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FOREWORD 

This study was begun in cooperation with Purdue UniversiLy and Michigan SLate 
University in 197 O. The idea was to analyze the potential for major change in the form of 
vertical coordination. A principal task was Lo assess the strength of the forces which 
might bring about a shifl to contracting or ownership integration in pork production, 
processing, aIld distribution. 

'['he Bconomk Research Service (r~RS) and fhe Michigan Agricultural Experiment 

Station t'onstructed a simulation model of the hog-pork sltbseclor. By using lhis model, 

the potential impacts of a number or possible changes in the form of vertical integration 

wen' analyzed. 'l'his report of the modeling efforL is one of ~wo ERS publications 

resulting from tile research effort. 'I'ht' other report, li/Tect, oj Cbtlllges in Vertical 

CoordillatlOlJ Oil [,ork I'roclllctw/l ,llld Prices, Agricultural Economic Report No. 303, 

August 1975, uses the model to t'valuat(' the impact of potential change. Other results of 

lilt' hog·porksubsector r('search dforL have been reported by the Purdue University 

Agricultural gxperiment Station and the Michigan Agricultural Experiment Station. 
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SUMMARY 

A mmlel was strlletllrl'd to 51111111al(' till' hog·pork subsecLor. The ll1oth~1 was validaled 
for tlH' Ill'riod January l!)():) through Deccmber tB71. 

'['11(' systt'rn~ analysis franH'work reprl'sl'nts a relati\'d~r new apprO<H'h in economiC' 
l"I'SPlIrl'h. It provides 1Ill' nwans for incorporaLing an entire l'C'onomk sysll'm into a single 
analy:;is. With this model, any qualilied r~'seardH'r eall perform an I'XamilHllion and gain 
an undl'rSlanding of 1IH' hog pro<ilH'Lion and pork markeling complex in a systematic 
way. 

'I'll(' rnoclpl is n'cursiv(' and opl'rall's on a monthly basis Oil self·generaled data with til(' 
l!xt'Pplioll of till' inilial lagged pndogenous variahles and a few ('xogenous variables. Sinet.' 
thi::; is a bphavoriul simulation model, no aU(!l11pt is made lo obtain simUlated values 
which minimize till' llvl'rall mOc\t'1 error. Most of the error in the validated model for til(' 
7 ·year Iwriod is in til(' ·1· to 6·percent rangl'. 

'l'I1£' n'sults pres~\nted arC' ('ondilioned by the structurr and llw conceptual framework 
of LlH' syst('!11S approaeh I'll1ploYl'd. TIll' model should be·useful in evaluating Uw impact 
or polkil'::' of llll' Fedpral (:()vernment or of industry on performance of the production 
and llulr!..l'Ling stages of tlw hog.pork industry. As a device for simulating lh(' aggregale 
behavior of Llw subseclor, it may prove useful to individual firms interested in making 
their OWII forecasts basl'cl upon industry forecasts. 'I'hl' model may also be used to trace 
tlw Orrl'els of sLrueLural changt'S over Lime by altering the values of any of the variahles. 
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A SYSTEMS ANALYSIS OF THE HOG-PORK SUBSECTOR 

by • 
jal/les n. Sill/ivan, C/Jarles }'. Lill, lind Warren Vincent' 

INrrRoDucrION 

Systems analyses of the hog· pork sector are designed 
to confront many industry problems. 'Phe analysis here 
is designed to (h~(l.l with vertical coordination. This 
report provides detailed information on the methodol· 
ogy llSed in desigining an econometric model or the 
hog. pork sector. The overall objeetives of the hog·pork 
sector study arc reported in the proceedings of a 
\I'orkshop that helped formulate the project (7)~' The 
.indings of the study are publish",d in Effects of Changes 
in Vertical Coordination on Pork Production and Prices 
(U.S. Dept. of Agr., Eeon. Res. Serv., Agr. Econ. Rpt. 
No. 303, Aug. 1975). 

The research was designed to appraise the probable 
nature of fuLure vertical coordination and determine the 

'James D. Sullivan is Research Economist, Connell 
Rice and Sugar Go., formerly Agricultural Economist, 
Economic Research Service (ERS), U.S. Dept. of Ag,. 
Charles Y. Liu is Agricultural Economist, ERS. Warren 
Vincent is Professor, Department of Agricultural Eco
nomics, Michigan State University. 

1 I!.alicized numbers in parentheses refer to references 
listed on p. 30. 

extent to which contract production and vertical integra· 
tion might take over coordination of the hog·pork 
industry [rom traditional markets. To answer this 
important policy problem for hog producers, meat· 
packers, retailers, and Government officials, the analysis 
was focused on a subseclor model. An additional 
objective was to simulate the aggregate production-pro· 
cessing·distribution activity' of the hog·pork industry 
over time, showing resulting prices and output when one 
form of coordination expands at the expense of others 
(2). The specific objectives of the systems model were: 

1. 	 To describe in quantitative terms the economic 
relationships existing in the U.S. hog production
pork marketing system. 

2. 	 To simulate industry performance over an histori· 
cal time period. 

3. 	 To establish generalized criteria with respect to 
the behavior of the hog·pork industry. 

4. 	 To provide insight into the coordination and 
structure of successive stages of production, 
marketing, pricing, and processing·distribution. 

STRucrURE OF THE HOG·PORK SUBSEcrOR 

For most pUrposes, an agricultural subsector can be 
regarded as a part of the agricultural economy that 
produces and markets a single fat:m product of a group 
of related products. For this study, a subsector was 
defined as a meaningful group of economic activities 
related vertically and horizontnlly by production and 
marketing relationships. In this respect, the hog.pork 
subsector includes all economic activities associated with 
breeding the sow, feeding and marketing hogs, slaughter· 
ing, processing. transportation, and wholesale and retail 
distribu Lion. 

The Problem Setting 

Review of the hog·pork subsector reveals a number of 
ways in which the present system performs poorly. 
Many independent hog producers sell Lo a smaller 
number of meatpackers at various coordinated levels 
who, in turn, sell pork products to even fewer but larger 
distribution outlets. [t is a dynamic subsector character· 

ized by cyclical, seasonal, and regular, as ~ell as 
irregular, behavior patterns. Hog producers, input sup· 
pliers, meat packers and processors, wholesalers, retail· 
ers, and consumers are directly affected by this oscilla· 
tory behavior. 

These groups do not share equally in the rewards 
which occur during different phases of the cycle. The 
long-run competitive position of hog producers is 
extremely difficult (0 evaluate. Success or failure of a 
decision to expand productive or to market is largely 
determined by the price position in the hog cycle at the 
time of the decision. Packers and processors invest 
millions of dollars in plant and facilities without control 
over input supply in the immediate area. ConseqUently, 
with the fluctuating hog supply, they may have to 
procure inputs from greater and greater distances. 
Because the hog· pork subsector operates under fairly 
competitive conditions with a wide range of production 
efficiency, prices may fall below average variable costs. 
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As a result, some firms'may constrict or ceaseoper
ations, which leads to less competition. 

'I'he present organization of the subsector ims, or at 
least once had, good reasons for its structure. Changes to 
make the system more efficient might cost more than 
they are worth. But this is unlikely since the subsector is 
currently undergoing organizational change. Important 
potential changes appear to involve some sort of closer 
coordination of successive stages of production-feeding, 
slaughter-processing, and distribution. Reorganization of 
the hog-pork subsector would present participants in the 
subsedor with important long-range decisions. They 
would like to know what the future organizational 
pattern would be and how they would fit into it. 
lnformation about the basic economic forces at work is 
needed so that producers, packer-processors, and con
sumers can [t)rll1ulate their plans [or the future. Also, 
the number of public policy alternatives is greatest in the 
first stages of cluln[!e; once reorganization has occurred, 
not much can bl.' done lo alter it. The systems-oriented 
model fornlliialed here will aid analyses of how changes 
in any or all llne(' subsystems of the hog-pork subsector 
will affect that subsector. 

Production-Feeding) 

'I'he well-known hog cycle was a familiar phenome
non as early as the beginning of the 20th century. 
Farmers typically do not produce (or a specific market 
but for a price. When current prices are good, they tend 
to breed more gilts and sows, which results in increased 
supply and lower prices at a later date. Then,too little 
produetion is undertaken leading to short supplies and 
high prices. Since sufficient productive capacity must be 
available to handle peak volume, capacity is underuti
Iized much of the time, leading to some inefficiency and 
eonsequently higher costs. The producer's strong tenden
cy to stick to two farrowings a year is partly because 
most hogs are produced on farms where labor needs for 
crop production are highest in late spring and summer. 
Seasonal variation in production has been reduced 
somewhat by more multiple farrowings, but it has not 
been eliminated. 

'rhe U.S. hog-pork subsector has been undergoing 
structural changes. The irend in hog production has been 
toward fewer but larger producing units. The scale and 
methods of production vary widely. Some producers 
have a few sows and use hogs mainly as a way of gaining 
some return for family labor and feed, [or which 
alternative outlets are poor. The larger producers may 
lise il farrowing-pasture system and market 300 to 400 
hogs annually, or one of confinement housing and 
[eeding Where usulilly 1,000 or more hogs are sold 
annually. In 1969, the U.S. Census showed that 11 

1 The matedal for the production-reeding subsystem 
was taken [rom the unpublished Ph.D dissertation of 
Hoyu\, Talpaz, "Simulation Decomposition und Control 
of a i\luILi-Frequency Dynamic System: The United 
States Flog Production Cycle," Michigan State Univ. 

percent 0 r the farms had 200 or mOf(~ hogs, with these 
representing 52 percent or the national hog inventory 
(22). In contrast, the 1964 census showed that only 6 
percent o[ the [arms had 200 or more hogs, and these 
accounted for 39 percent of the total inventory. 

Since 1950, the 10 major Corn Belt States-Ohio, 
Indiana, Illinois, Wisconsin, Minnesota, Iowa, Missouri, 
South Dakota, Nebraska, and Kansas-have produced 75 
percent of the U.S. pig crop. However, the economic and 
technological conditions that long favored production of 
hogs and feed grains on the same farm are changing. 
Mechanization has increased the optimal acreage of crop 
farms and the importance of capital inpu,ts relative to 
labor. An efficient crop production system has become 
less compatible with hog production. Rising farm labor 
costs and developments in feed manufacturing made the 
purchase of feed [or hogs, instead of the use of 
homegrown grain, more attractive than it used to be. 
The largl~ specialized producer of today requires large 
amounts of inputs, primarily from outside sources. He 
purchases most of his feed directly from a feed 
manufacturer or local dealer. Producers of 10 years ago 
may have kept 8 or 10 sows as mainstays of their 
breeding and hog-raising operations, but today's special
ized producer may have no sows, purchasing all of his 
hogs as feeder pigs from other farmers. The input 
supplier is no longer just the local feed dealer providing 
concentrates and supplements. In this modern setting, 
the input supplier may be one or more of the followirlg: 
feeder-pig supplier, financing agency, feed manufacturer, 
or veterinary-medical specialist. This is in contrast to hog 
operations of the past, which were financed by the 
producer from funds generated from his whole farming 
operation. 

Slaughtering-Processing 

Deconcentration and decentralization have been the 
structural changes occurring within the slaughtering-pro
cessing component of the U.S. hog-pork subsector. 

Slaughter plants under Federal inspection and non
federally inspected plants with an annual li.veweight 
output of 300,000 pounds or more numbered 3,869 on 
March 1, 1970, compared with 2,957 in 1963. Of the 
3,869 plants in 1970, 83.percent (3,196) slaughtered 
hogs. Only 3 percent (99 plants) slaughtered hogs only 
(2l). Most of the plants slaughtering hogs also .killed 
other kinds of livestock. The most common slaughter 
combination was cattle-calves and hogs (40 percent of 
the plants), Many of the hog .slaughtering plants were 
relatively small, since only 371 of the March 1, 1970, 
plants were federally inspected, and they accounted for 
about 90 percent of the commercial hog slaughter in 
1970 (2I). 

With the declining importance of terminal markets, 
most market areas [or hog procurement are now smailer 
than a single State. About 70 percent o[ the pork carcass 
is processed before sale to the consumer. Processed pork 
products such as ham, bacon, sausage, and luncheon 
meat usually are branded and to some extent quality 
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controlled. On the other hand, the 30 percent carcass 
which is sold fresh has not been graded, has no uniform 
identification, and offers no assurance of consistent 
quality. There are no national meat quality grades for 
pork. While processed pork has a differentiated product, 
a consumer image, and some protection against fluctuat
ing prices, most meat packers consider fresh pork to be :1 

product whose price is very sensitive to changes in 
supply and demand. 

Structural chaructetistics of the slaughtering·pro
cessing component create a problem in translating 
consumption levels of pork (demand) into packer 
demand for live hogs (supply of market hogs). Although 
hog procurement is subject to the conventional concepts 
of supply and demand, the uncertainti.es of supply are 
greater than in most manufacturing industries. This is 
the result uf three factors. First, the raw material (live 
hogs) coming from a large number of producers fluctu
ates widely. Second, ma~ket hogs are not of uniform 
quality nor generally purchased on any guarantee of 
quality. Hog buyers bid and contract for animals by 
purely subjective evaluation, and while they become 
quite proficient in this respect, the overall procurement 
procedure is plagued with more uncertainties than is true 
for manufacturing firms able to contract for a specified 
volume of. standardized quality. Finally, purchasing hogs 
and processing them to the green-cut stage is a break
down process rather than a conventional manufacturing 
process. From the green-cut stage to the finished pork 
product, the processing operation is much like other 
manufacturing processes. The meat packers are not 
manufacturing one product (pork) but a large number of 
pork products. The mix of finished products does not 
make use of raw materials (green pork cuts) in the same 
proportion as they are purchased in the live hog. This 
causes problems in balancing the number of hogs to 
slaughter and the raw material needs for final consumer 
cuts of pork. Before buying market hogs, the packer 
must translate the demand for finished pork cuts into 
the demand for raw materials (green cuts) and finally his 
demand for butcher hogs. 

Seasonal variability of supply contributes to packing 
plant inefficiency. Most plants are built to handle large 

volumes in the peak slaughtering season and operate 
below capacity the rest of the time. In larger plants, 
flexibility is achieved by using several combinations of 
men and line speed. This is almost imperative to lessen 
inefficiencies arising from the uneven seasonal supply of 
hogs. The smaller plants have more difficulty in attaining 
this kind of flexibility because they have fewer alterna
tive productive jobs for employees. This is one reason 
why reductions in the supply of hogs and the rate of kill 
do not reduce the number of labor hours proportion
ately. 

Distri bution-Consumption 

Fresh and processed pork products are distributed to 
Wholesale ar..J retail markets by packers, processors, 
merchant wholesalers, and brokers. Speciality whole
salers have attained an important position in meat 
distribution. In 1972, they handled about two-thirds of 
the total sale of meat and meat products by wholesalers 
(23). 

On th.e buying side of the wholesale market, $35 
billion was spent for away-from-home food consumption 
in 1972 (20, p. 103). For all meat, the retail value spent 
in hotels, restaurants, and institutions (HRI) was report
ed as $40 billion. Retail outlets, the other participants in 
the buying of meat products, consist of chain super
markets, independent supermarkets, and convenience 
grocers. The number of independent stores, large or 
small, declined steadily from 1938 to 1972, and while 
there was a sharp decrease in the number of chain stores 
until 1956, these stores increased from 1969 to 1972 at 
the expense of the small "mom and pop" stores (table 
1). At the same time, independent supermarkets increas
ed, but at a slower rate (table 2). The total value of sales 
reflects the same growth pattern (table 3). 

Fresh and processed pork distributed through HRI 
outlets is consumed at away-from-home eating establish
ments, While that purchased through retail stores is 
usually consumed at home. During 1950-72, total pork 
consumption increased from lOA billion to 13.9 billion 
pounds. Per capita consumption remained fairly stable, 
ranging from a low of 58.1 pounds in 1966 to a high of 
73 pounds in 1971 (19, p. 123). 

Table I-Number of stores and sales of chain slores and independent slores, selected years, 1938-72 

Stores Sales 
Year 

Chain I Independent I All stores Chain I Independent I All stores 

Number Number Number Billion Billion Billion 
dollars dollars dollars 

1938 ••.••.... , .....• 46,500 390,750 437,250 2,657 5,076 7,733 
1946 •.........••..•• 33,500 375,500 409,000 6,790 12,250 19,040 
1956 .••.....•. , •.... 18,000 292,000 3] 0,000 15,900 27,000 42,900 
1966 ................ 

1972 _• , ......•• '.::..-' '1 
25,205 
38,850 

201,800 
162,200 

227,005 
201,050 

29,350 
49,730 

38,500 
51,970 

67,850 
101,700 

Source: Progressiv~ Grocer, Annu;l-Report, Apr. 1973, p.100. 
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Table 2- Number and percentage of grocery slores, by ownership, 1969-72 

Stores Percentage of total 

Item 
1969 1970 I 1971 1972 1969 I 1970 I 1971 I 1972 

1 1 ...-, ... 

Number Number Number Number Percellt Percell! Percellt Percelll 

Chain;' _............... . 2-1,700 27,700 29,200 32,550 11.3 13.3 14.2 16.2 

Supermat'kets .......... . 
Superettes ............ . 

19,700 
5,000 

20,400 
7,300 

20,700 
8,500 

21,700 
11,050 

9.0 
2.3 

9.8 
3.5 

10.1 
4.1 

10.7 
5.5 

IndependenL: ...•.......• 44,100 43,400 44,000 19,9 21.2 21.2 21,9 

Superl1larkcLs ......•... ·1 
Superott<:'s ..•.......... 

17,480 
26,000 

17,900 
26,200 

18,200 
25,200 

19,100 
2,[.900 

8.0 
11.9 

8.6 
12.6 

8 ..9 
12.3 

9.5 
12..1 

Small stores; 151,150 136,500 132,300 124,500 58.S 65.5 4.6 61.9 

All stores .... , .. , .... .. .. 219,330 208,300 204,900 201,050 100.0 100.0 100.0 100.0 

Det'inition of slotl..s; Ohain-operation of 11 or year; small sLores-sales less than $150,000 per year. 

motE' stores; independent-operation of 10 or fewer 
stores; supernun:kets-sales of $500,000 or more per Source: Progressive Grocer, Annual Report, Apr. 

year; SlIperettes-sales of $150,000 to $500,000 per 1970-72. 

BilliO/l Billioll Bi/IiO/1 Billioll Percellt Percell! Percell! Percellt 

dollars dollars dol/ars dol/aI'S 

Ohain:' ................. ' 
Sup(>rmarkets ........... \ 
Superettes ............. i 

37,400 
36,120 

1,280 

41,330 
39,350 

1,980 

4<1,660 
42,420 

2,24.0 

49,0·lQ 
45,900 

3,140 

45..1 
'13.9 

1.5 

46.8 
44.5 

2.3 

'17.3 
44.9 

2.4 

48.2 
45.1 

3.1 

Inri(>penrient: ........... 
SupermnrkeLs ........... i 
Sup(>retles ••........... i 

35,280 
26,280 
8,900 

36,715 
27,315 

9,400 

39,755 
29,965 

9,790 

41,710 
32,81'0 

8,900 

43.0 
32.1 
10.9 

41.5 
30.9 
10.6 

42.0 
31.7 
10.3 

41.0 
32.3 

8.7 

Smull stOrl'S ••••• , •.••..•• 9,;;25 20,370 10,055 10,950 11,6 11.7 10.7 10,8 

All slo(l'.s ...............• I 82,205 88,-115 94,470 101.,700 100.0 100.0 100.0 100.0 

_~_~•.•.• ' _~._~__ •.• _. _~ _.i. .. 

1 Definition of sLO\'PS: l:>(>e footnote 1 in wble 2, 

Sourcp: P\'ol,,'l'l;'$siv(> Grocer, Annual Rppol't, Apr. 1970·73. 



srl'RUCTURI~ OF SLlBSEC'l'OR MODEL 

Development, of Subsystems 

A quantifiable, dynamic economic model is II neces
~lry lool for a systems analysis ot' a particular subsector. 
Operation of the model simulates the dynamics of 
market performance. 'l'he model can be used to show the 
effect o( alternative forms of market or production 
organization on performance. The (ranH'work for the 
hog-pork subseclor model discussed here consists of 
equations and variables [or three sllbsyst~'ms""produc
lion·feeding, slaughteri ng-processing, and distribu Lion
consumption. '['he structural equations ure the price·out
put relationships within the suhsectur and ma) bl' either 
definitional or behavioral. Tht, definitional equatiuns 
consist of physical, biologkal. ledmical, nnd organiza
tional variables, while the behavioral equations are 
comprised Qf economic variables. 

'I'he three subsystems are depicted in figure L 'Phe 
physical flows from the breeding of the SOw and gilt to 
consumption are one·directionaL The level o[ the price 
structure is established in thE' wholesale market, inas· 
mtlc;h as the conSUmer is a price·Laker and quantity· 
adjuster. Rplail prices Ilnd live hog prices llow (rom the 
wholesale IE'vd as tlcrived prices. The third dimension 
(the focal poinl of the projpell is the coordinating 
syst(~m($) whiCh regulates the physical llows. 'I'he c;oordi· 
nation is accomplished through prices d('termiped al the 
indicated pricing points under the existing~-currE'nt and 
hislorit;al"-markPl strucLurp. 

TIlt' production and marJwting system [or hogs and 
pork presents a complpx set of technical. organizational. 
and t~con()mic relationships. '['he subsedor model can· 
structued h('I"(' is a dynamic monthly model in which the 
basic behavioral feature is a recursive seril"S of equations 
moving [rom production dedsions to consumer meaL 
purchases. The modt'l is completely recursive: one·at·a· 
tlme compulalions vi lsuccessivel valut's [or endogt'· 
nOlls variables can be :iiuccessively sequenced in SUch a 
way that, for any month, the value of each endogenous 
variable may be computed given (lnly exogenous vari. 
ables, lagged endogt'nous variables. and preceding cur· 
rent endogenous variables in the sequence. Since it is a 
simulation model, a number of mathematical tech· 
niques--ordinary least squares, autoregressivE' least 
squares. and nonlir,ear distributed lags-were used to 
estimate the behavioral relationships. 

The first stE'P in developing the simUlation model 
was to formulnte a model cnpnble of validation over an 
historical period. The aim was to simulate total hog pro· 
duetion and pork distribution and consumption. to 
('stnblish pric('s ['or JiYC' hogs and for wholesalE' and retail 
cuts of pork, and to detennin(' lnarket quantities which 
would be supplil'd to difC('rent LypE's of wholesale and 
retail outl('ts. ThC' hog·pork subsecLor at til(' presC'nt lime 
is not tully integrated. '['berdore, the model which was 
validated for th(> 1965·71. period Is a free market 
model. 

Empirical Development tmd Estimation 
of Subsystems 

The systems approach to research in the hog·pork 
subsector l1eces~itated the identificaLion of a large 
Illlmber of variables for the s.imulaLioll model. However, 
the model generates more in(ormation than needed for 
the simulation objective itself. '1'0 permit an evaluation 
o[ the model and lo validate its performance, only the 
important variabl~s are presented here. The computer 
program and variable idenl.ificaliOll of the simulation 
l11odl'l are given in the appendix. 

Production-Feeding Subsystem 

The subsystem is a mulUfrcquency cobweb model 
in('orporating the features of three basic models-the 
Cobweb, the Harmonie Motion, and Distributed Lags. IL 
reflt~cls an integrated lllultiCrequency decision process 
resulting [rom the [eedback of production response to 
the hog-corn ratio signal through l'ixecl, multiple· 
production lags. Long. intermediate. and short run 
decisions are continually made, and their impacts are 
prOjected to future decisions and production processes. 

As illustrated in figure 2, the total supply of hogs is 
largely a rE'Sponse to past decisions and conditions. This 
comes about because of dl~lays for physical and bio
logical rE'asons as well as because of delays between 
planning and ('xeeuLion by the producer. If breeding 
stock is increased to meet a sudden rise in hog price, 
then the duration of the production delay ranges from 
10 to 12 months, corresponding .to the Gestatio/l

.1Iaturatio/l DI.!fIlY. 
About 90 [Je'rcent of all.farrowing lake place between 

111 and 119 days after breeding. Pigs are weaned at 
about 2 months, and gilts come into first heat at 3 
months of age. However, gilts are .normally not bred 
until they weigh an average of 250 pounds, or are about 
8 months old. Markt'L barrows and gilts are commercially 
slaughtered at 180 to 300 pounds. 

The simulation begins with estimated sow farrowings 
and [Jaws sequential from the weaning of pigs to the 
marketing of hogs. Hogs are marketed as five weight 
groups of barrows and gilts phIS a category for cull sows 
and boars (fig. 3). 

Thl:;' producer's breeding decision determines the 
number of sows farrowing. A number of faclors 
influence tillS breeding decision. One is the variable and 
fi:1ed costs 011 the (arm. For some inputs, purchase costs 
arl:;' substantially greater than their salvage values. Hence, 
the supply curve is more elastic when the price of hogs is 
increaSing than when it is decreasing. During an upswing 
in prices, producerli respond by increasing production to 
[ull capi1ciLy, with additional investmenls in buildings 
and equipment to increase production capacity. 'rhe new 
investmont becomes a fixed cost. However, dtlring a 
downturn in pric(>s, production will noL be contracted as 
long as variable costs are being covered. Another factor 
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Figure 1. 

A Systems Analysis of the Hog-Pork Subsector 
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Figure 2. 
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is the inflw)ncf' of expected fUlure market cOlluii-IUllS, 
which is r('presented in the model by the hog·corn price 
ratio (HCPR)-the numb('! of bushels of corn equal in 
valu(' to 100 pounds or live hogs. 

Analytically, the breedillg dncisions of hog producers 
can be approximated by the number of sows farrowing 
(equation 1). The estimated coe((icients and corre· 
sponding statistical properties for equation 1 are given iI) 
ulble 4. All equations were estimated by using an 
ordinary least·squares stepwise·delete algorithm. 

(1) 	 SFt ~ F (HOPRt,.5, HOPRt.21, SFt.G, TcO, 
SO, PO) 

where: 

SFt 	 = number of sows farrowing in month 
1.-1,000 head. 

HCPRt,.5 = hog-corn pricl' ratio lagged 5 months. 
HOPRt_21 = hog·corn price ratio lagged 21 months. 
SFt.6 = number of sows farrowing lagged G 

months. 
T cO = exogenous cyclical variables-Pourier 

serif'S. 
SD = zero-one monthly dummy variables, 

where December served as the a priori 
excJuded. 

PO = monthly price change between average 
hog price 4 months earlier and 11 
months earlier. 

The 6·month lag sow farrowing variable was used 
since it reflects the relationship between the spring and 
fall farrowings. HCPRt.5 and HCPRt,.21 refleeL the 
short- and long-run breeding decisions as a response to 
price conditions. If it is assumed that it takes some time 
before realized hog and corn pi'ices become known to 
producers, the 5-l11onth lag is a last minute change in 
planned production as a result of an asses.'imenL or 
current market conditions. The 21-morHh lag reflects til( 
longer run investment-disinvestment decisions. These 
decisions, sueh as new building and equipment, represent 
addit.ional potentinl production capacity, which under a 

Tahle ,I -Sows l'arrowinlf equation (SF), 
c()('IJicienls and statistical information' 

~,~,p"':'nl IR"""ionl ~.~~I~~'~·~~1-'r 't-va;: 
variable coef[icienl .coert'icient. 

-~--. -~--

Constant. . , ... '! ·231.32 58.86 ·3.93 
SI\.6 . . . . . . . . . . 0.397 0.Ot15 8.S7 
HCPRt._5 .. ·· .. 1 J 2.981 1.91 6.79 
H()PRL-21 ..... 11.730 2.28 5.1<1 
Sine (2wo1.) ... '. 39.750 8.66 4.59 
Sine (,I Wo t) .... , 
Jan. dummy' "1 

1,1'15.61 
-312.98 

33.95 
24.19 

33.75 
-12.93 

Feb. dummy ... , ·506.85 33.66 ·15.06 
March dummy .. \ -380.99 45.10 -S,45 
Junp dummy. . . 529.45 30.83 17.17"' 
July dummy ... 948.29 39.96 23.73 

Aug. dummy ... Ll:'~515'78 
Sept.. dummy .. 1,855.26 

48.72 
56.91 

31.1.1 
32.60 

OcL. dummy ... 1,096.06 53.64 20.43 
Nov. dummy. . . 478.74 37.62 12.73 
Price changc ... 3'l.52 12.88 2.68 

1 R2 '" .9788; F = 256.93; mean SF = 1,030.93; D-W 
1.176; stand error of eslimalp = 50.55. 'December 

served as lhe a priori excluded month for equations 1. 2, 
4,and5. ' 

fixed cost situation induces the producer to change the 
number of sows farrowing. With respect to seasonal 
variations, all 11 monthly dummy variables had signif. 
icant T·values. Also, the significance of the sine variables 
(2 woL) and (4 wot) suggest. that the 2·year and I-year 
cycles are not carried by the other independent 
variables. 

From an econometric viewpoint, the regression 
coefficients for all independent variables are significant, 
with high l·values and small sLandard errors of estimate. 
r • rever, .the Durbin-Watson (DW) statistic indicates 
ha. some serial correlation exists. 'I'his implies that 

,11e of the estimated coeffficiellts are less gignificant 
than reported; but the coefficients can still be regarded 
as consistent and unbiased estimates which can be safely 
accepted. 
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Figure 3. Systems Flow of Production-Feeding Subsystem 
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'l'he current pig crop or number of weaning pigs is 
computed by equation 2. 

(2) WPAt = 8Ft + f (8PPL, T) 

where: 

WPAt =number of weaning pigs in month t. 

8Ft = idenLitied in equation 1. 

8PPL = number of 2·day old pigs saved per litter, 


seasonally adjusted. 
rr = 	 time trend to allow for technological im

provements because of reduction in mortality 
of newborn pigs. 

The females in the breeding herd consist of sows and 
mature gilts. It was assumed that a fixed disposal rate 
was unrealistic because it does not allow for different 
management practices during expansion or contraction, 
for short·run market price effects, or for seasonal 
variations. Alternatively, the number of sows and gilts 
sold was estimated by using equation 3. The statistical 
propl!rties of equation 3 are given in table 5. 

(3) 8e8t '" [(8Ft.3, HCPRt.2, 8D) 

where: 

8e8t = number of cull sows and mature gilts sold 
8Ft·S = number of sows farrowing lagged 3 

months-1,000 head. 
HCPRt.2 = hog,co~Jl price ratio lagged 2 months. 
8D = seasonal dummy variables (p. ). 

Table 5-Sows and gilts sold equation (SGS), 
coefucient.s, and statistical information' 

["".~,::OO,·· R"""ion~,;:~~~1 :~,:-
'va':iable coe([icient coe[ficient 

---'-'------'-~---' . -~.-- .~-----

Constant .. ~ ...... 620.22 51.67 12.00 
SFt ·3 .. , ...... 0.06 0.03 1.97 
HCPR t_2 ......... ·10.37 1.80 -5.76 
Jan. dummy' .. ·75.82 23.25 -3.26 
Feb. dummy -145.78 29.93 -4.87 
l.."lar. dummy -127.86 28.51 -4.48 
Apr. dummy -77.2] 24.08 -3.21 
July dummy 59.33 23.40 2.54 
Aug. dUn1my ... 92.32 21.75 4.25 

'R2 = .7442; F = 31.19; mean SGS '" '183.08; D-W = 
1.30; standard error of estimate = 51.45. 2 December 
served as the a priori excluded month for equations 1, 2, 
4, and 5. 

Although the R2 value is lower than in equation 1, 
the F-value is still high enough to give a high level of 
significance [or the entire equation. The significance of 
8Ft_3 indicates that of the sows and gilts sold, a large 
number had just finished weaning their pigs. The short· 
run market p.rice conditions are represented by 
HCPR t .2' The negative sign on the HCPRt,.2 coefficient 

may be interpreted by the following consideration: 
When hog prices are favorable, producers will expand the 
breeding herd by reducing the culling rate. The seasonal 
zero-one variables were included, while the cyclical 
effects were excluded. 

The number of barrows and gilts sold depends or past 
farrowings, 	 market prices, and seasonal and cyclical 
variation (equation 4) subject to availability of pigs by 
age-weight distribution. 

(4) 	 BeSt = F(8Ft.6, SFt_B' 8Ft.10, HCPRt.12, T2, 
SD) 

where: 

Be8t = number of barrows and gilts sold in 
month t-l,OOO head. 

8Ft·6 = number of sows farrowing lagged 6 
months. 

8Ft_8 = number of sows farrowing lagged 8 
months. 

8Ft-10 = number of sows farrowing lagged 10 
months. 

HCPRt_12 = hog-corn price ratio lagged 12 months, 
Tc = identified in equation 1. 
8D = identified in equation 1. 

The estimated parameters of equation 4 are presented 
in table 6. This equation and equation I are two of the 
most important equations in the subsector modeL They 
largely determine the major output of the subsystem, 
since marketings of barrows and gilts exceed 90 percent 
of total commercial hog slaughter (19). The 6, 8, and 
10-month lags on SF variables indicate the relative size 
of pigs in these age groups. The HCPRt.12 expresses the 

Table 6-Barrows and gilts sold equation (BGS), 
coefficien ts and statistical information' 

! Standard 
Independent Regression' error of t-Value 

variable coefficient coefficient 

Constant ...... -2507.03 614.94 -4.07 
8Ft ,6 ......... 1.41 0.22 6.39 
SF t _8 ......... 3.25 0.31 10.44 
SFt-10 ........ 2.02 0.22 9..24 
HCPR _ ..... 43.73 10.60 4.12t 12 
Sine (4wot) .... 1896.32 244.45 7.76 
Feb. dummy' .. -1551.41 154.25 -10.06 
May dummy ... -437.08 186.57 ·2.34 
June dummy ... 1.203.43 248.39 4.84 
July dummy ... 2242.90 429.66 5.22 
Aug. dummy ... 3915.05 557.85 7.02 
Sepl. dummy .. 4388.93 602.09 7.28 
Oct. dummy 3630.47 490.45 7.40 
Nov. dummy ... 1460.19 253.36 5.76 

'R2 = 0.89.39;. F = 54..77; mean BGS = 6237.1.7; 
D-W = 1.69; standard error of estimate = 269,37. 
'December served as the a priori excluded month for 
equations 1, 2, .j, and 5. 
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effects of intermediate market conditions. Significant 
seasonal and cyclical variations were included in the 
equation. The statistical properties of the BGS equation 
indicate a satisfactorily estimated equation with 
relatively high R2, a high F-value, and low serial 
L'Orrelation (table 6). 

While equation 4 provides an estimate of the total 
number of barrows and gilts sold, it does not specify the 
age- or weight- distribution for the month_ This infor
mation is needed in the subsector model for inventory 
adjustments in the production-feeding subsystem and for 
allocating the barrows and gilts among five market 
weight groups for pricing in the slaughtering-processing 
subsystem. 

The age-weight distribution is related to the average 
liveweight (equation 5) for the total number of barrows 
and gilts sold. 

(5) AVLWt = F(SFt_7' SFt_9' SFt-10, APBGt_8, 

APBGt_8, APBG t _26, Tg SO) 
where: 

AVLWt = average liveweight of market barrows 
and gilts in month t-pounds per hog_ 

SFt_7 = number of sows farrowing lagged 7 
months_ 

SFt_9 = number of sows farrowing lagged 9 
months. 

SF t_10 = number of sows farrowing lagged 10 
months. 

APBOt_2 = average price of barrows and gilts lagged 
2 months. 

APBOt_S = average price of barrows and gilts lagged 
8 months. 

APBOt_26 = average price of barrows and gilts lagged 
26 months. 

Tf = identified in equation l. 
SD = identified in equation 1. 

'rhe estimated regression coefficients are given in 
table 7. As expected, the lagged SF variable contributed 
substantially to the determination of A VLW, simply 
because it reflects the corresponding volume farrowed 
with its age-weight distribution. The average hog price 
lagged 2, 8, and 26 months represented the sales 
response to market price changes. The effects of the 
lime variables were explicitly included in the form of 
seasonal and cyclical variables. All explanatory variables 
exhibited high significance levels, resulting in a relatively 
high R 2 for the equation. The D-W value
1.69-indicates relatively low serial correlation. 

Equations 1, 2, 4, and 5 represent the economic 
framework for the production-feeding subsystem. 
Having estimated the [our econometric equations with 
satisfactory results, the next step was to simulate the 
process of growing and finishi ng market hogs. Thus, the 
inventory of market hogs must be continuously adjusted 
to allow [or death, slaughter, and age-weight gain. To 
achieve this, a transfer matrix of hog-age groups was 
developed. 

Table 7-Average liveweighi equation (AVLW), 
coefficients and statistical information I 

Standard 
Independent Regression error of i-Value 

variable coefficient coefficient 

Constant ...... 217.36 2.73 79.49 
SF _7 ......... 0.006 0~001 5.52t
SF i _9' .. _..... 0.01 0.0009 10.99 
SF t -10 ........ 0.005 0.001 4.76 
APBG t,_2 ....... 0.08 0.09 9.09 
APBG t _8 ...... -1.17 0.14 -8.36 
APBOt_26 ..... 0.34 0.05 6.77 
Cosine (2wot) · . -0.95 0.33 -2.84 
Cosine (4wot) .. -4.81 0.44 -10.94 
Cosine (5wot) .. 0.59 0.26 2.76 
Cosillp. (6wot) .. 0.32 0.23 1,43 
Sine (lwol) .... -5.78 0.56 -10.29 
Sine (2wot) .... 2.17 0.24 9.05 
June dummy' · . -5.65 0.88 -6,45 
July dummy ... -9.96 L05 -9.52 
Aug. dummy ... -8.55 0.95 -9.05 
Sept. dummy -4.62 0.81 -5.67· . 

I R2 = .9256; F = 65.49; mean AVLW = 234.83; D-W 
1.69; standard error of estimate = 1.33. 2 December 

served as the a pdori excluded month for equations 1, 2, 
4, and 5. 

In the early development stage, the transfer matrix 
was a diagonal matrix with death and farm slaughter 
rates for each age group of pigs on the diagonal. Later, it 
was found necessary to deal with pigs born on a weekly 
basis, so the matrix was enlarged. The sum of death and 
farm slaughter rate assumed in the study is as follows: 
2.5 percent in the first month; 1.5 percent in the second; 
1.3 percent in the third; 1.0 percent each in the fourth 
and fifth months; 0.7 percent in the sixth; and 0.5 
percent in both the seventh and eighth months of age. 
The purpose of the transfer matrix is to shift the total 
population of harrows and gilts after marketings of the 
last month into the current month age-group population, 
but before the marketing allocation among the weight 
groups is worked out. At S months of age, the pigs still 
in the inventory join the breeding herd in the ratio of 92 
percent femaies to S percent males. 

The total number of hogs marketed can be computed 
by the identity: 

(6) Yt = BOSt + SOSt + SMALESt 

where: 

Yt = total number of hogs marketed in month 
t-1,000 head. 

BOSt ~ identified in equation 4. 
SOSt = identified in equation 3. 
SMALESt =number of boars sold in month t-1,000 

head. 

The number of boars sold is computed as the disposal of 
the difference between the required S.3 percent of the 
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breeding herd and the actual number On hand in the 
current month. 

The identity given by equation 6 is subject to the 
limitation that inventory of HGSt and SGS t be capable 
of delivering these numbers of hogs. As far as SGSt. is 
concerned, it is necessary to ensll(e that a minimum 
number of total females are held in inventory to breed in 
the current month for farrowing 4 months later. 

The checking procedure becJmes very complex for 
the BesL inventory. Not only must BeSt as a lotal of all 
barrows and gilts of different ages be satisfied, but the 
inventory balance of each age grou p cannol be violated. 
Futhermore, the tolerances are much lighter than that. 
If too many pigs are drawn from one age group fur 
marketing, it may resull in no heavy butcher hogs being 
sold later on. If too few are drawn, then a large number 
of boars and gilts will enter the breeding herd, followed 
by a very small number, resulting in extreme Ouc
iuations in Lhe si:r.e of the breeding herd. Therefore, it is 
necessary to estimate lhe age-weight distribution 
associated with BeSt. 

Since data avaliable to support a direct approach to 
the problem were very limiled, three alternatives were 
considered: 

1. Retl!lItioll jilllction-Glven tline t, the Lolal 
number of hogs equals the number marketed plus the 
number retained at the farm. Therefore, if the retention 
function for each age group in the BOS inventory could 
be generated, the problem would be solved. However, in 
the absence of relevant information and a sound 
theoretical base [or such a function, this appwach was 
dropped. 

2. l.oojJ scarcb allocatioll scbclIlc-The need to 
reeoncile lhe number of marketed hogs over time with 
the inventory on hand and the number of barrows and 
gilts marketed led to directly determining the total 
number of barrows and gilts marketedby small iterative 
steps of selection from the inventory of each age group. 
On every pass, the number of barrows and gills was 
drawn from the heaviest [our age groups under the 
growing inventory on hand. In this way, a negative 
inventory was never reached and aL the same time the 
difrerenl age groups were kept in relatively close raLios. 
Also, in each loop, a check was made to find if the Lotal 
number of BOS drawn had reached the quota as 

estimated 	by equation 1. An inventory adjustment was 
then made. The prOcess of looping was continued until 
the number as estimated by equation 1 was exceeded. At 
this point a movement backward was made, thus 
adjusting to the exact level as given by equation 1. A 
safety feature against an infinite loop was introduced, 
sin(,l' the BGS t and SF[ are independenUy estimated, 
with the possibility or having lagged SF underestimaled 
for several t'onseculivfl months and BGS overesLimalE'd 
laler on. The disadvantage of this alternative in the 
overall simulnLion of the subsector model is that hog 
prices are endogenous to the system and functionally 
related to the age·weight distribution of lhe numbers of 
barrows anel gilts sold. Also, lhe solution to such a 

marketing scheme has no assurance of being unique. 
Therefore, this alternative was abandoned. 

3. Age-wcigbt distributiolJ allocatiulJ scbelllc-,!'his 
third approach was finally used . To disaggregate the 
total inventory of BGS into weight groups, it is 
necessary to know the relation between the age of 
butcher hogs and the attained weight of the hogs. 
WiLhoul a behavorial-decision feeding model available, 
an implicit feeding system unchanged with time alid 
market conditions was assumed. 

Table 8 and figure 4 show the growth function 
assumed and used in the subsector model. They give the 
expected as well as the minimum and maximum days 
required to qualify a hog into each of the five 
commercial market·weight groups. The hypothesis is 
that the weight dislribution is some nonsymmetric 
distribution function which depends on the average 
liveweighL. By using unpublished data from the major 
Midwest livestoc.k markets, a picture of the real dis· 
tribution over time was made (app. lable 1). 

Table 8-Days required for hogs to reach 
selected weights 

Pounds Expected I Minimum 1Maximum 

Days Days Days 

180 	 143 133 153••••••• 0," 

200 .......... 155 144 166 

~220 . .. . . . . . . 170 158 182 


240 184 172 196
o' .......... 


270 ........... 208 195 221 


300 .......... 233 219 247 


Source: Estimated from graphic dala similar to figure 4 
and contained in unpublished report by E.C. Mill Jr., 
Animals Husbandry Department, MichL State Univ., 
1972. Assumes one slandard deviation from the mean 
number of days. 

With an estimate of AVLW t a Tirstapproximation 
was made by computing the area under the normal 
distribution curve corresponding to each commercial 
weight group. Figure 3 illustrates the sequence. Assume 
the stalidard deviation about A VLW tis 19.5 pounds. By 
using an algorithm (NDTR) developed by IBlVI, the 
following commercial weight groups were estimated (5): 
180·200,201-220, 221-240, 241·170, and 271-300 
pounds per head (fig 4). The procedure to calculate 
these groups folh.. vs. Step one: Estimate AVLWt by 
equation 5 and compute the five commercial-weight 
groups shown in figure 4. 5 Step two: Adjust group size 
in proportion to the seasonal adjustment for the 
particular month being calculated. 'rhe estimated equa· 
tlons are given in the appendix and were obtained by 
applying ordinary least-squJres procedure to the normal 
curve approximation and Lhe sample values of appenrlix 
table 1. 
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Figure 4. 


An Approximated Normal Weight Distribution 


of Market Barrows and Gilts 


Percent of Total 

100.0 
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Once the number of banows and gilLs was dIstributed 
among the [iv(, weight groups, it was necessary to 
determine thl' age.invenlt)[y groups eligible f()r sale. To 
accomplish this, it was assumed that sow farrowings 
wen' uniformly distributed throughout the month. 
Afler II pig reached .\ months of age, each month's 
growth was divided into four lime periods, and the 
invenlory was calculated at lhe end ()[ ea.ch period. The 
eligibility or lhe expanded number of groups-16-is 
determined with the lIid of table 8, where a third of each 
wl'ight group is drawn only from the expected age· 
weight combinalion. lind thl' rest (rom the "expected" 
cell plus one stllndllrd deviation 011 both sides. In this 
way, the exact number of hogs to be drawn net of each 
weeks exp(>cted age-weight group is directly related to 
that group's size relative to that of all eligible groups. 
This procedure ensured inventory control constraints 
and seemed to resemble the real world pattern. 

Slaughtering-Processing Subsystem 

Wilh respect to inputs, the slaughtering.pro" 'iing 
subsystem has interconnecting sets of behavioral 
relationships with the production-feeding subsystem. 
For output, it has similar behavioral relatioilships with 
t.he distribution-consumption subsystem (fig. 5). On the 
input sid!.', the subsystem has an interface with the 
prqclucti<'!Il.feeding subsystem at th<'Iive hog mllrket, 
while Oil the output side it has an interface with thl.' 
distributiolH'OnSumpLion subsystem at the wholesale 

market. In general, this subsystem is concerned with 
pricing and slaughtering of market hogs, breaking the 
carcass into primal cuts, and processing the primals into 
final consumer pork products. As formulated, the 
subsystem is a recursive set of equations. 

The live hog marketing systen' as modeled attempts 
to solve two pricing problems facing the meaLpacking 
industry: (1) determination of the price that is 
responsive to changes in supply and demand, and (2) 
establishment of payment [or biological differences 
between market classes of hogs. A third problem~ 

qua liLy-is not considered. The subsystem's output, 
composed of fresh and processed pork cuts, is specified 
without regard Lo brand, weight, or size of the consumer 
cuts. 

Considerable research efforl was directed toward 
analyzi ng time series data to determine characteristics of 
demand for hogs. Usually, a year or quarter was used as 
the observation period, and the analyses were based on 
static economic theory. In recent years, economists have 
introduced dynamic theory inlo demand analyses by the 
use of the concept of distributed lags. The development 
of distributed lags as a workable econometric lechnique 
in supply and demand analysis can be attributed to the 
work of Nerlove (!OJ (11). Later, Martin developed a 
nonlinear distributed lag model containing two lag 
parameters for esllmaling elasticities of demand (8). 

'l'he structural characteristics of the hog-pork sub
sector as outlined above and the observed fluctuations in 
monthly hog prices suggested thaL dynamic influences 
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Figure 5. Systems Flow of Slaughtering-Processing Subsystert;l. 
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wl'(eimportllllL determinants of hog prices. Therefore. it 
was impcmLive that a statistical technique be used tilCll 
would yield cohSlslcnt and unbiased estimates. 

The estimation of hog prices b.y markN classes IS 
crucial for lilt' system analysis. The assumpUon is made 
that the total supply or market hogs will clear the 
markel, alld b(! slaughtered, processed, consumed, or 
stored as cuts in tlwcurrent period. ,Futhermore, the 
average price of barrows and gilts acts as a feedback 
signal in bringing forth ruLure hog supplies as well as 
providing necessary ttl/antilies of pork cuts for con
sumption. Thus, underlying the fonmllation and 
selection of variables for till' estinHIled equations WCr(' 

threl' basic ec\)nomit' hypothl'ses: (1) thl' economic 
l'iIUSl' [ehangl's in hog supplil'sand pork cut S<lles) 
prod liN'S its cmn[llel~' eCfecl (ehange ill prk'c of market 
hog groupS) only afler II lapse or lime, (2) the etTeels Ol 

clmn~l':i ill thl' vari,lbll':; arC'spread over Inore than one 
tin'lt' pniod (a distributed lag) (lnt! (3) different lat',ged 
t'Ol'ffit'i('nls arl' a5Soclatl'd with tht', \'ariabll's for hog 
supply and ~Ms or pork cuts. Given lhes(' consider
ations. a nOllstlllil' lllOdl'l incorporating distributed lags 
was [('qutted. 

'rill' g(Hleral sUltisli~'al rnoti('1 used ttl estimnll' all 
I'quaLions in tIl(' subse('lllr Illodel dealing with assump
tiOllS or distributed lags was ~Iarlln 's t,wo lag parameter 
[I1odel (8). 'rhl' nlUthl'malical structure of this particular 
nmclel is given in l'quation 7. Tlw dl'pendent \'ariable, 
Yt ili assumed to hI.' a function of current and past. 
nbser\'tlLions or threl' SUbSl'tS (1C independent variables, 
Sil'lll, {.il'!11, and Dkl, and an ('rror term, et (8. pp. 
1·1',·114Hl). 

(7) 

t\ B 
- (If + .~) " '1 X + /113 ~ a. X. t ') f"' f -, -'. 1

i'" 1 I It- i=l I I-~ 

- ([~ + p:) pI- A/11 Y \,+ MlIJY
L-2 l-3 

C 
+ ~ d D +e

k kt t 
k.'" 1 

'" 	 Lh\:\ clImmlllnd lagged vahtes of lIti.' de· 
Yt'lll pendent variabll' (m"'O.l.2.:3). 

t\w currenL and lagred vulues Qf lhe exo

genous variable associated with the lag 

parameter 11. (lw=0,I,2). 

the current and lagged values of the exo

genous variables associated with the lag 

parnll1eter iJ (111==0,1,2). 


= 	 the current exogenous and/or dummy 
variahles which are not associated with a 
lag. 
the error term. 
the pure constant term. 

'" the parameters of the set of exogenous 
variahles, XU, (i=I •... , A). 

b· the parameters of the set of exogenous
J 

e 

variables. Zjt, 0"'1, ... , B). 
the lag parameter associated wilh the 
set of exogenous variables, Xit· 
thl' lag parameter associated with tht'sel 
of ('xogcnous variables, Zjt,. 
thl' tirs!. Qrder autocorrelation coeffi
cient. 

== the parameters associaled with the set 
of exogenous variables, D,kt· 

This partieular estimation algorithm was used 
because: (1) the assumption of different lag distributions 
for the hog supply and pork sales variables could be 
made, (2) the lagged effect of selected variables could be 
isolated empirically, ami (3) adjustments could be made 
(or :\utocorrelated errors. 

'1' he economic structure of the slaughtering
processing subsystem was modeled from the viewpoint 
of the packer. A procedur(' was developed whereby 
consumption levels of pork cuts were translated into 
packer demand for market hogs (fig. 5). A data series 
was generated rrom reported pork production to 
approximate this demand for market hogs. The 
procedure [or disaggregating U.S. pork production and 
consumption data and rectifying production and con
sumption of pork. cut proportions was developed by 
Ouewer in an associated study. (3). To develop the data 
series ror 1965-71, the implicit assumption was nlUde 
thai final consumer consllrnplion was equal to pork 
production. 

The derived production of primal pork cuts was 
assumed to represent the packers' anticipated sales o[ 
primal cuts-hams, lOins, bellies, rihs, butt.s, and picnics
for consumption as fresh or processed products. These 
antici paLed sales of primal cuts were assumed to be a 
(unction of composite wholesale pork price, dispoS<\ble 
personal income, zero-one monthly dummy variables, 
and a dummy variable for 1965 (equation 8). Only the 
rour lean primals were estimated because packers gen
emily buy hogs on the basis of a subjective judgment as 
to what the various groups of butcher hogs will yield in 
terms of the four lean cuts. The jlh notation of equation 
8 recognizes bellil,.'S and ribs for simpliciLy and con
sistency of subscripting in the subsector model since 
these two cuts are used in other phases of the model. 
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(8) AQOjt - F(CWPPt_l' DP1t, SO, 065) 

where: 

anticipated packer sales of the hh pri· 
mal cut in period t-mil. lbs. 
j=l-hams j=5-butts 
j=2-lbins j=6-picnics 

CWPPt_l ~ composite wholesale pork price lagged .1 
month«i)$!cwt. 

OPlt = disposable personal income-$/capila. 
SO = zero-one monthly dummy variables 

where January served as the a priori ex· 
eluded month. 

065 = dummy variable for year 1965. 

Econometrically, equation 8 was estimated as a 
Nerlove distributed.lag model with autoregressive errors. 
The mathematical struc;ture as well as the identification 
of independent variables via the variable subject notation 
of equation 7 is given in appendix table 3_ 

The estimated parameters and associated statistical 
propt!rties of loillS are discussed and exhibited in table 9. 
The estimation results for the remaining lean primal 
cuts-ham, butts, and picnics-an.' given in appendix 
table 4. Standard slatistical tests used for 0 LS ('stima
lion should be used WI th caution since the estimation of 
equation 8 is nonlinear in the parametf'r space. The 
significance of individual parameters may be approxi· 
mated by dividing each by its standard error. 

Table 9'-Estimated parameters lind statistical 
information for anlicipated pac~er wholesale 

______ ,~_Ioin d:mand ' (AQCt~,_______ 

Independent I 
variables und Eslirnuled SlandurdI 

lagged • regression error of 
parameters I parameter;; parameter:; 

--;-
Constant. " ~ ...... j 214.1899 
CWPP t _ ....•.... -,2.1282 1.07571 
'l\ ••••••••••••••• 0.0359 0.465 
/1 ••••••••••••••• -0.0801 0.399 
DPl t • . . • • . . . . • • . . 0.0443 0.008 
Feb. dummy' .... 'I' -26.7941 6.329 
Mar. dummy ...... 7.2408 8.325 
Apr. dummy ...... , 0.5965 7.408 
May dummY ... , .. i ·25.7782 7.208 
June dummy .. , ..• l -34.2287 7.477 
July dummy ...... ; ·39.9452 8.542 
Aug. dummy ..... _I -23.4471 10.205 
Sept. dUfnmy .. , .• -! -4,4885 9,681 
Oct. dummy .....• ; 9.6399 8.210 
Nov. dummy .. '. '1 6.681.5 6.667 
Dec. dummy ... , • 7.6735 6.238 

1965 dummy. . . . . • _~~.:,~::~,:~._ ~___'1.627 __ 

I R2 =: .899;, F = 37 .. 21.3; ~lean :: 209 .. 9l5; .D .. \V 
2.l06; standard error of e:;timat.~ '" 10.545; degrees of 
freedom = 67. I January served as the a prion l'xcludNI 
month for cqualiQns 

Using the above as a measure of signifiml.Oce, the 
lagged composite wholesale pork price, per capita 
disposable income, five of the seasonal variation vari
ables, and the 1965 dummy variable l~rere judged 
significant in all equations. The appropriale economic 
sign for CWPP and DP[ were estimated in all fout 
equations. Variables for the months-February, i\'lay, 
June, July, and Allgusl'~JS well as the 1965 dummy 
variabl(' were significant in all [our equations. 'fhe five 
monthly variables had negath'e> signs, indicating that 
demand [or the> four pork cuts in these monlhs was 
lower than in the baSt' month, January. (I'he remaining 
months displayed a mixture of positive and negative 
signs. The months comprising the fourth quarter exhibit
ed positive signs for all cuts except ham, indit;ating 
anticipation of increased consumption during the 
Thanksgiving-Christmas-New Years holiday season. A 
shift in the demand curve for pork seems to have 
occurred between 1965 and 1966. The 1965 dummy 
used in the equations to reflect this shift was significant 
for all four cuts. The R2 and D-W statistics are 
acceptable. The distributed lag parameters-A,-and the 
autocorrelation coefficientlI-were not significantly 
different from zero. This would suggest linear estimation 
of equation 8. However, the OLS estimation of equation 
8 was much poorer with respect to R 2, O-W, and 
standard error of estimate statistics. Therefore, the 
nonlinear Nerlove equation was used. 

The economic structure of the market hog price 
equation was hypothe~ized from the viewpoint of the 
packer appraising a live hog market in which a predetl'f
mined supply of hogs is distributed among five market 
classes of barrows and gilt,s and one market class of cull 
sows and boars. In estimating prices for these aI ternative 
market grou ps, packers are attempting to equate the 
predetermined supplies with their anticipated demand 
for pork cuts (demand which is reflected back from the 
retail markel to the live market). Thus. for each market 
group of hogs, price is assumed to be a function of hog 
supplies, demand for hogs, beef price, and monthly 
dummy variables (equation 9). 

(9) 

where>: 

live price of the lth market hog group in 
period t-$jcwt. (1=1,-6). 

1= 1-180- to 200·pound barrows and 
gilts. 

1= 2-200· to 220-pound barrows and 
gilts. 

1= 3-220· to 240-pound barrows and 
gilLs. 

r 1= 4-240. to 270-polllld harrows and 
gilLs. 

r", 5-270·plus pound bnrrowsand gilts. 
I '" 6-sows and boars. 
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'l'BO t '" totul supply of market hogs in period 
l-nurnberil ,000 U.S. population. 
additional number or hogs d<.>lllanded in 
tht, llh wcight group in period t-hog 
equivah.'nts/l0,000 U.S. population (I· 
1,~6). 

'1'WH01 .., minimum numbN of hogs demand in the 
l {th weight group in pl'riod t-hog equiva. 

lent/lO ,000 C.S. popUlation. 
choicl' live steer price; in period 
$/ewt. 

SO ZI'to·onc monthly dummy variablE'S. 

Thl' liuppl.y of markPL hogs (ll.S. comn)wcial slaugh. 
tl'r) in lIny giv('n month is rpptl'sl'nted by two \'ariabll's: 
(ll till' nllmbl'r or hogs in ellch IllnrkL'l group, and (3) 
total 11l1llillN of market hogs. Thesl' two nmabh's ar!' 
gl'fl('ratpd wHhin th!' produl'tion·fel'ding subsystem and 
lransferrNI to thp slaughtl'ring·pwc('ssing subsyslem. [n 
this subsystem, tlH' hogs are priel'd and slaughtt'rNI by 
market gwup. 

Tlw demand variables"'Plm l and TWH01''-WNl' 
assllmed ttl fl'IHl'Sl'nl l'xpeetpd primal l'tlt saIl'S by 
markl't group elassifiellUon in lNms of Nluintll'nt hog 
nllmbi'rs. TIll' 1l1onthlydllta :;t'm'); (or t1ws!;' Yariabl!;'s 
Wl'r(' gl'lH'talcd (:;yntlll'sizl'd I from repOrll'd t t ,~. pork 
produclion data in two phHsl's. 1'lw bm;ic idl'a was to 
translatl' consumption l('vl'ls of pork cuts into pack(\[ 
dpmund fot live hogs. Finlll l'OI1SlIll1l'r consumption was 
assunwd l'qual to ('.S. pork prodU('lion in dl'wloping the 
data sl'ril'S ror til(' 7·ypar p('riocl (19G5.71). In thp first 
phasL', r('portl'd U.S. pork production WliS diYidpcl into 
six primal wholt'sall' pork cuts (hams, lOins. bellies, ribs, 
butts, and picnil's) by using standard yield cO('fficien ll> 
(18). To this d('rlwd production. the chlllllH' in inven· 
tory of pork cuts (rl'ported (·old·storage holdings) was 
addl'd or subLtlIcted.1'his monthly data sl'ries was 
assumed to fl'prl'l>l'nt lolal l'.1:l. consumption or primal 
pork cuts. 'l'h(' data Wl'n' furthN clisaggrl'gatl'd into 
expeC'ted pril11111 l'ut sales on 1I markpl.weight clas.<,ifica. 
tion basiS a~ follows: (1) TIl(> total U.S. consumption of 
primal ('tits wa~ Illlllllplipd by till' rnarkl't class perC't'nt
llgP distribution fllelor obsN\'ed [rom the commercial 
slaughtl'r information, and 12) thpn divided by indh'idual 
cut yh'ld cO(lfficil'nts [or each of tl1l' six I11l1rkl't groups. 
TIl!' comp!l'Uoll of the first phast' rl'~u\lt'd jllll monthly 
tin1l' Sl'rll'S of expt'ct<:d prilllal cut slIll;'s by 1l1arkE't 
groups in [Ptlns of hog IlUmiJl'rs. 

Thl'sl'cond phasl' conSJsl('d of :;plpt'ting or idl'ntifying 
lhl' Pin} und TWrm[ v~lrjabh's from the (\xpeclt'd 
primal {'ut salr·s. TIlt' Prot'l'~S was lilllilPd to tht' fnur Il'an 
cub;. For l'ildl cut, minimllm and maxilllllm quantities 
WPrl' \('1E'\'ll'(\ fllr !'aeh of til(' mark!'! groups month b~' 
Imlllth. ThE' 1ll1111mllll1 quulltiL\ was assllmed lo rl'prl" 
~l'nt ttr monthly minimum ('xpPt~ted 'iI\ll'~ of Cllts
TWHD -frolll a partlclrlaf markpt hog wl'lght group. 
Thl' maximum quunLil) mimI:> til!' minimum quantity 
[ppr!'Spnll'(i the additional monthly ('xpedNl sail'S of 

ClllS-·PJ-lD1·,.rrom a specilic markel group. Thus, mini· 
mum expected sales of cuts-TWHD-reprl'sentt'!d the 
numbl't: of hogs in each weight group thal the pack(\[ 
must buy to meet Illimimurn demand for tlw four lelln 
pork cut:;. Similarly, thl' Pl'!Dlvariable rC'presents the 
additional nnmbl'r of hog equivalents in ellch market 
group thal an' rl'quired to fulfill til(' anlicipatC'd sales of 
the cut in greatl'st demand. 'rIll' I'sLlmatrs for both thl' 
supply and sales yariablC's wert' divided by l.'.S, popula. 
tion llulllbNS for scaling purposps befort' tl1l'Y werl' 
elltt'r(ld into tIll' estimation procl'ciurC', 

.Four of thC' six markpl hog pricl' equalions Wl'Te 
l'stilllaled in til<' matllPmaticlil ('orm dppicled in equalioll 
7. TIll' l'xc('ptitlm, (180 to .200 pound barrows and gills, 
and market sows and boars) 1V('r(' eslimall'd as an 
aUl(Hl'gressivl' Nerlov(' equation. TIll' spl'cific matlwmali. 
cal form lind idpnlifil'alion of varillbles arp given in 
appendix tablt'~ 5 and G. TIll' l'stimaled parllll1elers and 
statistical propl'rlil'~ of thl' equations are presented in 
tabl(' lO and appendix tables 7 and 8. 

Equation 9 i~ nonlinear in the paranll'ter space, and, 
as for pquaLion 8, caution should be observ('d in 
interpn'ling its statistical propl'rliel;. In general, the 
l'sliJnation [l'sui ts wt'!rt' good. The (;o('fficient of drtpnni· 
nalion-'R2-was in the rangp of 93 to H5 p('rcent, while 
standatd l'rrors of l'sllmalt' werp beLween 0.81 and 0.91, 
with a D·W staListic around 2.00 for 1I1i six pquiltions. 

By dividing llH' estirnliled paran1l'ter b~' its Slandard 
l'rror, tIl(' rl'lulivt' signl fil'anel' of the vlIriablt's can bl' 
ussess(~d. As shown in lablt' 10, lotal hog supply ('l'8G t ); 
minimum pxpl'('[ed primal sail'S ('rWHD{I: Choice sll'cr 
priel' (BI\); Fl'brunry, ,July, and ;\ugllst zero·onl' vari
lIblt's; and the A, (J, lind ". paramcters werp signil1cant in 
tlH' priel' equation for 220· to 2.10·pound bllrrows lind 
gilts. The appropriate economic sign was estimated for 
lh()~(.' parallll'ters associated wilh supply and expectpd 
sales-packer clt'mand-for all markl't. hqg groups of 
equation 9 (table 20 and appendix tables 7 and 8). The 
positive' and highly significant autocorrl'lation copf· 
ficiel1t·.8 'indicaled serial correlation. 1'l1l' positive /3 
indicated tht' pstil11ated pllrameters had bren adjUsted 
for positiv(' serial eorrelaLion, which is frequently lhe 
case with economk liml' sl'ries elata. Howeyer, lh(' 
uSl'fullless of tll(' D·W slalistie is limited as a test for 
serial correlation ip tilt' cast' of nonlillPi\r estimation 
bl'caus(' of bia:. t4) ill the original disturbances (1:1). 

CIHlngps in supply and dpmand are eontillually 
occurring in the hog·pork industry. The resulting 
ehangt' in livE' hog [Hites may not be instantaneous. '1'hl' 
signiftcanl,\ and IJ. values indicated that t\w hypothesis 
of a lagged adjustment in live hog prices to chanr;es in 
supply atld dl'mand ('ould not be r('jl'cted. '!'he tlm(' 
requirl'd for pricp to adjust to within a spl'cifil'd inlerval 
of .a nt'W C'quilibriul11 prict> Il:v('1 was calculllll'd, and 
resul'fi are prl>sel1ted 111 Lable 11. '['he positive ,\ indicatpc\ 
thp pric(' of 220 to 2,W pound barrows and gilts 
lIndrradjusll'd to supply changl's whilt' thp negative I' 

indicaLt'd an ov('radju~lnl('nl or price to ehanges in 
pa!'krrdl'llland for livl' hogs. (table 11), The average 

16 



'I'able 10'-Eslimaled pararm'lerli [1I1d statIstical 
inrorma.llot1 for market price or 220 to 2·lO 

pound barrows and !(iIL'i, (PI30{)t 

-	 r 
Ind~'pendl'nl St,tndartl 
variabl~'s [tnt! {'ITOI' of 

la!(!!etl rt·!trps~!o11 

parmTIl'lt'rs parnnwlt'rs pilr.1I11Ph'n; 

Conslanl 7.1;117 
SI3G l .•. ·0.1005 O.·\HH 
TBG l .. ,O.:16ZH \l.20 1 
'I'WIlD t ' 0.OZ:10 lUllZ 
.\ D.700;~ n.m);, 
J.l 	 -0.f)87·1 lJ 1~~·I 

O.Gl-Hi7 lJlG·1 
UP t n.l 171 lUHiZ 
f.'pb. dummy~ -O.H 1·11 0.72:1 
i\lar dummy l.H7')1'\ lUI 10 
Apr. dtlmmy ·0.7:l;;D II nOR 
i\lay dummy "O.27~12 lUliH) 
JUI\(' dummy -0.705·1 1l.HOO 
July dummy ·2.-191Z 0.76:1 
Aug, dUIlllllY ·l.GGHH lUJZ2 
Sppl. dllmmy ...... . . L 75:11 l. I1f, 
Oct. dummy (l';J7H7 IUHll 
Ntl\' dummy ·0.6;)2H D.GZI 
DcC'. dummy ().·I~H;\ 0.716 

I HZ -" n;;;;, D·W 2JlG;1. F ;)7.1:,0; mp,1I1 
21·11;-,; stand,wl ('1'1'111' nf 1'~lIl11ill(' cc O.h 10 dl'grpps of 
l'r('edlltn n;,: .1,1I\lIar~ wrvl'd as the it pnnn l'xeludpd 
lII<lllllL 

Tuoll'11 Estimated limp rt'tllllrpd fDr pricl' 
ur markpt barrow;, and !(ilt!>, and mark(,t 
sows (llld boars, to adJust to ('hall!!\, in 

Mlpply and <I('t1),1IHI' 

-'T '.,., 
 Calculated Iplll.(lh 

I 
of ,1(Huslment 

,._-, ........,-.~-- ---~"---.----....----
~larkl'l !(WllP EXpE'('Lod 

or h()~s Hupply primal cut 

J sail'S 

.\fmlt".~ .\[olllh~ 

Barrows ,111<1 ~Iit,,: 
1t{o 200 pmln(\s 12.1> N .. \ 
.20()·220 pounds 
220 2 H1 pounds .,! 
2,\ 0 ·270 p()und~ I 

270·Plus POllll(ls I 
~.;) 

llUl 
H.7 

1..1 
;-,6 
;'.6 
I.!) 

Sow and boars : ' , [ O.H 

~ !
Avprag." .) gruups of I 

harrows .1IHI ~ills fU 

• Bas"t/ on monthly ('.S. <I,ttn for IHtif,,7L 

NA .. not l\vallabl". 

length of time requited for the mark('t price of barrows 
and gills to adjust to within 95 percent of a new 
equilibrium level was 9..1- months after a supply chunge 
and 5.1 months after a l'lwngp in expected primal cut 
salt's. TIll' shortest tinw required after a supply change 
was 5.3 months for till:' 200· to 220·pound barrows and 
gills. ThiS particular group ur m1lrkt't hogs alsugaw tl1l' 
:>horlest tinlt', ·I..t months, 10 adjust Lo a change in 
l'XIll'dpel sales. 

Wllh the prices of the individual market groups 
dpvploped, thp subsystl'l1) proc(>('ds with the proct'Ss of 
si:Hlghtrring tlw hogl> and proceSSing the primal cuts into 
final COilSlll11l'r culs. The quantity of gr('(~n cUls is 
dl'tl'rmined by applying appropriatl' yield coefficients to 
p<leh markt't group. Un'pn culs, consisting of the six 
primals lind trimmings, means tllt' raw pork product 
uprOrt, unyprocessing or final trimming. 

Tht> quantity of grcpn cuts Lo bl' processed into 
consumer pork cuLs dppcnds On packers' anticipalion of 
rptail d('manel. Tht' anticipated retail demand for Lhe 
eight consumer pork cuts is estimatpd by equation 10. 

(10) QPCO~ = [(WBP t' CWppt-I' CRpI't_l' RCpt' 

STQGSCt' TCKPC ,
t

anticipated quanLit;y demanded of the 
rth retail cut In period t-mil. lbs. (retail 
wright). 

I = I-hams I =6-picnics 
I'" 2-loins I'" 7-not used 
1 = 3-not used 1= 8-hacon 
1= ·l-ribs r = 9-sausage 
1'" 5-butLs 1"" 10-luncheon mcat 

WEPt 	 wholesalp beef price in period t-$jcwt. 
CWPPt_l 	 composite wholesale pork price lagged 

1I11onth-$!cwL. 
composite relail pork price lagged 1 
monLh"·$/cwL. 

RUPe retail ('hicken pricp in period t-$/cwt. 
STQGSGl '" total quantil.y of fresh pork from cur

rpnt slaugh ter in period t-Ibs./capita. 
TCKPCl C .S. cQmmercla1 broiler production in 

ppriod t-Ibs./capita. 
DPl t disposable personal income in period 

t-$Icapila. 
so 	 :'.er()·OIll' mout.hly dummy variable, 

WI1l'ft' January sprved as the a priori ex
cluded month. 

Equatioll 10 was ~'stlmat(ld as 11 linear [unction by 
least squun'!i. TIl(' rt.'gr.essioll reslil L~ for loins and the 
remaining M'VPI1 ('onsunwr cuts arf:' given in table 12 and 
appl'ndix labl!' fl. 
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Table 12-Eslimated parameters and statistical 
information for packer's anticl~ated reti.\il 

demand of loins (QPCDt )' 

Independent Standard 
variables Estimated error of 

and lagged regression regression 
parameters ___~____,_-+_parameters _____....l_parameters_____ 

Constant. _.. ' . ... 25,2138 
WBP t '" ... ' . .. .. 0.2924 0.119 
CWPP t •1 ...... _" -0.0447 0.079 
STQGSC\ . . . . . . . . . 34.8602 1.022 
DPl t . . . . •. ..•... 0.0167 0.002 
RCl\ ..... ~ .. "', ·0.2865 0.190 
Feb. dummy' ..... 1 0.1680 1.337 

Mar. dummy ..... '1' 0.2401 1.198 
Apr. dummy ...... ·9.6578 1.194 
1\lny du mmy ·9.,2980 1.314 
JUIH' dummy ...... 1 ·8.6355 1.382 
Jloly dummy ...... -5.9020 1.484 
Aug. dummy •..... 1 -8.8.102 1.277 
Sept. dummy ..... '117.1834 1.187 
Oct. dUlllmy .•.... ·0.5031 1.169 
Nm·. dummy ..•... -4.6183 1.153 
Dec. dummy. . .. .. ·0.2751 1.152 
_., .......... _._-------"",,---~, 

I l{2 = .994; F = 737.029; mean := 195.048; D·W = 

1.526; standard error of estimate = 2.141; degrees of 
freedom '" 67. 1 January served as the a priori excluded 
month. 

All of lh(> ind(>pcndent variables listed in equation 10 
Were not al.ways included in the single equation esU· 
mall'S of the eight consumer pork cuts. The explanatory 
variables producing the best ~t for the anticipated retail 
loin demand were wholesale beef price, composite 
wholesal(> pork price, composite retail pork price, retail 
chick.('n price, per capita U.S. broiler production, per 
capita disposable personal income,and the 11 zero·one 
monthly dummy variables. Of these variables, wholesale 
btH,r price, per capita quantity of fresh pork, and per 
capita disposable personal income were the most slgnifi. 
cant. In general, the statistical properties of all eight 
equations were good, with high. R2 and t- statistics as 
well as relatively low standarp error of estimates (table 
12 and app. table 9). The D-W statistic was acceptable in 
all equations, with some serial correlation indicated. The 
equations exhibiting a low D-W statistic were not con
sidered of serious enough consequence to warrant resti· 
mation. 

Di~trihution·Consumption Subsystem 

The distribution'consumption subsystem is struc
tured to interface with the production·feeding and the 
slaughtering.processing subsystem as a synchronized and 
integrated part of the subsector model. The objective of 
this SUbsystem is to COmplete the systems model and 
rIlpresent' th('organizational structure of the distribution 
sl'gn1l'nl of th(' ll.S. pork slibsector. 

'I III:' SUbsystem consists oflwo main parts: (1) 
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distribution of pork cuts as wholesale cuts to nonretail 
and retail outlets and (2) consumption of pork products 
assumed to occur in the institutional and household 
segments of the United States. The nonretail outlets in 
the institutional Channel include hote:3, restaurants, and 
institutions (schools, hospitals, and so on). The distri· 
bution outlet for househoid consumption is divided into 
chain supermarkets, independent supermarkets, and con
venience grocers (figure 6). 

In distributing the pork cuts for the various cale· 
gories of consumption there are two pricing points: the 
wholesale market and the retail market. The total 
quantity of pork (supply) is in the form of the eight 
prucessed cuts from the slaughtering·processing sub· 
system. The wholesale pricing point determines the 
wholesale price for each pork cut and the quantity of 
each cut to be distributeed to the consumption outlets. 
Through the non retail outlet, the wholesale cuts are 
consumed without further market action. The pork 
distributed through the retail channel is priced by cut 
for the three retail outlets. 

At present, the U.S. pork distribution and consump· 
tion sector mainly operates in a free competitive market, 
with limited vertical integration between packers and 
retailers. Therefore, wholesale and retail markets .serve as 
the points for price and quantity determination, with 
the packers and processors on one side and consumer of 
pork on the other (figure 6). 

The wholesale market provides the link between this 
subsystem and the slaughtering-processing SUbsystem. 
The supply of pork by cuts in fresh and processed form 
as well as the average live market hog price is furnished 
by the slaughtering.processing subsystem. There are 
three major segments .of .the distribution-consumption 
subsystem: (1) wholesale prices by pork cuts, (2) 
quantity of wholesale pork by cuts and market outlets, 
and (3) retail pork prices by cut and retail outlet. 
Operation of this SUbsystem begins with the determi· 
nation of wholesale prices and the distribution of cuts to 
the retail and nonretail market channels. The pork 
distributed to the retail sector is in turn priced by retail 
cut, and the quantity moving to the three retail outlets is 
subsequently determined. A number of variables -fhflu
ence the three parts of this subsystem, lagged prices, 
lagged quantities, and exogenous variables. For example, 
the wholesale price of pork cuts is affected by lagged 
wholesale pork prices, lagged retail pork prices, total 
fresh pork supply, and the monthly dummy varillbles. 

From the three major endogenous segments, several 
industry statistics were derived or calCUlated. A com· 
posite wholesale pork price was derived from the 
individual wholesale pork cut prices. Per capita pork 
consumption by cuts and by market outlets was calcu· 
lated from the quantity of pork to be consumed. 
Average retail pork price by cuts and a composite retail 
pork price by outlets and cuts were computed. Two 
price spread series Were calculated when combined with 
the average market hog price-the farm· to-retail price 
spread and the wholesale-to-retail price spread. 
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l"inally, the composite wholesale pork price and 
wholesale prices [or hams, loins, butts, and picnics are 
transferred buck to the sluughtE'ring-processing sub
system. Till'se five price variubles are used in the 
slaughtering-processing subsystem us lagged endogl'neous 
variables. 

In mathematicul form, thl' distribution.consumption 
subsystem cun be delineuted into two types of equa
tions: functional forms and idE'ntilies. F'lInctional 
equations an' used to estimatC' thE' thrrC' major endoge
nous variables. 'l'wo types of statistical techniques w('re 
used to estimate the functional forms: linear [egression 
and nonlinear alltoregressiVl' regression. The remaining 
endogenolls variablC's of thC' distributiop'consumption 
subsystl'm wt'rl' cHlculaled by lIsing idl'lltitil's or arithnll' 
tical equations. Till' nonlinear regression model is a 
derivation or the two.lag model used in tlll'siaughtl'ring
processing subsyslem (l'qualion 7). In making usC' or the 
gl'nerlll mod('1 in this subsysll'm, tl1l' :\ and )J. paran1l'tl'rs 
an' set l~qual to 1\l'(0, thus rl'duci ng the lwo·lagmodl'l to 
a Single lagged modt'l with a paral11('t('r,.: to account for 
autoregressive l'rrors. 'PIll' specific type of statistical 
ll1l'thod us('d to estimatt' thl' l'ndogl'tlOUS variables is 
presented in table 13. 

Ordinarily, wholesale pork prices and quantities are 
determined simullaneously in the Wholesale market. 
HOWl'Vl'r, in a recursive syst('m of equations, only 
unilateral causal relationships an' possible. Thu1" the 
system establishes wholesall' pork prices prior to dl'ter
mining the qualllity to be distributed to the various 
outlets. As modell'd, thl' slaughtl'ring'procC'ssing sub
system anlicipatl's thl' lotal quanliLy of cuts to be 
processed \l'quation 101. This anticipated quantity, in 

turn, serves as a basis for the lotal quan tity of wholes 
cuts available to the wholesale market.. Once wholes; 
prices are dl'tl'rmined by cut, the distribvtion of cu.ts 
retailund nonretail outlets occurs. 

The wholesalC' prices by cuts was estimated usin{ 
linear regression technique and consisted of the folio 
ing variHbles: 

_i j j
f (WPY-t_l' APR 1 , TQP t't_

STOGS , RPB ,
t t

RCP t' BFCM , TCKP t' SD, D65, PRPS _ )
t t 1

where: 

the ,vholesale price of the jth wholesa 
cut in period t-$/cwt. (j-1,2,4-6,8.10). 
j"'l-hams j = 6-picnics 
j = 2-loins j = 7-not used 
j = 3-bellies j = 8-bacon 
j = 4-ribs j = 9--sausage 
j = 5-butts j = 10-luncheon meat 

wppj '" the lagged wholesale price of the jt
t-1 

wholesale cut@$/cwt. 


APRi.l 
 average retail price of the jth processE 
cut lagged one period 0-1,2,4-6,8-10) 
$/cwt. 
tolal quantity of the Pl processed ct 
available for wholesale market in perio 
L, (j-1,2,4-6,7-10)~mil.lbs. 

Tabll' l.:~---Odiniti()n or variables contained in equation for estimating wholesale pork prices and 
quantitips, and rl'lail pork prices, by outlets and cuts 

-~-.....---------

Wppi QpIJ PR1,j
L t 

Statistical equation Static with auto- Static with aulo-
Linear regressive error regressive error 

-
Endogenous variables associated 

_. ,with y lags . . - ~ . . . . . . . . ~ . TQPi QPx~J~ 

t 

Laggl'c1 deppnd\'ot and olIH'I' wppj 'l'Qpitom tom 


endogenous varialll("l, not associated APRLm S'I'QGS WPp{ PRf,j

t tom. 

with lags. , , . ~ . - ~ " '" ... FRPSt_m~ ~ 

Exogenous vuriabl('s ' .. .. . .. ,'". ,. BFOl\l t 'I'GKP 'I'OKPl RBPt t 

RBP ROP Trend ROPt RMPlt t; 
r ,}'!'()nd 
I -Oumm)' variables .............. D65


'\ OGfiSO SO SD 
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8'['(~(~St = 	 total quantity of fresh pork available in 
period t [rom slallghtt'r in period t-mil. 
Ibs. 

RI3I\ aVl'ragt' relat! bet'f price in period t-elIb. 
RCPt ",' avt'rage retail chicken price in period t 

e!lb. 
BFCM l U.S. beef consumption in period t-mil.c 

Ibs. 
TCKP t ., U.S. commt'rcial broiler production in 

pl'riod i-nlil. Ibs. 
so 	 ",ero'OIlt' monthly dummy variables where 

January St'rved as tlH' a priori excluded 
month. 

065 dummy \'uriable for year 1965. 

FRPSL.1 '" thl' farm·rl'lail price spread lagged one 
period' -$irwt. 

'l'ht' estimation rt'sulLs for tIll' wholE'sall' price of 
bt'llies art' presented \11 table H and those (or the 
rt'mai ning wholesale pork cuts art' in appt'ndix tablt' 10. 

• [n gl'nt'ral, the t'stirnation results Were acceptable. 
Appropriate economiC' signs and high t·values wert' 
indicated for the variables assumed to infiul'ncl' the 
wholesalt' price of pork bl'llies. Seasonal dummies for 
months May through September were all 11t'gative and 

'l'abl~' 1.I·Estimaled clll'fficients and statistical 

inft)rmaLilln for wholes:Jl~ price ~,r pork 


bellies, (WPP])' 


--..... -... '.. ---- -Est! m:Jled-rl----- 

rncl~'pendent ret(tession I-Value 
variabl(· codficient j 

('onstan l 	 :16.98.29 

0.7073 6.317 

wppi 	 -0.1819 2.115
l'~ ·········1 

TQPL .... - ....1 ·0.0804 2.744 

I
'l'ep .............• 0..2850 2.002 
S'l'QGS ... _.. _ ... ·0.0394 7.332 
BFC:VI ...•... , •. 9.7223 2.651 
trcKP ., .... , .... 11.0872 1.428 
FI'b. dummyl .",. -3.1327 2.687 
Mar. dummy ·1.1709 0.987 
.;\pr. du ml11)' 0.605·' 0.527 
i\lay dq I11my ·2.6735 2.204 
,June dummy -6.220., 4.511 
July dummy ·6.51·' t 4.679 
Aug. dummy ,6.258.' 5.126 
Sppl. du mmy , ' .•. ·2.2824 2.072 
(kl dummy ·1.4603 1.328 
No" dummY . , .... 2.192,1 1.780 
DN'. dummy ~.7832 2.622 

I /2 = .9f19; F . 83,484; mean" 52.78 D-W . 2.122; 
Slnndatd ('rror of estimate'" 1.8453; de!lrcl'~ of freedom 
'" .11' Janqary Sl'rved !is the n priori excluded month. 

significant at the 0.05 level or greater. Thi:; indicates that 
the price or pork bellies was depressed in this 5-month 
period relative to the base month, January. A I-month 
lagged pork belly price was ¢ery significant, thus 
indicaLing the eyclical influence of wholesale prices. As 
expeded, the total quantity of pork avaialble from 
current slaughter was significant and carried the appro· 
priate negatiVl' sign. TIll' total quantity of pork pro
cessed the previous month was sign:ficanL, possibly 
indicating a proxy variable for potential pork stocks. 
The high R2 value illld significant F-statisti~ coupled 
with the satisfactory D-W statistic indicated the equation 
had a relatively good fit, 

A composite wholesale pork price is calculated by 
weighing the wholesale prices estimated for the indi
vidual pork cuts by the quantity processed of the 
respective cuts:" 

(12) CWPP - 10(Wppj 
t ~ 


j=1 


10 

It is assumed that cwppt is equal to the reported 
U.S. average wholesale price. 

After the wholesale price is established, the quantity 
of each cut distributed to retail and nonretail outlets is 
determined. These quantities were estimated by the 
nonlinear auioregressivl' regression technique used in 
equation 7: s 

Ij _ j Ij 7 j
(13) QP - f(TQP .1 , QP t.1 , \\FP , SO, T)

t t t 

(1=1-4); 0=1-10) 

where; 

the quanLity of the jth processed cut distrib

uted to the rth outlet in period t-mil. [bs. 

I=l-HRr 

[=2-chain supermarkets 

I=3-independent supermarkets 

I=4-convenience grocers. 


The estimation results for equation 13 are presented 
in appendix table 11. A static autoregressive model was 
used. Estimation results were good, with R2 values 
ranging from 0.97 to 0.99 and generally satisfactory O-W 
statistics. A;. a group, the seasonal dummy variables were 
very significant. Since an autoregressive error model was 
used, the beta coefficient accounts for the autoregressive 

4 Variables of equation. 12 have been idenliCied previ
oU$ly. 

S The jth notation for equation 13 is the same as in 
equation 11. Independent variables identified in previous 
er)uations are not repeated here. 

21 

http:16.98.29


error in tl1l' rl'sidutlls. It pro .. ed to be highly significant 
in most equailOl1S. This particular param('t('t is also 1111 

mdiealiol\ of tlw influ{'l1ct' of llw lagged depl'ndent 
variable, 

PN eapiln pork consumption by individual cut and 
on a cOlllpositl' basis are calculated by equations 14 and 
15. 

(14) PC(~l,ll -, Il'Q1't }1'O1' 

wlwrt': 

pl'r capita conSllmption of the jth pro
cl'ssp(l clll~(lbs.), (j~l ~10), 

10 . 
(15) 1'PcqP "'.i: PCQl,l 

J~ 1 

whNe: 

'I'PCQP '" 	 composite per capita pork consump
tion-Ibs. 

Arler wholosale prices and quantities distributed 
to tJolI(l'taii and retail outlets are determined, the system 
procl'eds to price the pork cuts dPlivered to the three 
retail outl('t;;. Pork cuts arc distributed to the HRI 
channel1' without allY Curthrr pricing. Howev('r, that 
portion of pork cuts dt'livt'ted into retail outlets has 
retail pricl's detprmined by cut. UndN the assumption 
that no storage occurs bel-ween the wholesale the retail 
markpts, the quantity of pork di~tributed to each retail 
outlet is consumed in that amount bv households. 

Variabl('s \Ised in l'stimating pork retail prices by cuts 
lin' presentpd in ('quaLion 16. '1'he l'stirnation ll'chnique 
is th(' slalk i1utoregressiv(' ll'chnique dPrived from 
equlltion 7. 

(1 H) 

The estimation results [or the three retail outlets
chain, independenl, and conveniellce-by the eight retail 
cuts are presented in appendix table 12. 1'he nonlinear 
autoregressive model provided estimation results supe
nor lo those of a singe equalion Iinenr model. R 2 values 
r.1l1ged from 0,91 to 0.99. 1'hl' equation for ham and 
baeoll produc('d thl' 10W('1;t R2 values (0.91) of the 24 
singh' equations (>stimal~d (or the retail cuts (app. table 
12). Sau~rgl' and IUllCh meat equations yielded the 
hlghest R -	 valul'S of the NluaLion seties-0.97 and 0.98, 
(('speetively. 

Following 	 t\1(I dell'rtll\l1ation of reLail prices, an 
nVl'rage retail price by cul is calculaled as indicated in 
eq_ 	 l7. Then, a compositl' relllil pork price is computed 
{equat.ion 18),' 

j 4 
(17) APR (PR!j * QP!j)" t 1=1 

4 QP[jl: 
t1"'1 

(18) CRPP 
L 

10 J' 

::: 'fQP


j = 1 t 


where: 

CRPPt = composite retail pork price; $/cwl. 

Price spreads are estimaLed at two levels-wholesale
retail and [arm-retail (equations 19 and 20). The two 
linear equations were estimated by ordinary least squares. 

j
(19) WRPSt '" f(WRPS , APR STOGS

t-l t-1' t' 

CRPPb CWPP t , 

APBG, Trend, SO, 065, BFCM, TCKP) 

wherp: 

wholesale-retail price spread, $/cwt. 

average retail pork price for jth cut. 
j=2-loins 
j=5-butts 
j"'6-picnics 

(20) FRPSt = f(FRPSt_l, CRPPt> CWPPt , APBG t , 

TCKPt> Trend, SO) 

where: 

FRPS '" farm-retail price spread@$/cwt. 

The regression results are given in appendix table 13. 
Estimation equations were used for these two price 
spread variables for the following reasons: 

1. 	 In compiling the national statistic, the U.S. 
Department of Agriculture accounts for price 
specials on a weekly basis. 

2. 	 Price specials were not a component of the 
SUbsystem mede\. Therefore, a single arithmatical 
calculaLibn could not be done for comparison 
with the indusLry statistic. 

'Only those variables noL identified earlier or those 
needed for c!arifieation m:e identified. 
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SIMULATION AND VALIDATION OF MODEL 


Simulation Results 

The hog-pork systems model, together with the 
specifications of exogenous price and quantity input 
variables, was simulated on a monthly basis for January 
1965 though December 1971. Lagged reported data for 
the period October 1964 to December 1964 were used 
to initialize the model. The model was completely 
recursive and operating on self-generated data for Janu
ary 1965-December 1971. During tl}e simulation period, 
the model compared simulated variables with reported 
variables, calculated tht' error in terms of absolute terms 
and percentages, a,.d then proceeded to plot the 
simulated and reported data. 

The simulation results (figs. 7-11) lind validation of 
the model are discussed in terms of the following five 
variables: 

1. 	 Sow farrowings. 
2. 	 Total number of market hogs sold-that is, 

commercial hog slaughter. 
3. 	 Average price of market barrows and gilts. 
4. 	 Composite wholesale pork price. 
5. 	 Composite retail pork price. 
These variables were selected because they are fre

quently used when discussing the economic structure of 
the hog-pork industry or the impact of demand and 
supply changes. The relative frequencies of simulated vs. 
historical for the five performance variables are p.re
sen ted in appendix figures 1-5. 

In general, the model traces satisfactorily the time 
path for all five variables. As expected, the price 
variables displayed more variation than those for sow 
farrowings and market hogs sold. However, the variation 
was not considered serious because it was not con
sistently ~bove or below the reported time path. The 
quantity variables-sow farrowing and total number of 
market hogs sold-were simulated with less variation. 
The annual average of the percentage monthly deviations 
for the 7 -year period ranged from 5 percent below to 
just over 1 percent above the reported sow farrowings 

for the same period (fig. 7 and table 15). A similar 
percentage deviation was observed for total number of 
market hogs sold. The observed percentage deviation 
ranged from 4.75 percent below reported commercial 
hog slaughter to 2.13 percent above. Since this was a 
behaNioral simulation model, no attempt was made to 
obtain simulated values which minimized the error. 

Validation of Model 

Much has been written about procedures used to 
simulat.e economic systems. However, relatively little has 
been said about how to verify a simulation model. In the 
strictest sense, validation means to prove that a model is 
true. But to prove that a model is "true" requires: (1) a 
set of established criteria for differentiating between 
models which are "true" and those which are "not 
true", and (2) the ability to readily apply these criteria 
to any given model. 

Naylor (9) outlines two general approaches to model 
verification-verification by forecasting and historical 
verification. Verification by forecasting has the disadvan
tage of requiring (1) great lengths of time and (2) use of 
only part of the information available when constructing 
the model. Historical verification is questionable in that 
it generally uses the same data that went into developing 
the model. 

A wide variety of tests have been developed for 
determining whether or not the relationship between 
simulated and actual time paths can be attributed to 
chance. These techniques include Theil's inequality 
coefficient (eqllation 21), spectral analysis, factor analy
sis, F-Test, and others. Theil's inequality coefficient was 
used as the test statistic for evaluating the simulation 
results of this study (24). 

(21) 	 U= J r. (P_A)2 

n 


Jr. A2 
n 

Table 15-Annual average monthly percentage deviations for selected variables, 1965-71 

Year 
Sows 

farrowings 
Commercial 

hog 
slaughter 

Average price, 
market 

barrows and 
gilts 

Composite 
wholesale 
pork price 

Composite 
retail 

pork price 

Percent Percent Percent Percent Percent 

1965 
1966 
1967 
1968 
1969 
1970 
1971 

..................... ".0

... ~ .................... 

.... , .. .. . . .. .. .. .. .. . .. ~ . .. .. .. 

............................ 

................................... 

.. ~ .. .. .. .. .. .. . .. .. .. .. .. .. . .. ~ .. 

.............................. 

-3.20 
-0.25 
-2.25 
-0.66 
1.35 

-2.08 
-5.06 

2.13 
-1.98 
1.55 

-4.75 
-0.51 
-1.31 
-2.48 

-3.95 
-0.55 
-6.67 
6.41 

-3.81 
3.93 
4.80 

-3.11 
1.03 

-5.64 
-1.33 
-3.37 
.12.62 

8.51 

2.40 
0.98 
6.41 
8.66 
0.63 
-4.34 
3.53 

23 



Figure 7. Number of sows farrowed: 

- - Simulated and 
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Figure 8. Commercial hog slaughter: 

---Simulated and 
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Figure 9. Average market prices of barrows and gilts: 

-_. Simulated and 
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Figure 10. Composite wholesale pork price: 
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Figure 11. Composite retail pork p.rice: 

•-- Simulated and 
-Reported 

$/CWT 

85 f----

I I," . . . 1>. 

, 
I " ~ ., t 
I ., .) . , ,

-4--1 ,_', 1_,_, • ,_80 1
.~ • I • " ",1f\: ,~: ~ ~,,. ,,. , 

" II 
f 

75 -l - -- 

70 

lJ., 
,• 
I 

•
, 
I, 

~ I , 

'I'- .' ~ \ . 
, " 
-,-~-

28 



'\'!\l1 value of this statistic would Ill' lero for a p"rfl't'l 
simulation l'XIH'rillll'l1t or t1w historical pi.'riod 'I'll(' 
computl'd ll'~t statlstl<,' \Oillllt'\ for till' fivE' sdertl'd 
v-.lrlabll.'S an' shown III labh' 16. TIll' l~-slalisli(' for all 
endo~l'llouS variables IS givl'll in appl'l1dix tabll' 15. 

I.lhk I t> Iltt.'tr~ lIwqlhllity ('o('ITlci,'nt for 
st'il'Cll'd "n(\llg.l'lloU;, \<lnablt·, 

~T ' 
IStatl',l'l~ 
t· 
I , 00.)1~ow:-. ''.llr()WIIlj!' 


AVl'r;\I!(' pnCI' h.trl'lIW'i .111<1l!lit" 
 II lll~ 
n, () !!lt 'onnlwrt'\,tl hog slaugh IN . 

Com postle \\. ho\c'",II,' pod, pm:" IJ,0711 

('llmIHIS!tP (ptatl porI- pnt'(' Utl:l.-)
1 

In vi('w of till' dilTil'ultil'~ with eritpria for \erifica· 
lion. a measun' of tlH' dpgn'L' or l'ollfil1l'llwut of lll(' 
nll)c\('! spemed morl' appropnatl'--lhal h, simulation of 
turning pOInts on the tinH' path of IIldividual variables. 
The r('sult" showed lhat turning points wen' missed in 
only 8 of H.\ possilM limps for sow farrowings and in 26 
of H.\ lime~ for tht' composill' retail prict'. This is not 
surprising, :;111('(' quanliLy \'ariabll's \'xhibil less vanHlion 
than prict' variabll's. Abo, some thl' til\' endogenous 
\'ariablps of the compoSite retail pritt· pquatlOll Wl'n' 
derived from other estimated equations within 1IH' 
model. 

Usc 101(1 uimilations 

On lhe basis of till' slllnllalion resulls, it can bl' 
conc\udl'd that 111l' modl'l provides a reasonably good 
l'xplanalion of the bl'havior of the hog-pork subsecio[ 
during the period studied. I"or most or the ('nc\ogenous 
variables in thl' model, the simulated lime paths fol
lowed a pattl'nl which closely rl'sembled the lime paths 
of lht' historical \'ariables. However, the moc\el failed to 
predlcL some l'xtn'llH' valu('s and missed some turning 
points. 

T!ll' primary interest was in ('valualing till' lin pact of 
vanous vl'rtkal coordination alternativl's on the behavior 
of the hog·pork subseclor. The results of ihesl' simula
tions art' reported in another publication Effl.'cls of 
Changes 111 Vl'rtical Coordination on Pork Production 
and Prices (F.S. Dept. of Agr., Econ. Res. Serv,. Agr. 
Econ. Rpt. No, 303, Aug. 1975). Howl'vt'r. lilt' model 
should be useful in evaluating thl' impact of Federal 
Governml'lll policil's on p('rforl11anc(' of til(> markt't and 
produl'llon sectIOns of till' hog-pork subsector. The 
modl'l also may have praelical or tll£'on'ti('al liSt'S. As a 
dl'Vicl' for simulating the a~gn'gliLl' behavior o( ttl£' 
subsl'('lor, it may bt, usefullo individual firms intt'rl'sLed 
in making thl.'it own forecasts based on indus.try fon" 
cas.ts. To th(' l'xtt'nt that an individual firm\ behavior 
follows the industry PiltLPnl, lIll' firm CQuid lise till' 
mode>! (or both long· and shorl·l(~rlll roreclisting. 

'rhl' rl'slIllS prt'sl'ntl'd here are conditioned by til(' 

undL'rlying slruclurt' of till' model, thl' limited data used, 
and til(' cOllt'eptual framework of til!' systl'ms approach 
('Illpluyt'd. 

DlIta limitation!> arfl'cted till' Il'vl'ls of disaggregation 
and aggr('galion. which ill turn affected till' funl'lional 
form of spl'cific' equations. Data availability influl'IH'ed 
the \('vl'l of nggrt'galion for l'quationl> in all thre(.' 
subliysll~llls~-production, slaughteri ng·prol,('ssing, and 
distribul\on·conslimpLion. For t'xllmplt" dala on market 
hog supply b) markpt classl'S Wl'rP not eolleclpd. As a 
rt'sult, total monthly eommercial hog slaught('r was 
disaggrpgaled inlo \H'jghl groups based on assurnplions 
about lh(' growth and faLtpning of market hogs. This 
primarily in(luencL'd till' produl'lion and slaughtering
proc('ssing subsystems. lndireetly, it also infllll'nced the 
dl,-;lribulioll-consull1ptlon subsystem because quantities 
of ",holl'sall' and retail pork cuts WNP affeeled by tht' 
estimated dIstribution of hog numbers among lhe 
market weight c1assl's. 

Data availability also affected the form of specific 
equations. Frequently, theoretical determinants of a 
dl'pendL'nt variablt' could not be adequately measured by 
existing data series. Sl'veral ('xampl('s call bl' cited. 
Changes over tin1l' II1 .the amount of pork used in 
lundll'on meat are Iikl'Jy to bt' influenced by changes in 
lhl' relatiYl' pric(' relaLiol1shi p of pork, beef, and chicken. 
Dala series do not adequately measure the quantity of 
pork consumed in the form of luncheon meat. Also, 
changes in the dl'mand for specifil! weight groups of hogs 
at(' Iikply to bl' influenced by changes in the quantity of 
wholesall' pork cuts in storage and consumer !)rcference 
(or certain cut.s are perceived by the meatpacker. Again, 
no data Sl'ri!'s adequately measures the meatpacker's 
purchases of specific weight classes of hogs. 

In some instances, the functional (orm of the 
equation was afCl'cted by lack of dala. Conceptually, one 
would like to fit a simultan('ous system of equations for 
all organizational entities in the live hog market, 
wholesale market, and retail market. But no data were 
available as to quantitit's taken or prices paid by lhese 
enLities. For ('xamplt', the mOdel docs not account for 
tht' simultaneous demand [or pork cuts by retail and 
non retail institutions in the wholesale market, nor for 
the simultaneous determination of prices and quantities 
by thu chains, independents, and convenience grocers at 
the retail level. 

TIH' conct'ptual fram('work employed in constructing 
the model dol'S not permit simulation of the behavior o( 
various types of hog producers or meatpackers. For 
some purpQs('s, it would bt' morl' dl'sirable to measure 
their rusponsl' to alternativ(' coordination possibilities 
than it WQuid be to measure the aggregate response .of 
producers, packers, and consumers. Additionally, much 
or lhe industry data serit's are collected annually, 
semiannually, or quarterly for the quantity variables and 
usually monthly for most of the price variables. The 
dl'laill'd prict' changl's and quanULy changus performed 
by the dit'ferenl types of partiCipants in the hog·pork 
subsedor arl) disguised in the aggregate data liedel). 
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APPENDIX 


Identification of Variables for Computer BCAN '" 	 number of barrows and gilts in 180·200 
lb. weight group.Simulation Model 

BGBN '" number of barrows and gilts in 200-220 

MOl = current call:'ndar month (1-12) lb. weight group. 

M02 simulation month (l,-M) BGOlV = number of barro\ys and gills in 240·270 

'fMO (l) = monthly dummy variable adjustments lb. wl'ight group. 
BGDN numbN of barrows and gilL~ in 270+lb.1 - 1-12 

TMO (I) ,.. 1 if I '" M01 weight group. 
BGEN numbN of barrows and gilLs in 220-240TMO (1) '" °if 1= MOl 

TREND'" time trend (1-8.1) GAMMA1 lb. weight group. 
(l) = percentage of hogs in the ith weighL 

group of alimarkcL hogs sold (1=1,6).NOTE: All variables are time subscripted l unless other
I = 1 """ 180-200 Ib~. 
1= 2 = 200·220 Ibs. 
I'" 3 '" 220-240 Ibs. 
I'" ·1 '" 2,10-270 Ibs. 

wise indicated. 

Production-Feeding Subsystem: 
l"" 5 '" 270 + Ibs.,Variable 10 
I ,~ 6 '" sows and boars 

W Fourier series constant. 
SF (1) number of sows farrowing III the first 

lime period (1,000 head). Slaughtering-Processing Subsystem: 
= average price of barrows and gilts in theHP (I) Variable 10 


firsllime period ($1 per cwL.l. 

OP = corn price; No.2 Omaha ($1 per bu.). NOTE: TimE:' period subscript is denoted as [ol1ows: 

GlL'I'S = number of gilts saved for breeding (1,000 
 1"" current month (t) 


head). 2'" lagged 1 month (t-l) 

BOARS '" number of boars saved for breeding 
 3 = lagged 2 months (t-2) 

(1,000 head). 4. = lagged 3 months (L·3) 
"'" number of weaning pigs, 1 to 30 days ofWPA General rules for subscripLsin this subsysLem: 


age, the current pig crop (1,000 head). 
 A. Market hog weight groups-

AK "" number of pigs per litter. 
 1 "" 180-200 Ibs . 
SPPL .. seasonal adjustmenL on the pigs per litter 2 = 200-220 Ibs. 

(AKl· 3 '" 220-240 Ibs. 

HePR = hog-eorn ratio. 
 4 = 240-270 Ibs. 

AVLWF => reported average liveweighl (Ibs.). 
 5 = 270 + Ibs. 

13GSI '" reported number of barrows and gilts sold 
 6"" sows and boars 

(1,000 head). B. Fresh or processed wholesale cuts-
SOWSI = reported number of sows slaughtered 6 [r(!s/z (gree/l clll s) 

(1,000 head). 
1 = hams

BGS '" estimated number of barrows and gilts 
2 = loinssold (1.000 head). 
3"" bellies SWS = reported number of sows sold (1,000 

<I '" ribs
head). 
5 '" butts

BRS = reported number of boars sold (1;000 
6 F picnics

head). 
7 '" trimmings

TFH tolal females held in breeding herd (1,000 
8 I'roc(!ssecl elllShead). 


TMALES = total males held in breeding herd (1.000 
 1 = hams 
2 = loinshead). 


SFT4 '" estimated nunlber of sows farrowing aL 3 =.not used 


t+4 (1.000 head), 4"" ribs 


SGS - number of sows sold (1,000 head)_ 5 = butts 


DMALES - number of boars required to service TFH. 6 = picnics 


TFBD '" number or bred females required to yield 7 '" noL used 


SFT4. 8'" bacon 


SMALES .. number of boars sold (1.000 head). 9 "" sausage 


AVLW = average Iiveweight for SBG(3) (lbs.). 10'" luncheon meat 
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UA~l~lA ~ 

!l.1.1HI 
I.'\\'1'1' tIl 

WBP ILl 

DP[ 

T111"T,\ 1 
ILlI 

Sll(: {l,JI 

TBU OJ 

TWtLD (t,.l! 

PHD \1,.)) 

PBti (1,.1) 

UA~r~lA 3 (11 

SP 

APBG (1) 


TQGS tJI 

STQOS ell 

(~P(,D (T,J) 

TrlInA:3 (I) 

lIllticipat(·u dl'mand (or the itll whole
~al~' ('ut (llliL Ibs.l. 
regn'sslolT cot'flidl'llts for AQG (l,l) 
pslimated (·qualioll. 
cmnposltl' wbolesnll' pork prict' in till' 
Ith time PNlOd, 1~·1.·3, eonlpositt' of 
til(' nilH> wholl's'lh· pric(':) IS'cwt:). 
wholl':.al(' bN'f PrlCl' ill the ith timl' 
pl'riod, [. 1.2. ($:('wl.). 

disposablt' pl'rsonal ir1l'unll' ($ pcr 
(·apila). 
antl('lpal('d di,'mand of tilt' jth eut in 
thl' ith llIarkl'l hog wl'ight group (T=l, 
.t) I. (J . 1.61 (lbs.'ltogl. 
('lIt·ouL ('u\'l'Ii('il'nt for thE' jth wholl' 
:-.111(' t'ut In till' ith I\\ark,\'l hog weight 
group (I I,G) (J~l,·7). 
Illllnb,'r of mark,('l hog!:> in till' ith 
wl'ight group (1'1·1:i1 (1.000 head). 
total nUll1bpr of marht hogs in thl' ith 
limp pNiod (1'1,-3) (1,000 head). 

.,. nUllllwt of markl't hogs in 1Ill' ith 
\\'(llghl group for jth lime period 0=1,· 
6), (J=1·3): (no"l,OOO 1.'.S popula· 
lion). 
tolal I1lllnbl'r of markl't hogs in the ith 
tlllW pNiod (I~1-3) (no.;l,OOO U.S. 
population).................. . 
mlllimulll number of hogs d('manded 
in tlH' ltll weight group for jth timl' 
pl'Tiod \1'" 1·6)" t.J~1·3) (hog equiva
1\'11:>'10.000 U.S. population). 
additional nmnbpr of hogs demanded 
It1 thl' ith weight group for jth Lilll(, 

IH'riud (1;1-6), (J=1-3) (hog equiva
Il'n['10,OOO U.S. population), 
I!Vl' hog pric(' of til\' ith market weight 
group in til(' jth time period (1"'1·6) 
(J= 1·,1) ($jcwt.l. 
n'gression C'oeflicient.s for PBG(I,1) 
estimated equation (1=1·20). 

.. 	 choice live sleer price (S/cwl,). 
aVl'ragt' pdc\' barrows and gilts in the 
ith lime period (Sicw!..). 
quanti!.)" of the jth wholl.'sale green cut 
frQ1)1 th1:' ith market hog weight group 
n"'1·6) (J=1·7) (mil. Ibs.). 

'" 	 tolal quanllt;y of the jth wholesale 
green cut from current $Iilllghler (J=l
7) (mil. lbs.). 
total quantity of fr('sh pork from cur· 
r('nl slaughter in the ith time period 
(l" 1,2) (mil. Ibs.). 
anticipat.ed quantity demanded of the 
Ith procl'sscd cut in lhe jth lime period 
(1=1,·10 but ;;:3 or 7) 0=1·2) (mil. 
Ibs.). 

'" 	 Tl'gressiol' cOt'fliclent for QPCD (1,1) 
estin1ated equaLiQI1 (1=1,10 but ';'3or7). 

WBI' (I) whu[psale beef price in till' iLh lime 

TOKe (\) 

Rep 
CRPP (1) 

QPCOF (J) 

TOKP (IJ 

QGCP (J) 

QGCPS (J) 

SQC (I,.l) 

DSTO.R (J) 

PIPE (J) 

QPS (J) 

p{~riod (1=1,2) ($/t'wL). 
per capitn chick(>n consumption in the 
iih time period (1"- 1,2) (Ibs.). 
retail chicken price ($lcwl.). 
composite rclail price of pork in the 
nh lime period (1=1,2) ($/cwl.) 
quantity demanded of the jth proc
essed cut in green cut equivalents, (J= 
110) (mil. Ibs.).. 

'" 	 U.S. cOll1nH?rcial broiler production in 
the ilh Linl(' period (mil. Ibs.). 

"" 	 quanlit.y of the jth green cut from cur· 
rent slaughter for processing, (J~'l,10) 
(mil. Ibs.). 
quantity DC the jUt green cul (rom 
storage for processing (J-'=1,10) (mil. 
Ibs.). 

= 	 quantit.y of the ith cut in storage in 
the jih lime period (1,1-7) (J=1,2) 
(mi\' Ibs.) . 
maximum storage quantity of the jlh 
cut (J=1,7 (mil. Ib$.). 
minimum storage quantity of the jth 
cut (J=l,-7) (mil. Ibs.). 
quantit.y of the jth cut processed (J=1. 
10) (mil. Ibs.). 

Distribution-Gonsmnption Subsystem: 
Variable 1D 

NOTE: 	 Same rules for subscripting of cuts apply in this 
subsystrm as in the Slaughtering-Processing sub
system. 

OPl\,! (1) 

OUMPR (J) 

WPP (I,J) 

RA (I,) 

QP (I,J.K) 

DELTAI 
(I,J) 

TQP (f,J) 

FRPS (l) 

APR (I,J) 

days per month in the ith month (1""1, 
12). 
1965 dummy variable for the jth cut 
(J=1,10). 
wholesale price of the itll cut in the jth 
time period (r=1,10) (J-l;3) ($/cwt.). 
regression coeflicients for the WPP 
(I,J) estimated equation (1=1,10). 
quantity of the jth processed cut for 
the ith outlet in the Kth time period 
(I=I,4), (J=1,10), (K-l,2) (mil.lbs.). 
regression coefficients for the QP (I,J, 
1) estimated equation (1=1,5) (J=l, 
10). 
lotal quantit.y of the ith cut processed 

in the jth t.ime period (1=1,10) (J=1,2) 

(mil. Ibs.). 

rarm·retail price spread in the ith time 

period (I==1,2){$/cwt.). 

average retail pricr of the ith cut in the 

jlh time period; averaged over the 

three retail outlets (I=1,10) (J""1,2) 

($/cwt..) 
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'{'RENO "" time trend with first Simulation QPX (I,.!.K) = quantity of the jth processed cut for 
month <= 1 and continuing. th('ith outlet in lh(' kth lime period 

PCQP (.1) = per capita supply quantity of thl' jth adjusted to days in month (1=1,5) 
processed cut (J=l,lO) (Ibs.). (J=1,10) (K=1,2) (mil. Ibs.). 

'l'PCQP = per capita pork supply quantity (Ibs.j. PS (1) L wholesale-rrlail price spread 
RMP (1) = U.S. red meal production in thl' ith ($/l~Wt.). 

lillie period (10 mil. Ibs.). 2. farm-retail price spread ($/ewL). 
PPO (L) = U.S. commercial poultry production in RB (I) regression coefficient for the ilh pricl' 

the ith time period (10 mil. Ibs.). spread series (1"'1,2). 

.. 
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Appendix table I--Narket baTrows and gilts: Weight group peTcentages, seven 

""" .. ...o-""f'--"--""'._- _ ..... '__ .,.._-'-+'" _'-_ 

Sample 
Honth and 

Jan. 70 
Feb. 
Har. 
Apr. 
~!ay 

June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Det'. 

Jan. 71 
Feb. 
Hal'. 
Apr. 
Hay 
June 
July 
Aug. 
Sept. 
Oc t. 
Nov. 
Dec. 

Jan. 72 
Feb. 
Har. 
Apr. 
Hay 
June 

180-200 
pounds 

2.39 
5.10 
3.22 
2.61 
2.94 
4.62 
5.55 
8.59 
5.57 
3.66 
3.58 
5.16 

4.97 
6.42 
4.95 
2.19 
2.83 
4.98 
6.88 
6.82 
6.08 
1. 97 
2.49 
4.62 

4.18 
4.66 
3.33 
2.51 
2.56 
3.04 

Hidwes t marke ts 

201-220 : 221-240 
pounds pounds 

-
Percentage 

23.51 35.03 
25.66 34.66 
25.71 39.33 
16.86 32.71 
17.08 30.86 
20.95 33.04 
33.40 40.71 
36.85 37.80 
28.85 43.43 
23.97 39.26 
22.48 38.90 
23.23 35.45 

24.78 32.27 
27.54 38.57 
27.24 42.96 
23.08 33.65 
17.99 39.04 
21.90 34.28 
30.47 36.88 
32.31 38.99 
31. 86 42.03 
27.33 41.61 
19.46 40.15 
26.14 35.67 

25.43 35.33 
24.99 40.99 
22.06 40.63 
22.73 35.22 
19.02 38.87 
23.55 35.17 

241-270 271-plus 
pounds pounds 

28.06 8.31 
27.14 5.90 
25.77 4.87 
35.11 10.47 
33.83 11.51 
25.31 12.44 
15.63 3.35 
14.90 1. 76 
17.61 3.79 
27.40 5.19 
27.13 6.22 
25.47 8.02 

28.42 6.96 
21.04 4.97 
20.25 3.31 
29.40 8.65 
28.80 8.49 
28.17 7.52 
21. 29 2.68 
17.66 3.77 
16.32 3.25 
26.01 2.64 
29.78 6.89 
25.01 7.01 

26.10 6.93 
23.74 4.51 
27.14 5.48 
30.53 7.05 
29.46 7.49 
27.20 8.02 

Source: Unpublished data obtained from Ha.rket News Branch, Livestock Division, 
Agr. Nktg. SeTv., U.S. Dept. of Agr., Washington, D.C. Seven markets include 
Indianapolis, Kan:,:H:lS City, Omaha, National Stock Ya:rds, St. Louis, Sioux City, 
South St. Joseph, and South St. Paul. 
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Appendix table 2--Estimation equations for the weight groups as fractions of total .barrows and gilts soJd 
-.~ .... _- --*~·--:--·---i80"'200·P"7;'u-nd- ------- --215o:'-220P-o-~'nds--"--·-"--240-':'27(rPo\Jnd:q·-·--·- -. -- .. ". Yiif P~lus' .. --.- --

Independent :~.• ____~___ .___________.• __:_______ •.___.____ ~___._ :.. ..•_________.______,..-____ .: .. _._..___.____._._~__ . __._. 
Variable :Regression: 51gnlfj- : Regression: 5i8nifl- : Regression: Signifi- : Rpgression: Signifi 

., , LCg_~gJJ£~_e.!1_t_:_c_allc.e.•L.ey.e.L:_Cp.ef U.si&n.t.:.s-anse__L~~_l.:.f2_eJJ i c}enJ.:.ca nc.e:-L.e.v.el=-c..0l!JLl.c)._e"n.t::"s.Cl-_nS,e__L_e.v_~1.. 

Constant : 0.036 : <0.0005 : 0.15'3 ; 0.0005: 0.103 : 0.025 : 0.02'3 : 0.001 
No~l' ··2-l'-·-"·:~·- --••._._.__ co:___ - _ .....-. -- .. ':---•.. ---•• -- .-._- - ,. ---- - -- .. --.·0 ..·. ------.--- -'-----'---- ,- "0._ ... - - '--
E uiva1ent: 0.572 : <0.0005 : 0.569 : .... 0.0005 : 0.387 : 0.002 : 0.874 : 0.005 
~-.-.-.--.-.---..-.-~.~------ -.-._ .•.,- -.,---~ ...--- _ ..•.. --- - ---.~....•'. -. -.. .. .., -_ .. -. - ...- - ....- .. ~•. -.- ..... -..• . .... -- ,-. -.. .... --' 

Jan. Dummy]j ~ -0.014 ~ 0.016 ~ ~ : : : : 
Fel·_.RUT~__._...:. ___~ __.__.. ~____.___. ____ ...__ ._ .. ..:.. .. _~_ ..____.__._:_._ .....__,_ ..__.._._.____,_ ....:_____._ ,_.. .:____~-____._.._ 
March Dummy -O.OlB 0.003 : -0.014 : -0.101 
~_:iL.PY-mp1L___:_-=-_Q.;_025 <0.005 :__ ::_0.033____:.,__ .9..:..9.2____:___ .0.~_Q5.~~._:. __0.·2.0k._. ..:__'O_:_Q.1,•.9___~:_~.9l..L.__ 
Hay Dummy -0.014 0.018 -0.036 0.. 02 0.024 0.226 
June Dummv ::::: 0.016 : 0.072 
July DU;;;Y ----~O-:05s~-·--<0~O(i5-- - ---0-:-053---'-0: 00·7----:- ::0. 02f'" ·---a.oig----"" 
Aug~ DummL. ~___.. ______:________:__0_. .P45 ___:.__2,.·jl.tL/L ___:.. ••-.9.-..Q.4..J.___:_...9..:..9.72,. .. _, .:. ________.__:._________ ._. 
Sept. Dummy : -0.015 0.015 0.040 0.065 
Oct. Dummy -0.030 <0.005 .0.,:029 __...:..._0..:Jl98___-=.__-0._0J._?~, 0.154 

Nov. Dummy -0.019 0.002 ·0.027 0.045 0,020 0.233w . .. .
lJ1 ---_.--._-------- --,_._-

R2 O.B71 0.904 0.857 0.867 

F-Value 20.471 36.972 1B.254 25.907 

D-W Statistic 1. 5B 1. 95 1. 74 1. 47 

1/ The fraction for the 220-240 pound barrows and gilts class was calculated as the residual. 

2/ The equivalent fraction computed as area under the normal distribution curve.

lj The month of Decembe.r was a priori deleted. Zero coefficients have been omitted. 
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Appendix table 3~-Identification of variables in equation for anticipated packer sales of the four lean 
primal cuts--harns, loins, butts, and picnics 

Depend- Indepentent Lagged : Independent: Error 
ent :Constant variable dependent variable : term 

:variable subset X variable subset D 

Nerlove struc

ture of 

scatistical Yt 
 ~ao(1-AX1-fJ)+.EajXjt - ~~XajXit_1 +(A+~)Yt-1 f{AfJ)Yt-2 ~~Dkt t et
model: Equa · . . .· .tion 7 

Variables of 
DPl· ..: j: j tAQG~ (j =1,2, AaGt 

J 
; CWP Pt-1 ;CWP Pt-2 : AQG t-1 :AOG t-2 SD 

5,6) 065 
8 

L.u 
0' 



Appendix table 4--Estimated parameters and statistical information for 

anticipated packer sales of hams, butts, and picnics (AQGj) 


t 

Hams Butts PicnicsIndependent :___---===-________--==-==-______--=o=:=~____ 
variables Estimated' Standard Estimated' Standard . Estimated. Standard 

and lagged : regression: error of :regression~ error of : regression: error of. . . . 
parameters ;parameters;parLmeters; parameter :parameter : parameter parameter 

Constant 209.7266 ~. 5131 107.8019 

CwPP 1 -1. 8378 1.207 -0.9395 0.461 -1. 0762 0.569t

0.1668 0.480 0.0117 0.469 0.0770 0.457 

-0.0602 \).430 -0.0643 0.409 -0.0754 0.399 

0.0441 0.011 0.0191 0.003 0.0228 0.004 

Feb. Dummy* -32.2995 9.372 -11. 4193 2.747 -13.249 3.450 
Har. Dummy -17.0244 8.072 2.9599 3.387 6.0669 4.418 
Apr. Dummy 3.1833 8.970 1.0244 3.014 0.3179 4.074 
Hay Dummy -49.9868 9.448 -11.2277 3.008 -13.4504 3.901 
June Dummy -66.4667 8.416 -15.9047 3.076 -18.0661 4.081 
July Dummy -57.1867 9.376 -18.0323 3.531 -19.5823 4.694 
Aug. Dummy -52.0988 10.535 -'-10.7862 4.126 -11. 0808 5.437 
Sept. Dummy -12.2503 10.895 -1. 6223 3.840 -0.3826 5.239 
Oct. Dummy 6.4708 10.220 3.9384 3.291 6.7965 4.444 
Nov. Dummy -28.1700 9.683 1. 4563 2.833 3.3555 3.614 
Dec. Dummy -38.0472 8.176 1. 5913 2.746 4.1230 3.408 
D65 Dummy -17.7546 6.526 -7.8199 2.050 -9.9492 2.560 
R2 .871 .893 .896 
Mean 240.279 89.805 112.632 
F 28.151 34.828 36.018 
D-W 2.043 2.103 2.137 
Standard 
Error of 
.Estimation 15.025 4.678 5.805 

*January served as the excluded ~riori month. 

37 




Appendix Table 5--Identification of economic variables in statistical model of price of market 180-200 
pound barrows ap.~ gilts and market sows and boars 

Nerlove Structure 
of Statistical 
Model: Equation 7 

Economic Variable 
1of PBG Equation:
t 


Equation 9 


w 

'" 
Economic Variable 

6 
for PBG t Equation: 

Equation 9 

Independent Lagged 
:Dependent: Constant: Variable Dependent
:Variable - Subset X Variable 

. . . ~ A . " 
Vt e~1-)\J(1-tJ~ .LSjXli-tJ"?8 X +{A+tJ)Vt_"-(i\f3lV_2+~1 t

: : I =T : I-I i It-: " 

1 ; TBG PBG' ; PBG _PBG ; TBG , t. t t-1 t-1: t 2 

6 ~BGt tBGt_, . 6 
P'B6PSG ;PBGt~' t-2t 

=-

Independent 

Variable 

Subset D 


c 
I dO +" 

k=1 k kt 

PHO' 
t 

TWHO' 
t 

SBG' 
t 

Bpt 
so 

TWH06 
t 

BPt 

SO 

Error 

Term 


et 



Appendix table 6--Identification of economic variables in statistical model of price of barrows ;md gilts 

Item 
:Dependent: 
:Variable 

Constant Independent Variable 
Subset X 

Independent 
Variable 

Subset Z 

Two Parameter 
Lag Structure 
Of Statistical: 
Model: 
Equation 7 

Y 
t 

a (l - .l.) 
o 

: 
: (1 - ~)(1 

+ 
: 

B). 

A • A\'.:. 
L. a.X. . (~ + B) I 

i=1 1. 1.t . i=1 

'! 

A 
a X + \' 

1 it-l \J B '" '?'i..Xi t-2 
i==l 

+ 
H 
\' b '/ 

. l. j "J
J==1 t 

W 
1.0 

Economic 
Variable of 

I
PBG Equation: 
1-2;5 

PBG
1 
t 

SBG1 
t 

TBG 
t 

I
SBG t  l 

TBGt-l 

I 
SBGt_ 2 

TB~-2 
PHD

I 
t 

TWHD~ 

Continued 



Appendix table 6--Identific&tion of economic variables in statistical model of price of barrows and gilts--Continued 

-" --, ••••• -,••,~- ._'_'._." •• 0,"" - ._., •••'0••••_-,--- • __.,._ .....-  •• - •• '.'" - --:'IO'depen=-:---
Independent VariablE- Lagged Dependent dent Error 

Item Subset Z Cont I d Variable: Variable Term 
_. __ , .'0'" .'. .,. 0 ._.____••• __ __..____ __• ____ ___ __ __.0. __ ~, ~_•••_, • •• .:_Subs~t:._!~__: ,___ . . , . 

Two Parameter cB ~, 
. 'z ,.'bZ.. '(Lag Structure '0. + \!) 1 h"t-l + ".L. j Jt-:'+ + " + .) Yt-1 2[(! + v): + , ... lye-.: +- ;""'~Yt-3+ ,I dkD kt 

+ 
et. 

of Statistical: j=1 J J )~l k=l 

Hodel: 

Equation 7 


, ' 
.. ,. .. .,.~ __ ..-,.... .. _____ ______..,....,.".<, _____ .... _______, _______• ....--_.". - _'......--..-'_ .... -'- .... __,,__,'- _,_ ~ .. or .,..._____._ .......
~~ ~_~_,_~ _._._._~_ ... ', 

Economic I 

Variable of PHD I _1 PH D _ I I . BG 1 BP
t t 2 PBG H PBG _:.: : P t-3 t

I ,: 1 t
PBG Equa~10n: TWHDt-I TWHoi-.2 SO 
1-2~5 ! 

.-.--~.-- ...-- ""--- ...._- ,- _.....------>-------""",----_-..

~ 
o 



--

Appendix table 7--Estimated parameters and statistical information for price of 
180- to 200-pound barrow gilts and market sows and boars 

-----.~~ ---- -,.-------- -------_..------- 180-2.00 Pound Harket SowsIndependent 
Barrows and Gilts And BoarsVariable ---.:::.:::..::=.:..:..::.-=:.=-:::.:=-.::.:::..----------,-- - -~----------

Estimated Standard Estimated StandardAnd Lagged Regression Error of Regression Error ofParameters Parameter Parameter Parameter: Parameter------.,-....-....-- -, ....-_,...,,-.-------'---"--'--"-'- ---- -----------~ 
Constant 
THG 

t 

A 

B 
PHD 

t 

TWHD t 

BP 
t 

Feb. Dummy* 
Nar. Dummy 
Ap r. Dunu!lv 
Hay Dummy 
June Dummy 
July DUllllllY 
Aug - Dummy 
Sept. Dummy 
Oct. Dummy 
Nov. Dummy 
Dec. Dl!nuny 

? 
R~ 

Hean 
F' 
D-~.,r 

10.8794 0.0391 
-0.3480 0.058 -0.2612 0.067 

0.7919 0.047 0.7599 0.66 

0.0411 0.123 0.3553 0.131 
0.2769 0.255 

0.0444 0.076 0.0814 0.096 

0.1573 0.050 0.0963 0.046 

-1. 9950 0.698 -0.3413 0.548 
-1.5687 0.579 -Q.9628 0.629 
-1. 0562 0.558 -1. 8150 0.497 
-0.2813 0.621 -1.3649 0.601 
-1. 3938 0.645 -1. 8005 0.717 
-2.7197 0.801 -1. 9328 U.775 
-4.0820 1.094 -1.1672 0.641 
-2.5646 0.851 -1. 2855 0.576 

0.0954 0.557 -0.9164 0.5/13 
-0.5929 0.503 -2.1774 0.541 
-0.3493 0.713 -1.1195 0.516 

.947 .933 
21.470 18.025 
68.779 58.435 

2.002 2.018 
Standard Error 
of Es timacion 0.885 0.916 

*January served as the 5!:. priori exc.luded month. 
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Appendix table 8--Estimated parameters and statistical information for price of 
200-220, 240-270, and 270-plus pound market barrows and gilts 

2.00-220Pou;d Market: 240-270 Pound Market: 270-Plus MarketIudf'penclent 
Barrows and Gilts :' Barrows and Gilts Barrows and GiltsVariable 

Estimated: Standard : Estimated: Standard : Estimated: StandardAnd Lagged 
: Regression: Error of : Regression: Error of : Regression: Error ofParameter 

Parameter: Parameter: Parameter: Parameter :. Paramet'er : Parameter._----'-----

Constant 4.5290 8.6694 6.4235 

sse -0.2129 0.169 -0.2920 0.229 -0.9502 0.387 
t 

TBG -0.2973 0.047 -0.2814 0.094 -0.2149 0.068 
t 

TWHD 0.0363 0.010 0.0149 0.019 0.0249 0.051 
t 

0.5717 0.111 0.7613 0.078 0.7346 0.098 

\l -0.5125 0 ..103 -0.5873 0.135 -0.5456 0.137 

B 0.8316 0.114 0.5920 0.168 0.6466 0.190 

BP t 0.0368 0.041 0.1294 0.059 0.1053 0.054 

Feb. Dununy* -0.9695 0.484 -1.1827 0.771 -1. 3929 0.732 

Hal'. Dummy -0.9533 0.455 -2.1062 0.633 -2.8901 0.779 

April Dununy -1.5222 0.784 -1. 6626 0.785 

Hay Dummy 0.1856 0.894 0.0792 0.921 

June Dummy -1. 4308 0.734 -1. 0536 0.589 

July Dununy -1. 3249 0.590 -2.6840 1.139 -2.4178 1. 042 

Aug. Dummy -0.4992 0.668 -3.3978 1. 284 -3.1165 0.952 

Sept. Dummy -2.4291 1.115 -2.12.15 0.839 

Oct. Dummy -0.5946 0.824 -1. 4954 0.764 

Nov. Dummy -0.7066 0.855 -1. 7167 0.595 

Dec. Dummy 
0.0186 0.665 -0.1315 0.688 

'1
RL. .942 .952 .950 
Neall 21. 803 20.790 20.204 
F 105.486 52,364 55.610 
D-W 1. 990 2.020 1. 993 
Standard 

ErrOl: or 
Estima.tion 0.879 0.845 0.857 

- .. ~-
*Jal1uary served as a priori excluded month. 
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Appendix tab1t! 9-- l 'tltimated parameters and statistical information for packers' antici 
pated r~tap demund for hams, ribs, butts, picnics, bacon, sausage, and luncheon 
meat (QPCl)J) 

t 

Constant -21. 7415 0.7121 

WBP 
t 

CI.,rPP t-l 

CRPP 1t
-n.l~lHb 0.IS9 -0.1028 

RCP 
t 

STQG$C
t 

40.7927 2.927 8.5491 

TCKPC 
t 

DPr 0..0279 0.003 0.0069 
t 

Feb. D\Immv * 2.(1<)51 J.983 0.0416 

Hal'. Dummv 27.2331 3.584 0.2435 

Apr. Dummy -15.6231 L 555 -3.0995 

~rav Dummv 5.2322 3.820 1. 9161 

Junt> Dummv 16.6062 4.097 [,.5587 

J u1v Duuunv (;.21:>26 4.414 0.7690 

Au?,. Duuunv 17.0:.15 .1.1'167 1.9120 

St·pt. Dur.uTlv 2.0951{ 3. 621 -1. 7071 

tkt. Dummy :, .5h2l) .1.726 1. 8666 

Nov. Ihmuny 2('. )J7() 3.602 -3.0167 

Dt'I.'. Dummy 4''i.~767 3.590 -2.7lJ3 
1 

R .Q71 .934 

245.937 56.422 

F 106. 'iS7 70.175 

D-iv 1.819 1.068 

Stf\ndnrd Error: 
~"f Est imatl' 6.647 1.814 

"'Junuarv served as a priori excluded month. 

0.051 

0.799 

0.009 

1. 087 

0.978 

0.970 

1.042 

1.118 

1. 204 

LOSS 

0.988 

1. 017 

0.983 

0.979 

-5.8798 

0.1105 0.046 

-0.0114 0.030 

-0.1596 0.073 

11. 0516 

0.0055 0.006 

-0.0540 0.516 

0.2496 0.463 

-3.5641 0.461 

-2.9433 0.507 

-2.0560 0.534 

-1.4735 0.573 

-2.4975 0.493 

-2.6009 0.458 

0.0231 0.451 

-0.5269 0.445 

1.0501 O. tl45 

.992 

63.116 

517.274 

1.762 

0.827 

Continued 
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Appendix table '9--Estimilted porum,,·ters ilnd statisti.cill information for packers' anr;:lcipatcd retail 
demand for hams, ribs. butts, picni(.'s, bacon. sausage, and luncheon meat (QPCoJ )--Contlnued, t 

,,- - ""_._- ~ ~.~ .. _ ...... ~ "~.•--- +,,-- ...~ --.,. - ... ~- ... ,-~~ ~-"",-"'-..----- =.------~~...-----...".-- ----... 
Picnil's Bacon: Sallsag(> : LunchIndependenr 

, .. '_", , •• " _" ... , ,,_ •__,.:.~_" .,~~_.~ _.~, ____~,_:____~ lolea!,
Variables 

; Es r in,lt ~J: Sl,mJarJ; Estil:t<1 tl!d: Sttlnua rtl: ['stir-till eu :Standard : Cst imated; Standa rdAnd Lagged 
:Regn>ssiQlTl:rrc>r of =Regr~ssioriErn-'l: of =Regression Error of =Regression ErrQr ofParameter _;l!;1.~t.ar.= P'lrom"ter:_P.rl.t>1.,l)l~t_E?x.;'pjl"rAn!et:.e",r_:J:a.t:illllets",r.:,'para_my_t.ex.:_r~IB."e,.t"r:J'!!.E.~S 

Constant - L 9')77 19.0')77 10.5322 44.6863 

HBP 0.0841 0.014 0.6724 0.287 0.2218 0.5000 0.264 
t 

GWPP 
t 

_ 
1 

eRPP t-1 

-0.(1849 II. 02.1 

-0.4442 0.149 

-0.4102 

-0.7665 0.159 

Rep t -O.O],)l 0.(1')') 

STQG8e
t 

TCKPC 
t 

DPl 

9.tHlF, 

O. nOi.", 

,). ,.!L)'} 

O.tlOO" 

21. Hi;! 1 

0.160 

2. .. 3t}1 

0.0/16 

17.5871 

0.5382 

0.0083 

1.705 

0.30 l , 

0.002 

9.0221 

0.8636 

0.0101 

2.460 

0.453 

0.004 
t 

~·I;,'b. -n.">}1:' O. 1~7 -l1.hl>]<) J.OCJ4 -6.3[,16 1.952 -1.606 2.955 

Har. -O,:.b3') 0. 147 -10.1214 2.785 -7.545 1,.679 -3.7015 2.590 

Apr. -;'. ',tOh 0.14') -17.74(15 2.158 -12.3053 1.658 -15.918 2.538 

-.: .1»,1 ., O. HlO -1 L 76Hl ;;.9,)\ -12.2770 2.088 -11.661 2.908 

June -_ ..'h'i1 t1.199 2 .. 5~47 1.162 -7.8358 2.377 -9.9761 3.422 

-~~.l"Hh O. ;,2<1 Ib.,)9~S 3.406 -4.4739 2.366 -8.4763 3.433 

Aug. -,,'. ,qUI O. lhQ ILHVS9 2.9~4 -8.l,891 2.137 -9.0851 3.133 

$l'pt. _ ..l.~.!\)l O•.)4 ) 0 .. 4206 2.7% -8.0M2 1.701 -5.6987 2.599 

0\:1: • -[l.')J90 U. HI' 0.8755 2.tU4 -7.758/, 1. 728 -0.8784 2.679 

Nov. -1.D c,; .. O.ln -7.8226 2.7H4 -7.7483 1.895 -1. 3846 2.999 

0.014.. (I, J 14 -10.1480 2.770 -3.8501 1.708 -4.3106 2.673 

.4Q} .940 .964 .889 

'11. 95t-\ 168.16.5 121.274 101.878 

F ,)7,).1. H 70.763 111.277 33.556 

D-\~ l.olll 1.514 1.749 1.860 

S tHndard Error 
of Estimtltt' 0.1i20 5.128 3.079 4.718 
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Appendlx tdble lO--Estlmaced regression coefficients and statistical information for wholesale price, by 
pork cut, "'Ppj 

t 
Lunch 

: IIams : Loins :: Bellies: Ribs Butts Picnics Bacon Sausage
Indepen- : Meat 

dent. ".-."". ---"-----"----'-~uatiQn a~d Dependent Variable 
Vadable :-,jpp--'-:--Wi I.fPP wpp \.fPp Wpp Wpp wpp wpp 

: (1) (2) (3) _(4_)_-=__J.5.L (6) (8) (9) (10)(J}:.'-". ..- .. -'--- ..:...-~:::..t..._ __=____',;;:.!,._~~::..!____':.._-=~_ 

1. Constant :21.177215 49.985712 36.982912 27.952577 28.857743 7.798343 38.231029 9.405038 -7.081807 

!. 

l. 

, 
~. 

\{PP!-l 
, 

"'PP~_l 

wop3
<l: t-l 

0.803818 
(6.740) 

0.124799 
(1.179) 

0.260542 
(2.539) 0.707345 

(6.317) 

0.053059 
(0.884) 

0.048624 
(0.552) 

0.694134 
(5.392) 

0.051017 
(0.589) 

l. Hl'p4
t-1 

0.583258 
(3.416) 

'l, I~PP;_t 
t}): 6 
7. \.fPp t-1 

$, wpptl
t-1 

0.560205 
(6.208) 

0.724613 
(6.345) 

0.355379 
(2.379) 

. 0.110902 
(2.760) 

\) • I.,rPP
9 

1t
0.753424 
(6.172) 

to. WP1'10 
t-l 

0.475304 
(3.937) 

11. wPP 1t-Z 
W: , 

:-0.0]0231 
(-0.246) 

L!. WPP~_.:' 0.22]822 

1 L WPP ;-2 

(1.851) 
-0.181898 
(-2.115) 

-0.113888 
(-1.028) 

-0.087014 
(-0.584) 

0.013753 
(0.130) 

0.068357 
(0.523) 

0.103795 
(0.842) 

:-0.221846 -0.482019 
:(-2.156) (-3.261) 

-0.246605 
(-1.846) 

-0.022807 
(-0.087) 

Continued 
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Appemlix table lO--Estintated l'egression coefftdenC3nnd st,1cistical information for wholesale price, by 
pork cut. I{PP c-- Continued 

1111ms L()ins ~ B"ll'l'e's"~'" R:b';>"': "B~tts ':";;c'n'i'c's' ':"'~;;O'l"'~'-s,;u's'ag'e"~ "~~:~h'"
indepen
dent 

'iip'p . ~ :' ~ :I;'P:P:~ ·i!l-;:;a:t~i~{}/~l~.=~~~Ie!;-t-3rits~}~Ii~ ====~~;~:~::: ~~~p===~==~wpp=~= ~ :1.',)ri.lb It' 	 HI'P 
.tl) : ..<.:'}. _. ,0) . ,:.,. y,J :. ,(5), ....:.•_.'..6)__.,:, .•.(R.t. .•:•. ,(9).. __..:,_ .(.1.01.,._.,. . 

l 'I 1 : 

2!, ~\PK' 0.598872
- • t ~ 1 

(:1.190) 

2 I. Al'R~~l -0.113969 


l) (-1.112)

APR -0.473157t· 1 

(-4.404)
lO

APR 
t-l 0.044291 
I (0.462)

.'n. l'W II. Ublll.~ 7 

t il. IT:,'») 


l'!ll'"' 
. t -0.221977 


(-1.395)

fQph -0.6.33788t 

(-1. l,89)
Hv'pi< 

t 	 -0.094579 

(-1. 885)


ll).n'·l·~ 	 :-O.12IltJb: 

: l- L 'lllO) 


n. TWI':n O.1l)941 	 0.067354 
(2. )0,)) (2.215)

( '1: 

l' 11,'l' c,. • . [-1 	 -0.245475 
(2.548) 


\ 1.11{<_1 -0.08042) -0.019551 

(-2.74:') (-0.471)


3:'. TREND 
 0.069455 
o. urn 

• I. l\8P 
t 0.289070 0.236395 0.200596 


It>. Rep (1.14:'56\ 0.1~86sa 0.~84972 0.301676 (3.:~~4) 0.190581 (4 .:Q~9) (3.:~18)

t (2,0110) (0.652) (2.002) (J.. 457) (1. 641) 

($): 

:-0.02296Q -0.044482 -0.039372 0.010448 -0.018035 -0.021379 -0.012708 -0.002041 
q-~.-l81) (-7.682) (-7.132) (0.562) (-5.032) (-3.145) (-2.298) (-0.513)

H!,IlFn! 
t 

0.'l2984-l 9.722345 5.267283 6.514959 3.239052 
(0.133) (2.651) (1.068) 	 (1.696) (1. 062) 

It). 	 TCKP t ~21.0~6n71 38.007216 11.087169 28.823273 -4.156011 16.327782 16.705914 17.486956 
(2.9281 ll.459) (1.~28) (2.337) (0.510) (2.559) (1.776) (2.083)Ii411 ••\PR _ 0.046146t 1 

(0.492)
-In. FRPS _ -0.483920t 1 

(3.888) 

Continued 
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Appendix table 10--Est:imated regression coefficientj and statistical information for wholesale price. by 
pork cut. WPP -- Contlnued 

t 
----------.~S : Lunch 

; Loins BelHes Ribs Butts Picnics Bacon _ ausage : .~__ _
Independ- ~ Hams 


Equation and Dependent Variable
end 	 ------------- -----
Variable ~WPP---- WPP WPP WPP WPP WPP WPP WPP WPP 

--,-,C8-:..L)__..t._...>.(.::..9),-_::.-___UQ) __ ._._,______ .____ (l) (2)_ ---:~-.\.(::!.<3)~-! ~ (5) (6) 

-0.957259 0.964225 1.080671 -1.99054441. 06S 
(0.971) (1. 596) (1. 260) (-2.066) 

l12. Feb. 2.344133 -1.658192 -3.132746 -0.765128 -0.379073 -1.697255 -3.049859 0.473228 1. 35419 
(0.438) (1. 205)Dummy (1. 457) (-1. 077) (-2.687) (-0.489) (0.290) (-2.036) (-2.220) 

111. 	 HItr. 1.137006 -1.389175 -1.170876 0.923838 -4.976964 -2.108946 -0.513604 0.789374 1.750977 

Dummy (6.121) (-2.209) (-0.987) (0.563) (3.446) (-2.601) (-0.442) (0.740) (1. 753) 

44. 	.\pril -0.180318 -4.456131 0.605352 -0.339858 -2.727146 -1.162574 -2.073228 -0.546219 1. 513608 
Dummy (-0.109) (-2.740) (0.527) (-0.170) (2.386) (-1.169) (-1.515) (-0.549) (1.478) 

1.25413 /145. 	 ~!uy O. L79368 -4.296985 -2.673500 -0.~92595 -1.645964 -1.556257 -3.415824 -0.601829 
Dummy (0.093) (-2.402) (-2.204) (-0.097) (1.209) (-1.327) (-2.118) (-0.492) (1.246) 

1.131525116. 	 June -1.961997 -4.317855 -6.220354 -0.111838 -0.648234 -2.291837 -3.906984 -2.207251 
Dummy (-0.973) (-2.198) (-4.511) (-0.053) (0.407) (-1.686) (-2.240) (-1.604) (1.015) 

·1.674107 -3.149817 ~3.491439 -2.487291 0.506858 

Dummy (-1.349) (-2.523) (-4.679) (-1.687) (1. 083) (-2.350) (-1.81.2) (-1.799) (0.439)
47. July -2.623963 -5.074273 -6.514141 -3.254732 

48. "ug. -1.858231 -8.788908 -6.258405 -3.371116 -3.963100 -3.982625 -3.923058 -1.045148 1. 578914 
(1. ')22)Oununy (-0.938) (-4.251) (-5.126) (-1.585) (2.480) (-3.160) (-2.267) (-0.823) 

0.078980 ~0.42232t49. Sept. -0.595824 -4.848471 -2.282412 -5.194161 -3.733577 -1.756937 -2.092562 
Dummy (-0.383) (-2.666) (-2.072) (-2.8111) (2.593) (-1. 878) (-1.58 f,) (0.071) (-0.1144) 

0.88294350. 	 Oct. 3.809592 -3.893218 -1.460263 -5.882236 -1.718133 -1.064461 -1. 77330(. -0.033899 
DUMmy (2.485) (-2.286) (-1.328) (-3.499) (1. 352) (-1.271) (-1.365) (-0.029) (0.874) 

-1.177189 0.637779 -0.301301 -0.10742551. Nov. 4.851917 -2.418541 2.192407 0.899503 1.140961 
(0.518) (-0.248) (-0.102)Dummy (2.504) (-1.532) (1. 780) (0.520) (0.930) (1. 467) 

0.272631 0.316039 2.139146 -0.387393 2.104509')2. Dec. 7.321616 -1.263554 2.783238 0.563905 
Dummy (3.158) (-0.987) (2.622) (0.420) (0.232) (0.447) (1. 845) (-0.356) (1.987) 

R"" 0.889 0.922 0.959 0.930 0.890 0.919 0.S'55 0.902 0.933 

D-I-/ 2.055 2.190 2.122 2.174 2.286 1. 961 1.815 2.036 2.054 

~"","-.-~,",,",,+--,,"'-~'---~----
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Appendix table 11--Es cimaced parameters for wholr=qale quanti tieR of pork distributed to retail and nom:etail 
outlets, by cut and outlet (t values appear in parentheses below the parameter) 

QP (1,1) QP(2,1) QP (3,1) QP (11,1) QP (l, 2) QP(2,2; QP (3,2) 

Constant -18.210367 -5.516621 -7.35331113 -0.151991 -8. 5781U8 0.417888 4,149454 
(1,3,1) 

TQP (l~l) : X 0.506850 0.10092LI 0.071221 0.0011711 -O.182Q71 
DELTAI(I,T,2) (17.89.2) (6.4198) (3.8292) (3.8131) (10.5168) 

TqP (2,1) 0.874241 0.290506 
(1,3,1) (l5.0219) (20.2089) 
TQP (4,1) 0.596645 0.429254 0.007998 

(1,3,4) 9,8979) (6.2165) (5.6476) 
TQP (5,1) 0.469221 0.008519 

(I ,J, 5) (5.0607) (4.6890) 

TQP (8,1) -0.102825 

(I,J,7) (4.6021) 

TQP (10,1) 0.067684 0.095360 0.001697 -0.155106 


.t::- (I,J,9) (2.6099) (4,1140) (3.6863) (6.1682)co 
B 0.503156 0.158097 0.115645 0.236180 0.329126 0.529318 0.334929 

(I,J,6) (4.7212) (1.2601) (0.3948) (1.8836) (2.6937) (4.9733) (2.8582) 

TVPP (1,1) D 0.072012 -0.007886 -0.024519 0.000316 

(I,J,11) (0.8147) (0.2428) (0.8189) (0.5671) 

HPP (2,1) 0.070887 -0.0024784 -0.016690 

(I,J,11) (2.6187) (0.8558) (0.5041) 

HPP (4,1) 

(I,J,11) 

HPP (5,1) 

(I,J,11) 


-0.044006 0.000343 -0.023331 0.051736 -0.040595T -0.071432 0.087828 
(I,J,11) (2.7811) (5.5499) (4.2046) (2.0918) (2.8043) (3.8658) (3.6169) 

Ho (2) 11.133048 -0.990895 0.160283 0.003318 0.863014 0.675011 1. 062991 
(I,J ,13) (4.9412) (1.6405) (0.2349) (0. ?34 9) (0.2614) (0.9715) (0.8550) 

No (3) 17.436829 -2.452408 -1.023LI44 -0.020884 0.986047 2.541568 2.978211 
(1,J,14) (6.1130) (2.8915) (1. 2269) (1.1980) (0.7646) (3.0037) (2.6391) 

Mo (4) -37.447617 18.354919 22. 779282 0.424741 10.831221 -5.686108 -6.427267 
(1,J)15) (20.8280) (24.3216) (27.6449) (28.9120) (10.2658) (7.1608) (6.1895 

Continued 



ApIwndix tabl .. ll--F.stimat!:'d pnramt·terf': for ""holt;sille quantities of pork distributed to rNail and nonrt'tail 
nutlets, by cul and outlet (t valueN appear in porentht'ses below the parametpr)--Continupd 

--........-.' 


Qp(l,1) QP(2,1) QP (1,1) . ; QP (4 ,1) qP(1,2) OP(2,2) QP(3,2). QP(4,2) 

MoCS) Ii -5.822684 11.768222 18,561,859 0.291384' 7.268606 1.105525 0.131169 0.013016 

(I pJ, 16); (1,0086) (5.0789) (7.0124) (5.8612) (3.1660) (0.7912) (0.0680) (0.3861) 

Mo(6) -8.278242 11.730661 19.27236 r).307183 6.364818 1.961681 1,844204 0.038902 

(I,J,l7); (1.5971) (6.1141) (7.6474) (6.5385) (2.7476) (1. 7517) 0.215) (1.4595) 

12.069186 -2.404087 -2.843505 -0.05::'713Mo(7) 3.119831 7.831004 12.846868 0.187360 
(I,J , 18) ; (0.6213) (4.1928) (5.1553) (4.0366) (5.6472) (2.5543) (2.3064) (2.4114) 

Mo(8) 1.460057 6.865937 12.959002 0.200289 12.064814 -0.853297 -1.482720 	 -0.023225 
(0.8185)

.lO- (I,J,19): (0.3584) (4.7668) (7.0198) (5.7038) (4.1643) (0.7140) (0.9248) 
\D 

Mo(9) -6.537216 ~.546175 14.00266 0.221371 12.175147 -3.362363 -4.539361 -0.079297 

(I,J,20): (1. 8342) (7.7416) (8.6307) (7.2270) (4.1828) (2.8165) (2.9095) (2.8481) 

: 
Mo(10): 14.611181 -1.588245 0.691515 -0.028500 -14.503273 8.850367 0.186781 0.1867'81 

(I,J,21) : (3.4242) (1. 0727) ,(0.4074 ) (0.8917) (6.1137) (5.0380) (5.5149) (4.0524) 

Mo (11): 16.729324 0.752391 3.278429 0.046161 -3.140769 3.954645 6.565447 0.106393 

(I,J,22) : (5.7682) (0.8223) (4.0430) (2.5850) 0.2930) (6.1997) (9.5640) (8.1776) 

6.913476 0.112422Mo (12) : i6.219696 0.362121 2.948939 0.038252 -3.781747 4.199112 
(I,J ,23) : (5.9038) (0.3082) (2.7368) (1. 7532) (3.5391) (6.8856) (11.1618) (9.3423) 

R2 0.9902 0.9928 0.9939 0.9942 0.9935 0.9923 0.9920 0.9925 

D-H 2.08282 1. 9194 2.0119 2.0933 1. 9011 2.1001 2.0191 2.0719 

Continued 



Appendix table ll--Estimated parameters for wholesale quantities of pork distributed to retail and nonretail outlets, 
by cut and outlet (t values appear in parentheses below the parameter)--Continued 

QP (4,2): QP (1,4): QP (2,4) QP (3,4) QP (4,4) : QP (1,5): QP (2,5) QP (3,5) QP (4,5) 

Constant -0.044899 -3,691405 0.601671 0.958946 o 008963 -1. 758526 -0.222059 3.039920 0.026850 
(I,J,l) 
TQ? (1,1) -0.052520 0.0399234 

DELTAI(1,T,2) (12.3546) (8.8931) 
TQP (2,1) 1).006483 -0.058316 
(I,J,3) (21.6631) (4.3495) 
TQP (4,1) 0.756009 0.026639 0.020354 0.000416 
(J,1,4) (41. 6569) (3.5254) (2.5556) (2.6696) 
TQP (5,1) 0.072718 0.098107 0.001822 0.896183 0.232634 0.189674 0.006314 
(J,I,5) (9.7999) (12.8498) (12.3025) (20.9312) (22.50ll) (9.5625) (22.0142) 
TQP (8,1) -0.038504 
(J,I,7) (6.9867) 
TQP (10,1) 0.017542 0.019775 0.000399 -0.047538 0.042052 
(J,I,9) (8.9592) (8.4014) (9.2191) (8.2190) (8.7290) 

\J1 
0 B 0.422786 0.467833 0.981219 0.305012 0.419566 0.388660 0.969862 0.258626 0.295968 

(J,I,10) (3.7324) (4.0878) (23.8749) (2.4539) (3.4717) (3.2841) (24.1651) (2.1771) (2.5597) 

WPP (1,1) 

.(I,J ,11) 

IJPP(2,1) -0.000466 

(I,J,ll) (0.7612) 

t·:PP (4,1) 0.018121 -0.000843 -0.001324 -0.000005 

(I,J,11) (1.5239) (0.3441) (0.4771) (0.1253) 

WPP(5,1) 0.009503 -0.002963 -0.002963 -0.000112 

(I,J,11) (1. 6996) (0.5142) (1. 2041) (0.6236) 


l' 0.000298 -0.011602 -0.006191 -0.005268 -0.013889 0.000101 
(I,J,12) (1. 7804·) (2.8785) (4.3097) (2.8489) (4.6958) (.8399) 

Mo(2) 0.018733 1.175674 -0.721902 -0.318462 -0.007464 0.588649 0.090000 -0.724265 -0.004862 
(I,J,13) (1.0244) (4.6150) (10.5158) (4.0464) (4.6013) (3.2841) (0.5842) (4.0357) (1.1697) 

Mo(3) 0.057470 -0.375232 -0.266660 0.086106 -0.000493 0.502246 0.872696 -0.999649 0.005840 
(I,J,14) (2.9338) (1.5490) (3.4485) (1. 35!10) (0.3651) (2.0209) (4.8083) (4.8281) (1.3578) 

Mo(4) -0.121550 2.854744 -1.543464 -1. 231857 -0.024840 3.369794 -1. 362780 -2.215962 -0.041651 
(I,J,15) (6.6829) (11. 3746) (21.4438) (13.4791) (13.4730) (21. 0944) (8.5839) (15.9634) (10.6117) 

Continued 



Appendix table 11--Estimated parameters for wholesale quantities of pork distributed to retail and nonretai1 outlets, 
by cut and outlet (t values appear in parentheses below the parameter)--Continued 

QP(1,4) : QP(2,4) : QP(3,4) QP(4,4) QP(1,5) QP(2,5) QP(3,5) QP(4,5) 

Mo(5) D 2.. 282324 -0.527862 -0.748736 -0.013902 2.146414 0.713793 -1. 743444 -0.012879 
(I,J,16) (7.2028) (8.0854) (7.9956) (8.6912) (4.7008) (4.4108) (6.4267) (1.7702) 

Mo(6) 2.007889 -0.439416 -0.605183 -0.011648 1.947727 0.765621 -1.437459 -0.005447 
(I,J ,17) (5.3544) (6.5657) (6.9843) (7.6064) (4.3013) (4.8791) (5.3478) (0.9335) 

Mo(7) 1.153051 -0.466125 -0.609306 -0.011676 3.150031 -0.174250 -1.693753 -0.02150 
(I,J,18) (2.7939) (5.5804) (8.3678) (8.8417) (7.6758) (1.1227) (7.9380) (4.2180) 

Mo(8) 1. 671023 -0.535752 -0.559232 -0.011537 3.085966 0.446495 -2.064565 -0.016052 
(I,J,19) (5.1529) (7.9554) (8.2673) (9.4315) (5.5282) (2.6315) (7.8135) (2.7384) 

Mo(9) 0.987221 -0.660281 -0.747727 -0.015151 3.209171 -0.197853 -1. 994678 -0.029064 
\.J1 
I-' (I,J,20) (2.8466) (8.0811) (11. 9556) (12.6507) (5.6635) (1.1500) (R.0251) (5.1617) 

Mo(10) 1.235710 -0.538505 -0.649745 -0.013372 -2.28167 2.277323 0.717458 0.018083 
(I,J,l1) (4.0524) (7.7532) (8.R899) (l0.0540) (3.8030) (12.1792) (2.9068) (2.6127) 

Mo(l1) ::....0.353328 -0.451739 -0.009389 0.333167 0.591173 0.591173 -0.783547 0.007471 
(I,J,12) :(0.3456) (4.3195) (5.5709) (6.1283) (1. 3571) (3.9296) (3.4194) (2.0197 

Mo(12) 0.294069 -0.422939 -0.384336 -0.008686 0.141874 0.685401 -0.932046 0.010224 
(I,J,13) (1.2387) (6.0840) (5.7707) (6.7472) (5.5343) (4.4151) (3.9676) (2.7283) 

R2 0.9928 0.9942 0.9946 0.9951 0.9946 0.9.947. 0.9952 0.9910 

D-W 2.0234 2.1668 1.8758 1. 8546 1.9611 2.4877 2.1668 2.0823 

Continued 



Appendix cable ll--Escimnted parameters for wholesale quantities of pork discribllced to retail and oonretail outlets, by cut and 
outlet (t value:; appear io ;:>areotheses be1o," the parameters)--Continued 

DELTA! Cl,J, K) QP(l,g) : QP(2,8) : QP(3,8) : QP{4,8) : QP(l,9) QP(2,9) QP(3,9) : QP(4,9J : QP(l,10): QP(2,IO) : QP(3,10) : QP(4,10) 

K = 1 Constant 4.659046 -4.902735 -3.918501 -0.068039 -8.319912 ~.557776 8.455599 0.818548 0.81312~ -0.428440 -0.440596 0.698991 

2 TQP(l,l) X :-1.173261 -0.132532 0.016031 
(10.1515) (11.9940) (11.4441) 

3 TQP(5,1) -0.661746 
(7.5754) 

4 TQP(8,1) 0.759138 0.171678 0.200488 0.008049 -0.195675 0.022871 
(30.0301) (9.1542) (9.3875) (9.0946) (12.1314) (11.6356) 

5 TQP (9 ,I) :-0.318677 0.843668 0.244924 0.298512 0.032885 
: (7.8922) (18.4706) (17.8199) (20.4273) (19.2672) 

6 TQP(lO,l): :-3.118425 -0.172548 0.903769 0.051830 0.040504 0.010522 
(4.6055) (7.1670) (45.0844) (7.1639) (4.2633) (4.3478) 

7 0.686498 0.100018 0.106175 0.068302 0.454400 0.332663 0.173230 0.256506 0.463752 -0.023432 0.044036 0.476957~ (6.9432) (1. 4502) (1.5845) (1. 0346) (3.88".7) (2.8699) (1.4624) (2.1811) (4.0142) (0.8331) (1.5611) (4.1903) 
8TQP(l,l) D 0.119900 0.142748 0.005940 0.064952 

.." (11.8536) (12.4167) (12.6857) (13.2610) 
9 TQP{5,1) 	 0.253806'" 

(14. 948!,) 
10 TQP{8,l) 	 0.052437 0.087942 

(7.3486) (11.2336) 

11 WPP(I,l) -0.048505 -0.003968 
(1.0829) (1. 2675) 

12 WPP{8,l) 0.034222 -0.005937 0.008077 -0.000720 
(1.1207) (0.1866) (0.2243) (0.4692) 

13 WPP(4,1) -0.001472 -0.012936 -0.009201 -0.001223 
(0.0510) (0.5948) (0.3850) (0.4487) 

14 WPP(10,1): -0.041479 -0.022967 0.002138 -0.000014 
(2.3916) (1.5386) (0.1123) (0.005725 

Continued 



AppendiX tabl .. ll--F,$timated parameters for wholesal.. quantiri(''\ of pork distributprl to retail and n(Joretail out1("[5, by ('ut 
[)utl(>t (t v<11ucf> appe,lr io parl'nthlSes bE'lo'.J the paral!l(·ters)--Conrinu"d 

DEt.TAl CL,J ,K) : 
· 

: AP(1,8) : Af'(2, III AP(3, Il) AP(J"S) AP(1,9) AP(2,9) AP (J, 9) AP(4,9) AP(I,10): AP(2,10) APD,10) AP(4,10) 

.· . 
~---~----"'----· 
K ., 15 T 

16 :10 (2) 

17 Mo(3) 

· 
D 

,. 
: 
:-3.1l24865 
:(3.3774) 
:-0.99l610 
: (0,. 7082) 

0,052853 
(1,.0559) 
0.798242 
(J. n ~4) 
-0.653921 
(0. S448) 

-0.024787 
(2.4605) 
1.227550 
(].4162) 
-0.402619 
(0.4324) 

0.000867 
(1. 6901) 
0.029440 
(0.8509) 
-0.0405.( 
(1. 0770) 

-0.009114 0.040338 -0.007867 
(1.1604) (4.50<:0) (1.0792) 
2.147616 -0.846842 -0.147747 
(4.1398) (1. 5115) (0.2669) 
-0.282580 1.404904 2.463301 
(0.3037) (2.9041) (5.0381) 

0.002258 
(2.72:m 

-0.057796 
(O.1l661) 
0.234206 
(4.0063) 

1.264066 
(1. 5522) 
2.517497 
(2.5617) 

0.040903 
(6.3770) 
0.104835 
(0.5614) 
0.744398 
(3.8393) 

-0.014204 
(1.9502) 
0.125374 
(0.5431) 
-0.314261 
(0.7213) 

-0.201587 
(2.1514) 
-0.237986 
(1.9725) 

18 Ho(4) :-12.606320 4.651780 
:(16.3574) (8.2313) 

5.888854 
(8.748t,) 

0.226652 
(8.3224) 

24.212721 -10.l,S1139 -11.112752-1.11056'3 
(20.6167) (15.4941) (15.4415) (15.4792) 

0.612967 
(0.9131.) 

0.068053 
(0. 380l) 

0.26/j01S 
(1.1939) 

-0.116937 
(1.5247) 

19 Mo(5) :-3.6&5093 3.124223 4.11,2309 0.1537S0 12.325455 -6.011622 -7.840174 -0.824493 1.230269 0.297379 -0.510896 -0.409553 

20 Ho(6) 
: (2. 3708) 
:-2.237982 

(5.6241) 
1.464172 

(6.3005) 
2.260351 

(5.7269) 
0.076332 

(7.1128) (6.9265) (7.2462) 
11.898990 -6.119107 -8.020718 

(7.0151) 
-0.855792 

(1.11958) 
4.357778 

(1.6785) 
0.22/,627 

(2.2188) 
-1. 365579 

(4.3427) 
-0.519328 

21 No (7) 
: (1. 6619) (2.9993) 
:-11.6329104.896282 

(5.8907) 
6.3/13)28 

(1.2423) 
0.2"6310 

(].6426) (I!. 0369) (Q.2514) 
7.478582 -4.654475 -6.028451 

(8.0783) 
-0.634958 

(6.9256) 
-2.518065 

(1.1286) 
2.312738 

(5.9351) 
1.506471 

(7.1l61) 
O.121l260 

22 Ntd 8) 
: (l0. B/I'll) 
:-7.925900 

(8.3ltJ2) 
4.766389 

(9.1913) 
6.328539 

(8.8166) 
0.2/13257 

(5.1564) (5.8161) 
8.659907 -4.204)74 

(6.17S]) 
-5.092179 

(5.9435) (5.2718) 
-0.553967 0.131232 

(9.1790) 
3.032074 

(5.6460) 
1.477706 

('5.5397) 
0.032306 

'" 
23 Ho(9) 

: (4.2842) 
:-9.159710 

(9.1208) 
6.495649 

(10.8934) 
8.442656 

(10.4615) 
0.314410 

(9.2979) (6.6413) (6.6453) 
11.n7130~ -4.968255 -5.817]70 

(6.5803) 
-0.646067 

(0.1327) 
-1.961930 

(13.8399) 
2.800255 

(6.61.74) 
2.449975 

(0.2721) 
0.285819 

'-' : (5.1896) (1 /,.9/,71) (16.9090) (16.4719) (11. "\016) (9.1118) (9.0611) (9.0561) (2.1591) (15.2706) (11.9114) (2.6243) 
24 Ho(lO) : 1l.255666 -0.177824 0.693390 0,012611' 4.677826 -1.291515 -1.500503 -0.162552 6.100170 -0.911468 -0.929';71 -0.707191 

:(4.1609) (0.4075) (1.4081) (0.62/,5) (4.4041) (2.2107) (2.1756) (2.1248) (5.2960) (5.6323) (4. ~858) (".8771) 
25 No(ll) :-1.171717 -1.207733 -0.412666 -0.047619 6.099052 -2.170521 -1.729699 -0.233984 3.917970 -0.355241 -1.484043 -0.447B11 

: (0.9788) (1. 8427) (0.5454) (1.5621) (9.1117) (5.1142) (1.971',2) (4.6290) (4.5550) (2.1162) (5.&626) (4.1256) 
26 No (12) :-1.224770 -1.60l076 -0.964975 -0.066777 5.844136 -2.440387 -2.054065 -0.271203 1.491158 0.260115 -1. 553729 -I}. 347927 

:(0.1l962) (2.0933) (1.1039 ) (.l8785) (9.4585) (6.1529) (4. BA6S) (5.5378) (1.8558) {1. 42 72) (4.3625) (2.9761) 

R2 :0.9782 0.9925 0.9895 0.9916 0.9884 0.9895 0.9891 0.9893 'J.Q886 0.996) 0.9937 0.9935 

O-w :2.0445 1. 3558 1. 3107 1. 2795 1. 6747 1.9192 1. 9409 1. 9540 2.1471 1. 6851 1. 2442 2.0777 



App~ndix table 12--Estimated parameters ofre.tai1 pork prices. by cut and outlet 

Equation name anu nO. 

Qplj 
t 

Own 
RBP 
Beelo 

RCP 
t 

Poultry 
RMP 

t 
Red meat 

TCKP 

Poultry 
B 

Au to-co r
guantitv Qrice llrice llroduce llroduce relations 

Ham Clla in Price 1 -0.190121 0.092557 0.057767 0.947779 

Hat:! Ind. Price 2 
(0.1357) 
-0.219481 

(0.2194) 
0.114154 

(0.0364) 
0.074723 

(0.0447) 
0.938737 

Ham Cony. Price 3 
(0.1161) 
-11.455462 

(0.2179) 
0.113440 

(0.0365) 
0.073682 

(0. 0462) 
0.943141 

Loin Chain Price 4 
(6.6297) 
-0.514582 

(0.2296) (0.0390) 
O. 080913 0.146590 

(0. 0/,56) 
n.962720 

Lolll Ind. Price 5 
(0.1681) 
-0.421922 

(0.0422) 
0.078907 

(0.0755) 
0.145142 

(0.0'316) 
0.918600 

Loirr Cony. Price 6 
(0.1452) 
-24.094574 

(0.0435) 
0.0132628 

(0.0766) 
0.156301 

(0.0'392) 
0.950621 

Rlb Chain Pdee 
(S.2DO) 
-4.141293 0.255093 

(0.456) 
0.097857 

(0.0800) (0.0357) 
0.973477 

Rib Ind. Price S 
(1. 2198) 
-3.866458 

(0.2154) 
0.271290 

(0. 0366) 
0.112:::43 

(0.0268) 
0.955362 

Rib. Conv. Price 9 
(1. 0404) 

:-205.465100 
(0.2134) 
0.275932 

(0. 0373) 
0.108265 

(0.0344) 
0.96535~ 

Butts Chain PrIce .to 
: (59.3;115) 
: -2.075989 

(0.2259) 
0.170603 

(0.039 /.) 
0.148697 

(0.0304) 
0.982724 

Butts Ind. Pdce 11 
(0.4718) 

: -1.897387 
(0 .1846) 
0.195482 

(0.0341) 
0.162016 

(0.0345) 
O. 9/, ~069 

Butcs Con. Price 1~ 

(0.3905) 
:-105.903700 

(0.1826) 
0.202864 

(0.0337) 
0.167865 

(0.0434) 
0.966345 

(22.4834) (0.1923) (0.0360) (0.0394) 
~!~nl, Chain Price 1) : -0.687902 0.316373 0.059152 0.932259 

Picnic Ind. ?rice 14 
: 
:. 

.(0.3442) 
-0.535162 

(0.1720) 
0.318943 

(0.0284) 
0.054841 

(0.0364) 
0.923224 

Ptcn lc Cony. Pdce 15 
: (0.2949) 
!-38. 938004 

(0.1734) 
0.332995 

(0.0287) 
0.059256 

(0.0391) 
0.927150 

Bacon Chain Pdce 16 : 
(20.7526) 
-0.674129 

(0.1815) 
0.231104 

(0.0301) 
0.111297 

(0.0378) 
0.931742 

Bacon Ind. Price 17 
: 
: 

(0.2342) 
-0.571185 

(0.3261) 
0.249601 

(0.0545) 
0.110250 

(0.0468) 
0.926278 

8acon Cony.~rice 18 
: (0.2017) 
:-14.549573 

(0.3276) 
0.260287 

(0.0550) 
0.117768 

(0.0469) 
0.927713 

Sausage Chain. Price 19 
(5.0651) 
-0.454320 0.349784 

(0.3436) 
0.244879 

(0.0576) 
0.057618 

(0.0471) 
0.964447 

Sausage Ind. Price 20 
(0.1765) 
-0.375683 

(0.0982) 
0.344838 

(0.1497) 
0.242153 

(0.0230) 
0.057182 

(0.0385) 
0.964416 

Sausage Cony. Price 21 
(0.1586) 
-3.t.90165 

(0.0991) 
0.369176 

(0.1507) 
0.252277 

(0.0246) 
0.058397 

(0.0396) 
0.964536 

Lunch }Ie.' t Cha in 
(l ;4532) (0.1038) (0.1579) (0.0250) (0.0393) 

Peice 7.2 -0.177186 0.225462 0.221448 0.049267 -0.079512 0.969380 

Lunch Heat Ind. 
(0.1654) (0.0762) (0.1146) (0.0199) (0.0390) (0.0173) 

Price 23 -0.113409 0.225031 0.219907 0.047881 -0.080648 0.968224 

LUnch Meat Cony. 
(0.1401) (0.0762) (0.1147) (0.0199) (0.0390) (0.0176) 

Pd('p 24 -0.549370 0.235734 0.228656 0.049897 -0.083357 0.968390 
(0.56352 (0.0806) {0.12132 (0.0210) (0.0415) {O.Ol77~ 

Continued 
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Appt'odix tuble· 12"~r'llilIUlrwl par.ltlll:rl:rS of r .. tilll IH'rk pr!<I:,." bv f't.t an,j ;,'H'll't--Cnntlnu('d 

11l:MMU:S 
Equa~!on ,~,llJlt:and Nuruh"r'-------'·.'' ,~."'----~------.-,------,-,--.~--..,.."-----"-~"-'-,---,---~-- ,------------,--------

• 1"1'1,. • Kif.. ApT. • May • lum- • July • Aug. • SI?pt. • "~no • S,,\.'. • II"" 
. 	 4_ ._. •______ ____,__"4-.........______.-,..-....-_ ....""'""• .;-_~ .. , ... _ .. __"'".~_- ....__ ~ .._"".... ~.~.,., ....,.._ __ ____ _____ .'"_~_.""_'.,. ,>__'--<,,>.-,---""----..~,--... ~-,~--...- ... .:....."'-""----.--.-.,-~.. - ...--....----!.--~----...-

-1~~A174q ... 1+;11'j7~t; -Q .. 1471:,q n. ""J.~ll(J 71 

1J.!1l'l) 11.\'; 1 J! (l.oM,') O. Vt\fJl Il,7Q'/r n.'tIO)) f1 •'>lIt) 11. ,::41))
Ham Chain Pdf'!! 	 :-1. t'JOl!.') -1.llb9t,H I ·'l. 'J':I 11 H2n -1.1212'14 0.611%1 .1. 77'.'5h9 ~'l. :Rl {'V, 

i (! .!r, l~i {1F~ W>l I;> .'J<;'~Jl 
Ham Ind. I'd,'" ., :-l.fJl,,~]//f ·').l!,lllB fico al til. '3f, -'1.'i'I\"I'" l.nno -l.lll !,II!'·'! Il,l'd'H I" -n~ 2& "'.~ l'j~"i -1.41'i'.lOt, 'I. "Ih:! ~,~ <1 1. '\7:'4) 7 

(1. S112) (1.4~20) rO(9782) (1.1fi'\!l:} 0.4(17):Il.l!)},» (J.S429) 11.1(110) fl. 1111(1) 	 (1.S120) (l.OtS:?) 
1.270241 -1. 819970 C.3U1360 _fl. ~'n6f,7 -1.b6300': 1).4187'lfl 1.1:nl~SHam Cunv. Px-IcI: 	 : -1. 4njll5:/ -t).5')79:17 '1.24,)5/,1 -0;918171 


: (1.1111';) (1.61'\'') (I.n'!:!) 0.1379) 
 (1. <;:'45) rl.I)R1l7) (1.'>;>0<;) f1.!,'i:!,'!) ( 1.0'011) fl. nO f ,) (1.41l%J 
-I • r,r,lliV),. -1. 17')7'; ~ '•• 'l'\ 7f)'11 l.:'(''ji'll\ 1. ;:'96:,'1 Lt'ln Chain PriCE; 4 	 : 1.5UB7'i O. fl466'j2 - I, • S61l 11>11 1.193018 2. Sq0726 'I. lIMn 

(1.7'119) (l.'J2S7) 0.(987) (! .1l774) 11. "1'11,) (1 ,8·~~~) (1. '•.',,'4(,j I t.~?·)l} ( 1 .Il" Ill) fl, 'i VI'I): (1.44h9) 
3.%1(,91\ 1.)1,;>21'1 "'~L, t')4!. (~~R ",fL ~")(iR~tl 1. ,tIH'P~Z C)*~~17r;1 ~~. f h".4J}4lLoin Iod. Price S 	 : 2 ... t1 0') 797 1. ',"i/)'J1J7 ~~.6()7!)('2 1.9%141 

: (1.67%) ( •• 'J!!lf.) (1.1,2 'jll) (1.q~44) C:' .'ll'l6) (1.621)') (;'. "12'4) (l.h lhl) n. i~Sn) 17,1:'1') Cl.!Ul6) 

Loin Conv. Price t, : 2.t)1l5251 1 .1:11801) -6,37';1/,'1 1. 651!!9'l 1. 11'i717 'J,17'i!J911 -1.049917 -!!.Y'{ji'J7 ';.'i%71<, '1.OI',(,/lh ,'. ~1I1 h'l4 

: n. 66l'3> (:>.IHi,]7) (1, 'if.;!!i) {lo!3841} U.01S11) 0.6(,18) (Z. or)(,;~) (1 .11.',n', ) r t.wN'') C' .'l'lRIj} r! .!R](,) 

Rlb Chain Price : O.4194!Jl) [). Sl)'):lll, -'i. 7'l25 'IH n. ~ ',<)52/, 1.1:~1\622 ri.llfl/ll'J!> G. /7r)2:~7 _'J.'ll "171 - l. '17 \81~ -1.Y'illl? o. 'J2'~)f~t't(,\ 
: (1.f)76U) (11.1)666) (2.28!l9) 0.')393) n.'lI7:>.) O.17'1S) (1, ')OI.!) (! ./J-:',)7} 1l.(,flf}9) !fl. 'J61)l) ('I.'Junj 

Rib Iod. Price 8 : 1. 12SJ(12 t. 721)2 3;1 -'i. S6'iil'ilo 1./. 7771f) 'L'lIH16 I). W' H8!) 1. '143111,,) -1 ,1l'i ~ /, )>'1 -::.1>42220 fJ.111ZnM 1.2161\')'\ 

: (0. 91llf)) (1.0113) (2. ()liB2) (fl.')<121) (fl.959R) (1 J15 7£') In. q'IR,) (O.lJ%l) IL'JH'I) n.1)114) rf).')t,1)'H 

RIb Conv. PriCE' (j :0.')'\7712 1.2:.'0:.'02 -5.B77601 1.144845 1.76407') IJ.4('V.71) 1),1l1R112 -1. t) :'t.6!f c) -1.41~V,j -'J.4r)rl',11 '1.lnlf.77 

: (1.0722) ( 1. 1)3411) (2.1118) ( 1.08f11H (l.rJt.22) (1.17111) Il.IJl 15) !l.1l7!!l J n JI91() (1.017,) tl.fJllhl,) 

Butts Chain Pdre ttl : 1. 62/,')44 1. 122t, I'> -1•• 111820 2.364011 t, ,16!.92'J 2.RI.,1:'o 1. 121112'1 -0.15111 ::1 1.7'i2H16 l.1171nl 2 .h6tJ 7 {'I 
(1).9'>71) (;1,122'1) (j .241',) rt . ,)7':'): (0.9786) (l.2Z91) (1. (942) (0.9811) 	 (1.1It)40) (C).M7l) n.0!55) 

ButtS Ind. Price 11 : 3.01621'i 5.7051511 -1.455027 1.579465 S . 'HIUq(, 1.911'Wi 4. "]q7,~,~7 lJll'l!.l', 'i. 711114!l !,. '\20"QQ I, .1 'l'lif);? 

U> : (1.11)5/,) (lJ,1J20} (O.9)5\) (L0905) (l.12~2) (0.911,2) (l.Hi) q. f)'iJ!.) (2. :?Ai's2) f1 .1.12'» fl, 2;>11/.} 
Ul 

Butts Conv. Price 12 :2.5SI,1l6:! '5. 1~o914 -/,.131908 3.275589 'i.1 'jM,O'i 1.6521 'if, :; ."#t2~R46 'l.!l']!l%(, 'I. 527299 I. RU7'jR 1.1'>R452 
: (1. l(31) (l."O~r.) (1.05]'1) (1.1000) (1.1116) (0.9).'.0) (1.1',69) Il. f)hh'l) o. Vi'll) II.!. 7:'(,) 11.;' 11>1) 

fl. "Q')99 1.lf )<J!) 11 '). ttlt '3) rf'Picnic Chu:o Price 11 	 :0.266770 ~O.162072 -0.2012/,1 -0.1361'141 1.fl'lOfJ7R O.9211017 O.16771'j 1.I\'I7/l10 
: (0.,7961,) (0,857') (fl.7 I,69) (0.!3073) (0.767/,) (0. 7'l51) (I), 7R7~) (U.lln2!J) reI. '1526) (f).WI1l) 	 (f1.7W2'J) 
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Appendix table 12--Estimated parameters of retail p01:k prices, by cut and outlet--
Continued 

Equar!.on Harne 
and Number 

1965 
Dummy Constant 2 

R 
Durbin
\.Jatson 

Ham Chain Price 1 1. 457629 4.394650 0.9100 1. 6938 
(0.67')5) 

Ham Ind. Price 2 1. 385193 4.196970 0.9120 1. 7193 
(0.6431) 

Ham Cony. Price 3 1.472851 4.l113339 0.9113 1. 7134 
(0.6943) 

Loin Chain Price 4 3.022')97 0.9408 1. 5378 

Loin Ind. Price 5 4.208594 0.9403 1.5680 

Loin Cony. Price 6 3.7S4664 0.9404 1.5562 

Rib Chain Price 7 2.698295 0.9536 1. 8052 

Rib Ind. Price 8 2.954039 0.9551 1. 7633 

Rib Cony. Price 9 2.8S8651 0.95/,'1 1.780 

.Bu tts Chain Price 10 0.961001 -1.148157 0.947R 1. 4601 

Butts Ind. Price 11 
(0.5809) 
0.788906 -0.644826 0.9504 1.5505 
(0.5241) 

Butts Cony. Price 12 0.875/,52 -1.169025 0.9494 1. 5183 
(0.5836) 

Picnic Chain Price 11 2.024258 0.9273 2.1369 

Picnic Inu. Price 14 2.154676 0.9265 2.1311 

Picnic Cony. Price 15 2.209477 0.9268 2.1320 

Bacon Chain Price. 16 1. 844529 3.651814 0.9172 1.8230 
(0.9509) 

Bacon Ind. Price 17 1. 922082 3.413120 0.9163 1.8238 
(0.9053) 

Bacon Cony. Price 18 1. 966253 3.739574 O. QI70 1.8247 
(0.9732) 

Sausage Chain Price 19 1. 008748 3.415465 0.9735 1. 8784 
(0.497 l!) 

Sausage Ind. Price 20 1. 039734 3.036424 0.9711 1. 8679 
(0.1,784 ) 

Sausage Cony. Price 21 1.083827 3.345042 0.9733 1. 8707 
(0.511S) 

Lunch Heat Chain Price 22 0.713479 0.9891 1.5465 

Lunch Heat Ind. Price 23 0.698752 0.1)891 1. 5398 

Lunch Meat Cony. Price 24 0.747657 1),,9890 1. 5388 
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;\l'pt'ndb: tablt> 1 \--E:.;timat(·d rt'hn's~~il)n ('(wfficil'ntB for \",hnlf.:'sall', retail, c.1I1d 

Ltl"m-n·tui 1 priet· spn'ads (i-lRI'St, FRPS t ) 

. . . 
\-1110 lpsa ll'-Rf.:'t 11 i 1 l'l" ice Farm-Retail Price 

.Spl-t'.<HL "(i~RP.SJ . . .. _S.PT.e~'1_d_ JF.~P.S)" __ 
Item 

t-vuluc Coefficient: t-value 

Constant -S.L"): -7.8622 

~.,rRPS -0.000> 0.010


t-l 
"1'1) S 0.1067 1.700I " '..,t- 1 


APR~_l 0.069:: 1. 635 


APR 
S 
t

_ 
1 

n.op'9 0.6'30 

O 
APR '1 1. 122 

t- ... 

IWeN -0.5334 0.315 

TCKP -0.lS99 0.0'34 4.0539 1. 330 

STQtis -0.0022 0.541 

(:RPP 0.4351 3.713 0.9030 1. 271


l 

Ci.fpnr t -O.OUS 0.092 -0.0769 0.631 


t\PBG -0.S123 4.247 -1. 3897 9.297 

Trend -0.0115 1.233 

Fpb. Dummy* 0.1575 0.321 -0.0913 

Hul". Dummy 0.48'52 1.004 0.2606 0.635 

ApI". Dummy -0.0872 1. 623 -0.7285 1. 750 

Nav Dummy -0.3966 0.633 -1.1526 2.770 

June Dummy -0.2407 0.313 -1.1688 2.750 

.Jul v Dummy -n.1107 0.370 -1. 0349 2.494 

Aug. Dummv 0.0644 0.076 -0.9331 2.109 

Sept. Dummv -0.1294 0.208 -0.6918 1. 623 

Oct .. Dummy -0.0029 0.005 -0.6879 1.640 

Nov. Dummy -0.7910 1.452 -0.5391 1.198 

Del'. numm~' -1.1959 2.081 -0.3618 0.798 

D65 0.4518 0.873 


') 

R~ .91 

D-W 1. 729 


*~Tanuarv st>rved as a P.ri_t~r:.i excluded month. 
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