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Abstract
The objective of ghis study was 10 evaluate the pricing efficiency yqf the marketing
channels for the beef and pork scctors.in Ca.nada.' The studf cmi)léycd the concept of Granger ‘
causality along with univariate residual cross correlation analysis in order to assess the nature

of lead-lag price relationships in the Canadian beef and pork sectors. The direction of price

" change within the channel aiong with-the time lag involved has implications for pricing

. _efficiency.

From derived demand theory, it was expected that retail prices would lead both
w: olesale and farmgate prices and that wholesale prices would lead farmgate prices i‘or both
beef and pork. The autocorrelation in each price series was filtered using an ARI\MA model.
The result of this filtering process was a set of residuals or innova'tions that were free of serial *
correlation. T.he‘residuals of each series were then used in the cross correlation procedure
rather than tflc original data. Cross correlations were calculated or three and f ive‘lags in both
positive and negative directions. Thié offered an opportunity io determine which series led the
other and whether or not there was feedback or bidirectional causality..

The results indicated that farmgate prices led retail prices by about three weeks for both-
‘beef an;i pork. This was contrary tglﬁé e&ﬁected ré;ults and may have been the result of cost
plus pricing/on, the part of wholesalé;s and retailers. The live market‘is the orily visible market
.in both the beef and .pork channels, therefore it is hypothesized thatf irms further along the
channels may have based their prices on a "cost plus” type of approach.

These«fesults suggest that genegrally the pricing efficiency of the channels could be
improve&, since a theoretically price efficient channel sﬁould transmitt price changes instantly.
If price inf onnation is ndl relayed quickly the resuit ;_ould be the inefficient use of resources in
the production, and distribution of beef and pork The results also suggest,'t“hét since the live

_ matket may be the principle point of price discovery for the entire channel and therefore any

changes made at this level could have far reaching effects.
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I. Introduction

A’ Importance of the Study
| Thié study deals with the red meat industry in Canada. In particular it focuses on price
rélationships in the fresh meat marketing channel for beef and pork. Together these two
commoditites account for 23 percent of the consumer's budget for food consumed at home, "
while the sale of slaughter cattle and hogs constitutes approximatcly 19 percent ‘of farm cash
receipts.’ . — |
Coencern has been expressed at- the prodpcer level of these sectors about the relationship
between farmgate prices for live cattle and hogs, and the prices at higher l;,vels of the
marketing channel. One aspect.of the relatiopship that hés been of. interest is the time lag that
exists between a price change at one level and the subscquent price changes, if any, at other
5 .
levels. The length of time for price changes to be transmitted along the marketing channel has
. implications for the pri‘cing.ef ficiency of the channel. Pricing efficiency refers-to the
"accuracy, rapidity, and effectiveness with which marketing information is de?eloped and
disseminated."? Price is a major cémponem of market information, therefore fhe speed with
which its influenge is felt at other levefs of the marketing channel is an aspect of pricing
efficiency. Information on the lead-lag relationship between price changes at dif f erent levels
of the marketing channel, for beef and pork, would provide more knowledge about the pricing

efficiency associated with the marketing of these products, and may provide some.indication of

whkether or not the marketing mechanism is working adequately, at least with respect to time.

t

! Agriculture Canada Handbook of Food Expenditures, Prices and Consumption, Marketing and
“Economics Branch (Pnb. No.81/5 Dec. 1981) p. 89

*Willard F. Williams, Thomas T. Stout, Economics of the Livestock-Meat,Industry (The
MacMillan Company, New York) p. 122

' 1



B. Problem , o .
The problem dealt with in this study centered on the need for informatiori.’ No
informatiomexisted on the lead-lag relationshin hetween prices at the farmgate, wholesale, and

retail levels of the markeiing channel for beefl and pork in Canada.

. AN
C. Objectives
The main objective was to determine the time lag that existed between price changes at
one level of thegmarketing chain and price changes at other Jevels.
D. Hypotheses
The hypotheses of this study werc:
1. Rerail prices for beef lead f érmgate prices for live cattle. : , »

2. Wholesale prices for beef lead farmgate prices for live cattle.
3. Retail pricés lead wholesale prices for beef .
4. Retail prices f@wpork lead farmgate prices for hogs.
5. Wholesale prices for pork lead farmgate prices for hogs. |
6. Retail prices lead wholesale prices f or pork. ' |
On a week to week basis one would expect that the very short run spppiy éurv¢ for

these products is likely very inelastic and. that the determinants of supply do not shift this curve

. in this short time horizon. The very short run demand curve however, is likely subject to shift, .

as the determinants of demand (such as the price of compliments and substitutes) change.

Therefore, since primary demand exists at the retail level the shift of hthe' demand curve and

, subscquént change in price would take pléce at the retail level first. 'The derived demand which

, exists at the f armgate would shift later, Therefore, the retall price should lead the farmgate ‘

price; the 1&ail price should lead the wholesale price; and the whx/ lesale pnce should lead the i

f afmgate price.



E. Data
Data for this study consisted of weekly price information obtained at three levels of the
fresh meat marketing channel for beef and pork. Farmgate prices for live hogs (index 100)

were recorded for Edmonton and Toronto, while the prices of Al and A2 stcers were used to

!
included the years 1979 through 1982.

represent farmgate prices for live cattle. This inforimation was obtained from I.P. Sharp and .
Edmonton was the only center for which wholesale data was obtained. This consisted
of the weekly procurement prices for beef and pork provided by an Edmonton retail chain from
May of 1981 to December of 1982.
Retail prices for beef and pork were recorded in five cities which included Vancouver,
Edmonton, Calgary, Toronto, aﬁd Montreal. For éil centers, except Toronto, the period of
analysis covered four years, from 1979 to 1982. In Toronto a price war among retailers’

prevented the collection of retail prices for the first quarter of 1982.

F. Limitations of the Study '
One of the limtations.of t};is study was that it ocuséd on only one market channel.
-Analysis of the fresh meat mar_keting channel did not take into consideration those volumes of
beef anid pork that were consumed through the hotel, restaurant, and institutional trade.
Also, the approach was restricted to treating the beef and pork marketing channels
separately. In gther words there was no analysis of the impact that beef and pork prices had
on one another. The analysis .~ 'y concerned with price relationships within eéch

¥

marketing channel. \

G. Format of the Study . ' : S
‘Following the Introduction (Chapter 1), Chapter II provides a review of related
literature. A description of each marketing channel and a diSscussion on data and methodology

make up Chapters II1 and IV respectively, followed by the analysis of results in Chapter V.

[
-



Finally Chapter VI is a review of the study and also includes recommendations for further

inquiry.’



II. Review of Related Literature

A. Lead-Lag Price Relationships

. Analyzing lead-lag rclationships between two time ordered variables has been of
increasing interest to agricultural economists. Most economic relationships are influenced not
only by events in the current time period but also by events that have happened in the pést.
Much of the carlier work done in this area followed the tréditional €conometric épproach of
first establishing a model based on "a priori” reasoning. For example Richard King analyzed
the temporal behavior of beef price spreads using first difference and polynomial distibuted lag
models. * His paper examined the relationships between various levels of the beef marketing
chain from October 1973 1o September 1975 in the U. 5.

The conclusion that King reached was that farm and carcass values move together

instantaneously whereas retail prices are influenced ‘by carcass values "for as many as five
previous weeks.” However.as King noted, the results may have been biased due to serial

correlation in the time series.

Much of the recent work done on lead-lag relationships in agricultural economics is

based on the concept of Granger causality. "That is, a time ordered variable X may be said to
lead or cause a second time ordered varjable Y if Y may be better predicted with the use of the

"history of X than without, with all other information (including the history of Y) being used in

"either case. * b

One of the first papers in agricultural economics based on Granger causality also

<

employed the techniques of Box and Jenkins.® In this paper Stephen Miller used such analysis

to assess the lead-lag relationships between retail, wholesale and farm level beef prices.

SRichard A. King, "Transmission of Week-to-Week Changes in Choice Beef Prices Between
Farm, Carcass, and Retail Levels”, (A contributed paper read at the annual meeting of the
Americah Agricultural Economics Association, Pennsylvania State University, August 16, 1976)
“Stephen E. Miller, "Univariate Residual Cross Correlation Analysis: An Application to Beef
Prices" North Central Journal of Agricultural Economics 1(1979): 141-46 ,

5G. E. P. Boxand G.” M. Jenkins, Time Series Analysis Forecasting and Control, San
Fransisco: Hc' :n-Day Inc., 1970. ' ‘ '
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The Box-Jenkins technique was developed to forecast future values of a .timc series. In
" order to do this the rcsc’ac‘hcr must first establish the relationship between the current value .of
« the variable and its past. This method involves the assumption that the time series was
generated t;y a stochastic process and therefore the relationship between the current term and™
its past can be specified in autoregressive and/or moving average forr:s. Once the specification
has been made and the parameters estimated, the model can_then be used to predict future
values of the time series. ' a

.Thc applicatidn of this technique in analyzing lead-lag relationships is not to férecast

X

but rather to use the model to remove the serial correlation inherent in each time series. In
other words, the model is used to filter out the autogorrelation in each series leaving only the
residuals or innovations. If these residuals are not autocorrelate& Lhenn they are referred to as

white noise terms. It is these vyhite noise terms from each of the two series that are cross

correlated. This procedure is called univariate residual cross correlation analysis.

%

To implement univariate cross correlation 'anaiysis the above procedure is appliéd 10
each time series of interest. - With the residuals of each series being white noise terms,
calculation of the cross correlations between the residuals are made. Different lags are used in
these calculations to determine the lead-lag relation between the two time series. One of the |
advantages of this technique "is that any autocorrelation in the original time series (which may
lead) to'over estimation of the sighif icance of the cross correlationé" is obviated by using the
residuals instead of the original series.®

The results of this method, when applied to the retail, wholesale, and farm level beef
pﬁces for January 1974 to June 1978 (U.S.), indicated "that farm prices (led) wholesale prices
by about one week, and in turn; wholesale prices (led) retail prices by about three weeks."”

Univariate residual cross correlation analys:: has been uéed in a number of articles most

of which give a brief discussion on Granger causality and the Box-Jenkins technique for

modeling time series.



Bessler and Schrader used such an approach to investigate the lead-lag reiationship

between two egg price reporting agencies. * The motivation for this work came from the fact

4
that the two reporting agencies based their price quotations on different information sets. One

agcn'cy based its quotations on information from a thinly traded cash market as well as
nonprice information and market rcportcrs" judgements. The second agency used only the cash
market 1o cstablish egg prite quotations.

Both price quotation series consisted of twice weekly observations. Each series ;vas
modeled as a second order autoregr’essive‘process. From the autoregressive models a series of
residuals were generated and then cross correlated. The results of these cross correlations
showed that the first agency's price quotations led the second by one to two periods. Recall
that the first agency based its price quotations only on the thinly traded market, where as the
second agency used additional information. This led the authors to the c'oné]'usion that the
additional information was actuall§ misleading and that in spite of the cash market being thinly
traded it represented the feal equilibrium price and thus provided the most accurate
information. |

-+ A comparison of two price reporting agencies was also made by Faminow, who

analyzed the lead-lag structure of two wholesale beef price quotes using univariate residual
cross correlation analysis. * In his discussion on Granger eausality Faminow noted that there
were two general methods for C(;nducting causal analysis; one was univariate residual cross
correlation analysis and the other was a method proposed by Sims. !° In this s.econd méthod
Sims suggested using an "ad hoc™ filter to remove the auto;orrelation from the economic time

series. Specifically he recommended using (1-0.75B)? as a filter to whiten the time series.

'David A. Bessler, Lee F, Schrader, "Relationship Between Two Price Quotes for Eggs.”
(American Journal of Agricultural Economics Vol. 62 1980): 766-71

*M.D. Faminow, "Analysig of the Lead-Lag Structure of Two Wholesale Beef Price Quotes
Using Residual Cross Correlation. "North Central Journal of Agricultural Economics 3 (July
1981): 89-94 .

tSee C.A. Sims, "Money Income, and Causality.” American Economic Review Vol.
62(1972), 542-52



Faminow noted the following attributes of univariate residual cross correlation analysis

-

when compared to Sims' method:
1. "First, cross correlation analysis rather than regression analysis is used to measure
cgusality.
2. Second, seperate filters are used for X and Y in contrast with Sims' method of applying
 one common filter.
. [}
3. Third, the filters are empirically determined as opposed to applying ad hoc filters" '

Faminow'also pointed out some interesting methodological considerations when using
univariate residual cross correlatioh analysis. In pafticular he noted that the technique, which
is used to measure causality between two variables, depends entirely upon empirical evidence
and not on ec—onomic thebry. It is the actual data which is allowed ‘to suggest the Gnaturé of the
causal relationship and not a priori reasoning. He suggested tf;gtﬁvéi}jqu;appropriate term to
describe the relationship between two variables as determined_through-cgn,pirical analysis only,
might be "time ordered associ::tion'-'. The question of ’cgusality, ile felt, should be reserved for
theoretical consideration.

The application of the technique, by Faminow, consisted of modeling the time series °
properties of "The Meat Sheet” and "The Yeilow Sheet” priée quotations for wholesale beef
prices. It was discovered that after applying f irst difference filters to béth series, neither could
be distinguished from a white noise series. Therefore the cross correiation function was
calculated. The results indicated that "The Yellow Sheet” led "The Meat Sheet” by one or two
periods. The author concluded that the former price reporting agency responded "to changing
market conditions more expediently than" the other. |

Bessler and Schrader, who investigated lead-lag price relﬁtionships for turkey products,

raised some of the issues discussed earlier. !2 They noted that economic theory is often not

UM.D. Faminow, "Analysis of the Lead-Lag Structure of Two Wolesale¢ Beef Price Quotes
Using Residual Cross Correlation.” North Central Journal of Agricultural Economics 3 (July
1981): 89-94 ‘ :

. A. Bessler, L.F. Schrader, "Measuring Leads and Lags Among Prices: Turkey
Products." Agricultural Economics Research 32(July 1980):1-7



explicit on the dynamic relationship between two variables and that where competing theories
about the relationship exist policy analysts may have difficulty recommending the appropriate
measures. Univariate residual cross correlation analysis, they said, might offer some assistance
in choosing the best theory since\il ofl;ers a more empirical approach.

The empirical work by Bessler and. Schrader wz;s cor}buctcd with the use of a fifth order
integrated moving average process that was. used to modcl cach of the eight time series under
consideration. After analyzing various lead-lag rclationéhips they concluded that the results
were in keeping with their prior expectations which were that wholesale prices led farmgate.
prices.8The prior expectations were based on the theory that demand at the farmgate is derived
from the retail and wholesale levels. | <'

Bessler and Brandt investigéted lead‘ﬁg relationshipé in the livestock sector using three
different .approaches to test for Granger causality,#* The first two a‘pproaches both involved
pref ilfcring the data to remove autocorrelation. Univariate residual cross correlation analysis

‘ and Sims""general filter were the two prefiltering methods used. The third technique used was
orie developed by Geweke who directly. utilized ofdinary least squares fo test for causality
" between two time series. .

Seven separate ti{pc series were analyzed which involved déta from the beef and pork
sectors of the U.S. from 1963 to 1980. Comparisons were made 7between the three approaches
for assessing lead-lag relationships. One of the conclusions feéched was that Sims' general
filter was inadequate since autocorrelation was still evident, as indicated by the autocorrelation
function, after rrefiltering had been carfied out. Another conclusion reached was that no‘
distinction could be made between which of the two remaining methods was better. Univariate
residual cross correlaiion anzalysis and Geweke's direct method both provided the same results.

The motivatiorn ..dy conducted by Beaton and Pearson came from a concern for
pricing efficiency. “nc for examining pricing efficiency is to determine the time
.................. . -

UD.A. Bessler,J./. Brar<:, ’=2usa’ty and Inferenize: An Application to Livestock

" ‘Markets" Purdue Universit. .. -ural Z:periment Ziation, West Layfayette, Indiana,
Research Bulletin 972 June 167"

7
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period for pricing information to be communicated among markets.”

Univariate residual ‘cross correlation analysis was uscd by Beaton and Pearson to
analyze the lcz;d-lag structure of slaughter hog pricc; bctwcen. the United States and Canada.
U.S. data consisted of the aggregation of seven midwest markets and the Canadian price series
included slaughter hog prices in Toronto, Wir_mip.eg, Saskatoon, and Edmonton.

The findings indicated that Toronto and Winnipeg were correlated at zero lag which
suggested that pricing information is transmitted instantaneously between the two markets.
Also, both of these markets were correlated at zero lag with the seven U.S. markets. Saskatoon
and Edmonton prices showed the highest correlation with the other markets when lagged by onc
l period, indicating that these maitkets were slower to adjust to the changing North American
market for slaughter hogs.

The analyses of lead-lag relationships b¢tween time series discussed in this section have
raised the concepts of cauéality and prefiltering. In.particular, Granger causality and
univariate residual cross corrélatioh analysis have been discussed. These two concepts will be
revisited in Chapter IV where their applicability to the sFudy of lead-lag price relationships in’

the beef and pork marketing channels in Canada will be discussed.

-

" 4N.J. Beaton, C.L. Pearson, "Lead-Lag Structure of Slaughter Hog Prices Between United
States Midwest and Four Major Canadian Markets Utilizing the Univariate Residual Cross
Correlation Technique" (Paper presented, American Agricultural Economics Assqciation and
Western Agricultural Economics Annual Meeting, Utah State University, August -4, 1982)
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II1. The Pork and Beef Systems

A. Introduction
The purposc of this chapter is to provide a brief description of the beef and pork
systems from an operational and pricing perspective. The production and processing of each

commodity will be dealt with separately, while the discussion on retailing will pertain to both

g>since most retail enterprises market both becf and pork through a single department.

N

B. Production - The Beef System

Beef producti{n includes those activities involved in raising the animal to slaughter
weight and can be divided into two phases: the feeder cattle phase, and the slaughter cattle
phase.

The term feeder cattle refers to animals that are mature enough for fattening, a process
which usually begins after one year of age. However not all animals are introduced to fattening
rations at the earliest possible date since there are several factors which the producer must

consider. Feed costs, interest rates, and market prospects rank among the more important

issues on which judgements must be made. Hence the phase of feeder cattle production, like

‘other economic time horizons, i related more to an act of decision making than to an actual

period of time.

- The raising of feeder animals normally begins on a cow-calf operation, which is’

«characterized by a relatively large marginally productive land base. The size of these operations

varies considerably, especially with respect to region. Table 3.1 shows the average size of the
national and provincial cow-calf operations for 1971, 76, and 81.

Generally the figures reach a peak before showing a decline. Table 3.2 provides a more
detailed accqun; of this trend in terms of national and provincial cow herd-totals. The

distribution of the national herd is shown in Appendix A.

11
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Table 3.1 Average Cow Herd Size 1971, 76, 81

Year B.C. - Alta Sask Man Ont Que Can
1971 36.3 54.7 41.9 35.9 14.8 243 33.9
1976 47.6 54.8 40.6 37.9 169 - 345 371
1981 35.4 460 341 32.4 16.3 14.5 30.8

Source: 1971,1976,1981 Census, Statistics Canada

Table 3.2 Beef Cow Herd Numbers '000 Head, 1971-80

Year B.C. Alta Sask Man Wést Ont Que Mar East Canada

1971 184.3  1270.2 1027.7 384.2 2866.4 434.7 1639  49.2 647.8  3514.2
1972 198.0 1364.0 1079.0 406.0 3047.0 465.0 177.0. 50.4 692.4 3739.4
1973 211.0  1509.0 1174.0 447.0 3341.0 485.0 192.0 51.6 728.6  4069.6
1974 227.0 1660.0 1270.0 500.0 3658.0 530.0 2350 - 61.5 826.5 4484.5
1975 2350 1692.0 1304.0 516.0 3747.0 535.0 2500 68.0 853.0 . 4600.0
1976 223.0 1590.0 1215.0 491.0 3519.0 510.0 246.0 70.7 826.7 4345.7
1977 230.0. 1555.0 1173.0 485.0 3443.0 480.0 240.0 67.6 787.6 4230.6
1978 230.5 1425.0 1065.0 435.0 3155.5 430.0 225.0 63.3 718.3 3873.8
1979 230.0 1440.0 1005.0 400.0 3075.0 395.0 210.0 _ 35.0 - 660.0 3735.0
1980 242.0 1515.0 1045.0 410.0 3212.0 425.0 2200 58.5 703.5 39155

Dawson, Dau, and Associates Ltd.,/mpact of Government Programs on the Regional Location
of Meat Production in Canada P. 23

f
The trends indicate the cycl'icalbnature of beef production. The much studied "beef
cycle” begins with lqw cow herd numbers which are accompanied by relatively high prices.
High prices provide an incentive for producers to increase the amount of beef supplied to the
market, however they. cannot do this instantaneously due to the biological traits of the animal.
To increase supply it is necessary to retain females for breeding purposes, an act which further
accentuates the already short s, .. - of beef available to the consumer. From the time the

female is born to the time her progeny is ready for slaughter a minimum of three and a half

years will have passed.
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Eventually the quantity of beef available to thc consumer increases as th oﬂ\épring of
previously retained females are slaughlcrcd Thesc increased quantities of beef gxert Jownward
pressurc on prices. As prices dcclmc produccrs liquidate their cow herds which gxerty ¢ven
more downward pressurc on prices and causes further llquxdauon. Until this ghAndapce of
beef is consumed the price remains low, inevitably however, the oversupply is difhiniyfied and
once again prices begin to rise. The cow herd has then returned to a relatively gall yize and
the cycle repeats itself . Typically these cycles have a duration of approximately ten years, **

With the distribution of cow-calf opera-t.ions concentrated in the West apq the high
pr’é;éuction of corn %:fOntario along with low ffeight ;atcs for Western gr;in, a West 10 East
movement of feeder\&;mgtakcs place. The movement of feeder cattle to the U,fi, bas been
relatively Jarge at times, however the reverse has. not occurred during the 1970'g @m lp
Canadian import restrictions based on health standards.

Once the decision has been made to sell feeder cattle the owner has three Maiy
marketing alternatives: | K |
1. A direct sale can be negotiated between the producer and ;;urchascr.'

2. The producer can sell his cattle through a local country auction.
3. The producer may elect to consign his cattlé to an agent operating in a term;jlal Market. V

Once the animals are within the slaughter cattle phase of beef productioy they are
introduced to high energy rations. ** The length of the feeding periqd ranges from

P
approximately 90 to 120 days and depends among other things on climate,initia] #eighs of the
feeder animal, the animal's feed-meat conversion ratio. ‘

Regionally, the distribution of cattle feeding is ef fected most by the availﬁbility of feed,

Mentioned earlier was the fact that Ontario produces an abundance of corn. Thi4, cOyPled

with discriminatory freight rates on grain shippments from Western Canada, hag tadg Ontario

¥3Charles Gracey, "The Cattle Cycle (A publication of the Canadlan Cattlemen's ASgOCigtion,
Printed by Public Press, March, 1981).

1“Roy Kennedy and Malcolm Churches, eds., Canada's Agncultural Systems 4th £d.
(Department of Agricultural Economics MacDonald Campus of McGill University, Si2. Anne
de Bellevue, Quebec, 1981).
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an important producer of slaughter cattle. Evidence of this appears in Table 3.3 which
provides a breakdown of slaughter cattle production across Canada based on the origiﬁ of
marketings of A, B, and C grade cattle.

Like Lhé feeder cattle producer the seller of fat céttle has three market alternatives

-

when selling to packing comﬁanics: direct sales, consignment of stock to a terminal market, or
marketing through a local country auction. “When electing to market his cattle through a direct
sale the producer can do so either on a live weight or rail grade basis. |

The relative importance of these three alternatives has bchvangcd over the last decade
with direct sales now being the method by which the majority of fat cattle are traded. The
popularity of this option has risen mostly at the expense of terminal mérkets which now serve a
limited role in slaughter cattle transactions. The main force behind the increase in direct sales
has been the proliferation of custom feedlots. Large modern feedlots with many customers
provide an eff’ icient link between the seller and packer buyer. Pac.l_(ing companies can sénd
buyers to the feedlots where they can view a large number of cattle at once and make offers.
The owner, in this situation, is under less pressure since 4 refusal of the bid does not mean
transporting the cattle back f rom an auction.
C. Production - The Pork System

The production of pork, unlike beef, is not land extensive. Itﬂis, however, strongly tied
to feed grain price and availability. Approxﬂi,r‘n;tely seventy perc'ent of the cost of hog
production is made up of feed cos}s." In Ontario the main ingredient in the feed ration is corn,
where as in the West it is barley. Quebec producers use approximately Vequivalent amounts of
each. Evidence of the close relation between hog production and feed grains is the cohcept of
the hog-barléy ratio. This refers to the "number of bushels of number one feed barley tﬁat are
equal in value to one hundred pounds of Index 100 live hog, on the basis of Winnepeg
prices.™* This ratio is an important market statistic.

17Agriculture Canada "The Canadian Pork Industry™ August 1977. N
1 Ihid p. 5

-



Table 3.3 Provincial Shares of A, B, & C Marketings, 1971-80'

Year B.C. Alta Sask Man West Ont Que. Mar East

#

1971 1 41 15 09 66 32 1 1 34
1972 1 41 16 09 67 31 1 1 33
1973 2 42 14 09 67 31 . 1 33
1974 2 43 7 14 09 67 32 . 1 33
1975 2 45 . 14 09 68 30 . 1 32
1976 2 45 12 90 69 30 . 1 31
1977 . 2 45 10 90 67 31 1 1 33
1978 2 45 09 10 65 33 1 1 35

1979 2 46 08 V9 64 34 1 1 36 .
1971 2 2 1

45 g 08 63 34

37

'Provincial shares cxpressed as a percentage of national total.
Dawson, Dau, and Associates Ltd.,/mpact of Government Programs on the Regtonal Location
of Meat Production in Canada P . 38

\ .

The nature of the hog proauctibn unit hag chaﬁéed over the last decade so that now
most operations raise the hog through all stages of its life. This is called a "farrow to finish”
operation which refers to the integr'atior_y;of farrowing and feeding enterprises into one unit.
Tables 3.4 andﬁ 3.5 indicate the size of operations regionally in terms of ranges.

Like beef pgpduction, hog production is charg\cterized by cycle; which have a duration
of approximately 36 months. The h'og cycle is of the same basic nature as the beef cycle
however it is m“itigatéd by the hog's short gestation perio.! and ablilit‘;ﬁto give birth to several
offspring at once. This makes the supply responS¢ to = p~ice change more rapid than is the

case for beef. However, in the éarly seventies the barriers to entry into hog production were

quite low since the cost of capital was also low. Movement of producers into and out of the

industry, served to intensify the severity of the cycles. However, in the latter part of the decade

/
/

high start up costs tempered this somewhat.

The hog cycle is not confined to Canada, but is a North American and world

o

phenoménon. The Canadian pork situation is tied very closely to American hog production,
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Table 3.4 Proportio‘n of Hogs on Farms by Given Size Stratum, 1976

No. B.C. Alta Sask Man Ont Que Mar
1-122 23.5 299 397 17.0 24.0 10.6 20.5
123-272 11.1 16.1 19.3 17.2 20.9 114 3.2
273-527 11.0 16.3 13.7 18.7 25.0 17.6 19.6
528 + 54.4 371 27.3. 471 30.1 - 60.4 46.7

Dawson, Dau, and Associates Ltd.,/mpact of Government Programs on the Regional Location
of Meat Production in Canada P . 11

Table 3.5 Proportion of Sows on Farmsby Given Size Stratum, 1976’

No. B.C. Alta Sask Man Ont Que Mar
1-32 30.5 464 515 31.9 39.7, ﬁs\ 38.6
33-47 029 086 086 09.3 118 (709.0 09.4
48-62  08.6 . 074 074~ 08.5 120 110 09.8
63 + 58.0 37.6 26.5 49.3 36.5 535 42.2

Dawson, Dau, and Associates Ltd.,Impact of Government Programs on the Regional Location
of Meat Productzon in Canada P. 11

.
with Canada contributing about ten percent to the North American total."’ (
The domestic distribution of hog production changed auring the nineteen seve:t!:ties .
Taple 3.8 shows the neclining share of the West and the increasing share of Quebec.
Various factors have influenced this trend, including government policies. The
Western Grain Stabilization Act and the Canadian Feed Grains policy likely had some impact.

on Western pork production, however, rising grain prices during the seventies probably had the

most influence. Since many operatlons are mixed grain and livestock enterprises, hxgher gram

] arry Martin, "Economic Intervennon and Regulation in the Beef and Pork Sectors”,
Economic Council of Canada Technical Report No. E/I1. p.5 :

-»

w0
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Table 3.6 Provincial Shares of Hog Production, 1971-80"

Year B.C. Alta Sask Man West Ont Que Mar East

20 12 - 13 46 31 19

1971 1 4 54
1972 1 20 12 13 46 31 20 3 54
1973 1 19 12 14 46 30 2] 4 55
1974 1 18.. 11 13 43 30 25 3 58
1975 1 16 08 11 36 31 29 4 64
1976 1 14 07 11 33 33 30 4 67
1977 1 14 07 10 32 32 “32 4 68
1978 1 13 06 09 29 33 34 4 71
1979 1 13 06 09 29 34 34 4 72
1971 2 12 06 09 29 32 36 4 72

Provincial shares expressed as a percentage of national total
Dawson, Dau, and Associates Ltd.,/mpact of Government Programs on the Regional Location
of Meat Production in Canada P . 4 ‘

L prices create an incentive for producers to sell their grain rather than feed it to liircstock. The
situation has been further effected by the Crow Rate and the Feed Freight Assistance Act. In
1977, as a result of these programs, it was Acheaper to ship 800 lbs. of grain from Western
Canada to Eastern Cahada than it wé;s to ship 160 Ibs. of dressed pork. 2 .

In Quéﬁec, feed manufacturers have taken advamage’of the low cost of transporting
grain. Such low costs have i)rovided them with the opportunity to take advantage of the
absence of a supply management scheme in the Quebec hog industry. The result has been
backward integration(on the part of these feed companies into tﬁe production stage through
contfactual arrangements with f afmers. This too has contributed to Quebec's increased share
of national production. °
The marketing of hogs by producers is facilitated, in most provinces, by a marketing
. board. Alberta, Saskatchewan, Manitoba and Ontario all had operativé marketing boards for

most of the seventies. These boards did not act to restrict hog production in any way, but

rather assumed the role of central selling agencies. Their aim is to improve the efficiency with
4

-~

wAgriculture Canada "The Canadian Pork Industry” August 1977
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. which the exchange of hogs between producer and packer takes place.
D. Processing - The Beef System . \
\
After the live animal has been sold to the packing company it is immediately shipped to
the processing plant where it is staughtered. The average carcass yield for steers is 57 percent,

M)
which means that a steer weighing 1000 pounds live will yield a carcass weighing 570 lbs. ! The

carcass is then allowed to age either as swingir;g beef, in the form of sides, or as boxed beef.
The process of "boxing beef " involves breaking the side down into five main parts called
primals, these include: the short hip or round, the steak piece, short loin, rib, and the square |
cut chuck with shank. Each piece igytlflen either vacum packed in special bags or placed in a :
f ilrﬂ lined cardboard box with carbon dioxide pellets, the former method being the most
popular.?? 1
There are several advantages to boxed beef which include, better sanitation, less_,

shrinkage, and transportation economies from the shippment of “less fat and i)one. However,
the adoption of this technique on the part ;)f packers depends on how acceptable the process is
to retailers. Some retail‘.chains in the country have gone totally to boxed beef however the
majority still prefer to rece}'ve' the product in swinging form. Therefore this is how packers
" market most of their beef. .

The grading of carcass beef is done in the filant by a federal meat inspector. The
Canadiém grading system for beef is divided into.five categories and is based on maturity,
quality, and meat yield. By far the majority of the animals slaughtered are those in maturity
class one (youthful) although the proportion changes with the stages of the beef cycle. . In 1976
61.5~percent of the animals slaughtered graded Al or A2.

s

2 Agricuitural Economics Research Council of Canada, "The Montreal - Alberta Beef System -
How it Works"™ Ottawa, Ontario 1977. p. 115

221bid p. 17 .

#Patrick M. Moncreif, "Beef Retailing in Canada” Agricultural Economics Research Council

~ of Canada 1978 p.7
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Locationally4 packing plaﬁts are tied to the areas of live fat'cattlc productién The
reglonal distribution of all cattle slaughtered in mqpccted establishments is presemed in Table
3.10. Note the largc shares of Alberta and Ontario. ‘ s

Alberta slaughters more beef than it consumes whefeag Quebec expericnces the opposite
situation. The result of this imbalance has been a West to East f low of carcass beef.
Practically all the beef moving from Alberta to Quebec goes to the Montreal market. The
interdependence of these two areas is evident considering that 60 to 65 percent of Quebec's
deficit comes from Alberta and approximately 40 percent of Alberta's kill goés to Quebec. **

Due to the large production surplus of beef rﬁost Alberta beef packing plants only
perform the ﬁ;fmary functions of the processing industry. They are oriented to a "kill and
ship" mode of operation as opposed to "full line" processing which‘involves processing various
cuts and by-products for final use. This type of operation is more common in Eastern
Canada. ** u

In most rﬁarkets in Canada packing companies perform both processing and
wholesaling functions. The one important exception to.this is the Montreal market where
wholesale facilities exist apart from those of the processing segment. These wholesale facilities
are either independently ownea, branches of packing companies, or retail affiliates. They
receive the carcasses from Western Canada and provide storage and distribution services to the '
Que?ec retailers. |

The price determination mechanism for the exchange of beef between the procéssor and
retailer is of an "offer and acéeptance" nature. Typically, the retail meat buyer is contacted by
the processor late in the week with offers for the coming week. These prices are recorded by
the retailer who can then compare the processor%‘ offers and chose the one most acceptable.
This exchange of product is facilitated in the Alberta - Montfeal system by meat brokers.

These middiemen take offers from Alberta packers and bids from Montreal wholesalers and - .

#Agricultural Economics Research Council of Canada "The Montreal - Alberta Beef System -
How it Works" Ottawa, Ontario 1977. p. 57 ‘ -
2Ibid 92.
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Table 3.7 Provincial Shares of Cattle Slaughtered in Inspected Establishments 1971-80*

Year B.C. Alta Sask Man West Ont Que Mar - East

1971 1 6 15 59 33 7 1 41
1972 1 6 15 61 32 6 1 39
1973 1. 5 6 15+, 61 32 6 1 39
1974 1 6 157 60 33 6 1 40
1975 1 5 15 62 31 6 2 38
1976 1 S 15 63 29 7 2 37
1977 1 6 14 63 28 7 1 37
1978 2 7 12 61 32 6 2 39
1979 2 6 11 61 31 6 2 39
1980 2 6 10 59 32 7 1 41

Provincial shares expressed as a percentage of national total
'Dawson, Dau, and Associates Ltd.,/mpact of Government Programs on the Regzonal Location
of Meat Production in Canada P. 139

4

" Provincial shares expressed as a percentage of national total
then negotiate settlements. For their services they receive a flate rate commission from the

seller ¢

E. Proces;ing - The Pork System

Upon reaching a settlement with the marketing board, or producer in the case of |
- Quebec, the packing company immediately moves the hogs to slaughter facilities. The carcass
yield of a hog is considerably greater than a steer being aproximately 77 percent of the live
weight. Unlike beef, however, the pork carcass does ndt improve with age, therefore it is
chilled and cut into primﬁl pifces immediately after slaughter and ship'ped to the retailer all
within three to four days.

Almost all fresh pork is sold in the form of primal cuts. These include the ham, loin,

belly shoulder and side ribs.?” These chilled cuts are wrapped in peach paper and boxed before

" being sent by refrigerated truck to the retailer. Some pork is shipped under controlled

¢Ibid 63
*’Food Prices Review Board "Pork Pricing” August, 1974
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atmosphere conditions. This is similar to one of the alternatives used in tﬁe handling of Boxed
beef where the cuts are pfaced in a film-lined cardboard box with carbon dioxide pellants as a -
coolant.

The relatively short period for which pork stays fresh leads to f urther processing such
as curing, smoking and packaging. It is only about 37 percent of the pork carcass that is sold
| as fresh meat. The loin and rib primals are usually sold fresh with the ham, shoulder and belly
primals most often being f urther.processed. —

Td\; facilitate the exchange of por.k between the producer and p'acker a grading system
relating fat cover to carcass..yalue was instituted {n 1968 .** It was last amended in 1978 and is
carried out by Agriculture Canada g.r_aders. The grading system consists of a matrix with eleven
weight categories and seventeen backfat categories. It is based on index numbers with a -
premium paid to hogs over index 100 and a discount on those below. i

The trend in packing plant operations has been toward single species processing units.
The location of these units has changed over the last ten'years for the reaeons discussed earlier
- namely a change in the location of hog production. Numerous plant closures and
coynsolidations have taken place in the West wfth expansion occurring in Eastern Canada
especially Quebec.

. The shipping patt=rzs for pork have changed as well. In the early seventies there was _
movement from West to East. However as the Quebec hog mdustry grew this trend reversed
1tself and a new development the exportatxon of pork from Quebec to the U.S., began to
occur. In spite of the decline in hog productxon expeelenced in Alberta that province has
remained id a production surplus positiod. In terms of the domestic market it was estimated,
in 1979, that approximately 30 percent of Alberta's production went to B.C., 7.8 percent to the
East, 9.5 percent to Japan and only 0.7 percent to the U.S. ¥

>

" Agriculture Canada "The Canadian Pork Industry” August, 1977. p. 4
»Foodwest Resource Consultants "Pork Industry in the Alberta Economy” Prepared for
- Alberta Pork Producers Marketing Board, Edmonton, Alberta, March, 1980.

,
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The exchéngc of Vpork between the processing sector and the retail segment takes place
in much the same manner as that for beef. The main reason for this similarity is that firms
involved in the processing of beef usually have the same interest in pork. As mentioned earlier,
in the case%-;3 beef, the retailer records price offers from the processors and places an order o.r

various cuts of fresh and processed pork on the basis of the most acceptable offer.

F. Retail

Since the sale of fresh beef and pork has increasingly taken place through large super i
market chain shorés, most of which can be said about fhe retailing of one product can be said
of another - therefore, the discussion on the retaiiing of these two products is grouped into one
section. <

The product that has the most utility added to it in terms of time, place, and form
within the retail segment, is beef. This is es'pecially 50 if it is received in swinging f orrﬁ, si;ce it
must ﬁndergo further changes befofe it is offered to the consumer. If it arrives at th; retail
outlet in boxed form, less breakdowh is necessary, however, the prifnals must still be processed
into retail cuts which may number as many as thirty-six. After the beef is cut and wrapped it
is offered as fresh product in meat display cases with a shelf life of at most four days. It
accounts for approximately 40 percent of meat departmerit sales. *° |

Throughout the seventies the per capita consumption of beef showed some variability
by rising to a maximum of 51.35 kg in 1976 before droppiﬁg to 39.78 in 1980. 3! This can be
partially explained by a similar trend in real disposable income coﬁpled with an opposite
movement in real beef prices. Depending on the estimation technique used, income elasticity
for beef ranges from .4867- to .5534, with price elasticity ranging from -.723 to -.767 **

*Patrick M. Moncreif, "Beef Retaxhng in Canada” Agncultural Economics Research Council
of Canada 1978 p.7

1 Agriculture Canada, Handbook of Food Expenditures, Prices and Consumption, Marketing
and Economics Branch (Publication No. 81/5 December 1981) p. 197

32Agriculture Canada, "Food and Agricultiire Regional Model II Retail Demand ", Policy,
Planning and Economics Branch, Ottawa, Ontario, March 1980 p.8
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The utility added to pork at the retail levet is not as grea{ as beef since fresh pork is
deltvered to the retail out;et already broken into primal cuts, and also because much of the pork
sold at retail, such as ham and bacon, has been completely processed at the packing house level.
Like beef, pork is offered to the consuming pub_lic through meat display cases and comprises
approximately 20 percent of retail meat sales * .

The consumption of pork over the last decade has shown considerable fluctuation,
however, éubstantial increases occurred near t‘he end of the seventies with per capita
consumption reaching 29.7 kg in 1979 and 32.3 in 1980. ** In spite of declining real personal
income in this period pork consumption rose due to signi‘f icant reductions in real price. This is
supportéd by elasticity estirhates Wpich suggest the demand for pork is more sensitive to pricé
than income. The range for income elasticity is .2501 to .2574 and for price -.9358 to -.9547.
y ’ .

‘Food retailing in Canada is characterized by large multi-department outlets which may
be paﬁ of a corporate chain, a voluntary group, or independe%,t organization. In 1978 the size
of corporate retail chain super markets ranged in size from 10,000 to ‘50,000 squaré fee;of
which apprbximately 15% was meat department selling area. *¢

These large retail outlets are a powerful force in the marketing chain for meat. From a
national perspective six buyi'ng offices were resPonsible for purchasing .beef for 1,020 stores in
1978, a ting for "about 57 percent of the average weekly Canadian slaughter” 3’ In a |
survey Qf Canada's 32 largest niarkets which included all major food retail organimtiéns, the

four largest firms held 51.0 percent of the market share At the local level, concentration ratios

can be particularly high. In Western Canada the four firm concentration ratio ranged from

"**Patrick M. Moncreif, "Beef Retailing in Canada”™ Agricultural Economics Research Council
of Canada 1978 p.46 ' 7 K

**Agriculture Canada, Handbook of Food Expenditures, Price\s and Consumption, Marketing
and Economics Branch (Publication No. 81/5 December 1981) p. 197,

*Agriculture Canada, "Food and Agriculture Regional Model 11 Ret4il Demand”, Policy,
Planning and Economics Branch, Ottawa, Ontario, March 1980 p.8 . :
**Patrick M. Moncreif, "Beef Retailing in Canada” Agricultural Economics Research Council
of Canada 1978 p.46 ' .

¥Tbid p.15 o



77.4 percent in Winnipeg to 96.6 in Regina.’*

The purpose of this chapter was to pr.ovide a description of the workings u!f the bec;f
“and pork marketing channels, from the farmgate to the consumer. The production process is
carried out by many relatively small farm firms. Volumes of live animals are then shipped to
packing houses which usually also fulfill the role of wholesalers. This wholesale leve] consists
.of relatively few firms which procure live cattle and hogs, and in turn market fresh beef and
pork to retz;ilers. At the retail level these volumes of beef and pork are broken down into cuts

made available to the consumer. The retail level is also relatively highly concentrated.

A

3#*GROCERY GUIDE March 1982



IV. Methodology

A. Data

The dalta used in this study consisted of weekly price observations at the farmgate,
wholesale, and retail levels of the fresh meat marketing channel for beef and pork . The period
of analysis covered the period 1979 to 1982 inclusive.

The farmgate prices were obtained from 1.P. SHARP and for beef included the live
weight prices of Al and A2 steers in Calgary and Toronto. ** Hog prices included index 100
prices for Edmonton and Toronto. '

Wholesale prices orﬁbeef and pork were restricted to Edmonton and were obtained
ihrough a co-operating retail chain. Although wholesale prices for other areas in Canada could
have been obtained through secondary sources it was decided, after comparisoh of primary énd
secondary data, that only the primary data should be used. Secondary daté on wholesale prices
is usually obtained through price lists published by processors. These prices appear to be the
“starting points" of p;ice negotiau’on' between wholesalers and retailers with the res_l‘xlt usually
being lower prices paid by retailers for vollumé buying and other discounis. ‘

The wholesale price data was limited to the period May 1981 to December 1982. The'
cuts for which prices were recorded during this period are shown in Appendix B.

,‘ Retail prices for beef and pork were recorded in Vancouver, Edmontoh, Calgary,

‘ Toromo énd Montreal. The collection of the prices was sponsored by the BIC and APPMB.*°
In> all .cities, except Toronto, prices were obtained by individuals visiting ‘és many as\ six stores
per week and .recording the prices of selected ’cuts as they appeared in the meat display cases.
In Toronto, retail price information was pro{'ided through the Ambler pricing service. A price
rﬁt/ar in Toronto during the first quarter of 1982 prevented the accjuisition of data for that

period. The retail cuts for which prices were obtained are shown in Appendix A as are the

] P. Sharp information service, Alberta Agriculture
*BIC and APPMB stand for Beef Information Centre and Alberta Pork Producers' Markenng

Board respectively.
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" retail chains visited in cach citv.
The main objective of this study was to assess the lead-lag relationships between price

series at different levels of the marketing channel. The technique used to carry out this

0

investigation was univariate residual cross correlation analysis. This technique is one method

)

used 10 infer causality between two variables. Causality is a concept that scholars have had
difficulty testing for, however Granger has developed a definition that allows for the empirical

testing of causality between variables.

B. Granger Causality
Granger defined causality by [irst stating the following two rules:
1. The future cannot cause the past. Strict causality can occur only with the past causing the

present or future.

2~ W15 sensible to discuss causality onlv for a group of stochastic processes. 11 1s not possible

to detect causality between two deterministic processes. *!

P TN .

Observir_lg these two rulés Grangéra’ééerted that one variable céuses anoth(er if the first
variable can be better predicted using not only its own past values but also the paét values of

the other variable. In other words if X is better predicted by P (X¢.j, ¥, )™ than by
P (X, . j ) where tis the time period and j refers to the number of lags, then Y causes X in

o

the Granger sense.

The [_\'pé of c:ausalit_\' describad above is considered unidirectional. that is, causality
running from \ 10 X, however, Granger aiso discussed the possibility of feedback o
bi-directional causality. This occurs when X, , ¢ is better-predicted using Y, , , In this case,

P(Xy. X Yean ,Y\—_j) is the optimal predictor of X, ., ,-rather than

p(xtci.xt-jryt-j) 4

“'C.W.J. Granger and Paul Newbold, Forecasting Economic Time Series (Academic
Press Inc., New York 1977) p. 224 ,

““M.D. Faminow, "“Analysis of the Lead-Lag ‘Structure of Two Wholesale Beef Price
Quotes Using Residual Cross Correlation” North Central Journal of Agricultural
Economics 3 (July 1981): p.91
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In the bivariate exampie, with an information set consisting of X and Y, Granger's
definition allows for the empirical testing of causality between the two variables. The
following four possible relationships maykexist between X and Y.

1. X causes Y.
2. Ycauses X.
3. X and Y cause each other - feed back, bi - directional.
4. No relationship. * ' .
Iﬁ this study X and Y represent price series at different levels of the marketng channel,

therefore an aftempt to determine the Causal ordering of these price series was made.

C. The Role of the Box-Jenkins Technique
| Grange}'s definition allows for empirical testing of causal ordering between variables,
however, there are at least three ways tol do this. Unvariate residual cross correlation analysis
was chosen over the technique proppsed by Sims and also the direct method developed by
Geweke. In the case of the former technique, the work by Bessler and Schrader, which
compared the three alternatives, indicated that Sims' general filter may not always remove the
autocorrelation from the Lime. series and therefore may not provide the strongest inference. **
Gewekes direct mgthod provided results £nsistent with univariate residual cross correlation
analysis and so it was decided that due to the computing facilities a\./ailable. the latter technique
would bemsed.

Using univariate residual cross correlation analysis to infer the causal ordering of
variables, ultimately involves calculating cross correlation coef ficients between the-variables.

Hpwever, because the data are time series in nature, there exists the possibility that

autocorrelation is inherent in each. Autocorrelation, if it exists, would lead to an

“3Robert V. Bishop, "The Construction and Use of Causality Tests" Agricultural Economics

Research/Vol.31, No. 4, October 1979
“D.A. Bessler, J.A. Brandt, "Causality and Inference: An Application to Livestock

Markets" Purdue Universjty, Agricultural Experiment Station, West {.ayfayette, Indiana,
Research Bulletin 9’73J)|{e 1982

4
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"overestimation of the signficance of the cross correlations™.
| The problem of autocorrelation refers to the iﬁflucnce past values of the time series

have on the current value. For example, today's retail price for. beef may be pérlially explairféd

by the price vesterday or the day before. If this source of explanation of the current retail price

is not taken into consideration before testing other potential sources of explanation, such as .
past farm prices, theﬁ the explanatory power of these other sources could be accorded undue
importance. Therefore, the autocorrelation inherent in cach time series must be dealt with

before the series are cross correlated.
. (‘"'— -~ -
Univariate residual cross correlation analysis,attempts to remove autocorrelation by
Y
applying a filier to each series. The filters used in this technique are derived from the Box

Jenkins approach to time series forecasting. In this approach the focus is a single time series
* for which a model is constructed to predict future values of the 'ume series. This forecasting
procedure is predicated on the assumpt_ion that the behavior of the time series is characterized
by a pattern that can be modeled. This pattern bor time series property is also referred to as
autocorrelation. A model of autocorrelation constructed 1o forecast future values of a time
series can also be used as a filter 16 remove the autocorrelation present in the existing time

series. 11 is this filtering role that the procedure of Box and Jenkins plavs in univariate residual

/
~ ., . -
cross correlation analysis. . .

Much of the methodology of the Box-Jenkins appro_gch to forecasting is embodied in
univariate residual cross correlation analysis and therefore both have similar data requirements.
One important requirement is that the time series be stationary. This means that the series  *
(which may also be called the process since it is assumed to be stochas:ic) is cﬁéracterized by a
joint probability distribution that is invariant with respect to time. This property 15 déﬁned in

equation 4.1.

p(Xt,. .. Xt+k) = p(Xt+m, ... Xt+k+m) (4.1)

o

*sStephen E. Miller, "Univariate Residual Cross Correlation Analysis: An Application
to Beef Prices" North Central Journal of Agricultural Economics 1(1979): 141-46 p.
142 : ‘



This equation implies that the expected value of observation X is the same. Therefore a
stationary process will always show on affinity for a mc*:an value,

The problem most frequently encountered with respect 10 economic time series is that
they are oftcr; not stationary. This situation can usually be remcdied' by transforming the data

. |

either through différcncing or log transformations, into a series that f(s‘stau'onary. The term
» "integrated " is used to describe a data series that has beeh differenced.(footnote on
invertibilitv)

Time serics models constructed on the basis of the BoxJenkins technique may consist of
autoregressive {erms, moving average'tcrms or both. An autoregressive model approximates
the time series properties of the data using the current disturbance term and past observations.

Equation (4.2) is the simplest form of an auloregressive process:

X, = ¢,K¢., + & + u, (4.2)

5.

where X | is the current observation; X , _ , is last period's observation sisafl ixed‘parameler,
and U, is the current distrubance term which is randomly distributed with mean zero and
variance 0 * This model is called an AR (1) process.

A moving average model épproximates the time series properties of the data using
current, and past disturbance terms. The simplest moving average model is (4.3):

Xe = g+ u, - 8,u,., (4.3)

where X , is the current observation; X, . , is last period's disturbance term; u is a fixed
parameter: and U, is the current disturbance term, this is called an MA (1) process. All
disturbance terms in a moving average process are assumed to be randomly distributed with
mean zero and variance o * Su;h random disturbances are also referred [o%as white noise.

“Finally, the last type of model that my be used io describe the autocorrelation in a time

series is one that has both autogressive and moving average terms. The simplest form of an

autoregressive moving average (ARMA) model is (4.4).

X' = ¢?1X‘_1 + 6 U‘ - 91U'_1 (4.4)
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¢

The termg‘:ﬁave the same meaning as in (4.2) and (4.3). This model is used to achieve
parisomony. This means that the ARMA approximation of the process involves estimating
fewer parameters than would be the case if the process'wer-e modeled as either z; pure
autoregressive or pure moping average process. *¢

As mentioned earlier, data that have been transformed are referred to as "integrated”,
hence an ARMA model using differenced data is éalled an autoregressive integ}ated moving. ‘
average (ARIMA). Similarly, a pure autoregressive or moving average model that uses
differenced data is abbreviated ARI or IMA respectively. *’

C , .
D. Choosing thre Filter

Before a model can be estimated and used as a filter in univariate residual cross
correlation analysis the data must be stationary. Inspection of tﬁe autocorrelation function can
usually indicéte whether some transformation should be made. Once the researcher is satisfied |
that the data are stationary, work can proceed on the selection of a model.

i

The first step involves inspection of the estimated auto‘cofrelat“ion (AC) and partial-
autocorrelation(PAC) functions of the data series. The aim of this inspection is to identif ya
pattern in these ﬁmctions which could be approximated by s‘o‘melARMA process of order p and
q. In other words, a éomparison is made between the estimated autocorfélation and partial
autocorrelation functions and those generatéd by various theoretical ARMA processes. *' On" :
this basis, a tentative model is established and preli{ninary estimates of the p and q parameters
are made from the sample autocorrelations_. These preliminary estimates are then used as the

starting values in an iterative search for the maximum liklihood estimates of the parameters.

*¢Charles R. Nelson, Applied Time Series Analysis for Managerial Forecasting (Holden- Day
Inc., San Francisco 1973) ch.3.

o The, standard notation used to specifically describe a model involves the letters p, d, q, where
p is the number of autoregressive terms, d, the degree of differencing, and q, the number of
moving average terms. Therefore, an ARIMA (p, d, q) with three autoregressive terms, and
twoenoving average terms that uses data that has been differenced would be dengted as
ARIMA (3,172).

“Charles R. Nelson, Applied Time Series Analysxs for Managerial Forecas);mg (Holden-Day
Inc., San Francisco 1973) p. 89

o
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Once the maximum liklihood estimates have'been determined they are used to compute
predicted values of the sample time series. The difference between the pr- "'>ted value and the

— .

observed value is the residugl"Didgnostic checks of the residual series are made to determine

whether they are white notse.

-Jenkins technique is to model the autocorrelation
Ci -

Recall that the purpose ﬁf the Box
present in the time scries, hence, if this is ::ccomplis'hed the autocorrelation will be explained.
Any unexplained variation will be captured by the disturbance term or residual. Therefore, if
the autocorrelation is explained by the model the remaining unexplained portion - the residual -
should contain no autocorrelation. This means the residual series gencrated by the model should
be indistiﬁguishable from a white noise series. Theoretically, if no autocorrelation exists the
sample autocorrelation function of the residuals would be zero. The following statistic

suggested by Box and Pierce can be used to test the smaliness of the sample autocorrelations of

~

Om = T I (r;)® (4.5)
j=1

=

the residual series.

1

where T is the number of residuals in the series and 12 is the correlation coefficient at  '~gs.

The Q statistic is approximately chi square distributed with (k-p-q) degrees of freedom. ** If
the tests reveals that the autocorrelation function of the residuals is significantly different from
zero a restructuring of the ARMA {p.q) model must take place. This restructuring continues

until the residual series is white noise.

E. Testing:for Causality
4 . . . . . .
,"1«‘” In testing for causality the procedure for modelling the time series properties of a data

series is carried out for each series of interest. For example, testing {or causality between

i

farmgate and retail prices requires both the farmgate and fetail prices to be approximated with

L} . .
ARMA models. From each series a set of white noise residuals is generated. It is the white noise

v

residuals from each series that are cross correlated. The ARMA model for each series works as
“Charles R. Nelson, Applied Time Series Analysis for Managerial Forecasting
., (Holden-Day Inc., San Francisco 1973) p. 115 g )
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a'filter, removing the autocorrelation, leaving only the new information or "innovation”
associated with each observed value.

Measﬁring tﬁe lead lag relationship between the two series therefore, involves cross
correlating the residuals at positive and negative lags. The model forwthe. two time series of
interest, \;vhethcr they be pure autoregressive pure moving average, OI autoregressive moving
average can be represcnted by:

u, = F(B)X :

D
v, = G(B)Y

where F (B) and G (B) are infinite polynomials in the lag operator B for Y and X
respectively and V, and U, represents the white noise residuals for each 's‘eries. The theoretical
cross.correlation between v, and u at lag k may be written as:

puv(k) = E(u,-v,)/[E(u,?)E(v,?)] * (4.8)
Puv(k) i$ a theoretical statistic that can be estimated using ruv(k.). Therefore the estimated
cross correlation at lag (k) would be calculated using:

r, = ruv(k) = Zu,.v./[Zu,2Zv,?] * (4.9)

The U statistic is used to determine the signficance of r at lég k and hence the lcad-laé

relationship between ihe two series. It is from this test that causality between the two series is
determined. | A

The U statistics used are:

m

Un = n & (ry)?
k=1

b ~m

Un = n X (r,)?
k=-1
m

Un = n Z (ry)?
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where n is the number of observations and k is the number of lags -m k m. The statistic "U.
is used to test the null hypothesis that X does not lead Xy, U- m tests the null hypothesis that
.Y‘ does not lead X, and Uzm. s is used for a summary test of independence”. *°

This chapter has discusscd the approach that was used to infer lead-la_'g prif:e
relationships in the beef and pork sectors. The problem of autocorrelation, which can bias the
resﬁlls, can be dealt with by adapting time series forecasting models to work as filters of time
series properties. Specifically, the Box-Jenkins approach can be used to create these filters
which are either autoregressive, moving averages or both. These models or filters are also
known as ARMA processes. The residuals that are left after the application of the filters can

be cross correlated and the concept of Granger causality used to assess the lead-lag relationship

between the series. This procedure is carried out in the next chapter.

M.D. Faminow, "Analysis of the Lead-Lag Structure of Two Wolesale Beef Price Quotes
Using Residual Cross Correlation.” North Central Journal of Agricultural Economics 3 (July
1981): p. 91



V. Analysis of Results

”

This chapter exarﬁines thegégblication of the Univariat%;}}‘lesidual Cross Correlation technique
and the use of Granger ca;;/s:;lity'to infer lead-lag relationships in the pork and beef sectors.
First the ARIMA technique is briefly reviewed, followed by a summadry of the filters used in -
this study to remove the time series properties of the data. The discussion then turns to the

/ .
analysis of the cross correlation functions that were generated and the subsequent calculation of

" the U statistics. Finally the results are interpreted and summarized in the last section.

A. ARIMA Models

As discussed in Chapter Four, the first step in determining the lead lag relationship
when testing for causality using the ARIMA technique is to determine the appropriate filter for
each time series. This can be accomplished first of all by inspection of the autocorrelation
function and partial autocorrelation functions of each séries.

The autocorrelati“on function for a series shows the strength pf the linear relationship
between observations at various lags. Since the term autocorrelation refers to correlation
between obervaﬁons within the same time series the values of the autocorrelaiibn function
rang‘e bet@een -land +1.

Similarly the partial autocorrelation function shows the strength of the linear
relationship between observations at various lags when the intervening lags are controlled. For
example, the relationship between the first observation and the fifth as measured by the
autocorrelation function also includes the influence of the second, thircg’, and fourth
observation. Thé partial autocorrelation function controls these influences and measures the -
relationship accordingly.

By inspection of these functions the researcher makes a conjectuf;: on the model that
will best remove the autocorrelation present in the series. Table 5.1 provides some guidance

when choosing the most appropriate filter. Note that when there are spikes at (q) lags in the

autocorrelation function the process is likely a moving average process of order (q). When
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;here are spikes at (p) lags in the partial autocorrelation function then tﬁc process is likely an
autoregressive-scheme of order (p). Finally the process may be of a ‘mixed autoregressive
moving average nature if the autocorrelation function tapers off and the partial autocorrelation
function exhibits an irregular pattern.

ane the autocorrelation and partial éutocorrelation functions have been inspected and
on the basis of Table 5.1 a possible model is put forth, the parameters of the model are
estimated. 'The estimation of the models in this study was done with a computing package
called SPSS. ! To meet the criteria of an adequate model for the data at hand the results of the
estimation procedure must yield the following:
1.t va%'lrues of the coeff icfents which are significant,
2. the conditions of statibna'rity and invertibilty must be satisfied which means the

coefficients must be less than one; and
-3. ~ the innovations or residuals must approximate white noise %s determined by the calculation -
of the Q statistic. |

Tables 5.2 and 5.3 provide a summary of the models or filters used on each time series
in this study. Column one of each table lists the series under study. Column two shows the
filters applied to each time series with the corresponding t ratios under each coefficient. The
degrees of freedom for the calculation of the Q statistic are shown in cblumn three with the
estimates of the Q statistics appearing in cc?lumn four, $

One of the criteria for n;odel adequacy is a calculated Q statistic that is low relative to
the Chi Square value for a predetermined level of significance. At the 1 percent level of e
significance the Chi Square values for 16, 17 and 18 degrées of freedom are 32.0, 33.4 and 34.8
respectively. * ' 7

In Tables 5.2 anc} 5.3 none of the estimated Q statistics exceed their critical values,

. therefore, the residuals or innovations from each filtered series cannot be distinguished from

white noise. In other words any autocorrelation in the series has been removed at, least to the

S1ISPSS - Statisitcal Package for the Social Sciences
52 A. Koutsoyiannis, Theory of Econometrics, 2nd ed.
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extent that it cannot be distinguished from a random time serics.

Another criteria mémioned earlier was the that all coefTicients be significant. This
requirement was satisfied as indicated in Tables 5.2 and 5.3, column two. Shown below each
coefficient is the t ratio. In all caseﬁs the t ratios have values greater than two, therefore, all |
coefficients were considered significant.

The final criterion for model adequacy is the requirement that the coefficients not have
a value greater than or équai to plus or minus one. This requirement was violated in two
instances boih involving beef prices from Toronto. For "Toronto Beef Retail” and "Toronto
beefFarmgate ™ the coeff icients on the moving average terms exceed one. In Chapter IV the
discussion on ARIMA modeling mentioned that the original use of ARIMA rﬁodels was for
time series forecasting. In f orecastir,]g a time series the requirement that the coefficients .be less
than the absolute value of one is a necessity since a model in violation of this rule woulq yield a
forecast best descrii)ed as explosive. However,'when ARIMA models are not being used for
forecasting but rather as filters of autocorrelation, violation of this rule is less serious. The
sole p;rpose of modeling in the latter instance is to create a filter to remove serial correlation.

If this can be accomplished by filters with coefficients greater than one and the innovatic

cannot be distinguished from white noise then the model is acceptable.

B. Cross Correlations

Completion of the modeling process and subsequent filtering of the autocorrelation
resulted in a correspondihg set of resf&luals or innovations for each time series. The leéd-lag
relatidnship between the various time series was then assessed 'by :Toss correlating the residuals
of each series. Because these residugls are not autoéorrelated the résulting cross correlations
provided unbiased estimates of the lead-lag relationships between the original time series of
interest.

One of the main objectives of this study was to assess the lead-lag relationship between

prices at different levels of the marketing channel for beef and pork. Using the ARIMA
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methodolgy along with Granger's definition on causality an assessment of these relationships
was made. |

For example, one lead-lag relationship studied within the pork marketing channel was
the relationship between f arm level prices and retail prices. The residuals from each price series
were cross correlated at a predetermined number of lags in both negative and positive directions
as well as at zero lag. The number of lags for which cross correlations are calculated should be
determined, as Bessler and Schrader point odt, "according/to one's prior expectations on leads
or lags."

As discussed in Chapter One, economic theory suggests {that causality shoulci ;un from
the retziil level to the farmgate, however, theory does not suggest how long this should take.
Therefore, the U statistics discussed in Chapter IV were calculated at threc and five lags in
either direction. There was no particular reason for selecting three and five lags however, i£
was felt that by calculating two U statistics in each direction for each set of cross correlations,.
ohe may be able to determine the time dimension involved in the lead lag qrelationship.

Figure 5.1 is an example of output showing the cross correlation function between the
Vanco‘uy‘er retail price for pork and the Alberta farmgate price for hogs. The r values at
negative lags measure the relationship between current values of Vancouver retail prices for
pork and past values of the Alberta farmgate price for hogs. In other word§ the null
hypothesis that the farmgate price does not lead the retail— price is subject to acceptance or
rejection. Similarly the reverse is true at positive lags of the cross correlation function. The
null hypothesis that the retail price does not lead the farm price is being tested. At zero lags
the null hypothesis that thére is instantaneous causality is being tested. If the value at tﬁe ZET0

lag is at least twice its standard it is considered significant and therefore an instantaneous

relationship exists.

$SDavid A. Bessler, Lee F. Schrader "Measuring Leads and Lagvs Amoung Turkey Products,
AGRICULTURAL ECONOMICS RESEARCH / Vol. 32, No. 3, July 1980 '



Table 5.3 Cross Correlations for Pork and Beef Price Relationships at Zero Lag'

41

RELATIONSHIPS

CROSS CORRELATIONS

Vancouver Retail Pork/Alta Farmgate Hog
Calgary Retail Pork/Alta Farmgate Hog
Edmonton Retail Pork/Alta Farmgate Hog
Toronto Retail Pork/Ont Farmgate Hog
Montreal Retail Pork/Ont Farmgate Hog
Edmonton Retail Pork/Edmonton Wholesale
Pork

Edmonton wholesale Pork/Alta Farmgate Hog

.007
.108
121
.002
12
124

064

Vancouver Retail Beef/Alta Farmgate Steer
Calgary Retail Beef/Alta Farmgate Steer
Edmonton Retail Beef/Alta Farmgate Steer
Toronto Retail Beef/Ont Farmgate Steer

" Montreal Retail Beef/Alta Farmgate Steer
Edmonton Retail Beef/Edmonton Wholesale
Beef

Edmonton Wholesale Beef/Alta Farmgate
Steer

.046
.149*
194+

.045

.006
317

.230*

The cross correlations at zero lag for the relationships above are considered significant if they
are at least twice their standard error.
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Figuge V.1 Cross Correlation Between Vancouver Retail Pork (C1) and Alberta Farmgate Hog
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C. PBrk Sector Results

As described in Chapter 1V, Haugh's U statistic fs calculated as follows:

The U statistic 1s approaimately cﬁi square distributed with m dcgrccs of freedom.
Therefore ata given jevel of significance a researcher can dcu:{r’p.inc whether or not the
calcuiared U stetisuc is significanty different from zero and hence the directies of causality if
iteaniste. In this study the chosen level of significance was 1%. Since the number of lags in

cither direciion was 3 and § (and therefore the dégrees of freedom) the critical values were

11.33 and 13.09 respectively. The values marked with an asterisck in Tables 3.4 and 3.5 indicate

U statistics greater than the critical value.

A comparison of the cxpcclcé results and the actual [indings will be carried out for the
pork scctor first. In regard to the expected relationship between farm and rciéi] prices it was
hvpothesized that the latter would lead L’Hc former. A teview of Table 5.3 indicates that in the
farm-retail rélatioﬁships studied no inSLlamaneous causality existed since none of lhé zero lag
correlation coefTicients exceeded twice their standard error. However Table &.4. which contains
U statistics calculalc.d at positive and negatihve lags, indicates that in ali cases farm b'ricss jed
retail prices. This was true for all rc]atidnships at both 3 and 5 lags with the exception of the

Calgary Retail Pork-Alia Farmgate Hog cross correlation function which showed no significant

relation at three lags. however did have a significant U statistc at five lags.
N . .

In terms of economic theory these results would mean that consumer demand was
actually stable and that the change in price was due to either a shifting farmgate supply

0 , . , .
function or a shifting derived farmgate demand curve. The latter explanation seems more
plausible since, as mentioned earlier. the supply function should be relatively stable on a weck
10 week basis. However the demand curve at the farmgate, even though derived from the retail

level, was likely subjeci to infiuences at the wholesale level. The demand et the farmgate is

expressed by the wholesaler 61 packing house. This demand. on a week to week basis, was



46

probably determined to a large extent on wholesalers expectations of what the price would settle
at between retailers and themselves. Since anticipation may have been involved the live price
would, in part be be a function of wholesalers expectations, the determination of the price at

higher levels of the marketing channel may then have followed.

ey lternatively‘, it may have been the case that the live price was used in the price
discovery process for the entire chénnel, and that prices at the wholesale and retail levels were
determined by "marking up” the live price. If this had occurred it would mean that market
information had gotten back to the livp market and caused a price change at that level. Then as
quantities of pork moved through the channel and the mark-up rules were applied price

“changes occurred at the wholesale level and then the Tetail level.

Thwe hypothesized relationship between f arrﬁgate and wholesale prices in Edmonton was
that Wholesale prices were expected to lead those at the Farmgate. The farmgate-wholesale
price relationsh.iphin the pork sector as indicated in Table 5.3 was not significant at zero lag,
therefore no instantaneous relationship was apparent. In Table 5.4 none of the U staﬁstics for

" this relationship were in excess of their critical value which may tempt one to conclude that
there was no relationship at all. However visual ins‘pection‘ of the cross correlation function

" suggests that some type of relationship did exist since some of the individual r values were twice
their standard erroi. Based on this criteria it would seem that one-way causality running from
the wholesale level to the f. armgate’ existed in the Edmonton pork market. This unfortunatly
does not supﬁ%n ‘the érgument jdsf'discussed, that is, farmgate prices were determined before
wholesale prices as‘ the result of packers anticipating the outcome of the‘;r dealings with
retailers, however it is in keeping with the expected outcome. It was decided that sincé fhé
results of the-farm-retail relationships were the same for all five cities under study, the
argument given for that outcome would be accepted, and theref ore the expected results of the

] ,"_'-zfé.rm”-wholesale relationéhip,_ in spite of being sﬁppo;ted by the data, would be set aside. The

main -2=son - this was that the wholesale data was limited to 81 observations and also limited

10 0z:1c. ~..:.. Perhaps » areater sample size would bring out results consistent with the
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accepted argument.

Also it should be noted that drawing a conclusion on the individual r values in a cross
correlation function raises the question of inference and the U statistic. It was just mentioned
that the Wholesale series consisted of only 81 observations compared to the 208 obtained for
the other series. Had the number of observations for the Wholesale series been gfeater perhaps
the U statistics would have been significant. However individual r values can also be
misleading. In these situations, as Pierce noted, "judgement 'frcqueﬁtly need(s) to be
excersised.” ** Ususally a combination of the U statistic and individual r values are used to
assess.lead -lag relationships.

The relationship between Wholesale and Retail prices was expected to be one where
Retail prices led those at the Wholesale level. This was supported by Table 5.3 inso f ar as .

there was no apparent instantaneous causality, however Table 5.4 has no U statistics that

exceed their critical value, and so it appears there was no relationship. As before inspection of

—

the cross correlation function suggests there may have been causaii\ty\tnh\grqnt in this
relavtionship based 0;1 the size <;f some of the individual r values. There were r values at both
positve and negative lags that exceeded their standard error twofold. In other words it appears
wholesale prices led retail prices part of the time and retail prices led wholesale pricgs' at 6ther
times. - Concern was expressed earlier over the limitations on the wholesale data and it seems
the same reservations apply here as well. The resu}ts do not agree with the expected
relétionship set out in Chapter One nor c}o they agree w‘ith the revisions just made involving the
argument given for the farmgate-retail relationshiﬁ. Based on this revised expectation between
farmgate and retail prices it seems more likely that retail prices would respond to wholesale |

prices determined earlier.

o

$*David A. Pierce, "Relationships- and Lack Thereof- BetWeen Economic Time Series, with
Special Reference to Money and Interest Rates”, Journal of the American Statistical
Association 72 (1977)
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D. Beef Sector Results

The hypotheses put 6rth regarding price relationships in the beef sector were similar to
those for pork. First of all it was expected that Retail prices would lead Farmgate prices. The
first indication that this was not the case for all beef price relationships studied were the results
pertaining to the beef sector in Table 5.3. Two of the five farm-retail relationships studied
exhibited instantaneous causality. These were the Calgary Retail Beef - Alta Farmgate Steer
and Edmonton Retail Beef - Alta Farmgate Steer relationships. ’fhe results of the calculation
of the U satiétics in Table 5.4 were also contrz;ry to the expected results. Four of the f iye
relationships, including the two that exhibited instantaneous causality, had U statistics that
indicated that farm prices led retail prices. The exception to this trend was the outcome of the

N,

cross correlatioh function between the Montreal retail price for beef and (he Alberta f armegate
price. In t'h‘is case, at three lags there was evidence of feedback. However at five lags the |
retail price was leadiﬁg the farmgate price.

In spite of the instantaneous causality in Calgary and Edmonton and the results in
Montreal, where it appears retail prices did'indeed lead farmgate prices, the same argument put
forth for the pork sector is now put forth for the beef sector. That is, that farmgate prices
changed first due to a shifting farmgate démzind curve which shifted because of wholesalers
expectations of a change in the wholesale price, retailers in turn reacted to the live price when '
negotiating with wholesalers.

The farm-wholesale price relationship differed from thét of the pork sector in that the
farm price showed an instantageous relationship with the wholesale price as indicated in table
5.3. Also it appeared that the farm price was leading the wholesale price. Fven though the U

| statistics in Table 5.5 for-the farm-wholesale price relationship afe not sigaificant, tr.2
individual r values in the cross correlation function suggest that farm prices led wh..csale
prices. This resuit. is consistent with the reasoning behind the farm-retail outcome however it

doeé not agree with the expected result of the farm-wholesale relatiofship outlined in Chapter

One. It was concluded that for the same reasons f. arm prﬁces led retail prices the results
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pertair}ing to the farm-wholesale relationship were acccptablel.

Finally the last relationship to be ana]yzed in the beef sector is that between the
wholesale and retail levels. The expected outcome of- this relationship, as outlined in Chapter
One, was for retail prices to lead those at the wholesale level. The results, as indicated by the
individual r values in the Gross correlation function conform to the expected outcome
mentioned above, however conflict with the logic used to explain the lead-léig relationship
between farm and retail prices. As discussed in the section dealing with pork prices, the
whplesale data was limited aﬁd could be the reason that these conflicting results arose.

E. Horizontal Relationships .
| Although the scope of this study was originally intended to include only the;vertical
price relationships in the beef and pork sectors there was an opportunity to digress and
investigate horizonfal relationships as well. 1t was expected that price adjustments between
markets on a horizontal basis would take place fairly rapidly, l}kely in one or two weeks,
therefore nio U statistics were calculated, only> the individual 1 values were used to assess
relationships.
In the pork sector lead-lag relationships between retail prices were investigated, as well
as the relationship between the two f armgaie price series. At the retail level"t_he three Western
(él}tties, Vancouver, Calgary, and Edmonton, were instantaneously related. Tge Toronto price
series tended to lead each of the Western cities by one week as weH as show a relati\)gly stron.g
instantaneous relationship with each. The Toronto-Montreal retail price relationshii? appeared
to be ingtantaneous as well. Finally the lead-lag telationship between the Alberta and\\Ontario
farm price for hdgs showed the strongest correlation at zero and negative one lags, theréf re

there was an instantaneous relation in addition to the Ontario price leading the Alberta price\by

A
V

one week. . P
In the beef sector, Calgary and Fdmonton retail prices appear to have been instantly

related. These two centers in turn showed an instant relation to Vancouver in addition to
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leading Vancouver by one weck. These same two cities also led Toronto by one period and
showed no significant rslation to Montreal. The Toronto-Montreal calculations showed
Toronto leading Mgntrééxl by one week. Ontario farm prices for beef showed a strong relation
to Alberta farm prfcfés at zero and negative one lags suggesting that the two series were instantly
related in addition to Ontario leéding Alberta by one week. The results are generally as

’
expected except for tﬁe two Alberta cities' relationship with both Toronto and Mofmeal.
Toronto is a very large market and is usually seen as the price leader in the beef sector. It did
seem o lead the Montreal price, however, given its size and importance it was not expected that
Calgary and Edmonton would lead this market. It was also unexpected that Calgary and
Edmonton did not show any significant relationship to the Montreal market since, as mentioned
in Chapter Three, a large percentage of Alberta beef goes to Montreal.

To summarize the results,. the f indings suggest that farmgate prices led retail prices by
about three weeks since the most U statistics were significant at three lags. The wholesale price
relationships were not clear, perhaps because of the limited number of observations. The
horizontal lead-lag analysis provided the expected results, showing that most markets lead or
lag others by about one Qeek. The price leader for pork was Toronto at the retail level and
Ontario at the farmgate level. The beef sector relationships were similar in that the time lags
were about one week, however the price leader as suggested by the data wa\s the western regionA
which was. unexp;:cted. Also, it was anticipated that the western region and the Montreal

. market would be related, but the cross correlation functions showed no significant relationship.
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V1. Conclusions and Recomendations

A. Conclusions

The main objective of this study was to determine the lead-lag structure of the brice

relationships within the beef and pork marketing channels in Canada. This objective was set

out in light of the problem that there was a lack of information regarding the time dimension
involved for price changes at one level of the marketing channel to reach other levels and also
the level at which the change occurred first. It was suggested in Chaﬁter One that this type of
information may be useful in the st.udy of pricing efficiency. Recall that pricing efficiency
refers to the "accuracy, rapidity, and effectiveness with whuich market information is developed
and disseminatéd. "s5 Price is a component of market inf ormation and since time is of concern
with respect to market information, the lead-lag structure of price change in the marketing
cﬁannel should provide some basis to commient on pricing efficiency. Initially the scope of this
study was to include only the vertical aspects of lead-lag relationships in the beef and pork
sectors, however the data at hand alsov provided an opportunity to assess the lead-lag
relationships from-a horizontal perspective as well. In the following paragraghs the results of
both the vertical and horizontal lead-lag relationships will be summarized.

The results of the investigation regarding lead-lag relationships in the market channels

» for beef and pork yielded similar results in that both market channels were characterized by

lead-lag relationships where the farm price led the retail price. These results were contrary to

the expectéd results put forth in Chapter One. It was expected that the retail price would lead

the farm price since the farmgate supply curve is usually seen as inelastic and stable on a week

" to week basis. The impetus for change, it was thought, would come from a shifting retail

demand curve that shifted on a week to week basis due to factoTs such as changes in the price

- of substitutes. The demand curve, it was reasoned would shift at the retail level first causing a

price change there, then the derived demand curve at the farmgate would shift after some time

ss W.F. Williams and T.T. S:tout Economics of the Livestock-Meat Industry. MacMil%fx

Company, New York}. p. 122
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lag. The results of the ARIMA modeling and subsequent use of the Granger definition for
inferring causality rcvcaleci that the farmgate price led the retail price in both the beef and pork
~ sectors. The explanation offered for this outcome was that the impetus for change must have
come from the farmgate either due to a shifting farmgate supply function or a shifting

f aﬁngate demand function. It was conluded that the shifting demand curve offered a more
plausible explar;tation. The primary demand for both commodities exists at the retail level
therefore tﬁe demand at the farmgate i.s a derived demand. For this to shift at the farmgate it
seems necessary that a shift take place at the retail level first. There is however an influence
that intervenes between the retail and farmgate levels and that is the wholesale segment of the
marketing channel. It was reasoned that wholcsalérs' expe_ctations of the price settlement that
would be réached between themselves and retailers had an impact on the farmgate price. This
impact on the farmgate price occurred first then was f ollowed by the settlement of the
wholesale price as negoti‘ated by wholesalers and retailers. Wholesalers anticipating a change in
the price they would receive from retailers may have brought about a change in the farmgate
price. The change in the farmgate price may have influenced the outcome of wholesale-retail
negotiations. Finally the price change would show up at the retail level in the way of either
increased or decreased prices f or beef and pork offered to the consumer.

A slight variation of this afgumeni_ thét could explain the results is that perhaps
wholesalers and retailers follow mark -up rules baéed on the live price. The live price appears
to be the most visible price in the market channel and therefore could be the basis for price
determination at other levels.

Results regarding wholesale price relationst  to other levels of the marketing channel
for both beef and pdrk were unexpected and conflicting. In some cases the results conformed
to the hypothesis in Chapter One and in other cases were consistent with fhe argument
presented ébove regarding the farm-retail price relationships. Since the evidence with respect
to the farm-retail lead-lag relationships strongly suggests that the farm price led the retail

price, acceptance of the argument for why this was the case has an impact on what one would
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expect regarding wholesale price relationships. Given the argument above one would expect the
wholesale price to follow the farmgate price and to lead the retail price. In the pork sector the
wholesale price led the farmgate price and had a feedback relationship to retail prices.‘ In the
beel sector the farm price led the wholesale price, thus conforming to the new expectations,
however the retail price 'lecj the wholesale price which is in conflict with new the expectations.

One fact to take into consideration when dealing with the outcome of the wholesale

‘ price relationshif) analysis is that the conclusions drawn regarding these rela}ionships were done
solely on the individual r values in the respective cross correlation functions. This was done
sin;e none of ihe U statistics for these relationships were significant. This was the main reason
it was suggested that a greater number of observations for the wholesale price series be obtained
with the hope of coming to a clearer conclusion. As a final word on the wholesale situation the
only conclusion reached was that no clear direction could be ascertained with regard to the -
lead-lag relationship, however the new hypotheses are that:

1. Farm prices lead wholesale prices, and
2. Wholesale prices lead retail prices.. |

The horizontal relationships, that is those relationships between markets at the same
level of the marketing chain, seemed easier to reach conclusions on. The leads or lags in these
situations were not expected to be grqater than one or two weeks, and as the cross correlation
functions shbwed, the individual r values were usuaily quite pronounced at these lags and the
zero lag. The investigation for horizontal relationships could only be carried out for the retail
and farm levels since there was no more than one wholesale series.

In the pork sector thé conclusipn reached was that, at the farmgate level the Ontario
p_rice led'th:a Rlﬁertg price. Given the f iﬁdings from the vertical perspective this would mean
that, in the pork seétor the Ontario farmgate price leads all others. '

On the beef side the results of the lead-lag investigation indicated that, at the retail
level, the Western region was playing a leadership role. Vancouver,Calgary and Edmonton

were all strongly related at zero lag, thus showing an instantaneous relationship, and each in

.
. 7
~ e



- turn tended to lead Toronto. The Toronto retail pricé showed a significant relationship to the
Montreal price by leading that market by about one week. At the farmgate level the Ontario
price series led Aiberta prices by one week as w;ll. One unexpected result was the lack of any
significant relationship between the Western retail markets and the Montreal market. As
pointed out in Chapter Three approximately forty percent of the cattle slaughtered in Alberta
aré shipped to Montreal, therefore it seen;ed‘ likely that there would be some relationship
between retail price changes in these two regions. This result remains largely unexplained

One of the concerns expressed in Chapter Five was the use of the U statistic and
1nd1v1dual T values to mf er causality or lead-lag relationships. The concern focused mainly on
the fact that none of the wholesale price relationships, for elther commodity, resulted in
significant U statistics, yet some mdi-wdual r values from the cross correlation functions were at
least twice their standard error. In these situations conclusions_ were based on the 1 values,
however lack of significant U statistics in spite of high r values may be reason alone to set aside
the wholesale results due lack of strohg enough inference.

The main finding of this study is that far;h prices led retail prices for both pork and .
beef over the period 1979 - 82 by about three weeks. As a standard of comparison Miller
found that in the U. S., farmgaté steer prices led retail beef prices by the same amount of
time. *¢ As more evidence accumulates further comparisons can be carried out and evaluations
can be made. However,.an efficient market channel should reflect the price changes
instantaneously, the fact that it takes two to three weeks for beef and pork to move thréugh the =
channel is no reason .for price change to take that long aps well. The only indication of an

. : N
instantaneous relationship between price changes at the farmgate and retail levels was for the

beef sector in Calgary and Edmonton

!
 The only concluswn to be reached with respect to wholesale price relationships is that,

given the results of the farm-retail situation for both commodities, the hypotheses regarding

wholesale price rélationships have been altered so that now it is expected that

s¢Stephen E. Miller, "Univariate Residual Cross Conel&uon Analysis: An Apphcauon to Beef
Prices", North Central Journal of Agricultural Economlcs 1(1979) P. 146
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1. the farm price will lcad the wholesale price and )
2. the wholesale price will lead the retail price. ‘

From the h‘orizonlal perspective it was concluded that price changes at the retail level
were led by Toronto for pbrk and the western cities for beef, and that the lags were no more
than one week. There was also evidence of instantaneous relationships for most series -
analyzed. Similar results occurred with respect to the farmegate relationships. Hog and Steer
prices changed in Ontario first then the following week in Alberta. These relationships also

showed strong instantaneous causality.

X g

fa

The results of-th R estigation, at least for the f armgate/séries, are fairly

tvhich have indicated that prices in the east lead the

& Ee g 2 T . n 1
The implicatiors these £) 'yings have fofhose concerned with the beef and pork sectors

o

is that the live market could bé used as an indicator of what will happen in the retail market.
This may have a practical application for the consumer who is trying to keep food expenditures
within a predetermined budget. For the producer arixd policy maker the results brovide evidence
that the pricing efficiency of the two channels'could be improved by reducing the time lag |
involved for price changes to be transmitted through the channels. The information flow from
one level 10 the other should result in price changes that océur Within the week. If this ié not
the case production, consumption and distribution decisiqns are based on noncurrent
information and consequently may result in an inefficient use of resdurces in carrying out the
activities associated with the beef and pork sectors. The results a'lsqjs;em to indicate the
importance of the live markets in the determination of . price throughout the marketing
channels. As the market to which wholesalers and retailers look for price inf ormation any

\

change in the structure of these markets could have far reaching effects.
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B. Recomendations

It is reccommended that the“study of these relationships continue using the retail data
collected by the Canadian Cattlemen's Association and the Alberta Pork Producer's Marketing
Board. The use of this data in calculating a composite retail price series along with price data
from other levels can provide additional updated information on lead-lag relationships, which
may even provide a basis for policy makers to render decisions on matters regarding the
structure and performance of these sectors.

Since lags do exist in the marketing channels for beef and pork it'is suggesteq that these
be taken into consideration when price spreads or margins are calculated. Since it takes
approxi;a'tely two weeks for these products to move from the farmgate to fhe consumer the
aﬁprop’riate procedure when calculating the price spread would be to lag the farmgate price by
two weeks. |

Also, further inquiry into wholesale price relationships and testing of the hypotheses

, <
offered by this study should add to the information on pricing efficiency. Additional
information on the institutional variables at work in the market channel would also be very
useful to expléin the outcome of the statistical results. The ac'tual prici‘ng policies of
wholesalers and retailers are difficult to obtain‘ due to the personal nature of competition at
these levels of the marketing channels. This information is usually considered confidential and
thus‘actual prices are not available for study. If this type of information were available it
would provide a much better basis for assessing pricing efficiency and for making possible
improvements.

The statistical procedures used in this study can also be modified to analyze the lead-lag
relationships in the beef and pork sectors. One alternative is Geweke's OLS approach to
- inf etring lead-lag relationships. It may be useful to compare the techniques to further

substantiate or criticize the results found using the univariate residual cross correlation

-approach .
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Table B.1 Wholesale Pork Cuts and Factor Weights for Edmonton

RETAIL CUT A FACTOR WEIGHT

HAM _ . 21.9
LOIN ' 17.5
BELLY : 11.8
RIBS 2.8
PICNIC ‘ : 9.52
BUTT ' 8.1

Table B.2 RETAIL PORK CUTS AND FACTOR WEIGHTS EOR VANCOUVER CALGARY,

AND EDMONTON
RETAIL CUT _ . FACTOR WEIGHT
PORK CHOPS CENTRE .08 e o
PORK CHOPS RIB © 039 C
PORK TENDERLOIN . 006 o .
PORK LOIN ROAST e 031 - o
BOSTON BUTT .062
SPARERIBS : .028
PICNIC SMOKED _ ' .095
HAM RTS . 099
GROUND PORK , : 016 &
PORK HOCKS : .028 '
PIGS FEET .008 R
BACON UNSLICED o ' .008 ’
BACON SWIFT : .05
BACON M.L. o 4 . .05
BACON SCHNEIDERS o 018
HAM SWIFT n .05
HAM M.L. \ : : .05

HAM SCHNEIDERS T .02




Table B.3 Retail Pork Cuts and Factor Weights for Toronto

63

FACTOR WEIGHT

RETAIL CUT

PORK CHOPS CENTRE .08
PORK CHOPS RIB 039
" PORK TENDERLOIN .006
PORK LOIN ROAST 031
BOSTON BUTT 062
SPARERIBS 028
HAM RTS .099
PORK HOCKS 028
PIGS FEET .008
BACON SWIFT .053
BACON M.L, .053
BACON SCHNEIDERS .02
HAM SWIFT .06
HAMM.L. .06




Table B.4 Retail Pork Cuts and Factor Weights for Montreal

RETAIL CUT FACTOR WEIGHT

PORK CHOPS CENTRE : .08
PORK CHOPS RIB 039
PORK TENDERLOIN 006
PORK LOIN ROAST | © 031
BOSTON BUTT ) 062
SPARERIBS - 028
PICNIC SMOKED 111
HAM RTS 099
PORK HOCKS 028
PIGS FEET .008
BACON UNSLICED 008
BACON SWIFT . , .05
BACON M.L. .05
" BACON SCHNEIDERS : 018
HAM SWIFT : .05
HAM M.L. : .05

HAM SCHNEIDERS ) .02




Table B.5 Retail Beef Cuts and Factor Weights for Yancouver, Calgary, and Edmonton

RETAIL CUT FACTOR WEIGHT

' . 8
SIRLION STK 045
PORTERHOUSE | 02
T-BONE | 025
WING ~ 02
FLANK STK. 005
"ANDING RIB ROAST 06
SIRLOIN TIP ROAST 035
RUMP ROAST .05
ROUND INSIDE . | . 071
 XRIBROAST o .06
BLADE ROAST BONE REMOVED o .06
SHOULDER ROAST - 026
POINT BRISKET - : . __ 035
PLATE BRISKET | ’ 035
SHORT RIBS - | 046
SHANK CENTER 012
STEWING BEEF - 05
GROUND BEEF REG. | .05
" GROUND BEEF MED. | 025

- GROUND BEEF LEAN RS 025

R
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