
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/


I 
I 

I 113 

UNIVERSITY Or CALIFORNIA 1 

DAVIS 

'[If'\ r•,. ~1 \, 'i n7 ·' 'flMf'i, () 0 Lf 

MULTf-FREQUENCY-COBWEB MODEL: DECOMPOSiiION OF.THE HOG CYCLE* 
· Agricu!turnl Economic:.; Library 

Hovav~lpaz 

Since the formulation Qf the Cobweb Theorem by Ezekiel in 1938 [2] 

attempts have been made to explain the hog cycle in the cobweb framework 

[l, 5, 11]. Harlow modified the Cobweb Model to reconcile the emerging 

four-year cycle 1t1ith the theoretical two-year cycle [5]. An important 

approach was later sug~ies ted by Larson who considered the hog cycle as true 

harmonic motfon arising from feedback, and closely related to the theory 

of inventory cycles [7]. Larson concluded that 11 ... the nature of the supply 

response differs funclamenta lly 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 Theorern 11 [7, 

p. 375]. In criticizing the Cobweb Model Larson points out that 11 ••• 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 a~ways wrong) ... 11 [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 satisf.v the requiremf1nts of a realistic, flexible, exp·lanatory, descrip­

tive and accurate: modf;.l. 

!lovav Talp,,1 is a former qraduate student: of /\gricu·1tural Economics at 
--" Asd Pro 4;;r,C/( 

M·ichig<.in State UniversHy and is now aJ,p'sea-r~ Scientist at the Department 

of A9ricu1tural Economics and Rurnl Sociology, Texas A & M University. 
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The P,rimary objective of this paper is to develop and apply a theory of 
) . ,. ' 

the hog cycle as a:Multi-Frequency-Cobweb Model arising from feedback si$nals, 
. . . . : ( . . . 

short, intermediate an~ long run disequilibrium positions. As will be shown, 

none of the above rne,ntioned ~pproaches w111 be dismi_ssed, since all of them 

are important in building the model, and/or explaining its rationale. 

The Model 

Thebasic structure of the Multi-Frequency-Cobweb Model is shown in 
·. '.·, .. . . 

' . . . . . 

Figure l. On.a Price-Quantity plane, linear long run demand-supply curves are 

drawn (01 and slt .Following F. V. Waugh [l3] the following interpretation is 

offered: The D1 curve shows how current prices are related to current market 
. . 

output. The s1. curve (11lagged output 11 ),shows how current output is related 

to past prices [13,p. 733].. This convention can be distinguished from the 

demand-supply relationships of the static theory formulated by Cournot and 

Marshall .1 For present purposes it becomes necessary to extend the Waugh 

· definitions .. Anticipating cyclical behavior as suggested by the Cobweb Theorem, 

"current". refers to .one-half the. time span required to complete one cycle. 

For example, o1·refers to a'time span of two years (o.ne-half of a four-year 

cycle). s1 represents .the lagged supply response for the corresponding two­

year period. 

Point A is tha long run equilibrium position. Points B1, B2, 83 and 84 

are the traditional.Cobweb price-quantity coordinates as developed by Ezekiel 

and his fo1hlwers .. The rectangle B1 B2 B3 B4_ represents the assumption of 

a continuous Cobweb locu.s (neither convergin~J nor explosive) which simplifies 

thi? ~ixpM,H 1011. Thtl corner•; of the re:ctnngle can tw i11te1·1n·eted as the "In- · 

·t,·rdi?rl'' rw·in:•~qwm1~1ty coot·din,:tl.mi m· tho lon9 run dlsC:•quilibriurn points if. 

no other forces are imposed and Ez,kiel 1s three conditions hold ~2]. One of 

these conditions implies a price lagged at a single and fixed time interval. 

If this time interval is exactly two years then cycle· l should be completed in 

exactlv four years.· 



3 

A second lagged price is then introduced as another stimulus. The two 
• 

signals are allowed to operate separately with appropriate weights corres­

ponding to their influence on the producers' decision process. It should be 

cleat that o2 and s2 ar~ the intermediate demand-supply curves intersecting 

each other at the long run disequilibrium point s1• The arbitrary rectangle 

c1 c2 c3 c4 forms a two-year 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 traditional Cobweb Model with a locus about the equilibrium 

point B1• Postponing the discussion of th~ simultaneous time lags influence, 

let it suffice to say at the moment that in the simultaneous case neither 

cycles l nor 2 will remain the same as is presented in Figure 1. 

Proceeding in 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 for completion of a cycle is exactly one 

half the time of the preceding cycle. Hence, by the time cycle 1 is completed· 

two are completed for cycle 2, four for cycle 3 and eight for cycle 4. 

The number of. cycles and their duration for a particular system are deter­

mined by the behavior of that system. The geometric properties of each rectangle 

is fully determined by the system behavior. The size ,rnd shape of the rectangle 

has a crucial influence on the final overall locus of the price-lagged quantity 

intersection points .. There is a direct relationship between the rectangle's 

size and its contribution to the final locus. As in the Cobweb Theorem case, 

the dirH.tion .of the mot'ion is clockwise simply because the output is lagged 

,d l.1~r 1.111] pr Ice i1t1d not v 1 c,~--versa. 

The Cnb~IE!b Ttrnorem is ~:c,nwwhat. 'inflf?>:ible when it suqqe,sts that the time 

path between any two corners (81 and B2 for example) shou·ld be a straight line. 

While this assumption might be true in situations involvirig some annual cash 
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crops, it is completely inadequa~e in livestock production where the adjustment 
• 

process is a continuous one generating a very interesting time path of too 

great an importance to be ignored (See Figures 4.1 and 4.2). In fact, under a 

continuous adjustment process the traditional Cobweb with its four rectangular 

corners (B1, 82, B3, B4) are replaced by a circle or ellipse.· As proposed by 

Larson the adjustment may be described as a proces~ of harmonic motion. 3 

To see this point let us formally consider the Cobweb formulation. In the 

simplified Cobweb case there are two basic functions for each cycle considered 

separately and independently. 

(la) Demand or Price: 

(lb) Supply or lagged output: 

i = l , 2 , ..• , n eye 1 es 

b; and di are the slopes of the demand and supply curves respectively for the 

cycle i where di =:-1/bi for a continuously oscillating model, since for the 

linear case a necessary condition is given by {b1ct1)2 == l. The time period 

required to complete one half of cycle i is k;. It is clear from (la) and (lb) 

that if what i.s happening on time intervals between t and t + ki is of interest, 

the Cobweb formulation is incapable of providing this information. 

Larson [7, p. 378] suggests using the trigonometric function cosine to 

express the price and quantity: 

(?a) P = COS 2irt + e t · 48 q 

. ~ 211t 
( 2b) Q . "' LOS -···- + e t. ·. 413 q 

v~I,,·:·tr~ t11E ,rn stonds for a foLH'·•.vear cych? with months dS urrits and ep and E\1 are 

phn:,e irnfiles dPpf•nd·i111J on initial conditions. Th'is Sl~t of equations ~rives a fix,ed 

amplitude four-year circular cycle. The contribution of this model is its intuitive 

explanation of power and the fact that ~he rate of change with respect to time, 

or the first d~rivative, is another similar trigonometric function which is· 
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actually the same function phas~d in time and different in amp 1 i tude - a very 
• 

important property possessed by systems with feedback. Hol-'1ever, for practical 
r-

purposes Larson's model falls short as a sufficient and workable model 4 because 

of two basic shortcomings. First, it is implied that the frequency and ampli­

tude of price and quantity are fixed and equal to each o~her. Second, the model 

dismisses the existence of other shorter cycles (higher frequency cycles). 

These t\•m points can be seen to be incorrect by a quick look at Figures 2 and 3. 

There is not a pure single cosine curve in either the hog-corn price ratio or 

the number of sows farrowed variables. 

The Econometric-Mathematical Model Representation 

For representation and approximation of the price and quantity over time 

the Fourier Seri~s was chosen because of its desirable and convenient properties 

some of which will be. discussed here. The Fourier Series [12, p. 655] may take· 

several different forms from which the following for the stochastic cases are 

selected: 5 
m 

(3) $m(t) = E (an COS(nwot) + e 
n=O 

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

m = integer, the maximum number of terms in the series. 

w0 = 2n/T is the fundamental radiah 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. 

t ti111e count in month units. 

(4) 

• = ff' + T 

(¢ COS(nw,jdt (t) 
n t . 0 

b = 1f• + T 
n T t (4 (t) SIN(nw,t}t 
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This property also guarantees orthogonality which provides the following 

convenience. If the function <t> (t) is approximated by the trigonometric 
m 

polynomial ¢n(t) sabstituting (4) into (3) and then another approximation 

¢k(t) using more terms {k>m) is taken, more terms may be added to (4) with­

out changing anyof Jhe coefficients a0 , ••• , bn·used in the first approxi­

mation. For orthogonality to hold in a stochastic Fourier Series of the 

form given by (3) it was shown by Fishman [4] that the follovdng conditions 

must hold: 

(4a) 

(4b) 

E(anak): E(bnbk) = E(anbk) = 0 for n=k, ahd 

2 .. 2 . 
E(an) = E(b11 ) for n = 1, ... , n, [4, pp. 15-17]. 

The orthogonal property is of extreme importance because where n = o, ... , m 

the result is what Fisher and Ando [3] called different ''completely decom~ 

posable 11 sets ofvariables 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 taking the Fourier 

Series model ver.sus Larson's harmonic motion model without losing any of its 

representative and exploratory 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 eac:h cycle is totally independent of the motion in the other 

cycles. The coordinates of the price-quantity values is given by solving (4) 

for both price and quantity and substituting into (3). This implies that the 

ultimate location is determined by a·summation of all the cycles and their 

corresr,ondinq tir.ne coordinates. 
) -. 

Methodol Q,9,Y.., · Procedures __ and Data 

To 1:1pply the model to the hog production industry,variables were selected 

to represent the l'pri ce" and "quantity" discussed above. 
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For llquantity11• a policy variable was sought with an impact which is . . 

crucially decisive:-;n determini.ng the quantity supplied to the market, but 

yet reflecting s~~~t,_ intermediate and long run considerations and minimally 

affected by past d~cisions. A direct approach might lead to the selection of 
. . . 

total quantity marketed (heads or pounds of hogs) but this variable is too much a 

result of past bleeding rates decisions. The percent of sows bred could 

meet the _qualifit~tion satisfactoriJy. · It is this breeding rate that is the 

major operative (contrary to the strategic) decision made by the producers 

concerned \~i th market price conditions. Unfortunately neither breeding rate 
. . . .• 

•' . 

nor accurate breedin'g herd population data are available on a national basis, 

but the number of sows farrowing {SF) is avai1able6 and m~y serve as a good 

proxy for the breed_ing rate decision made almost 4 months earlier . 

. . For the "price!' the Hog-Corn Price Ratio (HCPR) was selected to reflect 

both the product ~nd input prices. Hog Price (HP) is .the barrows and gilts 
. . . .· 

average price/cwt. received by farmers in the 7 major markets. Corn Price 

(CP) is Corn No. 2 price.received by farmers at Omaha [16, 17] (monthly time 

series). Figures 2 ·and 3 show the nationally reported HCPR and SF respec­

tively. By Ordihary·teast Squares (OLS) the coefficients an and bn were 

estimated for both v~riables and using a Step-wise Delete Routine [10], applying 

the statistical-equivalent model to equation (3),all cosine or sine terms 

were deleted unless a· 2~G significance level was satisfied. The results are 

gjven in Table l, covering the period ·1964-1971 on a monthly basis. 
. . . 

. . -·. . . .. 

·Equations (5) and (6) below are the prediction equations far HCPR and 

SF as 'functions of tJme only. A special purpose.i computer simulation program 

was d1?si9nt~d to map the price-quantity or more .1rnrticularly HCPR-SF coordi­

nates on t'he.HCPR.;.SF plane. As mentioned above, equations (5) and (6) repre­

sent a linear summation of 11 completely decornposable 11 independent variable 

sets or cycles. Using this attribute a 11 filter 11 was imposed on (5) to yield 
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. . 

(6) capabl~ of filtering through-each individual cycle and by the same simu-

lation program to trace out the time path of each cycle, combination of two 

or more cycles working simultaneously and finally, all of them together. 

Methodology and procedure will be discussed in the next section as the empi­

rical results are interpreted. 

'Em~~rica) Results and Interpretations· 

Estimated pr~dictd~le equations 

Applying equation (3) as a set up system for the Step-wise Delete 

Routine [lO]n is allowed to take the values n = 0.5, l, 2, ... , 18 and the 

threshold significance level for including variables was· 2%. T~ble 1 shows 

the estimated coefficients for the:sF, the rest of the coefficients are not 

sig11ificantly different from z~ro.·7 

Tab.le l and the other statistical measurements suggest that the SF 

variable is hig~ly predictable and explainable by the independent variables 

set. The amplitude of each cycle ts given by the absolute value of its 

regression coefficient if only one trigonometric function is involved at this 

frequency.· For e·xample the amplitude of the four-year cycle is 46.44. If 

both sine and cosine variables are involved at aparticula'r frequency the 
. . 

amplitude is equal to a phase combination of the two coefficients. 

Figure 3 shows the estimated SF using Table l coefficients. The success_ 

-Of the estimation is:evident when it is compared with tbe reported SF. 
: . . . 

Tab'le 2 shows the estimated regression coefficients for the HCPR, in-

cluding 011ly those s'ignificantly different Jrom zero. 

f"igure 2 sho}"s the estimated HCPR usin9 Table 2 c:oeffidents. Five 

cycles W<-:!re disc6vered for MC"PR, namely: 48, 24, 16, 12, and 6 months cycles. 

The O. W. value shows a strong serial-correlation which tends to inflate the 

t-values, but Figure 2 still indicates a close approximation of the estimated 

and reported time_ p9ths. 

I 

; . "i 

l. 
\ : 
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Graphical decomposition of the estimated hog cycle 

·In a matrix formulation (3) can· be written as follows: 

l 
cos(lw 0 t) 

. 
cos(mwot) 
sin(lwot) 

. 
sin(mwot) 

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

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

sioned (2m + l) is inserted between the two vectors the value of m(t) will 
8 . 

not be altered. · 

(6) <P01 (t) = [ao, .. ,, am, b1, ... , bm] 1 
0 

0 
1 

1 
cos (h'lo t) 

. 
cos(mwot) 
sin(lwot) 

The identity matrix is easily converted into a 11 filter 11 matrix by (7): 

( n Tlie H rn ter 11 matri X :; l 
cq 

0 

0 
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where cr.1,, .. , "'m' s1, ... , Bm ar~ binary zero-one variables . . 
Using (7), any particular cycle, or combination of cycles, can be 

"filtered out". For example, if the four-year cycle is desired all o:'s and 

e's except « = 131 == l. O . 1 would be set to 0. This idea was 

translated into a computer simulation program with the additional capability 

of locating the coordinates on the price-quantity plane. The results are 

shown in Figures 4.1 to4.13. In each figure the starting point is indicated 

by a small arrow called to• The plane coordinates are mapped in alphabetica·l 

order by the computer; the connecting lines are manually drawn. The time path 

of the first year in most cases is marked by a continuous straight line. 9 For 

the second year broken lines were used and back to continuous lines for the 

third and so on. Where the cycle is shorter than one year or the sequential 

points are close to each other, only a continuous line is'used and the time' 

borders can be inferred by the alphabetical order. 

Figures 4.1 and 4.2 show the reported time paths of two consecutive 

four-year HCPR-SF intersections. It can be seen that the year 1964 is similar 

to 1968 and that 1965 is similar to 1969. It can also be seen that 1966 re­

sembles 1970 and 1967 resembles 1971 in the overall trend but differ in their 

detailed time path. This observation alone, should suggest that some parti­

cular multi-frequency cycles are present. 

By using the coefficients of the regressions equations summarized in 

Tables l and 2 a time path of the relationship between estimates SF and esti-

mated HCl'H 1•1<1:, derived t1r1<I diagrammed in Fi9ure 4.:L B.Y comparing this dia~1ram 

Hitll U1n':(' 1ipr•ivod from reported data it can he~ seen tlut the estim,,t:cd E!qtrnth111s 

y1c·,d s·tnli l,H' ttwwin11 pofot~; on I.ht: cycle as well as simflar slopes on the corrr.s-, 

ponding connecting lines in the diagrams. As would be expected with different 

pattenrs for the reported four-year periods, the estimated equations trace a 

t"ime path somev,here between the two. It is appropriate now to use this est-irnated 
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equation wjth the filter process- described to observe the time paths traced 

by systematically decomposing the cycle. 

Figure 4.4 depicts the four-year cycle as an ellipse with a clockwise 

motion. This time path clearly reminds one of a Cobweb continuous motion or 

of Larson's modified harmonic motion. Referring to the two-year cycle shm,m 

in Figure 4.5 it is noted that it looks very much like the four-year cycle 

with twice the velocity. Note, that the starting points are not in the same 

position, simply indkating that at t 0 the two cycles are not in the same 

cycle phase. /\gain, there is a clockv1ise motion. 

Some important points should be observed about the one-year cycle de-
f' 

picted in Figure 4i6, First, it appears that the ellipse's major axis has 

been rotated approximately 90 degrees. This fact leads to the following pro­

position: Where the four and two-year cycles are oscillatfog more widely on 

the price, the one~year cycle is oscinating widely about the quantity with 

a minor variation on the prices. This conclusion indicates the impact of the 

national business cycl~ and other outside forces operating in the longer run 

versus the internal industry supply-demand interaction operating in the shorter 

run. Secondly, the motion direction is counterclockwise, perhaps violating in 

this particular case both theories -- Cobweb and harmonic motion -- advocating 

an opposite direction. It is beyond the scope of this paper to establish a 

theory explaining this phenomenon. Nevertheless, a few alternative or compli-· 

mcrnti1ry cxp'!.::in.-:Uons may be provocative enou9h to encourage more invest·igation. 

~\) Pork i:; :1 :;tnt·ab·le ii.en, for per-iods of less than a year cfotermirwd by taste 

a111I f:!1;, fi;;,,J Vin·iablo co!·.t~; 111 inventory m;dntc11,rnce. Assuming ii c·loch,fise 

1nu1 /(111 otl U1r: iil\'i'ntory co1il.rol proc(•S'., \•~ith relation to p~ices, then ;1 co11nter­

cl-0ckwise one-year cycle will adequately refill the storage b) Production cost 

d·ifferentials throughout the year coupled with consumer preference different'ials 

throughout the year may be unrelated to each other and may bring about this motion. 
? 
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c) After.viewing the shorter cycles below, which again possess a clockwise 

motion, one may.wonder if the one-year cycle is a kind of 11 overtone 11 caused 

by the industry ar:d crucial to keeping balance among the other cycles. d) 

With regard to consumer preference for pork, such phenomena as holidays, reli­

gious customs and v1eather conditions (~vith annua 1 periodicity) may contradict 

the long run l~lasticity expectations. Figure 4.6 shows an ellipse which is 

very clearly the one-year cycle but with a counterclockwisemotion. The sharp vari­

ation on the quantity axis represents t!w two-peak, spring and fall farrovling 

with a relatively low farrowing in the summer and w-inter. 

F·igures 4.8 - 4.13 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 decomposed interest lies in analyzing the r~lative frequencies 

of "its components. Figure 4,8 is a combination of the four and the two-year 

cycles. It shows two years of rapidly changing prices and two years of slowly 

changing prices along with corresponding quantities. With reference to the 

Cobweb and Harmonic Motion Theories 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 behav"ior. Figure 4.9 

is another excellent example of the combination of high and low frequency cycles. 

As the four-year cycle moves slowly to complete its time path in 48 months, 

shown as a smooth ellipse in Figure 4.4, it is seriously disturbed by the 

aqqrc;sive nne--year cycle which also determines the motions' direct-ion. Fiqure 

4. 11) .,llv111s tlif' interc1ct-ic1n of the one and the two-year cycles which represents 

rn•1';il:!Y otlt'~ l111"1f I.hi! timci !k:lt,wior ~ . .lwwn in figure ;i_9, 1-\n 'ir1t.erestinq reaction 

b1!11,'.r1n llti~ un,;'.: YPiH' and ·1c11111 1111 .. hs cyclP:; is rever:dcd in Fiqure 4.'11 .. The 

impact of the ·16-months cycle urn be interpreted as a vertical rotation of the 

axis of the• one 0,year ellipse ~-rlthin the four--year pe:riod. Essentially it allmvs 

for thn different; slopes and modifications of each of the one-yenr cycles. 
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The !1is1h speed, short run cycles presented in Figure 4.12 emphasize the 

relatively cscillatory quantity 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 discovered. This expresses the estimated time path in the 

hog prociuct"ion industry, where it ·is found that two out of every four years 

lm1 hog prices prevt.'il with the upturn and downturn taking one year each 

tracing out two different paths. Particularly ·noteworthy is the observation 

thut the downturn path is to the right of the supply curve in the case of 

expansion~contraction when substantial variable and fixed costs are involved 
10 in the deci s ·j on mak"ing process. 

Oistributq_t_Lag Estimation 

Having statistically tested and accepted the existence of the combined 

series of cycles operating simultaneously, it is appropriate to show a linkage 

with the Cobweb model. According to the Cobweb model the completion of the 

cycle by a price lag equal to one-half the cycle perfod is to be expected. 

Furthermore) these lagged price ratios are expected to be statist"ically signi­

ficant ih explaining the Sows Farrowing variable. To test this hypothesis a 

modified special case of Koyck distributed lag model [6] was chosen. Let the 

structural equation express the SF as a linear function 11 of lagged price 

ratio variables as follows: 

11, , ii I ' . , . I.\. ·i••p rnn•· l"'tr 1,· hi !,,, pet·'1nnted I•\' ·1·1•'1",t •·(7uari,•· 1irnrf'd11rP 12 i I ' ... . . '\ ,,· ~' l - . .l ' . --~ ' ,., ••• '· " ' ' ' d • I. '' .. . l . " :i ' ' ~- • • .... 

cyl.l u 111tl'i c 11 lu :i htt~n s ta ti'; tic ,1 l l y I c:J ec tcd by the fi·cqtH}ncy anal y~. is "' but is 

~;tanding t1Uilin for a test. eSF is the d·isturbance term. 
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Applying a least-square-stepwise-add routine [10] the results summarized . : 

in Table 3 are reached. The variable selection procedure was to add a variable 

if it was the beit candidate and was significantly different from zero at the 

five percent level,, and to reject any variable previously included if it was 

no longer s·ignificant at the ten percent level .13 The time lag in the price 

ratio was set at 4 time-units (months) earlier thcin th~ s6ws farrowing time 

lag to c6rrespon~ to the approximate time of breeding. Since the time of 

breeding may be distT"ibuted throughout.the month, it is safe to conclude that 

the actual farrowing could occur in a± one month deviation from the time 

hypothesized. Wi~h this in mind Table 3 gives a great deal of support to the 

Cob1·1eb theory behind each individual cycle. The first lagged price should be 

considered in agreement with the hypothesized lags simply b~cause there are no 

fractions of lag units, so the 1.5 lag is unobtainable. The next· two time lags 

are exactly in agreement, the fourth and sixth are within the range allowed 

for the time range in actual farrowing. The 32-months cycle 11 estimated 11 here 

is exactly twice the 16-month cycle in the frequency analysis above, for it 

may be simp·ly because it is not compatible with a 48-month cycle. With regard 

to the 8-month ~ycle, although initially selected at earlier step, lost its 

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

Summary and Conclusion 

A theory of the hog cycle as a Multi-,·Fr(•quency Cobweb model, or as a 

linear co111bination of decomposable hog cycle)., hus been presented. This model 

reflect:; ar, intc~Jrated multi-frequency dr:cis ion process result'ing from thc! fe("!d-
1 

hack 11f the producti1,111 response to the 1wlr,, , d.'lo ~.-i~,Jl'li.d U11·ou9h fix.ed 111ult'iple 
' 

production ·1ilns. Decisions with long, l1rt·,pn11i•r!ii'l.tf.• and short run implications are 

continuously nmde and their impacts are projected to future decision and production 

procoss .. The equi 1 i bri um and di sequi 1 i bri um pas i ti ans. are under continuous attempts 

to adjust because of the existence of many simultaneous decision-response relatio~­

~ hinc: _ n11r-inci oeriods of exoansi on. the hog producer builds or remodels 
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facilities and invests in a larger breeding herd. These investments have dif-
• 

ferent time spans in their consequences. During periods of contraction the 

producer s t'il 1 bears the consequences of the long term investment made during 

expansion. This may explain the four-year cycle. 
\ 

A traditional Cobweb adjustment process may involve the two year cycle. 

The 16-month cycle may be the producers I evaluation of the profit pros pee ts 
I 

based on the relation betv,een the corn supply of the current year and that of 

the previous year. The short run cycl_es of 6, 4, and 3 months may be explained 

by seasonal, weather and market signals coupled with capacity utilization of 

building and equipment subject to biological and technieal constraints. Inter­

actions with inventory control management are affecting the short cycles much 

more than they doto the long ones [7]. 

Theoretically the model incorporates three basic models: the Cobweb 

Theorem, the Harmonic Motion and the Distributed Lags Model. As was seen, 

each was unable tQ explain satisfactorily the supply response of the hog industry 

when used individually. The Cobweb and Harmonic motion models are essentially 

special cases of the present model. 

Econometrically, the Fourier Series appears to be an excellent mathematical 

representation of a dynamic disequilibrium phenomenon. Inertia of adjustments 

is preserved as in cases where overshooting a target is gradually corrected. 

The characteristic of correction comi nq from prE)vious motions. preserves pro­

pert.i es of macro-productton systems with distrihuted delay behavior. The 

. orthoqonality property of the Fourinr Series~ 1~!though not completely achieved 

and dr~cornpo :.; ·1 ti on· of the eye le. 

The Multi ~Frequency Cobweb Modt~ l ~"I th some relaxation of assumptions may 

be aµpropriate in many other production cycles where fntegrated multiple fre­

quencies decision making processes are simultaneously un.dertaken. 
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1. However this distinction is not critical for the present argument. 

2. The corner G1was·selected for convenience. Any other point on the rec­

tangle could serve as well. 

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

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

features of his model. 

5. Thomas [12, p~ 655-657] and Manetsch and Park [8, p. 3-12 and 3-22] will be 

followed, for the mathematical properties of the Fourier ~eries. 

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

7. 

Monthly farrowing for 1968-70 computed using 1955-67 average percent of 

quat'terly total on reported quarterly data i·r:~port1?d in units of 1000 

. head [14, 15]. 

All a • b c0Pf.1ficir:nt.:s vrill be set to ;T1t1 u11·1ess acce1rt<:!d on the basis of n · n 1 

the t--1:r!:,t with 2~{, critical area. Spacu c1H1'.:, hlt?r,-rtion 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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8. Obvious.ly, the last two matri·ces are first multiplied then the product 

vector is multiplied by the first one.-

9. It is assumed here that a straight line is as good as any other. Shorter 

intervals are of no interest here. 

10. For an excellent treatment of the supply response under the condition of 

resource fixity see G .. L. Johnson and C. L. Quance, Overproduction Trap in 

U. S. Aoriculture, Johns Hopkins University Press, Baltimore, 1972. 

11. Even though other mathematical transformations may be more suitable, 

linear transformation was used here for simplicity. 

12. Applying ordinary-least-squares on (8) may result in violations of the 

assumptions underlying multiple regressions using least-squares techniques, 

but the interest here lies in the relative size, the sign and standard 

error of the coefficients. Therefore, heteroscedosticity, if it occurs, 

should not rule out least-squares procedure. The correlation coefficients 

among the independent variables,after the deletion process is completed, 

did not exceed 0.40. 

13. Such a situation may occur when a single independent variable previously 

selected becomes insignificant where a combination of later variables 

better 11 explain 11 the 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 1000 Head 

· Independent 
Variab1e 

Cycle 
Period 

(Months) 

Frequency Regression 
in 4 Coefficient 
Years 

Constant 1029.88 

cos(4\'lot) 12 4 -207.91 

COS (81-'lo t) 6 8 -372.03 

cos{l2wot) 4 12 48.70 

cos(l6wot) . ,, 
.,) 16 99.09 

. sinOwo t) 48 1 -46.44 

sin(2wot) 24 2 55-15 

sfo(lf\'10 t) 6 4 130. 71 

sin(l2wot) 4 12 57.72 

sin(16wot) 3 16 54.24 

R2 = o.9363; R2 ~ 0~9286; F-value = 120.9; Sig. 
Std. error of est. = 92.85; D. W. = 1 . 30*. 

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

Std. Error 
of 

Coefficient 

t-value Signif. 
Level 

10. 31 99.86 <0.0005 

14.36 -14.48 <0.0005 

14.33 -25.96 <0.0005 

14.33 3.39 0.001 

14. 33 6.91 <0.0005 

14. 51 -3.20 0.002 

14.62 3. 77 <0.0005 

14.34 9. 11 <0.0005 

14.33 4.03 <0.0005 

14.33 3.79 <0.0005 

level <0.0005; 
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Table 2. Regression Coefficients for the HCPR Estimation (Unit: Bushels 
of Corn/cwt. Hogs) 

Independent 
Variable 

Cycle 
Period. 

(Months) 

Frequency 
in 4 
Years 

Regression Std. Error t-value Signif. 
Coefficient of Level 

constant 

cos ( h·: o t) . 

COS (2\•!0 t) 

cos(3wot) 

COS ( fil'Jo t) 

sin ( 3\vo t) 

s ·j n ( 4wo t ) 

48 

24 

"16 

12 

16 

12 

1 

2 

3 

4 

3 

4 

16.63 

-2.80 

2.27 

.. Q.74 

-0.63 

-0.60 

-0.67 

sin(Bwot) 6 8 0.82 

Coefficient 

0 .18 

0.25 

0.25 

0.25 

0.25 

0.25 

0 .25 

94.95 0.0005 

-11.13 0.0005 

9.01 0.0005 

-2.93 0.0005 

· -2.57 0.012 

-2.41 0.019 

-2.66 0.009 

0.25 3.36 0.001 
· 2 . -2 

R = 0.7831; ~ = 0.7631; F-value ~ 39.20; 
of est. - 1.58; D.W. ~ 0.222. 

Sig. level <0.0005; Std. error 

Table 3. Sows Farrowing Estimation Using 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 
= i 

constant 101 . 2 219. l 4,6 0.0005 

HCPH·(t-.. b) l ~92.3 13.3 "6.9 0.0005 2 3 

HCPR( t ... 'J) 3 135.1 15.3 B.B o.ooos 6 6 

HCPR(f>IO) 6 -19.n 11.6 ., I,'/ n 091 12 12 

HCPR ( t·· 1 'l) 13 -82.2 11.9 -G.9 0.0005 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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