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ABSTRACT

This study has attempted to éssess the success o. .e
Alberta Pork Producers’ Marketing Board in its efforts t
achieve pricing efficiency in the Alberta hog industry.

The pricing efficiency concept was analysed throughathe
use of graphical illustrations and’ empirical methodsl Two
empirical methods were applied. The first was the
ﬁox-Jenkins Procedure which was used to study the impact of
policy changes initiated by the Alberta Pork Board during
the period from January, 1964 to December, 1983. The second
method was the wutilization of the concept of Granger
causality te gtudy the lead-lag relationship between the
Edmonton . hog. market, the $$ronto hog mariret and an average
OE seven mid-western Unitedqétates markets.

The choice of the alternative markét areas was to help
determine how rapid and effective was the information flqw
between the Edmonton hog market and the other markets of
comparison. Effective information flow 1is important in
achieving pricing efficiency.

The conclusions drawn from this study were three.
First, none of the policies initiated by the . Pork Board had
any significant impact on pricing levels. Secondly, analysis
from the lead-lag structure showed that pricing efficiency
levels improved immeaiately after the formation of the . Pork
Board itself. Thirdly, the Alberéa hog market was found to
have isolated itself from the glternative markets. This is

an indication that the Pork Board has had sdme control over

iv



the local supply and demand conditions of hogs.
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1. OVERVIEW
1
A, INTRODUCTION
The hog industry in Alberta is an important segment in

the province's agriculture. The province is the third major

producer of hogs in 3§Q<3ilh—iift to Ontario and Quebec
.(Table 1-1). % -

Manning estimated in 1965 that some 40,000 producers in
Alberta sold 1,634,000 hogs with a market wvalue of.<$77’”
million. This value repfesentéd peagiy 12 per cent of total
cash farm receipts in tﬁé province..A further $91 million
was the estimated valde added to the hogs through assembly,
processing, .and distribution during the same period. In all,
the totél retail value in 1965 amounted to about $168
miilion.‘. Although Alberta still remains the third major
producer of hogs in Canada, the number of: producers,
presentiy estim;ted .at about 6,350, 1is below the 1965
level.? '

The major consﬁmption areas for pork in Canadé are
Ontario, Quebec and British Columbia. = Alberta has
traditioﬁally been a surplus production reg@én, with
production excgediﬁg consumption. The . province's }éurplus
bork has mainly been divided between British Columbia and
the Pacific North Western United States, with some shipments

' Travis Manning, Performance of the Hog Marketing System in
Alberta. (Edmonton: U. of A., Dept. of Extension, 1967) p.1.
* Suzanne Zwarun, "A Pork Barrel Conspiracy". Maclean’s News

Magazine. (January 30, 1984) p. 39.
1
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HOG NUMBERS,

TABLE 1-1

MARKETING AND FARM CASH RECEIPTS BY PROVINCE,

1980
Commercial Percent of
Number On Marketings Farm Cash Hog Total Farm
Farm (000) (000) Receipts Receipts
Newfoundland .n.a. n.a. n.a.
PEI ' 101.5 20.0 14.1
Nova Scotia 110.0 462.3 21.7 10.7
New Brunswick 61.0 10.2 6.6
Quebec 3,150.0 4.819.2 - 487.9 21.8
Ontario 3,155.0 1 4,090.1 470.8 10.7
Manitoba 826.3 1,152.4 115.2 8.2
Saskatchewan 625.0 605.6 76.1 2.4
Alverta 1,280.0 1.758.6 171.4 5.3
B.C. .245.0 262.8 32.3 43
East 6,577.5 9.371.6 1,010.6 14.1
West 2,976.3 3,779.4 395.0 4.6
Canada 9.553.8 13,151.0 1,405.6 8.9

Sources: Statistics Canada, Farm Cash Receipts, Catalogue No. 21-201, Annual

Statistics \Canada, Livestock and Animal Products Statistics

No. 23-203, Annual.

Catalogue



to eastern Canada.’

The efficiency in the industry or a lack of it has been
of (ouicern to the many people employed in the industry, as
well a5 to consumers. Elements of concern include ". . . the
concentration of market power in food»retailing, the system
for establishing basic hog prices, competitive practices in
hog- procurement; and marketing charges which resulted in

different prices for the same quality of hogs."*

B. SITUATION

The Alberta Pork Producers' Marketing Board (APPMB) was
established in October of 1969, to institute a method of
central selling and to alloczte- pigs' for competitive
bidding. The mandate of the Board was to improve the
operational and pricing efficiency in the hog industry.

Prior to fhe formation of the board in 1969, there wés
increasiné concern over pricing procedures in the hog
market.® Only about 10 to 12 per cent of ﬁhe province's hogs
were consigned to the stockyards in Alberta. Of the hogs
consigned to the three Alberta stockyards in Calgary,
Edmonton and Lethbridge, slightly more than one half were
sold on the 1livestock exchange; the rest were sold by

private treaty elsewhere (Table 1-2). This 5 to 6 per cent

-sold on the livestock exchange established the market price

’ Travis Manning, op. cit. p. 3.

‘ Manning, op. cit. p. 1. :

* M.H. Hawkins, et al, Development and Operation of the
Alberta Hog Producers’ Marketing Board. (Edmonton: U. of A.)

p. 1.



TABLE 1-2

SLAUGHTER HOGS CONSIGNED TO TERMINAL STOCKYARDS IN ALBERTA,
1965

TERMINAL STOCKYARD

CONSIGNMENT TYPE CALGARY EDMONTON  LETHBRIDGE TOTAL

Number of hogs

Through Bill... 45,347 48,553 15,419 109,319
Sale.... 53,505 53.414 38,013 144,932
Total.... 98,852 101,967 53,432 254,251

Sources: Canada Department of Agriculture, Production & Marketing Branch,
Calgary. Annual Livestock Market Report, 1965, (Calgary: 1966), Edmonton
Annual Livestock Market Report, 1965, (Edmonton: 1966), Lethbridge
Annual Livestock Market Report, 1965, (Lethbridge: 1966).

!



for hogs.*

The Board, since 1its inception, has had continued

challenges. In order to meet these situations, several

developments and policies have been instituted by the Board.

Among them are:

1.

the involvement of the board in the domestic and foreign
markets, with its first contract signed with the
Japanese in May, 1973;

formation of the Producers' Hog Indemnity Fund in July,
1973, to replace'thé higher privéte insurance costs. to
producers;

ihfbrmative activities through provision of the Hog

Journal and the producer toll free code-a-phone service;

4. institution of court action against the packing plants
for price fixing activities:

5. price pooling system to reduce any price variability;

6. the establishment of a teletype to aid in the marketing
of hogs under the system of advance buyer bidding.

Table 1-3 gives in-depth information regarding some of the

Board's development. and policy changes since it has been in

existence.

C. OBJECTIVES

The objectives of this study are: N
to examine the impact of major Board policy3changes on

pricing efficiency in the marketplace;

* Manning, op. cit. p. 6.



TABLE 1-3

SELECTED POLICY CHANGES BY THE APPMB BETWEEN
1969 AND 1980

{Oct. 31,1969 - APPMB officially started selling hogs, ]

May, 1973 - The Board negotiated Tirst of a series of
contacts with Japan for hog exports.

Euly. 1973 -“Formation of the Producers’ Hog Tndemnity '
und.

I572 - Board given authority to negotiate directly with
rocessors or buyers.
975 - "Board terminals established to influence hog flow
o _packing plants.
November, 1977 - Hu Warries compleles report on the hog
price relationship.
[:arch, 1978 - Board impTemented daily producer price
veraging,
arch, 1978 - Board started marketing hogs under advanced
uyer bidding.

IJune. 1978 - Producer toll free code-a-phone market in-
formation service.

(I378B - Tncorporation of the K1bérta Hog Trading Company. ]

KpriT 1975 - Sale of Trozen pork Yo Korea. ]
P2y 1979 - Kame chinge Trom “Hog™ to “Pork™ ]

ovember T979 - Kppeal of the Board's bid/accepltance
ystem and domestic contracting launched by two major
rocessing firms,

'feEruary T980 - Three processor firms partial boycotl starts]

ebruary T980 - Minister Schmidt announces his intention to
stablish a Hog Marketing Review Committee.

February T80 - Board discontinues use of teletype:
receiving offers by telephone, telex, letter or teletype
circuit. .

Farch 1980 - Board and individual plainiiffs Tile 373
rillion statement of Claim against packers for restraint
of trade,

t
!

rch T980 - Marketing counciy passe; motion to take over
Board operations through A.R. 99/80.

ApriT, T9B0 K. K. 99/BU is repealed by CTounciT,

1
y, 1980 - Temporary S¥top - Loss Program announced
by Minister Schmidt,

cember T9BU - The Board purchases Yletchers' Fine Foods
Limited packing plants in Red Deer and Vancouver,

Source: Alberta Pork Praducers' Marketing Board, Alberta Hog Journal.
Edmonton, Alberta. Various issues 1977-1980. TitTe changed
to Western Hog Journal summer of 1979. M. Hawkins, et al.
Development and Operator of the Alberta Hog Producers Marketing
Board, Rural Sociology BulTetin 1Z (Edmonton, University of
Alberta, March 1977)




2. to determine wheﬁher the Board has improved pricing
efficiency in the pig marketing system for Alberta

3. to study the lead-lag structure of the markets under
stud¥ and

4. to sfudy the movement of the price spread between the

Edmonton hog market and the other markets of comparison.

D. METHODOLOGY

In this study, weekly average slaughter hog prices 1in
Canada and in the United States were analysed for the period
January 1, 1964 to December 31, 1983. Differences between
the weekly average prices pf the following market regions
were examined: Edmonton, Tgronto and an average of 7 major
United States Midwestern markets.

This study is an extension of the earlier work of
Leavitt at the University of Alberta, Department of Rural
Economy, in 1981. In his study, Leavitt used the simple
correlation models and regression models in order to examine
the market performance of the Alberta Pork Producers'
Marketing Board. This study however, will attempt to further
analyse pricing efficiency, through the wutilization of
somewhat newer concepts, the Autoregressive Integrated’
Moving Average ana the Granger Cauéality Model.

The Box-Jenkins Procedure is éne type of the
Autoregressive Integrated Moving Average (ARIMA) model. This
procedure will be used to:

1. analyse the pre- and post-formation periods of the APPMB;



in order to determine the success of the Pork Board;

2. assess the effectiveness of the policy changes of the
Board 1in achieving pqicing efficiency 1in the hog
industry. )

The Granger causality model will further be wused to
study the lead-lag structure of prices for the markets
during the 'various time periods considered. Finally, a
graphical illustration will be presented to show the

movement of the price spreads between the markets under

study.

E. HYPOTHESIS .
My hypothesis is that the formation of the APPMB has

not increased pricing efficiency in the Alberta hog market.

To test this hypothesis, I will study the period January 1,

1964 to October 31, 1969, the period prior to the formation
of the Marketing Board and the period November 1, 1969 to
December 31, 1983, the period since the formation of the

Marketing Board.

F. LIMITATIONS OF THE STUDY

The ‘results of this study are likely to be influenced
by the market structure of the Alberta hog industfy. While
producers of hogs face a competitive market structure, the
situation appears different if one considers the structure
of the pork précessing inaustry. The packing plant'industry

for pofg in Alberta 1is highly concentrated, which may



provide incentives for interdependence.
Reschenthaler's study of 1980 showed a degree of price
leadership in t;e packers' patterns of purchases. Price
leadership exists when a firm or a éroup of firms in an
ihdustry, usually by their market power, set prices for all
other smaller firms in the industry to follow. This is an
element of oligopely. Two larger packérs were found to have
usually bid lowest for their hog reguirements.’ It is
possible that these two larger packers waited for the other
three smaller packers to complete their purchases before
going in to bid on the residual hogs at lower prices. More

on market structure will be discussed in the next chapter.

G. FORMAT

Organization of subsequent chapters will be in the
following order. In chapter 2 the literature dealing with
.pricing efficiency ﬂwill be reviewed. To give the reader a
feél of market power and how it may be used to influence
prices, the same chapter will review the theory of market
structure, conduct and performance, which are important
considerations in market power and price fixing. Chapter 3
will contain an analysis of the methodology and methods of
the Box-Jenkins Procedure and the Granger Causality. In
Chapter 4, the interpretations and resulﬁs of the study will

-~

be reported. Chapter 5 will contain the conclusions and

7 G.B. Reschenthaler, "An Analysis of the Competitiveness of
the Pork Industry in Alberta™. Paper presented to the Hog
Marketing Review Committee, Edmonton, June 24, 1980.



recommendations, based on the results of the study.
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Il1. SOME THEORETICAL CONCEPTS OF OLIGOPOLY, MARKET

PERFORMANCE AND PRICING EFFICIENCY

A. IﬂTRODUéTION

This chapter will contain a theoretical discussion of
oligopoly behaviour and pricing. The theoretical discussion
will be utilized in order to attempt to determine how close
the pork industry in )Alberta comes to the oligopoly
Structure.

The chapter will also contain additional \aspects of
market performance. .1In this regafd, it will reviéw
literature and empirical results with respect to pricing

efficiency.

B. THEORY ON OLIGOPOLY BEHAVIOUR AND PRICING

There are several competigg hypothesis of oligopoly
with varied sets of assumptioné. Among the assumptions, one
particular assumption (that is, sufficiently small number of
sellers) unifies nearly ;ll the models. The small number of
sellers in the market causes the firms to recognize their
interdependence.* The mirror . side of oligopoly 1is
oligopsony, where there are a rela;ively 'small number of
buyers.

The Chamberlin small-group case, also referred to as
monopolisg{;"competition, may be modified to cover the

_ /

01igopoliétic case more explicitly. Chamberlin assumes the

*J.V. Koch, Industrial Organization and Prices. (New Jersey:
Prentice Hall, 1974), p. 268.

11
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firms' products to be differentiated. Differentiation
enabies the firms to revise their prices, making pure
profits possible. Pure profits attract new firms into the
industry. In the long run, all firms in industry make normal
profigs. The entry of new firms into -the industrylméy
however, be infrequent ih an oligopolistic market. Barriers
to entry are the characteristics ‘of most oligopolistic
markets.’ | ' \\\/f\’?

A common model of oligopoly exhibits a kinked demand
curve. The kinked demand curve causes the marginal revenue
curve to be discontinuous, creating "stickiness" in pricing
and quantity within some range. It is this  stickiness in
pricing and quantity that eﬁables the kinked demand curve
and the discontinuous marginal revenue cost theory to 5e
applied.to the rigidity in oligopoly pricihg.

Stigler disagrees with the kinked cuﬁve and argues thét
".. . . nominal price!quotationsgmay be stable although the
prices at which sales are taking place fluctuate often and

widely."'® Stigler lists a number of factors that may affect

the length of the discontinuity as follows: the number of .

firms in the industry, the relative size of the firms, the
differences among rivals' products, the extent of collusion,

and the number of buyers.

4

In his conclusions, Stigler arques that ". . . neither

price experiences would lead oligopolists to believe in the
* Koch, op. cit. p.270. A

'® George Stigler, "The Kinky Oligopoly Demand Curve and
Rigid Prices", dournal of Political Economy. (Volume 55,
1947), p. 241, :



13

existence of a kink‘nor the pat&ern of changes of price
guotations that the théory leads us to believe."'™ Stigler's
cbnclusions‘are based on a study of some United States
manufacturing companies in 1947,

‘In a reply to St;gler's findinés, Efroymson writes tﬁat
". '+ . the fact that oligopolistic éemand curves were
proven, . . . to be unkinked does not mean that they are

never or infrequently kinked."'? The %ink may = be

circumvented by a habit of price leadéréhip or quasi or
overt agreement. Price leadership and covert or overt

collusion are therefore indications of the "belief"™ in the

kink in demand. It ié for this reason that rivélé' in the
industry.establish customs to iron it out.'® Heflebower
agrees with the arguments of Efroymson.'*

The bottom line iin oligopoly theory 3s that firms in
the  industry recégnize " their interdependence. This
interdependence may encourage ‘the firms to colluae, either

formally or informally, to fix prices to their advantage.

\
C. MARKET S?RUCTURE AND CONDUCT . ./,
Market structure are the . characteristics of

(. . _ )
organization in,the. market influenq{ng) strategically the

nature of competition and pricing. Market conduct is the

't Ibid. p. 447. - ]

'* C.W. Efroymson, "The Kinked Oligopoly Curv
Reconsidered”, Quarterly Journal of Economics. (Harvard:
Volume 69, 1955), p. 124-125, _

'? Efroymson, op. cit. p. 128. . )

'* R. Hefflebower, "Stability in Oligopoly", The Manchester
School. (29, 1961). '

)
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behaviour followed 1in adopting or adjusting, through the
market, what firms buy or sell. Both structure and conduct
are related to performance to determine market power of a
firm.

Caves summarizes the main elements of market structure
as: the degree of concehtration, the degree of oproduct
differentiation, existence of barriers to entry, growEh rate
of market demand, price elésticity of market demand, and the
ratio of fixed to variable costs in the short run. The first
three elements are pointed out as the most important.'s

Rhodes lists " the elements of market stfuctureiés: the -
number and rdlative size of sellers and buyers, the 'dégree
of product differenfiation, and the degree of difficulty of
entry and exit of buyersﬁand sellers.'* |

Bain gives two dis:inguishable but interrelated phasés
of market conduct. Firstly, the character of interseller
relationships and coordination = (whether firms act
independently or interdependently) and secondly, principles
and methods which fi:ms observe in arriving at decisions and”

17

actions (whether individually or éollectively).

Richard Caves, American 1 : Structure, Conduct,
Per'Formance 2nd Ed. (New Jers Prentlce Hall 1967), p.
16.

'¢ V. James Rhodes, The Agmcultura anketlng System 2nd
Ed. (New York: John Wiley and Sons, \983) p. 22,

'?7 Joe Bain, Industrial Organtzatlon (N_ew York: John Wiley,
1966), p. 267. : .
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D. EVALUATION OF MARKET PERFORMANCE

Economists have several views on market performance
criteria. Low states thaththere are two general approé%hes
that struggle for supremacy in establishing and judging
market performénce. The first is the Neo-orthodox approach
whicﬁ usesi resource -~ allocation as  the ~basjis for
satisfaction. The second is the Traditionalist épproacﬁ
which uses criteria such as: product wvariation, mafket
growth, and innovation.'®

Caves advances a macro approach and considers factors
such as income distribution, full employmer* and price
stability,. progress, research -and innovat:ion. ' In this
regard, the economy must be efficieht in the employment of
resoﬁrces,A'fu}ly employed to avoid waste in production
factofs, progressive in raising quality and variety of
goods, and;eQUitable in rewarding productive effor:cs.?® Bain

|
looks at three criteria: the degree of efficiency attained,

-

the relation of price to cost as indicated by investment’
profits, and the size of sales promotion cost.®' Scherer
considers the «criteria to be allocative efficiency of-
resource use, equity of income distribution, progressiveness

and macro economic stability.??

.

Appraisal of performance is an indicator and measure of

general material welfare. What performance criterion is most
\ e .

'* Richard Low, Modern Economic Organization. (Homewood:

Richard Irwin Inc., 1970), p. 295. ) ;

'’ Caves, op. cit. p. 98-100.

*° Caves, op. cit. p. 96-97.

*' Bain, op. Ccit. p. 341.

*? Scherer, op. cit. p. 459.
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npe - tant depends therefore on value judgements, In
marketing, performance criteria affect the physical or
operational performance and the establishment of prices and
values. One thing though is certain in economic theory. When
measuring pricing pe;forménce innan oligopoly market, prices
are easily distorted by lack of competition.’ |

Discussion so far of market structure, conduct and
performance is intended to ¢€xpose the reader to how
oligopolists work in attempting to distort competitive
pricing, which is an essential element 1in pricﬁng
efficiency. Later in the chapter, a case .of oligopoly
behaviour in the Alberta hog industry will benpresented in
order to show how the Structure of the industry has created
an atmosphere which encourages price distortions.
E{ THEORE&ICAL CONCEPTS OF PRICING EFFICIENCY

Williams and Stout summarize price functions as:
allocating resources in production and marketing, allocating
goods and services among consumers, balancing supply and
demand forces, and producing. and allocating income payments
among Lthel recipients.?? For  prices to achieve these,
functions, pricing information .must be accurately and
rapidly transmitted to the buyers and sellers in the market
place. Handling of the information itself requires other
~inputs like capital and labor. Pricing efficiency,

therefore, must also consider the costs associated~.in

** Willard Williams and Thomas Stout, Economics of Livestock >

Meat Industry. (New York: Macmillan, 1964), p. 123.
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providing the accuracy and rapidityv of the required

information,**

According to Kohls, pricing efficiency is achieved if
prieés fully reflect consumer preferences, Jdirect resources
from lower to higher valued uses, and coc ‘dinate the buying
and selling activitjes of farmers, marketing firms and
consumers, *3

In evaluating pricing performance, Williams and Stout
advocate tﬁe perfect market model as close to perfection in
pricing efficiency. The -perfect market is the market:
characterized by many sellers and buyers, equal access to
information by all participants in the market and
homogeneous products, making it difficult for one seller or
buyer to manipulate prices. Characteristics of prices in the
perfect market are summarized as: |
1. perfect prices among geographically separated markets,

with price differences among the markets egual to the
cost of transporting -the commodity from one market to
the other;

2. perfect priées in fime, .making any price differences
through time be equal to the costs of storage or
transfer from one period of time to another; and

3. perfect prices among forms of a commodity; that is, the
~cost§ of transforming a commodity from one form or grade

to another must be equal to the price differences among

¢ Ibid. p. 122, ' -
** Richard Kohls and David Downey, Market ing of Agricultural

Products, 4th Ed. (New York: Macmillan, 1978), p. 11.
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the forms and grades.?®* | : (

The. concept of pricing efficiency may sometimes be
sacrthEEd for  bperational efficiency. The problem then
becomes one of determining how much operational efficiency
must be allowed. Williams and Stout think of some sért of °
compromise between the two concepts. They argue‘that:

While the adequacy and effectiveness of prices and’
pricing wusually are improved through increasing the
number . . . of firms, . . . CoOst. in terms of
physical efficiency of achieving these conditions
might be prohibitive. An acceptable compromise, .

sometimes 1is selected as a standard of reference
or comparison for evaluating the level or nature of
performance actually observed.?’

Pt

Warrack integrates operat}bﬁal aﬁd~pricing efficiency-
and suggests that ". . . public marketing policy must focus

\

on both operational and pricing.efficiency. If a trade-off

relationship exists, . . . mar Eting efficiency can be
maximized by equaliziqg/ggp/SQZ: in one component with the
opportunity-cost loss in the other component;"’“

Tomek and Robinson relate efficient pricing with
perfect competition as well. They see the competitive norm
as one criteria for judging performance of the pricing
mechanism. Any manipulation of prices or deviation from the
competitive 1ideal <creates vinefficiéncies. Such pricing
aberrations may appear in the nature of price adjustments,
in the vériability of prices and in the level or prices.?’
¢ Williams-and Stout, op. cit. p. 124.

7 Williams and Stout, op. cit. p. 125.
** Warrack, op. cit. p. 21,
?” William Tomek and Kenneth Robinson, AgPlcultUPal Products

Prices, 2nd Ed. (Ithaca: Cornell Unlver51ty,,1982) p.
225~ 226
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Evaluation of pricing efficiency has a welfare norm
which may l-ad to problems. A price discovery mechanism that
may clear the market may not in itsélf be efficient if it
leads to production surpluses and lower producer prices.’?®
In view of the welfare connotatioﬁ in priciné*efficiency,

judgement may be made difficult.

F. REVIEW OF SELEC'I“ED EMPIRICAL STUDIES

'Several studies have been done on priciﬁg efficiency in
both the United States and Canada. This author will however
restrict the review to studies done on pricing efficiency in
the meat industry. |

Leavitt's study of 1981 failed to come to any specific
conclusion, - vis-a-vis pricing efficiency. His differencing
model showed improvement in . pricing efficiency in the
Alberta hog market. Howevef, another model, using supply
variables as a measurement device, indicated lack of pricing
efficiency. He <concludes that ".'~. . a firm conclusion
concerning pricing efficiency could not be made because of
mixed evidence on improved pricing efficiency."®' A critique
of Leavitt's work will be provided in the next chapter.

‘In studying the lead-1lag stfucture of slaughter hog
prices between four ’major Canadian citges and the United
States midwest in 1982, Beaton and Pearson found market
information to be rapidly communicated between their Study

>° Tomek and Robinson, op. cit. p. 226.

°' Steven Leavitt, Market Performance of the Alberta Pork
Producers Marketing Board. (Edmonton: U. of A., M.Sc.
Thesis), p. 184.

@

N
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markets.?? Their study concluded that Canadian markets have
higher cross corrélation camong themseives than with the
markets of the United States. Beaton and Pearson attribute
this to the institutional trade barriers between the two
countries.®® Within Canada, the study found the Toronto and
Winnipeg markets to be more correspondent with zero’l&é
adjustments between themselves and} the United States
markets. The Saskatoon and Edmontonfmarkets however lagged

\

one period with the other markets.’* While the model used in
&»

this study is appropriate for time series analysis, the
observation period did not include the period since the
pufchase of the Fletcher's Packing Plant by the APPMB. Thé
packing plant  was purchased in December, 1980 to increase
competition in thé buying patterns of the packing plants.

A study by Faminow in 1981 analysed the 'lead-lag
structure of two wholeéale beef price quotes‘in the United .
States. Although specific markets are not mentioned per se,
the results 6f the study may be applied to the purpose here.
Faminow concluded in his study that the Yellow Sheet prices
led the Meat Sheet prices, indicating that prices quoted in
the former 'may respond to changing market conditions more
expediently than the lattgr.35

°? Norman Beaton and Charles Pearson, Lead-Lag Structure of
Slaughter Hog Prices Between U.S. Midwest and Four Major
Canadian Markets Utilizing Univariate Residual :
Cross-Correation Technique. (Presented to American Ag. Econ.
Ass., Utah Univ., 1982), p. 8. :

’? Beaton and Pearson, op. cit. p. 8.

’* Beaton-and Pearson, op. cit. p. 8.

% M.D. Faminow, "Analysis of the Lead-Lag Structure of Two
Wholesale Beef Price Quotes Using Residual
Cross-Correlation”, North Central dJournal of Agricultural
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A study in 1980 by Bessler and Haugh used univariate
residual cross-correlation énalysis to study the leads and
lags among prices of turkey products, as gquoted in the
Producers' Price Current -~ a most widely used source of
information in the United States.?* This,AQirticular study
used the Box-Jenkins filtefing procedure to remove time
series properties. Their findings showed ". . . no
consistent lead-lag pattern from parts pricés to whole bird
prices or from whole bird to partsprices»."’7 While breast
prices led whole bird prices, other parts -- notably, tail
and wing -- seemed to folfow whole bird prices.’® This
pattern of prices may be due to the differences in demand
elasticities between the various parts of the bird.

- Miller also used univariate residual cross-correlation
analysis to study beef price changes at the retail,
wholesale, and farm levels in the United States. -His
conclusions were that farm level price changes were
reflected in wholesale level price changes within a week,
but wholesale level priée changes were not reflected in the
retail levei price changes for three weeks.®’ However, it
takes time to transform a live beef animal into beef cuts at

the retail level, and considering the time factor, ‘Miller

**(cont'd) Economics. (July 1981), p. 94.

’¢ David Bessler and Lee Schrader, "Measuring Leads and Lags
Among Prices: Turkey Products", Agricultural Economics
Research. (3, Volume 32, July 1980), p. 1.
- >7 Bessler and Schrader, op. cit. p. 6.

°® Bessler and Schrader, op. cit. p. 6.

>’ Stephen Miller, "Univariate Residual Cross-Correlation
Analysis: An Application to Beef Prices", North Central -
Journal of Agricultural Economics. (1, July .1979), p. 145.
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o
concluded ". . . the current price discovery mechanisms in
“he beef marketing system provide fairly rapid price
"justments between the farm, ’ wholesale, and retail

-—elg. te
'he "og 1nlustry was the subject of study by Gupta and

n West Germany. Autocorrelation and filter rules

worusea - the o analysts to study three markets. 1In

"he.- ¢ nclusion, they arqgued that the three markets studie#
& ‘

were e. ~lent at least, in the time period analysed.*’

Prior to the establishment of the "Alberta Pork
Producers' Idarketing 'Board (APPMB), some studies were done
on the market performance .,in Alberta's hog industry.
Manning, in his 1967 study, identified the major problem in
Alberta's hog marketing system to be prices paid to
producefs.‘2 In his recommendation, Manning suggésted a meat
marketing program ”. - . to purchase from producers, pay an
initial price based on minimum quality, have slaughtering
and processing done on a customAbasis, and act as the sole
seller of pork or red meat to retail buyers."*?

Lockhart's 1967 study also identified the pricing
problem in the Alberta hog industry. "The major proplem in
hog markefing_is the performance of the marketing system.
This problem 1is related to the establishment of the actual
sale price which 1is comprised of a base price less
transportation, selling fees, and commissions plus possible

+°.Miller, op. cit. p. 145,

‘' Gupta and Mueller, op. cit. p. 350.
“* Manning, op. cit. p. 23. :

‘? Manning, op. cit. p. 25.
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procurement allowances."** A Lack of sufficient accurate
data on market-conditions, and the absence of proper ways to
disseminate pricing informafion between markets were seen as
some of the causes for pricing inadequaci;‘-s.f5

Ulrich in his study of beef industry prices found
competitive bidding to result in higher producer prices,**
Such competition in the market place is possible if all
participants in the market héve' equal access to pricing
information, with the information presumably disseminated
effectively and quickly to both sellers and buyers.

'Andersen used the correlation coefficient to study
price fluctuations in the Albérta4 hog industry in, "1971,.
Results of his study showed, among other things, little
dependency of western hog ‘ﬁrices‘ on eastern markets.
Furthermore, pricing systemé'in Canadian markets failed to
usé price information frémv other 'markets." At the same
time, Andersen concluded -iat pricing efficiency has.
improved marginally since the establishment of the Alberta
Pork Producers' Marketing Board.*® It is the view of this
author fhéé;the existence of the board, at the time of

Andersen's study, was too short to have had any significant

‘* W. James Lockhart, Alberta Hog Market, Conduct and
Performance. (Edmonton: U. of A., Dept. of Rural Economy,
M.Sc. Thesis, 1967), p. 61.

** Lockhart, op. cit. p. 62. :
‘*“ Martin Ulrich, "Price Differentials Between Selected

Channels of Marketing", Canadian Journal of Agricultural
Economics. (Volume 12, 13, 1964 & 1965), p. 66.

*” Richard S. Andersen, 'Daily Hog Price and Supply
Analysis", (Edmonton: U. of A., Dept. of Rural Economy ,
M.Sc. Thesis, 1971), p. 107.

‘* Andersen,_ op. cit. p. 109.
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impact on pricing efficiency. A critique of the model used

in this study will be given in the next chapter.

G. THE ALBERTA HOG INDUSTRY{ A CASE STUDY 1IN MARKET
® BEHAVIOUR

There are reasons to believe that the packers in
Alberta developed oligopsonistic tactics to fix | lower
producer prices. This is evident in the recent court
decision handed down by the Court of Queen's Bench on three
Alberta packers. "In a statement of facts that.the convicted
companies admitted was true, the Crown Prosecutor . l‘.*said
that plant managers of the three companies held meetings,
usually at hotels, to discuss the price range at which hogs
yould be purchased."*’ The court's decision followed an
admission by Burq;lFood Limited, Gainers Limited, and Eschen
Canada Incorporated to conspiring to lessen competition in
the purchase of hogs in Alberta. The other three packers --
Cénada Packers, Intercontinental and Fletchers, which has
been bought by the marketing boara, are still challenging
the law suit brought against them by APPMB. |

Price fixing is an agreement bgtween firms to buy or
sell at a pré—determined price. This aétivity is made
possible by the structure of the industry and by the nature
of the product involved in the price fixing agreement.

The packing industry in Alberta is concentrated with a

sufficiently small numbers of firms involved. It is an

*’ Suzanne Zwarun, op. cit. p. 39.
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oligopsonistic structure. This 1is confirmed by the Hog

Marketing Review Committee in its report of January,
1981.°%° Hogs are a homogeneous product and are not subject
<. yrading. Ecénomists in industrial organization agree that
these two factors provide the incentive to fix prices in
order to achieve stability, protect profits and to avoid any
potential pricé warfare.

| Information provided by the Albe:ta Pork Producers'
Marketing Board also suégests a form of market Qharing by
the four major meaf processing plants in Alberta betweeh
1972 and 1976 (Tables 2-1, 2-2, 2;3). Market sharing is
another element of oligopsony. It is possible that the
relatively smaller packers feared retaliation from their
larger rivals. and so avoided any moves to increase their
volume purcﬁases. The Board contends that the ma;ket shéring
scenario broke down after 1978, probably due to the Board's
introduction of domestic contracting and selling system
changes.®' The possible collusion of the iarger firms 1is
also evident in _a’pérsonal letter sent to the Minister of

Agriculture<in/{;;8, by the President of the Grande Prairie
[ N . :

N

Packers. An excerpt of the letter read:

Prior to July, 1977, our firm experienced some

difficulty in obtaining the necessary supply of hogs

for slaughter, which is unusual since the immediate

area produces more than my slaughter requirement. I

experienced situations where Edmonton packers paid

much more for F.O0.B. Grande Prairie hogs than they
*° Hog Marketing Review Committee. A Report Presented to
Alberta Ministry of Agriculture Based on a Study Conducted
by the Committee Appointed by the Minister of Agriculture,
1981. :
*' Leavitt, op. <it. p. 38.
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paid for Edmonton area hogs, and then these Edmonton
packers had to pay transport costs to Edmonton. This
situation was certainly not a reflection of any
quality differential between Edmonton and Grande
Prairie hogs. It is my view that such a phenomenon
occurs to ensure that there is industry unanimity --

...that 1s, we all toe the line drawn by the largest of
our peer groups. Apparently, my firm must not grow,
and certainly must not participate in the Edmonton
market,®?

A number of recommendations were presented by ‘the Hog
Marketing Review Committee to break the oligopsonistic

structure of the, packers. Among'the recommendations, the

+

committee ". . . recognizes that proper functioning of the
industry can only occur if such features as barriers to

entry, price fixing, market share allocations and predatory

]
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pricing are discouraged."

-H. SUMMARY

From the evidence so far presented; it becomes éppareht
that thg Alberta hog industry has an oligopolistic market
structure, The small number of firms iﬁ the packing
industry, the concentration of the packing plants, and the
nature of the product under consideration have con%ributed
to such imperfections. The oligopsonistic structure of the
meat packing industry would appear to make it compatible
with the theoretical concept of oligopoly behaviour and
pricing. |

Condé?ﬁs with the market for pigs, prior to 1969, led

to the_fb{mation of the Alberta Pork Producers' Marketing
B !

_—— - ———————

*? Reschenthaler, op. cit. p. 30-31.
*? Hog Marketing Review Committee, op. Cit.
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Board. The board, to ensure that hqg marketing was orderly.
and efficient, used a teletype system known as a Dutch
auction. Sale prices were displayed on the teletype 1in a
~descending order - by the board. The buyers on their part had
to punch a button on their own teletypes when they thought
the price was right for them. In 1980, fhe board claimed to
have had evidence of tampering with the electronic gadget by
the péckers. This led the board to launch a court action
against the packing plants.

In 1its eourt statement, the board claimed that plaﬁt
manage;s from the packing plants held meetings to discuss a
price range for hog purchases -- usuélly 50 cents or less.
As indicatec earlier, three of the packers have already
pleéded g Ity to the charges and ~have been fined
accordingly. These factors; that is, the formation of the
Marketing Board aloAg with _he subsequent legal actions have
led to the need for this study. The study seeks to measure
the success of the marketing board in its efforts to improve -

pricing efficiency in the Alberta hﬁg industry.



III. METHODOLOGY

A. INTRODUCTION

This chapter will present the data source for the study
and develoﬁ\;~zzzzzz;; evaluation of past research in this-
area. The chapter will also dévelop the theory of
Autoregressive Integrated Moving Average (ARiMA) and the
Granger Causaiity models which were used in this particular
study. The latter part of the chapter will further develop a

model to be used to assess pricing efficiency in the Alberta

-hog industry.

B. DATA SOURCES '

Data used for this study were collected from the Canada
Livestock and Meat Trade Report. THe peporbhis published by
the Markef Information Séfvice Department of Agriculture
Canada, and provides,thg average weekly prices of hogs for
all the markets under- study. The ,Observation period is
January 1, 1964 to December 31, 1983.

‘Prices for Canadian lhogs aré quoted on siaughtered
dressed carcass weights of 100 pounds. United States prices
are quoted on liveAhogs. To convert the United States live
hog _prices to their Canadian equivalents, a conversion
factsr of .78 was uséd.s‘ A further adjustment wasvmade to
. account for the exchange rate differentials between. the two

————————— " —— o ——————

** Conversion Factor supplied by Mr. Greg Whally of the
Alberta Pork Producers' Marketing Board in a telephone
conversation. Conversion is done as follows:

U.S. Price /.78 x Exchange Rate.

31
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countries. The exchange rate quotations used were obtained
/from the Weekly Financial Statistics published by the Bank

of Canada.

t. METHODOLOGICAL CRITIQUE '

In his study of pricing efficiency in the Alberta hog
industry 1in 1981,' Leavitt wused correlation coefficients,
coefficients of determination, and differencing models,®*
Together, the three models are an integral part of .the
Ordinary Least Squares ﬁ;thod (OLS). |

Leavitt's work is commendable for beingfthe first major
study of the Alberta pork industry since the incebtion of
the Pork Marketing Board. His study considered, among other
things, the impact of major policy changes initiated byrihe
Board in @ts attempt to improve operational and pricing
efficiency in the market place.

The problem with his work however, revolves around the
utilization of the OLS models. Results obtained from
correlation coefficient models may be misleading. A high
correlation may imply an efficient market, leading the
analyst to conclude an efficient dissemination of
information. But correlation coefficients do not in any way

establish causality between variables. Pierce and Haugh have

argued that ". . . high correlation among variates does not

in any necessary sense establish that they are causélly

related. Variables may be functionally related, "yet be

N
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uncorrelated, and . . . they may be cofrelated yet not
causally related,"* ’

Coefficient \of determinétion models may establish
.causality. However, results. from this model may be
misleading as well, if applied to time series analysis.
Ordinary Least Squares (OLS) assumes no correlation between
the random terms.” This condition is not met in time series
analysis, since economic conditions are such that present
economic values . are affected by previous values. For
example, the price of hogs this week is lfkely to be
influenced by hog prices a week or two earlier. If such is
thé case, then the use of OLS could bias the standard errors
of the parametér estimates,

If the structure .bf serial depehdence is known,
Generalized Least Squares (GLS) may be wused for  the
—estimation.s’ However, the structure of serial dependence is
hérdly ever known-a priori. Serial dependeﬁce 1s a measure
of the influence of past values on the presént values,

Furthermore, Leavitt's  model 4, using price
differencing, is defective. Depending on whether Ptj>Ptk or
vice versa, the B1 coefficient: could be a negative or a
pogitive value, whére Ptj is the p:ice' in the original
market (Edmonton) and Ptk is the price in the comparative

market (Toronto or the United States). Leavitt stated _his

*¢ D.A. Pierce and L.D. Haugh, "Causality in Temporal
Systems",. Journal of Econometrics. p. 265.

*7 C.W. Ostrom, Time Series Analysis: Regression Techniques.
Sage University Paper Series on Quantitative Applications in
Social Sciences, 07-009.
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model 4 as follows:

(Ptj-Ptk)=Bo + B1Stj

and imposed a negative value on the B1 coefficient.
Representing (Ptj-Ptk) by D, what Leavitt was testing was a
change in D with respect to a change in hog supply levels in
the original market, Stj. If Ptj>Ptk;‘an increase in Stj
will resﬁlt in the fall in Ptj and generally in D, making B
~a negative value. However, if Ptj<Ptk, an increase in Stj
will lead to a decrease in Ptj but an increase in the
oyerali D. In this regard, the B1 coefficient will become‘a
positive value.

Problems involved in the use of the OLS for time series
have led some analysts to consider the use, of the - ARIMaA
ﬁdﬁel. The . Box-Jenkins technique 1is wused to examine an
interrupted time series analvsis. Interrupted time series
analysis 1is a way of assessing the impact of a discrete
intérventaibn on an economic proéess. The 1intervention
divides the economic process into two periods -- the
preintervention and the’postintervention. In its simplest
form, the null hypothesis would be: The intervention had no
'impact on the time series.

Econometrically,
Ho : bpre - bpost = 0
whe;e,

r

bpre = the preintervention series level,
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bpost = the postintervention series level.

The model itself may be stated as follows:

Yt Nt + It
where,
Yt = the t(th) observation of the time series;

Nt

the "noise" component,
It = the "interventioh" componént.

Tﬁe intervention impact could be oBscured by trend,
seasonality and random errors, Ehé first-two being common in
agriculture. \The use of the ARIMA model does accouqt for
these types of noise; that 1is, the trend and seasonal
movement in the data. "If the model does not account for
these types of noisé, the analysis will be confounded"s:*

In the Box—Jenkins application utilized in this study,

the interventions are policy changes of the APPMB in its
atﬁempt to improve pricing efficiéncy. The interventions
studied were'divided into six time periods as follows:
January 1, 1964 - October 31, 1969: the pre-formation period
of the Alberta Poﬁk Producers' Marketing Board (APPMB);
November - 1, 1969 - April 1, 1975: the period from the

inception of the APPMB to the board's purchase .of

'

Assembly Yafds;

April 2, 1975 - March 12, 1978: purchase of assembly fards

to the introduction of the producer bid program}

March 13, 1978 - March 15, 1980: ‘the period from the

** D. McDowall, et al, Interrupted Time Series Analysis:
Quantitative Applications in the Social Sciences. Sage

University Papers, P. 14. :
: <
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introduction of the bid acceptance to the period of
provincial government intervention in the operations of
APPMB;

March 16, 1980 - December 31, 1980: the period from éhe
government intervention to the replacement of the
teletype marketing system with the sealed bids system;

January 1, 1981 - December 31, 1983: thé start of the sealed
bid marketing system and the purchase of Fletchers plant
to the end of the observation period.

These periods were compared in order to assess the impact of

individual policy interQentions by the APPMB oﬁ pricing

efficiency.

D. DISCUSSION OF THE ARIMA MODEL

An ARIMA quel has three structural parameters, p, 4,
and q, éenerally written as ARIMA (p, 4, g). The parameter p
indicates the number of autoregressive relationships.
Autoregression denotes a measure of relatiop between the

-current time series observation and a portion of & previous

Observation. For example,

Yt = 6,yt-ﬁ + at,
where, |
Yt = current time series,
yt-1 = one previous time series,
6, = parameter to be estimated that is assigning

weight to coefficient of i prior entry,

[ .
at = current random term.
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The random factor is a representation of variations that may
be observed in the time series. The\error term has the usual
assumptions of Zero mean, zero covariance, constant
variance, and normal distribution. An autoregressive . model
in which current time series is related to one most recent
eﬁtry is represented by AR(1). In much the same way, 1if theb
current series 1is related to two most recent entries, the
model is represented by AR(2), and so on.

The parameter q 1is the number of moving average
relationships, and usuélly abbreviated as an MA model. An
"MA(1) model is intefpreted as a series where the present
time series is composed of a portion of the most fecent
random error, and MA(2) 1is a time series composed of two

portions of the most recent random errors. For example,

Wt = at - f;at-1

where,
Wt = the current time se%ies,
at-1 = one previous randém shock,
6, = parameter to be estimatea,
at = current random term as given earlierf

3

Thé pérametér d represents the number of differences
needed to convert an original Qéta to a stationary time
series. Stationarity involves getting drifting and/or .
trending data to fluctuate noisily about a zero mean; with a
common variance. Differencing involves subtracting the first
observation from the second, the second’froﬁ the third} and

SO on. When a series is differenced, it is referred to as



"integrated". An integrated model may be stated as:
Yt - Yt-1 = at

The above equation represents a first order differencing
with the parameter 4d equal to 1. Higher order éf
‘differencing may be used if necessary. In such a tase, d is
grea£er than 1. Combinations of all three models ‘above yield
the ARIMA (p, 4, q) model. For example, ARIMA (1, 1, 1) is a
series where present time series have been differenced once,
and has both first order autoregressive and moving average
relationship. Such a model is called a mixed ARIMA (p, 4,
q). |

There are basically three stages 1involved in ARIMA
model builaing: identification, estimation and diagnostic
checking (Fig. 3-1). An important requirement in thisb model
- building is the stationarity of the raw data. When the data
trend or. drift the coefficient‘estimatés will be confounded.
If the data are observed td be non—étationary, they must be
differenced.

The identification stage helps to identify
stationarity.‘At thié stage, . the auﬁocorrelation function
(ACF) has to taper down to zero readily.'The essence  of this
is that the most recent lags have more impact on present
time series, but that these impacts decrease exponentiélly
with time. Any contrarxibehaviour of the ACF means that the
data are non-stationary and must be differenced. If the
first differencing proves to be inadequate, higher ievels of

differenting_ are used. In most cases  however, a first



FIGURE 3-1

STAGES IN THE ARIMA MODEL BUILDING

IDENTIFICATION

ESTIMATION: Parameter estimates must
be statistically significant and lie
within "bounds of stationarity-

invertibility™. Otherwise go back to

identification stage.

DIAGNOSTIC CHECKING: Model residuals
must be white noise as judged by 2
criteria. First, the residual ACF must
have nc spikes at key lags. Second,
the t-value of mean for residuals must
be insignificant at 95 per cent.

Otherwise, go to identification stage.

/
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differencing is~enoﬁgh.

‘'The autocorrelation function is a measure of
correlation or relationship between time series (lag-0) and
its first lag (lag-1). Mathematically, ACF may be defined
~as:®’ -

ACF (k) = Covariance (Yth+k)./‘Variance(Yt)
where,

" = number of lags,

Yt = ¥t =~ Y(that is, observed value minus the

ﬁean)

Yt+k = Yt+k -Y(that is, observed value minus the

mean) )

Generally, AéF(k) is a correlation coefficient;between time
series (lag-0) and (lag-k). The ACF is an output of the BMDP
statistical software package (See Fig. 3-3). Lags shown in
the ACF outpﬁt-are bounded by parentheses which indicate a
95 percent level of significance. If the value of a lag lies’
outside the parentheses, it 1is said to be a spike}\
Relatively larger values of such lags aré described as
"significant spikeé". A significant spike at the first lag
of the ACF indicates ACF(1); that is, current time series is
influenced by portion of a previous time series. Spikes at
the first two légs indicate ACF(2). Here, current time

series is influenced by portions of two previous time

series.

-

®’ McDowall, et. al., op. cit. p. 24.
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Another important measure of autoregressive models is
the Partial Autocorrelation Function (PACF). The PACF is
related to the ACF in measuring the strength of relatibnship
between time = periods” after intermediate lags have been

controlled. For example, for k=2\
PACF(2) = ACF(2) - {ACF(1)}® / 1-{ACF(1) }°?

where k is the nuTber of lags. The PACF is also an output of
the BMDP package (Fig. 3-4). The importance of the PACF
arises from the difficulties in- trying to determine thé
parameter p from the ACF alone. Usually an ARIMA (2, 0, 0)
has a slower rate of decay in its ACF than an ARIMA (1, 0,
. 0) process. For that matter, successive lags of the PACF are
expected to be zero for ARIMA (2, 0, 0) process (recall the
PACF and ACF relationship).*‘® Since tﬁe PACF tapers ' down
readily to =zero for AR.greater than one, its output is a
model form for autoregression. On the other hqnd7 ACF output

H

tapers down readily to =zero for a méving a&erage model
making the ACF output to be used as répreséﬁtation' for
moving average models.

The identification stage involves identifying the. model
that best represents the series; ;hat is, to determine the
serial dependence, if any, for the autoregression and ﬁoving

average. For example, an ARIMA (0, 1, 2) model means there

are two significant spikes in the ACF at the first two /kégs
. . . ‘ )

.. . {
__________________ 4
N B ‘ o ;
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~after a first order differencing and it is fépresented by
the'equation: ‘
Wt Qiét ;'G,at—1 4wézat—2,
where, ) |

Wt = present time series,

at-1 = one previous random term,
at-2 = two previous random term;
at = present random term with all the usual

3
assumptions,

6, ,492 = the parameteré to be estimated.
" An ARIMA (2, 1, 0) on the other hand ‘shows there ére two
~significant spikes‘ in the PACF at the first twovlags after
differencing and it is represented by the equation:

Yt = at + §,Yt-1 + 6,¥Yt-2

yhere,
Yt = present time series,
ft—1 = one previous time series,
Yt-2 = two previous time series,

at = preéent random term with all the usual
assumptions, |
6y., 62 = the pafameters to be estimated.
Discussions so far of . the AﬁIMA (p, d, q) have;nof
considered the problem of seasonality. Seasonality may ' be
defined as a beriodic behaviour in the time series. For
example,rin considering pork prices it may 'be possiblé to
observe higher prices during Easter when demand for ham is

traditionally hiéh. Such seasonal occurences do show up in
. ) .

-
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the ACF and PACF, both dying out ‘from seasonal lag to
seasonal lag and exhibiting significant spikes as follows: =

ACF(12) cuunnnnn.. ACF(24)

PACF(12)...... . .PACF(24)
When this happehs, the present time series is not only
related.to most recent lags, but also to lags twelve months
earlier. Such seasonal conéider&tions‘éppear obvious when
.considering monthly average data. In this s;ggy, average
weekly data are used and seasonality is igﬁoreéjl |
The ARIMA model works on the piinciple of parSimony.
This means that the analyst selects the ACFAor-the PACF that
has the leést numger oﬁ/significant spikes . as repgesentation
for estimagion. For example, if the ACF has one spikeland
the PACF has two or three, the ACF is considered the
prefefred model since ii involves 'estimatdng only one
parameter, instead of two or three. ]
The next stage in the‘model building is estimatidn.-
”Estimation involves the-unknown coefficient estimates. For
the autoregreésion, » the coefficients, also known as the
parameters, must lie within thel"bounds of stationagity". In
other words, the‘valﬁe of the parameter(s) estimated must be
less than unity in absolute :erms; that is,
_1'< 6y < +1
6, + 6, < +1

52_51<+1

For the moving average model, ‘the parameter(s) must also lie
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‘within the V"boun&s of invertibility", identical to the
bounds of sté%iénarity; that is,
.

-1 < 8, < +1

8, + 6, < +1

‘ 6, - 6, < +1

If these conditions are not met; for example, 1if the
parameter(s) value is more than unity, subsequent distant
lags will seem to hgve more impact on present time series, |
making the series non-stationary. 1In practice, economic
conditions are such that more recent disturbances have more
impact gn present time‘ series than d;stant disturbances.
Also, all pérameférs at thé estimation ’stage must Dbe
statistically significant &t a chosen level of significance,

usually 95 per cent. If for any reason these.conditions are

not met, the model building goes back to the identification

stage.

Assuming all conditions in the identification and

estimation ‘stages are met, the next stage is diagnostic

e

checking. This stage helb§ to judge whether the model
residuals are white noise. That is, the aptocor?elatioh of
the reSidﬁais hust not be different from zero at 95 percent
leQel of significance. Two.fcriteria are used for such
judgment. Firstly, the residual autocofrelation“ function
must hévea no spikes at key lags. Secondlyj tﬁevt-value of
the mean (against zeré) must be insignifidaﬁt at the 95 per
cent level of significance..If these two.conditions are not

<

me$, the model does not fit properly. The procedure then
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A : /
goes back to the identification stage for the proper choice

of the modei.

When estimation is done and the results have paésed
diagnostic <checking, the intervention éomponent is added to
~the equation and its value estimated. Using ;he example of
the equation for the moving average given earlier, the
equation may be éxtended as follows: |

Wt = T,00- 6,at-1 - 8,at-2 + at
where, .
-~
I100= the intervention at the one-hundredth
period and the rest of the equations are as
beforé.
If, in this example, the value of I,00 1is found- to be a
negative, the interpretation 1is that the impact of the
interruption had a negative effect on the series, and vice
versa during the one-hundredth observation time. all
parameters here must be significant as well.
'E. DISCUSSION OF THE GRANGER CAUSALITY

The Box-Jenkins procedure is an initial _ step of
f{ltering for the Granger causality Imodel. In defining
pricing efficiency, it was stated that any price difference
between two markets must tend to zero as more information
becomes available. In this regard, it may be realistic to
state that a consistent lead-lag relationship between prices
of two markets suggests tha£ the leading market ﬁas access

to superior information. Alternatively, any instantaneous
[ S
B
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relationship between the two markets may suggest that both
markets have equal access to pricing information. It 1is as
well possible for prices of two markets to lead each other.
This situation is referred to as feedback. Granger causality
is a concebt used to study a lead~lag structure. For
example, if Edmonton hog prices are found to lead Toronto or
U.S. prices, then Edmonton prices can be said to "cause"
Toronto and United States prices. However, 1if Edmonton,
Toronto and U.S. pfices are found to be significantly
| correlated at a zero lag, then there 1is an instantaneous
causality, and Edmonton prices may be said to adjust quickly
to prices of the comparative markéts.

Univariate residual cross-correlation analysis is one
way of ordering variables in the Granger causality. concept.

This particular analysis was chosen over the others for this

study because of the argument by Bess!- and Brandt that
this analysis does a  better job in removing
autocorrelation.*' Univariate residual analysis involves
calculating Cross correlation coefficients between

residuals. The residuals are generated from ééch series, for
example, the Edmonton price data being considered in this
study. The residuals are the difference between the observed
and predicted values of the original time series. It is
these residuals that are cross-correlated between the

various series at positive and negative lags.

‘' Bessler andABrandt,'op. cit.
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The estimated residuals are first tested for
randomness. To accept the model as fit for the purpose, the
residuals tested must be insignificant at a chosen level of
significance. The test usually applied is the Q—statistic‘
test. The OQ-statistic is simply an overall deviations of a
series from the random s?ries. Any large values of the Q is
an indication of remaining autocorrelatign. If such 1s the
case, the model is said to be poor for fjt. Table 3-2 shoﬁs
the results og the Q-statistic for the three markets under
study at the various time periods. The results show that
except for the Toronto price series during the period 2nd
April, 1975 to 12th March, 1978, all models fit f;r
application to the study.

An F-statistic is computed to determine °~ the
significance of the 1lags after ‘cross-correlating the.
residuals. In its simplest form, Granger causality studies
the relationéhiplbetween current Xt énd past values of Yt. A
cross-correlation of this nature which is also.significgntly
different from zero implies some predictive power, and so
caus§4ity.~A significant posifive lag between Xt and Yt+1
indicates a lag of the Y series. On the other hand, a
significant negative lag between the two series indicates a
lead for the Y series. | |

In brief, the models developed here are used first. to
study changes in the time series, if any, ahd their
magnitude.'seéondly, the statistical association"of pork

prices in Edmonton, Toronto and the United States are
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considered. This was done by considering the relationship
between estimated residuals of Edmonton prices and estimated
residuals of Toronto and the United States prices. Also
residuals of Toronto prices and residuais of United States
prices were_consideréd.
Representing Edmonton prices as variable Y and\nToronto
prices as variable X for exahple:
1) Y may cause X;
2) X may cause Y;
3) " there may be instant caugality between Y and X;
and
4) there may not be any relationship between Y and
X.
Causality is said to exist if there 1s any relationship
between residuals of Y and residuals of X. This discussion
goes for the Toronto and United States price relationship as

well,

F. MODEL BUILDING

MODEL 1: For Edmonton prices, the raw data was found to
be non-stationary at the identification stage. Figure 3-2
shows the raw Edmonton data before differencing. The ACF of
the data doés not taper down to zero readily. The data was
therefore differenced by one order. Fiqures 3-3 and 3-4 show
ﬁhe differenced series for the Edmonton prices. It w7as found
that the ACF (Fig 3-3) has a significant spike at lag-1 but

the spikeé does not taper readily to zero at the second lag.

-~
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On the other hand, the PACF . (Fig 3-4) has a significant
spike at lag-1 and the spike tapers readily to zero at the
.second lag. This led to the choice of the autoregressive

model as representation for the series. The model was stated

as follows:

Yt = at + 6,Yt-1

X where,
Yt = present time series,
Yt-1 = one previous time series,
6, = the parameter to be estimated,
at = present random term, with zero mean, zeéro
covariance, constant ‘variance, and normal

distribution.

The eqguation was estimated ‘and both conditions of
invertibility and significanf parameters were met. In Figure
3-5, the parameter value was found to be (0.2535) with a
'significant t-ratio of (8.45). The diagnostic checking also
showed the residual autocorrelation function to be.white
noise with no significant. spikes(Fig. 3-6). Again in Figure
3-6, the t-value of mean for the residual is insignificant
while the serial autocorrelation .of the residual had no
significant spikes at key lags. The model was therefore
accepted as a good fit and the intervention component was'
added to the equation.

The above model cénsidered the whole ©period . of
observation for the Edmonton brice data. The details of the

selected models, for each time period -considered, in  the



Figure 3-2

RAW EDMONTON PRICE DATA BEFORE DIFFERENCING THE SERIES
‘(JANUARY 1,1964 - DECEMBER 31,1983)

ACF VARIABLE IS EDP /
NUMEER OF OBSERVATIONS = 1044
MEAN OF THL (DIFFERENCED) SERIES = 47 4163
STANDARD ERROR OF THE MEAN = 0.6121
T-VALUE OF MEAN (AGAINST ZERO) = . 77 4676
AUTOCORRELATIONS
1- 12 1.0 .99 98 .98 .97 .96 .85 95 ad 94
ST . E. .03 .05 .07 .08 .09 .10 .11 12 12 .13
13- 24 .92 .91 90 .90 .89 .88 .BB .87 86 .86
ST.E 15 .15 té .16 17 17 18 18 19 19
25- 36 .84 .84 .83 .83 .82 .82 .BY .81 .B1 .80
ST.E. .20 .20 .21 2t 2t 22 122 22 22 .23
_PLOT OF AUTODCORRELATIONS
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 08 1
LAG CORR . Rt A e i e T e I A S
1
1 0.995 +OIXEXXXXKXRX XXX A XX XXKXX XXX X
2 0.989 + 0 IXXAXXXXXEEXXXXXX XXX XXX XXX
3 0.982 4 IXXEXXXXX Y P XXXRNXAXRXX XX XXX
4 0.97s5. + TRXXHXXXX X EXXXX KL XX XXX XXX
5 0.968 + TXXX+AXXXXXXXLXEX XXX XXX XXX
€ 0.961 IXXXX+XXXXXAXXKXAXXXAXXXX
7 0.954 IXXXX+XXXKAXXXXXRXXXXX XXX
8 0.948 + IXXXXX+XAXXXXXXXX XXX XX XXX
9 0.942 4. IXXXXX4XXNXAXXKXX XXX XXXXX
10 0.935 + TXXXXX4XXXXKXXXXXXXXXXXX
11 0 929 . IXXXXXX+ 2 XXX XAXXX XXX XXX
12 0.922 + IXXXXXX+XKXXXXXXXXXXXXXX
13 0.916 IXXXXXX+XXXXXXXXXXXXXXXX
t4 - 0.909 + ITXXXXXXX+XXXRXXXXXXXXXXKX
15 0.903 + IXXXXXXX+XXXXXXXXXXXXXXX
16 0:885 ¥ ITXXXXXXX+XXXXXXX XXX )X XX
17 0.888 + IXXXXXXX+XXXXXXXXXXXX XX
18 (0.882 + IXXXXXXX4XXEXXXXXXXK XXX
19 0.876 + TAXXXXXXX+XXAXXXXXXXXXX
20 0.869 + IXXXXXXXA+AXRXXRXNX XX XXX
21 0.864 -+ IXAXXXXXX+XXXXXXXX XXX XX
22 0.8%39. . + IXXXXXXXX+XXXXXXX XXX XX
23 0.853 + IXXXXXXXXHXXXX XXX XXX XX
24 O 848 + ITXXXXXAXXX4XXXXX XX XXX X
25 0.842 + IXXXXXXXXR+XXXXXXXXXXX
26 0.837 + IXXXXXXXXX+XXXXXXXXXXX
27 0.832 + IXXXXXXXXX+XXXXXXXXXXX
28 0.828 +. IXXXXXXXXX+XXXXXXXXXXX
29 C.823 + IXXXXXXXXX+XXXXXXXXXXX
30 0.819 + IXXXXXXXXXX+XXXXXX XXX

.93
.14

19

.80
.23

.0

.85
.20

.80
.23
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Figure 3-3

* EDMONTON PRICE DATA AFTER DIFFERENCING SHOWING THE

ACF

AUTOCORRELATION FUNCTION
(JANUARY 1,1964 - DECEMBER 31,1983)

VARIAELE IS EDF
DFORDER IS 1t
MAXLAG 1S Z1 /

NUMBER OF OBSERVATIDNS = 1033
MEANN OF THE (DIFFERENCED) SERIES = 0 G468
STANDARD.ERROR OF THE MEAN : 0519
T-VALUL OF MEAN (AGAINST ZERO) = o 7087
AUTOCORREL AT IONS
1- 12 .25 o7 03 o4 0 0 -.07 -.06 - 06 05 06 -.04 - .06
ST E. .03 03 03 ¢3 .03 .03 .03 c3 .03 03 03 .03
13- 24 -.04 .08 05 00 -.10 -.08 .03 -.06 -,03 03 .0t .02
ST E. .03 03 C3 03 .03 .03 03 03 03 .03 .03 .03
PLOT OF AUTOCORRELATIONS
-1.0-08 -06 -0.4 -0.2 00 02 04 €¢C6 0.8 1.0
LAG CORR R e i R e S ik ek T T T SV G Gy
1
1 0 253 4 IX4XAXX
2 0.070 . + IYx
3 0.033 . + Ix+
Kl O 0239 + Ix+
5- -0.001 + 1
6 -0 070 XX] +
7 -0 Cét XXl +
8 -0 0%9 +x] -
9 0.0418 ) 4 Ixe
10 0.061 + Irx
11 -0 039 [ +x] o+
12 -0 058 . . h X1+
13 -0.039 +X1 +
14 O 081 + jxx
15 0 052 + Iae
16 0.004 . + 1 4
17. -0.096 XxI. +
18 - -0.085 xx[ +
19 0.026 + 1x+ .
20 -0.065 XXI + .
21 .-0.033 +X1 .
22 0.029 + IX+ :
23 0. 015 ’ + 1 4
24 0.018 + 1



Figure 3-4

EDMONTON PRICE DATA AFTER DIFFERENCING SHOWING THE

PARTIAL AUTOCORRELATION FUNCTION
(JANUARY 1,1964 - DECEMBER 31,1983)

PLCF VARIABLE
ToDEoRrTR

I
MiLsLaG 1S 24

NUMIEL LF JESERVATIONS =
MIAK OF THE (DICFEREMNCELD) SELIfS = C
-~ “RO ERRJIR CF THE M{an B 2
C

T-VvALJE OF MEAN (AGAINST ZERC

PLRTIAL AUTCCCRREL ATIONS

1- 12 .25 .0t .0t 03 -.02 - 07 -.03 - Q4 -8 o4 - .07
ST . €. 3 .03 .03 .C3 .3 .03 .03 .C3 .03 .03 03
13- 24 -.02 .10 .03 -.0' - 11 -.C6 .05 - C7 .C3 .¢6 -.C3
ST.E. .03 .03 .03 .03 03 Cc3 .03 .03 c3 .03 .03

PLOT OF FARTIAL AUTOCORRELATIONS

-1.0 ~0.B -0 6 -0 -O.Zl cCo C2 04 0¢ C8B 1.¢

LAG CORR . 4o e mm b e o o oo b e m e e e e e e ea e a4 -4
o1
1 0.253 + Ixexxxx
2 O 007 A
3 ¢ C14 + 1 4
2 C [eheds] + R
5 -C ¢i@ + 1+
€ -0 072 xlo-
7 -0 028 A
8 -0.02s5 i
9 C 082 . MR
10 0.042 A S
11 -0 070 o~ LR B
12 -5.04a3 - AR B
12 -0.024 sl
g [eNel=}:] < Taa
15 0.025 < lxs
16 -0 008 A
17 -C.107 yex] o+
‘6 -0.061 LD B
*Q C . 053 MR R B
20 -0.0€9 a2l
21 0.028 MR
22 0.065 +ixx
23 -0.032 sxl o
& -0.019 AP



FIGURE 3-5

\

ESTIMATED COEFFICIENT FOR THE DIFFERENCED EDMONTON PRICE DATA

(JANUARY 1,1964 - DECEMBER 31,1983)

ESTIMATION RESIDUAL IS REDP.
MAXLAG 15 24./

ESTIMATION P CONTZITIOHN: LEAST SQUARES METHOD

RLLATIVE CHANGE IN PFSINUAL SUM OF SQUARES LESS THAN O. 1000E-01

SUMMARY OF THE MODEL

OUTPUT VARIABLE -- EDP
INPUT VARIABLES -- NOISE
VARIABLE VAR. TYPE MEAN TIME DIFFERENCES
c 1
EDP RANDOM 1-1044 (1-B )
PARAMETER VARIABLE TYPE FACTOR. ORDER ESTIMATE " ST. ERR.
1 EDP AR 1 1 0.2534 0.0300

2742 .666016
1041
.2.634645

RESIDUAL SUM OF SQUARES
DEGREES OF FREEDOM
RESIDUAL MEAN SQUARE

ESTIMATION BY BACKCASTING METHOD -

RELATIVE CHANGE IN RESIDUAL SUM OF SQUARES LESS THAN O.1000E-04

SUMMARY OF THE MODEL

QUTPUT VARIABLE -- EDP
INPUT VARIABLES -~- NOISE
VARIABLE VAR. TYPE MEAN TIME DIFFERENCES
. 1
EDP RANDOM 1-1043  (+-B ) -
PARAMETER VARIAELE TYPE FACTOR ORDER ESTIMATE ST. ERR.
1 EDP AR 1 1 0.2535 0.0300

2742.668457 (BACKCASTS EXCLUDED)
(1041
2.634647

RESIDUAL SUM OF SQUARES
DEGREES OF FREEDOM
RESIDUAL MEAN SQUARE

"o on

T-RATIO
8.44

T-RATIO
8.45
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FIGURE 3-6

RESIDUAL AUTQCORRELATION FUNCTION FOR
DIFFERENCED EDMONTON PRICE DATA

(JANUARY 1,1964 - DECEMBER 31,1983)

ACF VARTABLE

NUMEER OF OBSERVATIONS

IS REDP /

MEAN OF THE (DIFFERENCED)

STANDARD ERROR OF THE MEAN

SERIES

T-VALUE OF MEAN (AGAINST ZERO)

AUTOCORRELATIONS

hononon

1044
0.027¢e
0.0502
0.5543
5.03 -.06 .05 .07 - C4
.03 .03 .03 .C3 03
.07 -.07 -.03 .04 O.C
.03 .03 .03 .03 .03
-.C2 -.04 .03 .0 -.10
.C3 .03 .03 .03 .03
0.2 0.4 0.6 0.8 1.0
i gl e A e 4

1- 12 0.0 0.0 .01 .03 .01 -.06
ST E .03 .03 03 .03 .03 .03
13- 24 -.05 .08 .C4 .02 -.09 -.08
ST.E. .03 .03 .03 .03 .03 .03
25~ 36 -.01 - 07 -.04 -.02 .01 .02
ST.E. .03 .03 .03 .03 .03 .03
PLOT OF AUTOCORRELATIONS
-1.0 -0.8 -0 6 -0.4 -0.2 0.0
LAG  CORR. #rmmmmd oo ccdoo oo oo
: 1
1 -0.002 + 1+
2 0.002 + 1+
3 ©.co7 + 1+
4 0.036 4 In+
5 0 Co° + 1+
€ -0.062 xxI +
7 -0 032 a1 o+
8 -0 Oeé: xXx1 =+
8 0 054 + Ixe+
10 O.Ce85 + Ixx
" -0 045 +X1 +
12 -0.046 +X1 4
13 -C.0C51 X1 +
14 ©0.089 + Ixx
15 . 0.037 + Ix+
1€ 0.016 + 1+
17 -0.088 XX1 +
18 -0.078 XX1 +
19 0.071 + IXx
20 -0.C7f ) XX1 +
21 -0.028 ] +XI +
22 0.037 + Ix+
23 0.004 + 1 +
4 0.024 + Ix+
25 -0 C13 « 1 -
26 -0.071 XX1 +
27 -0.037 +X1 +
28 -0.020 +X1 +
29°  0.005 + 1+
30 .5 0.019 + 1+
31 -0.021t +X1 +
32 -0.038 +X1 +
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TABLE 3-1

DETAILS OF SELECTED ARIMA FILTERS FOR THE THREE MARKETS AS AT THE
VARIOUS TIME PERIODS

(JANUARY 1, 1964 ~ DECEMBER 31, 1983)
Time : : -
Period? EDP*? TNP? USPp?
1 (1-.356B)Y,=a, (1-.266B)Y,=a, (1-.155B)Y,=a,
2 | Y,=(1+.,107B+.129B2)a, Y,=(1+.343B)a‘ (1-.352B)Y,=a,
3 Y.=a, . Y,=(1+.112B)a,  (1-.372B)Y.=a,-
4 (1-.392B)Y,=a, . Y.=a, Y,=(1+.16B+.28B%)a,
5 Y.=a, - Y,.=a, Y.=a,
6 Y.=(1+.511B)a, Y.=a, Y,=(1-.361B)a,

' U.S. prices are an average of 7 midwest hog market prices.

. ? Y, is the first difference of the series, a, is a random error
~term and B is the backshift ~operator.

> Time period 1 is January 1, 1964 to October 31, 1969. Time
period 2 is November 1, 1969 to April 1, 1975. T1me period 3 is
April 2, 1975 to March 12, 1978. Time period 4 is March 14, 1978
to March 15, 1980. Time perlod 5 is March 16, 1980 to December
31, 1980. Time period 6 is January 1, 1981 to December 31, 1983.
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TABLE 3-2

COMPUTED Q-STATISTIC FOR EDMONTON, TORONTO A THE 7 US.
: AVERAGE MARKETS\(\J&UARY 1, 1964 - DECEMBER 31, 1983)

' : U.S.
PERIOD - . ED TON  TORONTO AVERAGE

JANUARY 1, 1964-OCTOBER 31, 1969 15.03 19.06
' NOVEMBER 1, 1969-APRIL 1, 1975 : 18.95 2431

APRIL 2, 1975-MARCH 12, 1978 ' 20.07 45.64* 10.50
MARCH 13, 1978-MARCH 15, 1980 11.14 “ - 25.87 13.09
MARCH 16, 1980-DECEMBER 31, 1980 ©19.93 18.03 11.57
JANUARY 1, 1981-DECEMBER 31, 1983 14.81 1147 °© 7.55

* The only significant- value at 99 per cent with 14 degrees of freedom



various markets,}appear in Table 3-1.¢:

“, .

G. SUMMARY - .

The chapter has discussed the models used 1in this
study. It also explained how the different models for the

different time periods in thé various markets were ‘arrived

at in studying the pricin fficiency concept in the Alberta
. \_/——\ -

. hog industry. The results of the tests are presented in the

next chapter. . _ : "

IR
© o

¢*'For more detailed dic-ussion of ARIMA and Granger Y
Causality, refer to D. McDowall et.. al. Q@p. cit. and Haugh
and Box, op. cit. ' - “4 ’

x>
Lt

"



IV. RESULTS AND INTERPRETATIONS OF THE EMPIRICAL ANALYSIS

A. INTRODUCTION

This chapter will contain the results from the
intervention analysis. It contains the results of ‘the
lead-lag structure of the markets as well. In addition, the
chapter contains graphical illustrations of the price
differentials between Edmonton—Toronto, Edmonton-United
States, and Toronto-United States méfketggm o
B. RESULTS OF_THE INTERVENTION ANALYSIS

Table 4-1" contains the results of the intervention
analysis for the Edmonton  market épd for the
Edmontén—Tbronto, Edmonton—United“Stateé and Toronto-United
States markets I'he results ghow that none of the policy
changes. initiated by the Pork Board had any significant
impactton ~pork prices. in Edmonton. The Board's policy
Ehanges did not show any‘ significant closure -  of the
Edmonto#Toronto price spread.

'HOQ;Qer, the rgSults-db show that the price difference "; o,
between the Canadian markets and the Uﬁitedf States markets. “ |

o

closed in favour of Canada during the period November T,

1969 t& April ‘1, 1975, This is the period immediately aftéﬁ:jﬁf
3 . ‘gj

A
.

.l

v

the formation of the Alberta Pork Producers' Marketing Boafd‘éw
Cin Alberta. The implication for the significant intervention ﬁ%f)
value between the Edmonton and United States price»spreadﬁiﬁf e

that, the formation of the Pork Board fhg ved the . priciﬁg_

58
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TABLE 4-1

RESULTS OF THE IMPACTS IN THE MARKETS UNDER STUDY
(JANUARY 1, 1964-DECEMBER 31, 1983)

TIME ~ - EDMONTON-
PERIOD  EDMONTON TORONTO EDMONTON-US.  TORONTO-U.S.
A -0.81 -0.48 2.82* 3.8
(-0.78) (-0.58) (2.96) (248)
B -0.80 1.15 -0.74 -1.18
(-0.44) - (0.91) (-0.34) (-0.54)
C -1.68 037 1337 2.42
L (-0.76) . (0.24) (-1.27) ©(0.84)
D -2.36 -1.10 J 128 -1.50
(-1.41) (-0.74) (-0.34) (-0.44)
s CE -0.39 ©-1.05 030 0.53
| S (-0.23) (-0.68) (-0.07) (0.13)

t-Values in brackets ,

* Significant at 95 per cent _ )

A Compares Pre-- and Post-Intervention 1 : .
B Compares Interventions 1 and 2

-C Compares Interventions 2 and 3

D Compares Interventions 3 and 4

E Compares Interventions 4 and $

ZJ}




-C. LEAD-LAG STRUCTURE ANALYSIS

BV

levels in the Alberta hog industry. This inference however
must be made with caution, especially with an even larger
significant impact between the Toronto and tﬁe United States
markets during.the same time period. The.,peribd'.giﬁor to
1976 was genefally a period of surplus hog supply in the
United States. The surpluses led to a downward pressure noh
hog prices in " that country, and may have closed the price
spread in favour of Canada. The price trend has however been

v

reversed since 1976, in favour of the United States.*?

\.

Table 4-2 'contains the results of the lead-lag

"i

structure for the three markets under study.
EDMONTON: Before the formation of the Alberta Pork
Producers' Marketing Board in 1969, Edmonton prices lagged

Toronto’ prices and United States prices by one period. At

" the same time, there were instantaneous price adjustments

between Edmonton and the two markets. This 1is possible

because price adjustments occurring completely within the

week are con51dered to be 1nstantaneous.# _ iy

From November 1, 1969 to. Agr{%¥1 1875, there was a
fe : of pricing information %ﬁ%ween Edmonton and the
other two markets of comparlson.yFeedback is a situation

where two series lead each- other. The feedback 1n¢;hls case

1s an ‘1nd1cat10n of how Edmonton hog pr1ces g%fs 14ﬁ£§fani
during thlS time period. This perlod corresponds-fifth\ the .

¢3 Personal conversation with Greg Whalley of the APPMB
April 1984 \

L
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TABLE 4-2

CALCULATED F STATISTICS Fin WEEKLY SLAUGHTER HOG PRICES
BETWEEN SEVEN U.S. MARKETS COMBINED AND THE TWO CANADIAN

MARKETS (JANUARY 1, 1964 -

DECEMBER 31, 1983)

NEGATI,VE INSTANTANEOUS POSITIVE

LAGS a  RELATIONSHIP b I'AGS c
JANUARY 1, 1964-OCTOBER 31, 1969 o
EDMONTON - TORONTO . 16.05* 105,25* 5.17
EDMONTON - U.S: 15.46* 10.08* 5.17
“TORONTO - US. 12.67* 23.86* 0.82
NOVEMBER 1, 1969-APRIL 1, 1975 -
EDMONTON - TORONTO 19,94+ 92.51* 8.19*
EDMONTON - US. 9.88* 10.33* 7.70*
TORONTO - US. | n6.93* 10.56 3.33
APRIL 2, 1975-MARCH 12, 1978
EDMONTON - TORONTO 8.03* 131.46* 1.05
EDMONTON - US. 4.92 8.57% 0.24
TORONTO - US. 4.20 2.18 0.86
MARCH 13, 1978-MARCH 15. 1980
EDMONTON - TORONTO 3.77 79.92* 2.96
EDMONTON - US. 6.46 9.18* 0.52
TORONTO - US. 2.99 4.80 0.88
MARCH 16, 1980-DECEMBER 31,
1980
EDMONTON - TORONTO 19.16* 16.48* 0.56
EDMONTON - U.S. 6.03 3.66 1.9
TORONTO - US. 1.48 16.91* 1.34
JANUARY 1, 1981-DECEMBER 31,
1983
EDMONTON - TORONTO 30.59* 91.38* 4.78
EDMONTON - US. 10.87* 0.02 19.07*
TORONTO - US. 7.51* 1.08 10.07*

Sigﬁificant at 99 per cent

»

O om

Calculated from_'t)’he' first negative cross-correlation
Calculated from Zzero cross-correlation

Calculated from the first positive cross-correlation

.o~
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formation of the Pork Marketing Board until the purchase of
the assembly yards The 51gn1f1cant zero lags between
Edmonton and the other markets imply that market information
was rapidly and efficiently communicated between Edmonton
and the two markets. ‘

The temporal structure changed during-the next time
period. Between April 2, 1975 and March 12, 18978, there were
instantaneous price relationship between Edmonton and the
other mark-ts but Edmonton prices lagged Toronto prices .by

one period. This time period runs from the t1me that the

;Pork Board purchased the assembly yards until the time when

-l

the board intrOduced the producer bid acceptance. The
instantaneous‘felationship between Edmonton 4énd the other
markets continUed"up to the end of the thira time period;
that is, March 15, 1980.

The time period from March 16, 1980 until December 31,
1980, was the period of government intervention in the

operations of the APPMB. It was also the first time that

"information flow between the Edmonton and the United States

markets was found to be inadequate. There was no

instantaneous relationship. begween the Edmonton and. the

1

‘United States markets during this time period. However, the

instantaneous relationship between Edmonton and Toronto

markets contlnued
LR -A".Y \)(-Tg' - l .
Betwéen January 1, 1981 and December 31, 1983, Edmonton

prices still had an instantaneous relationship with Tqronto

prices but lagged Toronto prices by one period. Information
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flow failed to improve between  Edmonton and the United
States markets. However, the Edmonton and the United States
prices showed evidence of feedback. The lead—lag structure
‘during this time period may suggest that either market
alternatively had access to _éuperipr information or wused
available information more effectively than the other.

The overall analysis illustrates that pricing
efficiency levels vwere high in the Alberta hog industry
immediately after the formation of the Pork Board. The high
efficiency levels have however declined since April, 1975,
although decline in some time periods was more pronounced
than in others. )

The statistical results reported in Table 4-2 also show
that the Edmonton. hog market has been isolated from the
alternative markets since the inception of the Pork Board.
This observation is based on the fewer significant‘yalues
between Edmonton prices and the prices of ‘the alternativg_
markets since April, 1975. ”

TORONTO: During the observation periogéétudied, Toronto
prices‘ were found to have méstly lagged the United Stateé

- prices but led Edmonton prféés. Evidence of feedback was
observed for the Toronto-United States markets during. the
period January 1, 1981 to December 31, 1983. The lack of
instantaneous relatiOnship during this same time pgriodv

Véﬁggest that the Toronto and the United States markets were

not closely related. During two of the six time periods

' studied there was no relationship at all between the Toronto

RO
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and the United States markets. These two periods ran from
April. 2, 1975 to March 15, 1980. The implication is that
United States price changesvwere not reflected in Toronto
price changes during the two time periods.

The results also indicate a larger cross-correlation
between Toronto and Edménton prices. The implication'here is
that there is a more rapid adjustment of prices within the
two Canadian markets than with the United States markets
(See'table 4-%). This result confirms the finding of Beaton
and Pearson in their study of some selected Canadian markets
and seven United States market average;“ Besides, there was
consistent instantaneous relationship between Toronto énd
Edmonton markets during the twenty year period. ~This would
imply that }nformation existing between the two markets are
used,equally effectively by the markets concerned.

SEVEN UNITED STATES MARKET AVERAGE: The results show
that United Statés prices generally led Canadian prices.

/ HQQeVer, there was a lesser integration with theOCanadiaﬂﬁﬂﬁ?
' ‘ markets prices. This is evidenf-gg the smaller values of the
cross-correlations between’ the ﬁnited Statés and the
Canadian markets.
Between the two countries, Edmdnton prices were more
fintegrated with the‘Uﬂited States pricég than the Toronto
prices were with the Unitéd States prices. This indicates
that mafket_informétion was comﬁunicated more often between -

Edmonton and the United States markets than between Toronto

—— . ———— — - ———— - ———

‘* Beaton and Pearson, op. cit. p. 8

,
vy
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TABLE 4-3

ESTIMATED CROSS-CORRELATION BETWEEN WHITE NOISE RESIDUALS OF
HOG PRICES FOR EDMONTON TORONTO AND SEVEN U.S. AVERAGE
(JANUARY 1, 1964 - DECEMBER 31, 1983)

-la . 0b lc
JANUARY 1, 1964-OCTOBER 31, 1969 ‘
EDMONTON - TORONTO 0.225 0.509* 0.13
EDMONTON - U.S. , 0.221 0.18 0.13
TORONTO - U.S. 0.201 0.271 - 0.052
NOVEMBER 1, 1969-APRIL 1. 1975
EDMONTON - TORONTO 0.257 0.497+ 0.168
EDMONTON - US. 0.184 0.188 . 0.163
TORONTO - U.S. : 0.238 0.19 : 0.108 .
APRIL 2, 1975-MARCH 12, 1978 '
EDMONTON - TORONTO 0.224 0.681* 0.083
EDMONTON - U.S. Co ) 0.177 0.231 0.04
TORONTO - U.S. : 0.164 0.119 0.075
'MARCH 13, 1978-MARCH 15, 1980
EDMONTON - TORONTO . 0.188 ‘ 0.661* - 0.167
EDMONTON - US. : 0.243 ' 0.286 0.071
TORONTO - US. - 0.168 S 0.211 0.092
MARCH 16, 1980-DECEMBER 31,
1980 ) . :
-EDMONTON - TORONTO - K 0.574 (0.545+ -0.119
EDMONTON - US. 0.366 0.293 -0.219
TORONTO - US. 0.191 0.55 X -0.182
JANUARY 1, 1981-DECEMBER 31,
EDMONTON - TORONTO -0.406 . 0.609* 0.173
EDMONTON - U.S. o 0.256 - - 0.010 0.331
TORONTO - U.S. 0.215 0.083 o -0.247
* - Note: These stand high among values in each calegory

. a  Negative Lags .
' Lag zero cross-correlations

c Positive Lags
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and the United States markets. This observation is based on
the finding that for four out of six time periods, Edmonton
prices had instantaneous relationship with the United States
prices. On the ofher hand, the 1instantaneous relationship
occurred three out of six time periods between Toronto and
the United States markets.

There was no instantaneous relationship between the
United States pricés and Edmonton prices from March 16, 1980
to December' 3{, 1980. The government interventigh during
‘this period resulted in a lower level of information; flow
“between the United States markets and Edmontbn market.

There was a feedback between the United States markets
and the Canadian -mérkets_from Jandary 1, 1981 to December
31, 1983. However, the 1lack of instantaneous causality
between the markets suggests that the Canadianvmarkets and
the United States matkets were not closely related during

this time period. ‘ C

D. GRAPHICAL ILLUSTRATIONS OF THE PRICE MOVEME&TS ’

‘Figures 4-1, 4-2 and 4-3 show the price flug§§§%ions
between the study markets for the whole observation period.
To give_ a clearer picture, the graphs are broken down into

the six time periods studied.

EDMONTON-TORONTO PRICES
The price difference between these two markets has
normally been to the advantage"of TorOnto} thatris, Toronto

Bl
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prices have usually been'higher than Edmonton pfices*(Figure
4-1). Before 1972,' the difference between these markets
fluctuated  noisily around a meaﬁ 6f about four cents, with
Toronto prices higher than Edmonton prices. Toronto prices
during -this vperiod were generally higher than Edmonton

——

..,prices by about 2 to 8 cents per hundred pound we;gﬁg.

LT

Since 1972, ° the variations have - been widef.
Furthermore, the movements have shown cycles since 1972,;
_althéugh some are more pronounced than others. Between 1973
and 1975, the difference trendéd upwards and then drifted
down between 1975 and 1977. Between 1977 and 1979, the
difference fluCtuated around a- zero mean but mostly in
favour of Edméhtoh. .By mid-1980 however, this- price
difference widened against Edmonton but has since closed ' in
favour.ofvEdmontén. : , &ﬂ ﬂ

T

Generaily, the price spread betweeﬁ§giké two markets

v ) ) : .
kept narrowing in févqur of Edgénton. Thé mosﬁ obvious
pefiod of narrowing was during the'fourth time pefiod; that
is, from the time when the Pork Board introduced the bid

acceptance procedure. However, the .intervention by. the

governmént in the operations of the APPMB; resulted in &

IO

.

pricefspreadbagainst Edmonton. The spread has however - been
nafrowing again for Edm< *=on since 1981,
EDMONTON-UNITED STATES MARKETS AVERAGE

The diffefencq:ﬁn'thesé two markets fluctuated around a

zero mean until 1972, with United States prices often higher

‘
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- periods. The situation changed ‘in favour of - Edmonton durlng _;‘

" some perlods(ln\1980 and, 1981.,Generally,*the Unlted ﬁtates

1ntroductlon of the producer bid acceptance falled to close

.into the fifth period when the government .intervened in the

. operations of the APPMB, T J

‘ v o7

than Edmorton prites (Figure 4-2),.
. . ‘ N F

Unlike the _Edmonton-Toronto price dlfﬁerence,' the Coo

the price gap between these’ two markets,.Instead,ﬁthe gap

widened at the expense of the Edmontonfmarket and continued

Lt : ) ;!
S ALY N
v

-

o

L A S
Edmonton "prices picked up between 1972 and J977 W1th ST

-

1880 however the United States pr1pés"were hlgh enough tO\ 14
’r’ “p . . \f .y
have w1dened the dlfference to as mudh as 20 cents at some¢

ﬁ PIe . 3
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prices led the Edmonton prices, exceptwdurlnggthe thlgd,t}m6¢i{

period When the Edmonton prices were highet.than‘the United .

States prices. , ) o 'v‘ o o Co P : »#A‘ -, s.fﬁé
. 5 : - '
e 3

e

TORONTO-UNITED STATES MARKETS AVERAGE

x
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The Toronto-United States price difference followed a

similar <behaviour as “the. Edmonton-United'.Statesgngpr}cet‘ o édt;f
d;fference (Flgure 4-3). | c _ ,_‘ R f:: ﬂ L’ | ’
h,Fluctuatlons in these market;w'wereuymostly .steady -fn‘ ‘:éw
favour of’Toronto, upvuntll 1972-‘Between 1972 and 1977 the B w‘ _J“f j
'differenCe"widened' ﬁsglth e advanggge-fof‘fToronto. . %his: . o
. vsituation, changed beb&een 1972 and 1980 when Unlted ' iteéﬁ,.”h‘ o
'prlces p1cked u nd exceeded Toronto prlces by up L0, 20 - |
‘cehts. Toronto prlces plcked up 1n ea{ly 1980ﬂqbut h4§§;-
o y' . 7 - \ & {@‘ &
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-since been losing ground.

9

“’E. SUMMARY

The empirical.sfwork in this chapter has had  two
PR ! \ .

,objectives. The tigst' was .the’ ‘usage of the Bex -Jenkins
Procedure to‘fasaesa the ';mpacts,, if any, of the policy
inteerntiongb'initiated‘ by ;thervAlberta Pork Producers
MarketihgaiBoard. The second ya%ﬁtpiasé Univariate Residual
‘ CroSsgcdtrelationj ‘Analysis'ﬁ'to . istudy the lean&ag
relatlonshlp Jof pork prlces for Edmonton, Toroﬁtofyand an

4

average of seven' Unlted States cities in the mid- west

4Conclu51ons and recommendations based on the emplqlcal

. ‘l

. results-will be glven 1n the, next c?apter. o _*“'”' .
. ' g
‘ < ) jp; g AP '
FY " T . r'a
R o 39 . é)
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V. SUMMARY OF EMPIRICAL RESULTS, CONCLUSIONS AND

c .
1.
u

RECOMMENDATIONS

¢

e AL RESULTS CONCERNING GRAPHICAL ILLUSTRATIONS

1, The graphlcal reiults ShOW'that since about 1972%\the
var1ab111ty in the spreads between the markets under
study has increased. This wldening was even more obvious.

k for the price gaps between the Canaﬁlan markets and the

i) fﬁ, o, . ‘ - E o

' ' United States markets. - R ' ,
@ ' ol / ’ .
‘ 2. Between the Canadlan markets, the results -show that' the

o

price gap between the Edmonton hog market” and 'the

" Toronto hog market has generally become smaller This °

v u

» .“hﬂﬁ, «
"agrees with tHe empirical . waslng ‘that "the \two markets

aﬁ%ave,'hlgher zero lag adjustments,_ 1nd1cat1ng a more
eff1c1ent 1nformat1§h flow. o "? oy
d._ The spread between the .Edmonton and the Toronto prlces
o has followed ‘é 2 pyear ‘cyclical pattern srnce 1972.
‘Between the vCanadian and the United Sgates vmarketsl
" 5@ however, there appears gto' be ald to § year cyelieal‘
3 pattern during,the Same time%periqd.; ‘ _ ?l‘_
/:?f_nv ‘“ﬁ L . : o | - | _; “A : .
B. RESULTS CONCERNING PRICING EFFICIENCY‘ .
1, ‘The study of the 1ntervent1on analy51s showed that the

pollc1es 1n1t1ated by the Alberta Pork Board *and Wthh e

were :con51dered in thls study,qhad llttle~51gn1f1cant
L ‘,)

,?;- '1mpact on ﬁﬁac}ng levels. With regards to the prlce gaps
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comparison, the ARIMA model showed that the formation of
. N\ ] \ . ;

the Pork Board itself helped .to close the price ‘gap

between Edmonton prices and the United States prices.

This period coincided, however, with lower United States

"hog prices due to supply levels and conclusions from

these results must therefore be made with caution.

The lead-lag structure vh:ought out results which
indicated that the formation of the Alberta Pork Board
impréved ’infOrmation flows between the Edmonton*hog
market hand' the a;ternétive .markets. This  is an
indieetion of iﬁﬁ%ébed pg;cing~efficiency, and rejects

the null hypothesis that the formation of the Board did

; not .increase pricing 'efficiency in, the “Alb%§ta hog

industry."

Thei'pgicing eff1c1éncy levels attained K w1th the
\

inception' of the Pogk Board have declqned 51nce Aprllff

1975, The " loss in efficiency was Urelatlvely hlgher

‘during' th prov1nc1al government s 1ntervent10n 1n theh

. ,Av.,.w B

operatlonsﬁof the- Pork: Board. For the flrst t;me 8ur1ng

Rl

this pericd, there was llttle relatlonshlp betWeen the
“?Edmonton? pfiées and _the United “States . prlces;

o o ) ' &g . .
- Information flows between ’the two markets: had not

imprbved as, at the_end of 1983.

B

.AThe5éeﬁadian marketé had. the greatest correspondence,

'f#ith; zero {lag » adjustments 'ﬂbetweeng each other,‘

J ,,-.-\ S

.:an§§eti”

fgpws between Edmonton and Toronto markets

L‘?Kt’/* s x\"w;_ ’ .
were | moﬁév~§ff1c1ent Between«;@gnada and - the United
TR b . S Iy v
< @J . . Y Y = '
I N b} L4
- - W ’ ‘«
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States Edmonton prices performed better with the United

K-v

States prices in. terms of information flows between the

. P "‘.

There were relatively lower zero lag adjustments between

the Canadian market prices and the United States market
id [REDEEN -

prices. This was an expected finding given the.

-

institutional barriers "and uncertainties 'in planning

exports between the two countries.

pj

"The United States hog ptices ¢ nerally led théfCanadian

hog prices. This result cbnfirmed the study by Hawkins
et. al. that hog prices ih q‘nedafare tied to the Uhited
States hog price levels.“ “

fhere Qere fewef sign%é%pant cross-correlation values

between . Edmonton priceéwand prices of the other ‘markets

as at December, 1983, This ‘result: indicates that ‘the

-

Edmonton ~ hog market has _1sola&yd itself from the

alternative markets. This statlstlcal result clarlfles

«:the fact that relatiéely fewer hogsf are actually
: {(,-. . -~

transported from Alberta to the Toronto or the United

Glkets. Before the formation of the APPMB,

s 4 ) T m L10 o
og prlces were prlced at Toronto hog Prices

.

5\/£;e1ght". Edmonton prlces were tied to thatr of

Toronto. Furthermore, there were relatively more  hogs.

that were' sent to the Toronto market. Since- the

formation of the Pork Board howeve:;:the Board has been

.

—— o — - —— - ——— —————

¢* M. Hawkins, et. al., North American Hog-Pork Study A
. project for the Economlcs Branch of the Canada,;
Agriculture,” p 3. . : '

5,
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able to take control of supply and demand conditions
affecting the local hbg» market Aiberta hog prices -
therefore may be said to be“responding to - local
conditionse Locally, this 1is of advantage to hog
© . producers in Alberta. Basically, the Pork®’ Board is-
‘cbpcerned' nith seeking "reasonable" prices for its\,N
“;mémbers. If prices in the United States markets are |
higher; the Board ships some pigs‘into 1at market. The
Board is not Shliged_to ship pigs to the United States.
Internationallyn however, the "'isolation may be injurious
to. .the Alberta hog 1industry in terms of foreign

compgtition.; ¢

Before drawing conclusions from the above findings, it
may be‘ appropriate to briefly restate, at this?point the

N .

ccncept of pr1c1ng efficiency. Accugﬁ%} :;and rapid
informaticn flcw .between two markets that deal in the same
commodity is an' important prereguisite in pr1c1ng
efficiency. It is only when information is accurately and
rapidly disseminated to the players in the market: that no
51ngle individual or group cf individuags can manipulate

prices. If for any reason there are price differences

between any ' two selling points, after transport costs‘are -

consigered such a difference must give room to arbitrage to Vﬁ“'

5
eventually even out the prices. In-otherrwords, the basis.

for pricing efficiency involves - ach1ev1ng the: highest

available price for the producers of a commodity and seeking'

lower prices  for consumers. Pr1c1ng eff1c1ency &S‘ therefore.

N LR

B emm el o - W iR

“3gp
‘.
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said to exist if prices reflect and coordinate the buying

and selling activities of the farmers, marketing firms, and

of consumers, - S

.

C. CONCLUDING REMARKS '

| Subject to any limitations of thlS study, thelemp1r1cal

fanaly51s has led to the following conclusions:

1. that = pricing efficienc& gains in the Alberta hog
industry, after the formation of the Alberta Pork Board,

" were short-lived; |

2. that .the provincial 'government's intervention ‘in the
operations of the Pork Board had an adverse effect ‘on'
the Alberta hog 1ndustry and contr1buted to the loss of

pr1c1ng efficiency galns,

'3, that depending on how one looks at the tperﬁormance of

the Alberta Pork ‘Board, conclusions. may " be ?ﬁixed.
Locally; Edmonton hog prices refléct Toronto hog _prices

and information ,flows between the "two markets are

-

efficient. ThlS 1nd1cates pr1c1ng eff1c1ency and rejects_"‘

5

the null hypothe51s that -the formation. of ?@f Pork Board F'!

has not 1ncreased pr1c1ng beff1c1ency Fﬁtérﬁatlonallycﬁ

e

-\vv

however, the empirical results'lndlcate that the" Unlted
States hog prices do not reflect in tﬁ% Edmonton hog

prlces, Informat1on flcw betweeh these'é%o mérkets'is

“1neff1c1ent Therefore there is pr1c1ng 1§$fflclency at
the . 1nternat10nal ' scene én6~5 conflrms  the null
i L , \

g

Ss 4 . l.“

Jhypothe51s. A nﬁmber,of factors 4m5&éreCCOunt “for  this®#
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Hawk1ns, .et. al., op CIt.,

D. RECOMMENDATIONS

..-present, the Alberta hog 1ndustry has .lost some mark

z

P

'difficult;

" Agriculture. and ‘the Marketing Board in.

78

&

inefficiency. These include: tariffs, currency exchange

rate between Canada and the United States, health
R :

regulations, and so on.‘* These factors make _export

planning .between thé two ‘coyntries unstable and

“that the'price margins between,the Edmonton and Toronto

hog éwices have  narrowed considerably since the
formation of the APPMB;

that the Alberta hog narket is presently isolated from

the  Ontario and the United States midwestern hog

’

markets.

It is recommended that the provincial gové;éwl"’

the Board the freedom to operate without';@§<fff;’;fa .

interruptions.

More-'epoperation 'is needed between the

"feasonable prlces for the hog producers of Alberta“

L fof 1its fliVe hogs wvhich were shipped to.two packiqg

‘plants on the west coast: of the 'United States. Both

W 70,

iplants{ cdosed” dﬁwn in Marc¢h, 1984.¢’ The Pork ‘Board is

therefore faced w1th the problem. of - transporting live

L

p1gs to?,longerg dlstances ‘iny the United States. The’

. i 3
S e B A o N

. Personal : conversatlon wlth Greg Whalleyé@f APPMB~ March

V1 984 ?_

o ofe




intervene The authorities could, for example, restrict
" market shares of the packers and the retailers of fresh . _
pork. -

79

potential higher transport costs facing the‘industrgf?;-
could hamper the Board's efforts to improve pricing
efficiency. ; - ‘ ‘M
Since it is difficult for the Pork Board to break the
oligopsonistic structure of ’the packing plants, the

Combines ~Investigations Authorities may have to

o

E. RECOMMENDATIONS FOR FUTURE RESEARCH

1.

3.

It 1is recommended that a further intervention analysis

be done to study'the long term impact of the purchase of
the Flétoher's Packing Plant on“pricing‘efficiency}
Futureﬁ.research ;may have to incluﬁe the Saskatoon.hog
market..as an alternatlve market. fhe study by Beaton.and
PesgsOn found 1nformatlon flowkpetween this market and
the Unlted States markets ¥ to be more efficlent than
between Edmonton and the United’ States markets
Con51der1ng that this market has smaller sales volume of

pigs than' Ed@onton “this ‘is a surprising result., If"

':afuture study still finds the Saskatoon hog market to be

doing relatively better ‘than Edmonton then some pricing

\pOIICIGS of the Saskatchewan Hog Marketmng Commission
1mmay have to be 'suggested to the Alberta Pork Board
Aﬂ7ufuture ‘studyv.may also-consider“the]use of'daily.hog

Beaton and Pearson op; cit.,p. 9.« ﬂ" L o -i&
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prices to determine how many days within the week that
p:ices lag or lead each other between the Edmonton

market and other alternative markets.



BIBLIOGRAPHY

Agriculture Caﬁada. Food and Agriculture Marketing Branch.
Livestock Market Review. Ottawa: 1961-1980. | .
Agricultuéé“Canéda Marketing' Services Division. Canada
Livestock and Meat Trade Report. Ottawa: 1964-1983,
‘Andersenp Richard s. "An Economic Analysis of Daily Hog
'iaﬁk\ Price Fluctuations and Supply Response."” M.Sc. Thesis,
,// University of Alberta, 1971. |
Bain, Joe, S. Industﬁiafgyﬂgaanafion. New York: &ohn Wiley
" and Sons,,Ipc., 1966.>

Beafon, N. and Pearson, C. "Lead- Lag Structure of Slaughter

Hog Prices Between U.S. Mld“west and Four Major Canad1

Markets Utilizing Univariate Re51dual Cross-Correlati

Technique.*_winnipeé, Manitoba, 1982. (Mimepéraphed).
_Bésslqr,'D. and Brandt, J. Causality and Inference: . An

) Appllcatlon to leestock Markets. Purdue~Univer§ity,

‘.\ Agrlcultural Station, West Layfaygtte,
Indiana, ReseﬁﬁqﬁfBulletln 972, June 1982, .‘ | o
_Bessler, D. and Schrader, L. "Measuring Leads and Lags Among
\ Prices: Turkey  Products." Agricultural Economics
Research 3; Vol. 32, July 1%80; ' |
Box, GfE{P. and Tiao, G.C. "Interven;ion Analysis with
| Applications to Economic and Environmental Problems."
_dournal of the American Statlstlcal A83015;30n Vol 70,
No. 34, March 1975. R 5 o
. Céves, 4ARic ard. American Industny: Structure, . Conddct,
’ ewood Cliffs, Néﬁ Jersey: - Prentice

81 Doz : )




Hall, Inc., 1967. T .
Efroymseﬁ, C.W. "The Ktnked Oliéobdly“Curye Reconsidered."
Ouanteniy Journal of Economics. Vol. 69, 1955,
Faminoﬁ; M.D. "Analysis of the Lead-Lag Structure of Two

Wholesale  Beef  Price Quotes "Using Residual

Cross-Correlation."” North Central Journal  of

-

Agnieultunal Economics 3(2). July 1981,

«‘Fredeen Howard. The Competitive Position of the Canadian

0

T e POPk‘ Indbstry Lacombe,J Alberta: Agrlcultqre Canada

Research Statlon 1977.

Gupta S,.and Mueller,' "Intertemporal Pr1c1ng Efficiency

é

in Agrlcultural Markets: The Case of Slaughter Hogs id_%

West Germany " Eunopean Rev iew of Agnlcultural Economrcs

9. No.7§25- 040, '1982.
Harrles, Hu and Associates Ltd. "Prlce Relatlonshlps in the
‘Alberta Hog. Market " Study commissioned by the Minister

of ~Agr1cu7tuﬁe,b,Govennment of Alberta. Honorable M.
L , .

Moore, Edmontpn.‘OctBber 1977.
Haugh, Larry D. and Box, G.E.P. "Identification of Dynamic

Regression (Distributed Lag) Models Connecting Two Time
: -

Series." dournalb of the American Statistical .

Association. Vol. 72,.No. 357, March 1977.

t

Hawkins, - M. H' Bennett, R. and Béswell A. "North Amerlcan’

Hog-Pork Study " Pro;ect for the ECOnomlcs Branch of the»a

Canada Department of Agrlculture, Ottawa, 1972

Hawklns, M H. Dawson, Ju . and Geldard G. Development a {




83

Rural Sociology Bulletin 12, Edmonton: Universityuof

»

'Alberta, March 1977,

Hog Marketing Review Committee. A Report Presente” '~ the

Alberta Ministry of Agrichlture Based on Stud: oy
the Committee Appointed by the Alberta | of
Agriculture, 1981. .

Heflebower, .R. "Stability in -Oligopoly." The MahcheSteP

A}

School. Vel. 29, 1961. - o o )

Koch, James V. Industrial Organization and Prices. Englewood

Cliffs, New Jersey: Prentice Hall, Inc. 1974.

Kohls, Richard and Downey, David. Marketing of Agﬁlculuﬁal

PPOducts 4th Ed. ,ﬁ'qurk, N.Y.: Macmlllan 1978.

Koutsoyiannis, A.’ of . Econométnics.London:f’The

MacMillan Press Lﬁ : §1978.

Leavitt, Steven 'S. "M;EkettPé:forman
Producers' Marketing Board." M.Sc. f ésis, University 5f
Albefta, 1981, | .:i |

Ljung, G. M. and G.E.P.Box, "On a Measure of Lack of Fit in

Time Series Models." Biometrika 65(1978): p. 297-303.

fthe‘llberta”Pork ,

Lockhart, James.'w.‘r"Alberta Hog Market, Conduct and

 Performance.“>M.Sc. Thesis,'University of Alberta,.19§7;

Low, Richard, E.. Modern Economic Organization omeveod,
. g - N )

Illihois: Irwin, Inc., 1970.°

Mannlng, Trav1s Perfonmance oF’the Hog Manketlng System. in

Albeﬁta. Agrlcultural Economlcs Research Bulletln 4,

Edmoqton: Unlyer51ty of Alberta, July 1967

1 4

McDowall, D., McCleary, R., Meldlnger,!fE. and Hay, R.A.
3 Uivr - < . »_>" ~4

s - A
oaes ’?-un?m
. .

7

o



B

, %

51‘/‘,-"

”Tomek W and Roblnson,

H

84

Interrupted Time Series Analysis: Quantitativé

Appl/catlons in the Social Sciences. Publicarion from

-
2

Sage Unlver51ty

Miller, Stephen E. "Univariate Residual Cross-Correlation

Analysis: An Applicatioi®to Beef Prices." North Central
Journal of Agricultural Etonomics 1. 1979.

Ostrum, C.W. Time. Series.Analysis: Regnession Techniques.

A

Sage Unlver51ty ‘Paper - Serles on Quantitative -

Appllcatlons in Social Sciences, 07- 009.
_3 i

Pierce, D.A. and.  Haugh, g& D. "Causality ‘in Temporal

Systems." dJournal of Econometrlcsh Vol. 5, '1977.

" Reschenthatler, G.B. "An Analy51s of the Competitiveness of

the Pork. Industry in Alberta." Preseptéd'to the Hog

MarketingvReviewrgpmmittee,.~Edmonton, 24 fJune; -1980.
-1 . i | | |

(Mlmeographed) . ‘ e

Stigler, George. "The Klnky Ollgopoly Demand Curve and ngld1

prlces.l Journal of Political Economy vol 55, 1947. |

l

Agnlcultupal Pnoduct Prlces

R
o JEVEIU

Ithaca, New- York: Cornell University, 1982. o /

v
v

-‘Ulr1ch Martin. "Pr1ce, leferentlals , BetWeen Selectedxdﬁg

Channels of Marketlng " Canadlan Journal of Agnlcu7t§%a76

Economlcs Vol, 1‘1,' 1963 and Vols. 12 and 13, 1954 and

» / '

1965, T

‘Warrack’Allan_" "A Conceptual Framework for“f»Analy51s o

~

1‘ Mar etlng Eff1c1ency.ﬁ Canadlan‘dounnal of Agnlcultuna]

Economzcs Vol 20 No. 3,»Noveber 1972 “

Whaly_jrs-Greg,'*Alberta  Pork Producers kMarketing 3%%%6,' R
& w5 SR : - L S e LT F
nE R P 1 7 . T

A o Celt . PR

Cow L .
. . 3 ",

S : : 1

-3,



¢ 85

Edmonton. Information provided June 1980 and March,T98{.
(Mimeograbhed).

Whalley, Greg. Alberta Pork .P;Dducers" Marketing Board.
;Pegsonal Conversation, Edmonton, March 1984.

‘Whalley, Greg. Alberta Pork - Producers' Marketing Board,
Edmonton. Personél Interview, 30 April, 1984.

Williams, W. amd Stout, T. Economics of Livestock Meat
Industry. New York, N.Y.: Macmillan, 1964. |

Zwarun, Suzanne. "A Pork Barrel Conspiracy." Maclean’s News

Magazine. January 30, 1984,



