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MULTI-FREQUENCY~COBWEB MODEL: DECOMPOSITION OF THE |HOG CYCLE*.

Hovaleglpaz

Since the formulation of the Cobweb Theorem by Ezekiei in 1938 [2]
attempts have been made to explain the hog cycle in the cobweb framework
[1; 5, 11]. Harlow modified the Cobweb Model to reconcile the emerging
four-year cycle with the theoretical two-year cycle [5].' An important
approach was ?afer suggested by Larson who considered the hog cycle as true
harmonic motion arising from feedback, and closely related to the theory
of inventory cycles [7]. Larson concluded that "...the nature of the supply
response differs fundamentally from that of the Cobweb Theorem where pro-
ducers' decisions are assumed to refer to a short run supply curve. This
is the feature of the model that leads to a four-year cycle instead of the
two-year cycle that most naturally emerges from the Cobweb Theorem" [7,
p. 375]. In criticizing the Cobweb Mcdel Larson points out that "...even
when the cycle is operating in its purest, most uninterrupted manner, pro-
ducers' decisions are in the appropriate direction half of the time (as
opposed to the Cobweb Theorem where they are aiways wrong)..." [7, p. 386]. Nerlove's
distributed lag approach was another significant contribution for the under-
standing of the dynamic behavior of the supply response [9]. It thus
appears clear that each of the above three models, standing alone, fails
to satisfy the rpqu1rements of a realistic, flexible, explanatory, descrip-

tive and accurate moded.

et e aasy b e e . - .

Hovav Talpaz is a former graduate student of Agricultural Economics at
1 “.\
/ Michigan State University and is now ¢

: at the Department

'of Agricultural Economics and Rural Sociology,‘Texas A&M University.

— -3 § o =g o8
= s, V9TFT

7 R I B . e & o T
CoenTe ‘Jé v e A /7357,&0 #7 1 v*';k;‘, S & monT om
& i “

s



The primary objective of this paper is to develop and apply a theory of
the hog cycie as a Mu1t1 Frequency Cobweb Model ar1s1ng from feedback signals,
short, 1ntermed1ate and long run d1sequ111br1um positions. As will be shown,
none of the above mentloned approaches w111 be d1sm1ssed since all of them
are important 1n'bu1]d1ng-the model, and/or explaining 1ts rationale.

i The Model |

The bas1c structure of the Multi- Frequency -Cobweb Mode] is shown in
Figure 1. On a Pr1ce Quant1ty p]ane,11near long run demand supp1y curves are
| drawnv(D and S ). F0110w1ng F. V. Waugh [13] the following interpretation is
offered: The D] curve shows how current prices are related to current market
oufput, The S.I curve (“1agged output").shows how current output is related

to past prices [13,wp. 733]. This convention can be distinguished from the
‘demand«supp1y re]atidnships of fhe static-theory formulated by Cournot and
'Marshall.l For present purposes it becomes necessary to extend the Waugh
.definitions.v Anticipating cyclical behavior as_suggested'by the Cobweb Theorem,
."current" refers fo-one-haIf thevtime span required to complete one cycle.
For example, D1'refers to a time span of two years (dneénalf of a_fourfyear
~cycle). S] represents the lagged supply response for:theICOrresponding twof
year period. o

Point A is the Tong run equ111br1um position. Points B]; BZ’ Bé and B4
are the trad1t1ona1 Cobweb pr1ce-quant1ty coordinates as developed by Ezekiel
and his fd!1uwérs The rectangle By B, B3 B,  represents the assunption of
a cnntinuoun Cnnwab locus (ne1ther converging nor exp10§iVe) which simplifies
the expesttion,  The cornery of the rectangle can be inrrrpreted as the "in-
Ctended” price- quun11ty cooriinates or the lang run dlso‘u1lihrium points 1f
no other forces are imposed and Ezekiel's three conditions hold [2]. One of
these conditions implies a price lagged at.a single and fixed time 1nterva1.
If this time 1nterval is exactly two years then cyc]e 1 shou]d be comp]eted in

‘ exactlv four vears.



A segond 1a§gedbprice is then introduced as another stimulus. The two
signals are al]owed to operate separately with appropriafe weights corres-
ponding to théir’inf]uence on the producers' decision process. It should be
clear that 02 ahd S2 are the intermediate demand—supp1y curves intersecting
each other at thé long run'disequilibrium pointh]. The arbitrary rectangle
‘ C] 02 C3 C4 formS'a tonyear Cobweb cycle (cycle 2).2 Another way to put

it is to say that if the two-year price lag stimulus did not exist, then what
-is left is the traditiona] Cobweb Model with a locus about the equilibrium
point 81. Postpdhing the discussion of the simultaneous time lags influence,
let it suffice to say at the moment that in the simultaneous case neither
cycTes 1 nor 2 will remain the same as is presented in Figure 1.

Proceeding’fh the same fashion, additional price stimuli lagged six and
three months will generate cycle 3 and cycle 4 about points C1 and D respec-
tively. Notice that the time period fof completion of a cycle is.exaCtTy one
half the time of the preceding cycle. Hence, by thevtime cycle 1 is completed
two are comp1eted for cycle 2, four for cycle 3 and eight for cycle 4.

The numbér of.cyc1e§ and their duration for a particular system are deter-
mined by the behavior of that system. The geometric properties of each rectangle
is fully detéfmined by the system behavior. The size and shape of the rectangle
has a crucial influence on the final overall locus of the price-]agged quantity
intersection points. There is a direct relationship bétween the rectangle's
size and 1ts'cbhtfibution to the final locus. As in the Cobweb Theorem case,
the direction of the motion is clockwise simply because the outpﬁt is lagged
afler Lhe prlcé ahd not vicﬁ§versa. v

The Cnbyeb Theorem 1s scmewhat inflexible when it suquests that the time
path betﬁeen any two corners (B] and B2 for example) should be a straight line.

While this assumption might be true in situations involving some annual cash



crops, it js comp]éfé]y 1nadéquate in livestock production where the adjustment
process is a contihuodé one genefating a very interesting'time path of too
great an importante:tovbe ignored (See Figures 4.1 and 4.2). In fact, under a
continuous adjustment”process the traditional Cobweb with its four rectangular

}84) are replaced by a circle or ellipse.  As proposed by
3

corners (B], Bys 83,_
Larson the adjuStmént may be described as a procesé of harmonic motion.
To see this péint let us formally consider the Cobweb_formu]at{on. In the
simplified Cobwébfcase there are two basic functions for éach cycle considered
separately and 1ndependent]y. |

(1a) Demand or Price: Pop = a5 - bilyy

(1b)  Supply or 1agged output: ‘Qi(t + k) = C; + d;Pyy

i=1,2, ..., ncycles
b; and d; are the slopes of the demand and supply curves respectively for the

cycle i where di»?fl/bi for a continuously oscillating model, since for the
linear case a necessary condition is given by (b]d])2 - 1. The tfme period
required to complete one half of cycle i is ki' It is'c1ear from (la) and (1b)
that if what is habpening on time intervals betweeﬁ tand t + ki is of interest,
the Cobweb formu]afion is incapable of providing this information.

Larson [7, p.v378] suggests using the trigonometric function cosine to
éxpress the price and quantity:

2nt

(2'&) P’t = coS -‘a'g+ eq

(2b) Q, = COS S+ g

vheee the 48 st&nds for a four-year cycle with months as units and ep and eq are
phase angles depmhding on initial conditions. This set of equations gives a fixed
amplitude four—year circular cycle. The conttibution>of this model is its intuitive
explanation of power and the fact that the rate of change_with respect to time,

or the first derivative, is another similar trigonometric function which is -



actually ?hé‘same fUhétioh phased in'time and differentvin amplitude - a Qery
important property possessed by systems with feedback. ‘waever, for practical
purposes Larsdn?s'modé1 fai]s short,as a sufficient and workable mode14 because
of two basic shortcOmings. First, it is implied that the frequency and ampliQ
tude of price and Qudntity are fixed and equal to each.dthér. Second, the model
dismisses the ekjéfghce of other shorter cycles (highér frequency cycles).

These two point§»§anube seen to be 1ncofrect by a quick look at Figures 2 and 3.
There is not a pure single cosine curve in e1ther the hog-corn price ratio or

the number of sows farrowed var1ab1es

The Econometric—Mathematica1 Mode1~Representation

For representau1on and approximation of the price and quantity over time
the Fourier Serles was chosen because of its desirable and convenient properties
some of which w111~be.discussed here. The Fourier Series [12, p. 655] may take-
several differént‘forms from which the following for the stochastic cases are
se]ected:5 : |

(3) ¢m(t) ;ngO (an COS(nwot) + e

where: ¢m(t) is the time variable to be approximated |

= integer; the maximum number of terms in the series.

m:‘
Wo = 2n/T is:the fundamental radian frequency related to the base period T.
T = the time period needed to complete the major cycle; in our case
T = 48 months, also called the base period.
= time count in month units. |
& a@ Lhe evror term.
Using Teast squatesnmthod o estimate ¢m(t) we have
- (4) ?t<,+T
a = & ¢ (t) COS(nw,tj)dt
n T t \
©
bn "_Tﬂ . ¢ (t) SIN(nwét C



This property a]so'guarantees orthogona1ity which provides the following
convenienée. If_thé function ¢m(t) is approximated by the trigonometric
polynomial ¢n(t),$ubstituting (4) into (3) and then another‘apprOXimation
¢k(t) using moré-terms (k>m) is taken, more terms may be added to (4) with-
out changing any;of the coefficients Agseees bn'used in the‘first approxi-
mation. For orthogonality to hold in a stochastic F0uriér Series of the
form given by (3)'it'was shown by Fishman [4] that the following conditions
must hold: ‘_: o

(4a) E(anék) = E(bnbk) = E(anbk) = 0 for n#k; and

(4b) E(al) = E(bY) forn =1,..., n, [4, pp. 15-17].

The orthogona],property fs of extreme'importance because where n = 0,..., m
the result is what Fisher and Ando [3] called different "completely decom-
posable" sets ofivériab]es or absolutely ceteris paribus conditions. This
is the property which makes it possible to decompose the hog cycle, to be
elaborated later. In conclusion, something is gained by tak1ng the Fourierv

Series model versUé Larson's harmonic motion model without losing any of its

representative ahd_ekp]oratory attributes. Making use of this characteristic
the value of‘n is capable of representing a cycle with frequency equal to T/n.
The motion of each cycle is totally independent of the motion in the other
cycles. The coofdinates of the price-quantity values is given by solving (4)
for both price éﬁd‘quantity and substituting into (3). This implies that the
ultimate 1ocationxis determined by a summation of all the cycles and their
gorrespuﬁding timeac00rdinates.

Methodology, Procedures and Data

To apply the model to the hog production industry,variables were selected

to represent the "price" and "quantity" discussed above.



For "guantity":alpolicy variable was sought with an impact which is
crucially decisiyé}ih.determinihg the quantity supplied to the market, but
yet reflecting shéfﬁ;,intermediate and long run considerations and minimally
affected by past decisions. A direct approach might 1eadjt6 the selection of
total quantity marketed (héads or pounds of hogs) but thié variable is too much a
result pf past breeding rates decisions. The percent of sQQs bred could
meet theyquaiifitation satisféctori]y. It is this breeding rate that is the
major opekative'(contrary to the strategic) decision made by the producers
concerned,With markét prige conditions. UnfortunateTy neither breeding rate
. nor'accurate bréedfng herd population data are avai]abie»bn a national basis,
but the number offsoﬁs farrowing (SF) is avai]ab1e6‘and may_serve_as a good
proxy for'the breéding rate decision made almost 4 monthsJéarlier.

~ For the "prlce“ the Hog- Corn Price Ratio (HCPR) was selected to reflect
both the product and input prices. Hog Price (HP) is the barrows and gilts
average pr1ce/cwt rece1ved by farmers in the 7 major markets Corn Price.
(CP) is Cern No. 2 pr1ce received by farmers at Omaha [16 171 (monthly time
series). F1gures 2 and 3 show the nationally reported HCPR ‘and SF respec-
tiVély. By Ordinahy'Léast Squares (OLS) the coefficiehts‘an and bn were
estimated for both variables and using a Step-wise Delete Routine [10], applying
the statistica]—eqbfVa]ent model to equation (3),all cosine or sine terms
were deleted un]esé a'2” significénce level was satisfied. ~ The results are
given in Table 1, cover1ng the period 1964 - 1971 on a month]y basis.

Iqudtions (%) and (6) below are the prediction equat1ons for HCPR and
SFoas functions of time only. A special purpose computer simulation program
\‘was dociqnvd to map the price-quantity or more particularly HCPR-SF coordi-
nates on the. HCPR SF plane As mentioned above, equations (5) and (6) repre-
sent a linear summat1on of "completely decomposab]e“ independent variable

sets or cycles. Using this attribute a "filter" was 1mposed on (5) to yield



(6) capable of fi]téring_through‘each individual cycle and Bykthe same simy-
Iation programvfo iracé out the time.path of each cycle, combination of two
or more cycles wo{kfﬁﬁfsimu]taneously and finally, all of them together.
'MethodO]ogy‘ahd~pf0cedUre will be discussed in the next section as the empi-
rical results are 1nterpreted .v |

Empnrlcal Resu]ts and Interpretat1ons —

Estimated pred1ctab]e equations

App1y1ng equat1on (3) as a set up system for the Step wise Delete
Rout1ne [10]n 1s a]]owed to take the values n = 0.5, 1, 2,..., 18 and the
threshold s1qn1f1cance level for including variables was 2%. Tab?e 1 shows
the estimated coeff1c1ents for the SF, the rest of the coeff1c1ents are not
51gn1f1cant]y d1fferent from zero.7
| Table 1 andvfhelother stqtiétfca1~measurements suggest that the SF
variable is‘high}y:bredictab]e'and explainable by the independent variables
set. The amp]itude of each cycle is given by the abso]ufeAVa1ue'of its
'rggressiOn'cbeffiéieht if'only one tkigonometric functidnﬁis involved at this
frequency.’ Foriéxample the'amplitudé of the four-year cyC]é is 46.44. If
both sine and cdsiné'variables arevinvo1ved at a particu1éf:frequency the

amplitude is eqUél tb a phase combination of the two coefficients. _

Figure 3 shows the est1mated SF us1ng Table 1 coeff1c1ents The Success

of the eat1mat1on 15 ev1dent when it is compared with the reported SF.
Table 2 shows the est1mated regression coeff1c1ents for the HCPR, in-
41ud1ng only those 519n1f1cant]y different from zero.

Figure 2 shows the estimated HCPR using Tab]e 2 cooff1c|ents Five

(yc]ef were d1scovored for HCPR, namely: 48, 24, 16, 12, and 6 months cyc]es.

The D W. value shows a strong serial-correlation which tends to inflate the
t-values, but Figurev2 still indicates a close approximation of the est1mated

~and reported time paths.



Graphical decompoSitﬁbh of the estimated hog cycle

Ina matrix}fdrmulation (3) can be written as follows:

(5) ‘i’m({) ::_Lao"}““-a ams l‘)],f-oa bm] 1 —‘

cos(Iw,t)

cos (miot)
sin(lwot)

sin(mwot)

The coefficients row vector is a 1 x (2m + 1) matrix and the tfigono~

metric column vector is a (2m + 1) x 1 matrix. If an identity matrix dimen-

sioned (2m + 1)‘13 inserted between the two vectors the_va1ue of m(t) will

not be a]tered.glf_*

(6) 4(t) = [a0.ees s by

..... b1 M mB
1° m | 0 :

po—me

1
cos{lwot)

icos(ﬁwot)
sin{Iwot)

Sin(ﬁwot)

-

P

——

~ The idéntfty matrix is easily converted into a “"filter" matrix by (7):

(7} Tie "filter" matrix =

1
(£5]

0

“m

B1A

=
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where « S ﬁn;:si,..., qn arg.binary zero—one'variabjes.
Using (7), any}pérticu]ar cycle, or combination of CycTéé;;éan be
"filtered out“.; Fbr.examp]e, if the four-year cycle is desired all “‘S and
B's except _;?] =8 = 1.0 would be set to 0. This idea was
translated into'aicbmputer simulation program with the additional capability
of locating the coordinates on the price-quantity planelb The results are
shown in.FiguréS'4;i t04.13. In each figuré‘the start{ng point is indicated
by.a,smaTl arroﬁ“té]]ed to; The plane coordinates are mépped in alphabetical
order by the tqmputér;-the cornecting lines are manua]ly drawn. The time path
of the Tirst yearfin most cases is marked by a continuous straight ]ine.g For
the Second"yeér-bfdken lines were used and back to continuous lines for the
third and so oﬁ.  whefevthe'cyc1e is shorter than’one'yéar or the sequential
points are close to each other, only a continuous line is*used and the time
borders can be'ihferred by the alphabetical order. |

Figures 4.1 and 4.2 show the reported time paths of two consecutive
’four~year HCPR-éF;fhtersections. It can be seen that the year 1964 is similar
to 1968 and tha£'1965 is similar to 1969. It can also be seen that 1966 re-
sembles 1970 ahd_1967 resembleé 1971 in the overall trend but differ in their
detailed time péth. This observation alone, should suggest that some parti-
cular mu]ti-fre@ueﬁcy cycles are present. |

By using the-cbefficients of the regressions equations summarized in
Tab]és 1 and 2fa'time path of the relationship between estimates SI' and esti-
mated HCPR WdSvdéfiVBd and diagrammed in Figure 4.3. By comparing thisvdiagram
with these déwiéad from reported data it can be seen th@t the estimated equatiuns
yieid similay Lurnihg points on the cycle as well as similapr slopes on the corres-
ponding cunnect}ng.lines in the diagrams. As would be expected with different
pattenrs for the reported four-year periods, thé estimated equations trace a

time path somewhere between the two. It is appropriate now to use this estimated
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equation wjth th@ filter process- descr1bed to observe the time paths traced
by systemat1ca11y decompo;1ng the cycle.

F1gure 4.4 4ep1cts tnb four-year cyc]e as-an e111pse thh a clockwise
motion. This tn..~ path clearly reminds one of a Cobweb cont1nu0us mot1on or
of Larson‘s mod}fyed-harmon1c mot1on, Referryng to the_two—year cyc]e shown
in Figure 4.5 it’is:noted that it Tooks very much 11ke:thé four-year cycle
with twi¢e the Vé1ocity. Note, that the‘starting pointsfére hot invthe same
pbsition, simp]j_jndicating that at to the two cycles are not in the same
’cyc]n phase.. Agaih therelis a clockwise motion. .

S e 1 mpcruant po1nts\<nou1d be observed about the one-year cycle de-
vpicted in Figure 4}0.' F1r;t, it appears that the ellipse's major ax1s has
been rotated apbfdkimqte1y 90 degrees. This fact leads to the fol]ow1ng pro-
position: Wheﬁg'thé'four‘and two-year cycles are osc11]atjng more_W1dely on
the price, the oné:year cycle is osci11atihg widely about the quantity with
a minor vari&tﬁbn,bﬁ thé prices. This conclusion indicates the impact of the
nétiohé] bﬁsineégvgycle~and other outside forces operating in fhe longer run
vefsus the‘intérnal industry supply-demand interactioﬁ"ObErating in the shorter
'run. Secona1y, the motion d1rect1on is counterc1ockw1se perhaps violating in
this part1cu1ar case both theor1es -- Cobweb and harmon1c motion -- advocating
an oppos1te-d1rect1on. It 1s‘beyond the scope of this paper to establish a
_-theory'ekp1ainihg!fhis phénbmendn.' Nevertheless, a few alternative or compli-
méntary exp!annt?ﬁhs méy be provocative ehdugh to‘encourag& more investigation.
a)- Pork is & Qtnvﬁb]e item for periodé of less than a yéar determined by taste
Cand ihe fiﬁyi Q&riah]e costs of inventory maintenance. - Afvuming g clockwise
"n'u;al fonon Lhe IH\NH(N y conbral process with m]dtmn to Py ires, then a counter-
‘C]oékwise one~year-cycle will adequately refi]l the storage b) Production cost
differeniia]s thfoughout the year coupled with conéumer preference differentials

 throughout the»&earpmay be unrelated to each other and may bring about this motion.
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c) After.viewing:thé shortef cycles below, which again possess a clockwisé
motion, one may.wénder if the one-year cycle is a kind of "overtone" caused
by the}industry'and crucial to keeping balance among the other cycles. d)
With regard to cénsumer preference for pork, such phenomena as holidays, reli-
gious customs and weather conditions (with‘a;nua] periodicity) may contradict
the 1qn9 run e]asticity’expectations. Figure 4.6 showé an ellipse which is
very c}éarly,the'Oné~year cycle but with a counterc]ockwisemotion. The sharp vari-
ation on the quanfity axis represénts the'two-peak,-sprihg and fall farrowing
with a relatively 1ow’farrowing in the summer and winter.

Figures 458,—r4,13 present the combined motions of.two or more cycles.
In the discussion to follow, perhaps it will help to keep in mind that as the
total cycle is,déComposed interest lies in analyzing thevré1ative frequencies
of its components.}}Figure 4.8 is a combination of the four and the two-yéar
cycles. It shows two years of rapidly changing prices and two years of slowly
changing prices a]ong>with corresponding quantities. With reference to the
Cobweb ahd Harmonic Motion fheories which propose either a two-year or a four-
year cycle respectively, this figure demonstrates that both frequencies are
required for an adequate explanation of the true cyclical behavior. Figure 4.9
is another excellent example of the combination of high and low frequency cycles.
As the four-yéaf cycle moves slowly to complete its time path in 48 months,
shown as a smopth e]iipsé in Figure-4.4,’it is serious1y disturbed by the
aggressive one-year cycle which also determines the motions' direction.‘ Fiqure
A0 shows the interaction of the one and the two—year cycles which rapresehts
vaugily one half the time behavior shown in Figure 4,90 An interesting reaction
belveon the ong yéur and 10 menths cycles is reQemlod in Figuré 4.11, The
impact df the 16-&0nths cycle can be interpreted as a vertical rotation of the
axis of the onéwyear ellipse within the fourfyear peribd. Essentially it allows

for the different slopes and wodifications of each of the one-year cycles.
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The high speed, §hort run cyc]es}presented in Figure 4.12 emphasize the
relatively csci1]at¢ry.quant1ty behavior versus the moderate variation on
prices in a one-year period. All of the long and intermediate run cycles
are depicted in Figure 4.13. Here the same pattern‘as shown in Figure
4.3 is generally déscovered. This expresses the estimated time path in the
hog production ihdustry, where it is found that two out of -every four years
Tow hog prices prevail with the upturn and downturn taking one year each
tracing out two differemt paths. Particularly noteworthy is the observation
that the dovinturn path is to the right of the supply cﬁrve in the_case of
expansion-contraction when substantial variable and fixed costs are invoived
in the decision making process.]o

Distributed Lag Estimation

Having statistically tested and accepted the existence of the combined
series of cycles operafing simultaneously, it is appropriate to show a linkage
with the Cobweb model. According to the Cobweb model thg completion of the
cycle by a prite‘]ag equal to one-half the cycle period~is to be expected.
Furthermore, these lagged price ratios are expected to be'statisticaIIy signi-
ficant in explaining the Sows Farrowing variable. To test this hypothesis a
modified specigi case of Koyck distributed lag model [6] was chosen. Let the
structural equation'express the SF as a linear function]] of lagged price
ratio variab]es'asrfollows:

t-1

(8) SF_ 7 Bo+ By HCPRy 4+ ... + 8y HOPRL 4+ egpi i =1, 2,..., 5o

whoee:  f., u‘..p‘ “i are constants to be estimated by Jeast squaves provedure,
iogoes trow 1 Lo B0 to include 48 months delay correspomding to an eight-year -
cyete which has been statistically rejected by the frequency analysis, but is

standing again for a test. e is the disturbance term.

12
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App]yjng a 1ea$§?square-stepwise—add rbutine[lo] the results summarized
in Table 3 are reached. The variable selection procedure was to add a variable
if it was the best cahdfdate‘and was significantly different from zero at the
fiVé percent levelg’ahd to reject any variable previously included if it was

13 The time Tag in the price

no longer significant at the ten percent level.
‘ratio was set at_é time-units (months) earlier than the sows farrowing time
lag to correspond to the approximate time of breeding. Since the time of
breeding may be*distributed throughout the month, it isvsafe to conclude that
the actual farrowing couid occur in a + one month deviation from the time
hypothesized. Hith-this in mind Table 3 gives a great deal of support to the
Cobweb theory ﬁéhind each individual cycle. The first‘jagged price should be
considered in agféemeht with the hypothesized lags simp]y'because there are no
fractions‘of 1ég units, so the 1.5 lag is unobtainable.The next two time lags
are exactly in agréément, the fourth and sixth are within the range allowed
for the time range in actual farrowing. The 32-months éyc]e "estimated" here
isvexactly twice»the 16-month cycie in the frequency analysis above, for it
may be simply becaﬁse it is not compatible with a 48-month cycle. With regard
to the 8-month éyc]e; although initially selected at earlier step, lost its

level of significance in the stepwisé;add routine by the dominance of other cycles.

Summary and Conclusion

A theory of;the hog cyc]e‘as a Multi-Frequency Cobweb model, or as a
Tinear conbination of decomposable hog cycles has been presented. This model
reflects ah integrated multi-frequency decision prﬁcéés,resu1ting from the feed-
bhack of the prnduatiunlrosponsu to the privu‘thiu signal through fixed mu]tiplh
production Tags.  Decisions wfth Tong, intevnediate and short run implications are
continuously made and their impacts are projected to futufe decision and production
process.. The equilibrium and disequi]ibrium.positions‘are under continuous attempts
to adjust bechse‘bf the existence of many simultaneous decision-response re]ation;

chine. Durina periods of expansion, the hog producer builds or remodels
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faci]itie§ and inveéts in a larger breeding herd. These 1ﬁve$tments have dif-
~ ferent time spans in their consequences. During periods of contraction the
producer still béars‘the consequences of the long term investment made during
expansibn. This mayjexplain the four-year cycle.
A traditional-CobWeb adjustment pFocess may 1nvo]Ve'the two year cycle.
The 16~month'cyc]e;may be’the‘producers' evaluation of the profit prospects
based on the relation between the corn supply of the current year and that of
the previousbyeér. The short run cycles of 6, 4, and 3 months may be explained
by seasonal, weather and market signals Coub]ed with capacify utilization of
building and eQuipment subject to biological and technicé? constraints. Inter-
actions with inventéry control manégement are affecting_the short cycles much
more than they do- to the long ones [7]. o
Theoretically the model incorporates three basic models: the Cobweb
Theorem, the Harmonic.Motion and the Distributed Lags.Modé1. As was seen,
each was unable to explain satisfactorily the supply response of the hog industry
when used individually. The Cobwéb and Harmonic motion models are essentially
special cases of the present model. ‘
'.Econometricaily, the Fourier Seriés appears to be an excellent mathematical
’ fepreséntation of a dynamic disequilibrium phenomenon. Inertia of adjustments
is preserved as iﬁ‘céses where overshooting a target is gradually corrected.
 The characteriétfé;ofv correction coming from previous motions preserves pro-
perties of macro-production systems with distributed delay behavior. The
corthogonality ﬁfoperty of the Fourier Series, although not conpletely achieved
contributed to'(he quality of the estimation «wl permitted freqﬁency analysis
and decnmpasition of the éyc]e.
- The Multi-Fréquency Cobweb Model with some relaxation of assumptions may
be appropriate in many other production cycles where integrated multiple fre-

quencies decision making processes are simu1taneous1y_undertaken.
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However this distinction is not critical for the presénf érgument.

The corner B]Was selected for convenience. Any other point on the rec-
tangle could serve as well.

Not necessarily true harmonic motion. See [7 pp. 379-381].

It is possible that Larson did not intend to go beyond the basic theoretical

features of his model. ‘
Thomas [12, p. 655-657] and Manetsch and Park [8, p. 3-12 and 3-22] will be

fo]lowed,'foh'the mathematical properties of the Fourier Series.

. Source: U.S.D.A. Hogs and Pigs 1968 to 1970, Pig Crop Report 1964 to 1967.

Monthly'farrowing for 1968f70 computed‘uﬁinq 1955-67 average percent of
quarteriy total on reported quarterly data veported in units of 1000

head [ 14, 15]. |

ATl A, b" coéfficients will be set to rervo unless accepted on the basis of
the t-test with 2% critical area. Spacu consideration does not permit the
reporting of correlation matrix but it is important to notice that the re-

quirements given by relationships (4a) and (4b) were not absolutely met.
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1.

12.

13.

Obviously, the 1ast two matr1ces are first mu]t1p11ed then the product

~ vector is mu]f1p11ed by the first one.

It is assumed. here that a stra1ght line 1s as good as any other. Shorter
intervals are of no 1nterest here »
For an excel1ent treatment of the supply response undér“the condition of

resource f1x1ty sae G. L. Johnson and C. L. Quance, 0verproduct1on Trap in

u. S AOV1CU}LKVE Johns Popk1ns Un1vers1ty Press, Ba1t1more, 1972.

Even though,other mathematical transformations may beamore suitable,
Tinear transfd?mation was used here for simp]icity;:f. |
Applying ordinary—1east-squares on (8) may result ihfviolations>of the

assumptions'Undérlyfngfmu]tip1e regressions using least-squares techniques,

but the interest here 1ies in the relative size, the sign and standard

error df thé}coéfficients. Therefore, heteroscedosticity, if it occurs,
shCu1dInot»rq1e:out 1east—squafes procedure. The corfe]ation coefficients
among the-indébéhdent variables,after the deletion’pfocess is completed,
did not exceed 0.40. | ' i

Such a s1tuat1on may occur when a single 1ndependent var1ab1e prev1ous]y
selected bgcomes 1ns1gn1f)cant where a combination of later variables
better "expia%n“ithe dependent variable and is linearly correlated with

the single independent variable.
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Table 1. Regression Coefficients for the Sows Farrowing (SF) Estimation
. in UnitS'of‘]OOO Head

‘Independent Cycle - . Frequency Regression Std. Error t-value Signif.

Variable Period in 4 Coefficient of Level
' (Months) Years Coefficient
Constant == == 1029.88 10.31 99.86 <0.0005
cos (4uot) 12 4 -207.91  14.36 -14.48 <0.0005
cos(twot) 6 8 -372.03 14.33  -25.96 <0.0005
cos(1awst) 4 12 48.70 14.33 3.39 0.001
cos (16uot) 3 16 99.09 14.33  6.91 <0.0005
Csin(luot) 48 N  46.44  14.51  -3.20  0.002
“sin(2wot) 2 2 5515 14.62 3.77 <0.0005
sin(dwet) 6 4 13071 14.34 9.11 <0.0005
sin(12wot) 4 12 572 14.33 4.03 <0.0005
sin(16wot) 3 16 54.24 14.33 3.79 <0.0005
2 2

R® = 0.9363; R = 0.9286; F-value

120.9; Sig. level <0.0005;
‘ Std. error of est. = 92.85: D.W. : :

1.30%.

non

*D.W. is the Durbin-Watson statistic.



Table 2. Regression Coefficients for the HCPR Estimation (Unlt Bushels
. of Corn/cwt. Hogs)

Independent  Cycle  Frequency Regression  Std. Error  t-value Signif.

Variable Period in 4 Coefficient of Level
(Months) Years Coefficient

constant - -~ - 16.63 0.18 94.95  0.0005
cos (Tuot) 48 1 -2.80 0.25  -11.13  0.0005
cos (2w, t) 24 2 2.27 0.25 9.01  0.0005
cos (3wot) 16 3 «0.74 0.25 -~ -2.93  0.0005
cos (duat) 12 Ty -0.63 0.25 257 0.012
sin(3iot) 16 3 -0.60 0.25 2.41 0.019
sin(4uot) 12 4 ~0.67 0.25 -2.66  0.009
sin(8uwot) 6 8 0.82 0.25 3.36 0.001
R = 0.7831; R® = 0.7631; F-value = 39.20; Sig. level <0.0005; Std. error

of est. = 1.58; D.W. = 0.222.

Table 3. Sows Farrowing Est1mat1on Us1ng Lagged Hog-Corn Price Ratio, By LS,
: Stepwise Add Method

Indepen- Time Lag Regress. Std. Error t- Sig. Cycle Period

dent About . Coeff. of value Level Selected Hypothesized
Breeding Coeff. Lag * 2 =2 %
=i :
constant --  101.2 219.1 4.6 0.0005  -- --
HCPR(t-5) 1 =92.3 13.3 ~6.9 0.0005 2 3
HCPR(tw?) 3 135.1 15.3 8.8 . 0005 6 6

HOPR(E-10) 6 -19.8 MN.6  -1.7 0 0ul 12 12

10)

HCPR(t~17) 13 -82.2 1.9 -0.9 (.000% 26 24

HCPR(t-20) 16 93.2 12.0 7.8 0.0005 32 -
)

HCPR(t-29) 25 -32.1 - 8.3 3.8 0.0005 50 48
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