T 319 59 1,760 9.1 -
Pebruary.....1 1,540 9 86 9 313 58 1,565 8.1 )
¥arch..o.eeead 1,693 13 9 8 00 52 1,738 9.0
1st qtr....: 5,961 07 288 24 300 169 5,063 26.2 5,062 5,19 26,2
3 N B
: 300 83 7 290 58 1,623 8.3 %
1 2,763 290 75 7 288 68 1,765 9.1 - )
T 1,748 288 101 7 2716 6T 1,787 . 9.2
: 5,106° 300 259 21 276 193 5,175 26.6 5,132 5,224 26.8
JulY.eaeeeaeat 1,604 276 133 7 265 50 1,691 8.7 .
August..... 1,28 ;65 1% ; ::; 15: 1.22 3-3 . . : :
Septemder....s 1,647 5 1 , " 8.
firpaiaiiiietels 276 L7 2 243 B 5 26.8 5009  5,2m  2M.0
1
October......t 1,726 243 137 8 a7 63 1,788 9.2 .
November.....: 1,616 b7 19 7T 267 158 1,667 8.5 )
Decexber.....: 1,593 267 103 T 275 107 1,57k 8.0 .
Atb qtr....: b,935 243 359 22 275 21 5,029 25.7 5,009 5,099 25.9
Year.....: 19,991 307 1,313 ] 275 753 20,95  105.3 20,212 20,716  105.9
Fn VEAL
: —— Y
J ceredel 61 .1 2 15 B Y 61 0.3
w4 t .59 2! 1 3{ 13 3 ST 3 .
65 13 1 1 13 [ 61 3
151 1 [y 2 13 12 9 9 212 195 1.0
51 13 1 13 3 55 3 ’
59 13 2 y 12 5 5T -3
) 12 2 1 12 6 55 <3
176 13 5 1 12 1 167 - .9 181 15 .9
5 12 1 1 n 3 st .3
sg u. 1 :} ; 2 : gi g :
Septesber....! 66 9 by B . -
l;-::qt-;....: 193 12 3 ? 9 w83 .9 196 ] 188 .9
0 9 1 - u- N 65 3
6 1 1 §/’ 1 3 €2 -3 )
55 n 1 1 12 3 50 -3 . 1.0
189 9 3 11 n 177 -9 203 191 9
Th9 n 15 6 12 51 T06 3.6 19 9 3.
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Teble 160.--Beef c'\ttle Avermge price received by famersl per 100 Eo\mdslhB Statr-vlhl ncnths.lm’! o dite

Jan. : Feb, : Mar._ Apr. ; May : June Ju]y Aug. : Sept. : Oct. ; Nov. : Wej.ght.ed

ea
Year : : : Dec. : EVQ
H H : : : H Tt H T . H fﬂge

EDOL . Dol Dol. Dol. Dol. Dol.. Dol. Dol. Dol. Dol. . Dol, ; Dol, Dol.

20,70 20.80 20.50 19.70 19.0 19.20 20.10 20.20 20.00 20.1
21,00 21,10 21.30 21.30 20.30 21.00 21.60 22.00 21.70 '21'.53 32?3 gg'gg
. 20.40  19.70 20.50 19.70 19.70 20.70 20.40 '20,10 19,60 18.60 17.60 19'§o
1964...:18.70 18.30 18.80 18.20 17.60 17.50 18.10 18,20 18.60 17.80 17.50 17.40 18.00
1965...:18.00 18,20 18.60 19.20-.20.50 21.30 21.00 20.60 20.60 20,10 19.70 m.ao 19'90
1966...:21,10 22.4k0  23.80 23.60, 23.00 22,50 21.90 22,40 22.50 21.90 20.90 21.00 22'20
igg...:al.&} 21,70 21.50 21.80_ 22,30 23.00 23.20 .23.30 23.00 22.30 21.ko 2'1:70 22:30'

1969. .. ¢

1/ Computed by veignfingﬁstate veig..tei average prices by quantitles sold.

Table 181.--Calves: Average price rece‘lved by farmers, per 100 pounds, L8 States, by mont,hs, 196] to date

H : H H : B iwe
Year ; Jan. : Feb. ; Mar. : Apr. : Ma_y : June ; J’uly Au.s : Sept. : Oct. : Nov. : Dec. averag:
: - : : : : : : : : : 1/

I: : Dol. Doi. Dol. Dol. . 1.  Dort. e oL, Dol. Dol,™ Dol.  Dol. .

1961...:23.80 24,10 2h.bo 210 23.5% 23.10 22.90 23.20 23.30 23.60 23.70 2k.10
1962...:20.70 25.00 25.20 25.40 25.10 2h.70 24.60 2b.70 ,2;38 22.00 2330 25.60 22218
1963...:25.30 2L.90 2L.80 25.20 24,70 24.20 24.3 24.20 23.90 23.20 22.80 22,10  2h.00
1964, ..:22,80 23.20 23.20 22,20 21.00 19.90 19.40 19.30 19.80 19.00 19.30 19.00  20.40
1965...:20.10 20,50 20.50 21.30 21.90 .23.10 22,60 22.20 22.b0 22.10 22.ho 23.10 22.10
24,60 . 26,30 27.50 .26.90 26,80 26,00 25.20 26.00 26.50 25.70 25.20 25.3C 26.00
1967...:25.90 26.%0 26.10 26.10 26.80 .26.80 27.20 26.90 26.70 26,20 25.60 .25.30- '26.30

\

1/ Computed by weighting State welghted average prices vy quantities sold.

N ETEETTEG X A VT T

A T L KA. Sl ol s\l A 77 - - : ARt At~ et 0 =
g

Tnhle 45] —Catlle and calves: Production, dlsposmon. ‘cash yecclpts, and gross lncome. I
United States, 1945-66 !

Death loss Marketings? ‘| Cattle Farm slsugbter !
. shipped
Year Calf rop * in for
|feeding and
Ceattle Calves Cattle Calves breeaing ¢ Cattle Calves
1,000 head | 1,000 kead | 1,000 head | 1,000 Aead | 1,000 Aead | 1,000 head 1,000 bead

1,637 2,678 27,441 13,222 8,287 919 53

1,49 2,47 26, 267 13,026 u, 74 w3 766

1,464 . 2,406 26,81 13,583 - 8,32 7L - m

1,388 2,147 23,417 12,607 7,595 ™ © 61l

1,57 2,33 22,003 12,627 B, 079 752 570

1,445 2,37 22,664 12,028 8,506 . 713 828

1,597 2,326 22,638 1i,328 9,185 7084 484

1,603 2,431 © 23,652 12,246 0,091 760 464

1,573 2,447 2,307 14,431 8,367 860 A2

1,574 2,459 W, 622 15,514 | 907 872 824

1,590 2,482 31,098 15,207 9,895 865 487

1,487 2,425 3,158 15,578 10,609 893 447

. 1,446 2,353 32,975 14,620 11,092 836 o
k 1,512 2,28 31,174 13,110 12,818 813 42
1,501 2,375 32,130 11,977 13,140 = T92 359

1,587 2,543 34,234 12,034 13,47 390

1,582 2,456 35,139 11,898 14,761 B39 379

1,583 2,542 36,403 12,182 16, 83l a3

1,560 2,480 37,863 11,918 16,182 842 371

1,595 2,637 40,280 12,552 15,593 864 38

1.641 2,607 43,483 12,603 17,464 828 368

1,623 2,424 45,324 12,345 18,531 “5 214
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APPENDIX V (cont'd)

orp——s e

Farm-to-Wholesale and Wholesale-to-Retail Margins on Meat
by Species, Annual Averages, 1949-62, United States *

FARM-WHOLESALE MARGINS WHOLESALE-RETAIL MARGINS
YEAR PORKD BEEF¢ LAMBd PORKD BEEF®  _ LAMBA
—cents per retail pound— ——cents per retail pound—

" 1949 107 5.3 8.6 10.4 14.9 14.2

- 1950 9.6 5.2 7.5 11.5 16.1 148 -

© 1951 9.7 53 . 6.8 13.2 17.1 14.0
1952 105 6.2 10.1 129 17.6 16.8
1953 10.1 8.0 11.0 12.4 16.9 - 157
1954 10.2 7.8 10.9 13.6 159 17.7
1955 11.8 " 8.4 10.7 13.8 16.1 17.3
1956 11.4 8.8 10.8 13.5 16.5 17.3
1957 12.0 9.2 11.2 150 17.8 18.5
1958 - 12.4 8.7 11.3 155 19.9 20.5

. 1959 12.5 9.4 11.5 17.3 204 21.5
1960 12.2 10.4 11.0 15.1 20.9 21.8
1961 11.0 10.3 11.1 16.8 22.6 223
1962 ¢ 11.4 8.7 t 16.7 21.2 t

~ Percentage Change

1949-50 to S :
1960-61 143 97.1 373 45.7 T 403 52.1

& All margins are differences between prices per pound of meat sold at retail.
b Selected cuts of pork.
¢ U.S. Choice grade becf.
a4 U.S. Choice grade lamb.
e Preliminary.
t Not available. ]
. Source: Economic Research Service: The Marketing and Transportation Situation,
MTS-145, U.S. Dept. of Agric., May, 1962, pp. 43—48, and .\jl(b.\‘_t)qttet}( l'SSll'(".\'..
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. APPENDIX VI
THE DYNAMIC COW CYCLE MODEL

DYNAMIC COW CYCLE MODEL

1P K=1P,J+(DT)((MSSR, JK) (LWSH*DY)=CR. JK)
IP=1PN

I PN=40OEG

LWSH=850

Dy=.58 |

COV.K=1P.K/ECR

ECR=1,854LE9

RCOV.K=COV.K/DCOV

DCOV=,216
HP.K=TABLE(HPTAB,RCOV.K,0,1. 998,.333)
HPTAB=40/37/30/20/10/3/0
FEHP,K=FEHP.J+(DT) (HP,J~FEHP.J) /FEHPAD
FEHP=FEHPN

FEHPN=20

FEHPAD=21

EHCR.K=FEHP ,K/FECP.K

FECP.K=1

Si=24

NSD=,5

NM=, 1 »

DBS.K=TABLE(BSTAB, EHCR.K,10,30,5)
BSTAB=22E6/32E6/LOEG/50EG/60EG
BSAR.KL=(DBS.K=BS.K)/BSAD

BSAD=21
BS.K=BS.J+(DT)(BSAR,JK~OSSR. JK)
BS=BSN

BSN=40E6 :
0SSR.KL=BS.K/APLS

APLS=30

BR.KL=BS.K*LPSM*PSPL

LPSM=.1

PSPL=1
MR.KL=(DELAY3(BR,JK,GMD) ) *WF
GMD=30 |

WF=,94

MS.K=MS.J+(DT) (MR, JK-MSSR.JK=-BSAR, JK)
MS =MSN

MSN=45,15E

MSSR.KL=MS. K/MSFP

MSFP=12

RP.K=(HP.K/DY) MM

MM=24
PCCP.K=TABLE(CONTAB,RP.K,0,120,30)
CONTAB=16/15/9/3/2
CR.KL=(POP)(PCCP.K)

POP=206E6
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