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Abstract 
 
This study investigates the dynamics of price transmission between the Canadian beef 
markets along the supply chain and the impact of bovine spongiform encephalopathy 
(BSE) on prices. Retail price models are estimated for the provinces accounting for the 
major share of national demand, while farm price models are estimated for the beef cattle 
producing provinces. A model for the processing level is also estimated with national 
industrial prices of beef and provincial farm prices of beef cattle.  
 
The results indicate that retail beef prices in the major consuming provinces adjust either 
faster or at a greater magnitude to increases in industrial prices than to decreases. 
Furthermore, industrial prices adjust faster and at a greater magnitude in response to 
rising farm prices of beef cattle in Ontario and Quebec than when they fall. The impact of 
BSE on retail prices has been small and negative for Alberta and Ontario, and positive for 
Quebec and British Columbia. The impact of BSE on industrial prices has also been small 
and positive. On the contrary, strong and sustained negative influence of BSE on farm 
prices is evident in the results for the beef cattle producing provinces.  
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1.0 Introduction 
 
The structure of the Canadian beef supply chain is changing with business consolidation 
occurring along the entire chain, especially at the processing and the retail levels. 
Concerns are often being raised about the consequences of these consolidations, 
especially asymmetric adjustments of prices and widening of their margins, as the 
processors and the retailers tend to be in a position to influence the market outcomes. 
Such concerns received widespread attention in Canada during the BSE1 crisis in 2003/04 
as retail beef prices bounced back to the pre-BSE level following a transitory and small 
initial shock, although farm prices of beef cattle declined sharply and remained 
significantly below the pre-BSE level. The possibility of non-competitive behaviour of 
the retailers and the processors came to the forefront because of this asymmetric 
adjustment of prices. 
 
The Competition Bureau of Canada took an initiative to determine if any conduct 
contrary to the Competition Act affected industry pricing during the BSE crisis. A number 
of studies emerged as the outcome of this initiative. In a study of the pre and post BSE 
markets, Love (2005) argues that post-BSE prices of live cattle were affected by the U.S. 
import ban (reduction in demand) as well as by market power. He concludes that modest 
market power at multiple stages in the supply chain might have compounded the effect on 
farm prices. In another study of the Canadian and U.S. beef markets, Bessler (2005) notes 
that Canadian cattle and beef prices were influenced by cattle futures contracts in the 
Chicago Mercantile Exchange. He concludes that beef prices did not respond as 
drastically as cattle prices to the border closure due to BSE. From these two studies, the 
Competition Bureau found “no evidence of any communication among packers to 
coordinate reductions in prices” and concluded that the findings did not “indicate market 
conduct and pricing that suggest collusion” (Competition Bureau Canada, 2005a).  
 
Lloyd et al. (2006) studied the impact of BSE in the United Kingdom (U.K.) on the 
spread between retail and farm prices. They report that the impact of the BSE crisis on 
farm prices was almost three times compared to that on retail prices. They also argue that 
market power in the U.K. food sector was a source of variations in price spread between 
the retail and farm sectors.  
 
All these studies employed national data in their analyses and did not study the dynamics 
of adjustment of prices. In most cases, the retail and farm level markets are studied. 
However, it is important to note that the dynamics of price adjustments are regional or 
provincial phenomena and the analysis may not be complete if the processed product 
market is excluded. Hence, the dynamics of price transmission in the markets along the 
Canadian beef supply chain and the impact of BSE on beef and cattle prices warrant 
further investigation. 
 
                                                           
1. BSE is the abbreviation for Bovine Spongiform Encephalopathy (BSE), which is a neurodegenerative 

brain disease of cattle transmissible to human beings (WHO, 2006). The disease has an incubation period 
of four to five years, but is fatal for cattle within weeks to months of its onset. BSE first came to world 
attention in 1986 as it was diagnosed as a new form of the disease in cattle in the United Kingdom. Since 
then, BSE has been found in 23 countries worldwide (CFIA, 2006). 



Statistics Canada - Catalogue no. 21-601-M– No. 91 5 

In this paper, we explore the dynamics of adjustment between the changes in retail and 
industrial prices of beef and between the changes in industrial prices of beef and farm 
prices of beef cattle. We also estimate the impacts of BSE and the relevant market factors 
on beef prices at the retail, the industrial and the farm levels of the markets. To the best of 
our knowledge, no study on this subject involving the Canadian beef sector at the 
provincial level has so far been reported in the literature.  
 
The paper is organized into eight sections. Section 2 provides an overview of the concept 
of price transmission and the impact of BSE on prices. A theoretical analysis of the 
markets and prices is presented in Section 3, while the empirical models are outlined in 
Section 4. Section 5 presents a discussion of the data, and Section 6 outlines the 
estimation framework. The empirical results are reported and discussed in Section 7 and 
the final section provides some concluding remarks. 
 
 
2.0 Price transmission and BSE 
 
In competitive markets, increases or decreases in input prices are likely to be transmitted 
as proportionate changes in marginal costs and thus prices. These changes are expected to 
be symmetric and reversible. However, it is often noticed, especially in the retail markets, 
that output prices are more sensitive to a rise in input prices than to a fall. Asymmetry in 
price transmission refers to a situation where changes in output prices differ in terms of 
magnitude and/or speed of adjustments in response to increases and decreases in input 
prices.   
 
Results of empirical research suggest three types of asymmetries in price transmission in 
the agri-food supply chains: (i) short-term asymmetries in magnitude of transmission of 
farm prices to the processing level, and processing prices to the retail level; (ii) short-term 
asymmetries in the speed of adjustment between prices at various levels; and (iii) 
asymmetry in adjustment of downstream prices to the notional long-run equilibrium as 
manifested in the variation of the speed of adjustment of the relevant price series to 
positive and negative deviations from its long-run equilibrium. While asymmetric 
transmission of prices in the agri-food supply chain has been reported in a number of 
studies, explanations about the causes of asymmetry have remained tentative and often 
debated. Among the reported causal factors, the presence of market power has been 
discussed the most in the literature, followed by adjustment costs (Kinnucan and Forker, 
1987).  
 
Market power in the forms of oligopoly and oligopsony may contribute to asymmetric 
adjustments of prices in the markets for agri-food products. Adjustment costs at the retail 
and processing levels are also referred to as causes of asymmetry in price transmission. 
However, the arguments for a faster and/or more complete adjustment of output prices in 
response to increases in input prices compared to decreases can be debated on theoretical 
grounds (Peltzman, 2000). In addition, market factors and exogenous shocks may also 
influence the prices along the supply chain of agri-food products that may lead to 
asymmetric adjustments (Goodwin and Holt, 1999). 
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The impact of BSE on the Canadian beef markets can be described theoretically as a 
shock to the retail demand as well as to farm supply. Consumer concerns about food 
safety issues relating to BSE may have affected the retail demand, and thus have 
influenced the market outcomes. Prior to 2003, the impact of the disease, if any, is likely 
to be revealed more as a shock on retail demand as the media coverage on BSE focused 
mainly on food safety issues. In May 2003, the largest importer of Canadian cattle, the 
United States, imposed a complete ban on imports of live cattle and beef from Canada. 
The border reopened in September 2003 for specific meat products from animals under 
30 months of age. For live animals, the border remained closed until July 2005 when it 
partially reopened only for live cattle under 30 months of age. The long embargo on 
exports resulted in a large rise in the inventory of beef cattle in Canada and a consequent 
increase in domestic supply. Thus, the disease may have affected the supply side of the 
beef markets as well.  
 
The impact of supply shock due to BSE is evident in the fact that farm prices of beef 
cattle plummeted in May through July 2003, recovered slightly in August 2003, and then 
settled into a price range at a much lower level than the pre-BSE period. Wholesale prices 
of beef, as revealed in the movements of the industrial price index, were also affected by 
BSE, but to a lesser extent compared to farm prices. Retail beef prices, on the other hand, 
registered a small initial decline in May through August 2003, but recovered within a 
short period. Apparently, retail prices did not respond to the post-BSE changes in 
industrial prices. These price movements provide an indication of asymmetric 
adjustments of prices between the retail, the industrial and the farm levels of the markets. 
 
 
3.0 Markets and prices: A theoretical analysis 
 
The beef and beef cattle markets in Canada are linked vertically along the supply chain 
and horizontally across provinces. Prices are transmitted either symmetrically or 
asymmetrically between these markets. While proper functioning of the markets is often 
linked to symmetric price transmission, importance is generally attached to asymmetries 
in price transmission as they reflect non-competitive market outcomes. The analyses in 
this section will focus on vertical price linkages along the supply chain of Canadian beef.  
 
Three levels of markets are identified along the supply chain of beef: (i) the retail market 
for beef, (ii) the industrial market for beef, and (iii) the primary market for beef cattle. 
These markets are linked sequentially as the demand functions at the industrial and the 
primary markets are derived from the retail demand function, and the supply of beef 
cattle affects the marginal cost functions at the processing and retail levels. Prices at all 
three levels of the markets are assumed to result from the interactions of demand and 
supply in the relevant market. Market prices may also be affected by the structure of 
domestic markets and international trade at one or more levels of the markets. Changing 
level of concentration of the industry, especially at the retail and the processing levels, 
may induce collusive behaviour leading to asymmetric adjustment of prices. Changes in 
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international trade may affect domestic supply; therefore, price adjustments are not 
expected to be asymmetric as long as the markets are competitive.  
 
The linkages between the markets along the supply chain of beef and the equilibrium 
prices at different levels are depicted as two-dimensional expositions of supply and 
demand (Figure 1). The diagrams are based on the following general assumptions: (i) 
product homogeneity, (ii) constant proportion technology, (iii) less than a perfectly elastic 
supply of inputs required for beef processing and marketing, (iv) price taking consumers, 
and (v) perfectly competitive markets.  
 
In Figure 1, RD  is the retail demand function, PD  is the demand at the processing level, 
which is derived from the retail demand (retail demand net of marketing costs, RDD ), 
and FD  is the demand at the farm level, which is derived from the demand at the 
processing level (processors’ demand net of processing costs, PDD ). PMC  and RMC  
represent the marginal cost functions of the processors and the retailers, respectively, that 
are derived from the supply function of beef cattle. The supply at the farm level ( FS ) is 
assumed to be equal to marginal cost. In Panel A of the figure, it is also assumed that the 
prices of beef cattle are determined in the international market where the Canadian 
producers are price-taking exporters. Prices of the processed and the retail products are 
determined in the domestic market. Since producers are exporters, the price of beef cattle 
in the international market ( U

FP ) is likely to be higher than the marginal cost price ( 1
FP  in 

Panel B). Equilibria in the markets result with an output of 0Q . The quantity of beef 
cattle exported to the international market is 0QQ e

F − . Domestic market prices at the 
retail and the processing levels settle at 0

RP  and 0
PP , respectively.       

 
The probable impact of BSE in terms of supply shifts in the domestic markets is 
illustrated in Panel B. The United States is the single largest importer of Canadian beef 
cattle and a considerable portion of Canadian beef cattle production is exported to the 
U.S. markets. Hence, the U.S. import ban on Canadian cattle causes domestic supply to 
increase. As a result, the prices of beef cattle in the domestic market ( 1

FP ) fall below the 
prices in the international markets. Lower prices of beef cattle in the domestic markets 
are likely to reduce the marginal costs of the processors and the retailers ( PMC  and RMC  
shift down). Thus beef prices at the processing and the retail levels of the domestic 
markets ( 1

PP  and 1
RP ) are also expected to fall proportionately. The quantity that clears 

the domestic markets is 1Q which is greater than 0Q . The probable demand side impact of 
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Figure 1 
Equilibrium prices at different levels of competitive markets 
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BSE would be an inward movement of the retail demand function that would be 
transmitted in the demand at the processing and farm level markets. In such a case, the 
equilibrium prices would drop further. The equilibrium quantity would also decrease as a 
result of a demand shock. 
 
As evident in Figure 1, the prices are likely to vary with the changes in the slopes of the 
functions as well as the shifts. Hence, the impact of the variables that may potentially 
affect the slopes and the shifts of the demand and the supply functions will be accounted 
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for in the following analysis. The structure of the analysis is founded on two equations, 
one for the retail demand and the other for the farm supply, which are defined in 
equations (3.1) and (3.2), respectively:  

 
),,(1 XPPfQ S

RR=         (3.1)  
 

),(2 ZPfQ F=         (3.2)  
 
where RP  is the retail price of the final product, S

RP  is a vector of prices of the 
substitutes, X is the retail demand shifter, FP  is the price of the primary product, and Z is 
the farm supply shifter. The substitute prices and the shifters are assumed to be 
determined exogenously2. Two additional assumptions – constant proportion technologies 
and constant returns to scale – are made to keep algebra manageable3.  
 
Assuming linear relationships between the variables, the retail demand function can be 
written in inverse form as: 

 
R

S
RR XaPaQaaP μ+++−= 3210       (3.3) 

 
Assuming similar cost structure for all farms and linear relationships between the 
variables, the inverse supply function of the primary product can be written as:  

 
FF ZbQbbP μ+++= 210        (3.4) 

 
where Rμ  and Fμ  are the relevant random errors that are assumed to be distributed 
normally. 
 
Let  ),(3 RR WQfC =  and ),(4 PP WQfC =  represent the cost functions for product 
transformation at the retail and the processing levels, where RW  is a vector of retail 
wages and energy prices, and PW  is a vector of food-manufacturing wages and energy 
prices, which are assumed to be exogenous. These costs are assumed to be identical for 
the firms in the relevant industry and linear, such that the marginal costs of marketing 
retail products and processing primary product are MC

RRR WccMC μ++= 21  and 
MC
PPP WmmMC μ++= 21 , respectively. Hence, the derived demand and the supply 

function of the processed product are given by 
 

RR
S

RR WcXaPaQacaDD ν+−++−−= 232110     (3.5) 
 

PPP WmZbQbmbP ν+++++= 22110      (3.6) 

                                                           
2. The price of the primary product may also be exogenous (i.e., determined in the North American market) 

especially for commodities with substantive trade volumes.  
 

3. Most previous studies in this domain relied on these assumptions. However, these assumptions can be 
validated with appropriate transformation of data, such as using standard ratios of product transformation 
and logarithmic transformation of the variables. 
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Assuming a joint normal distribution of errors, the competitive market outcomes in terms 
of profit maximizing prices can be solved from the above equations as follows:  

 

11

2122321 )(
ba

ZbaWcWmXaPabk
P RP

S
R

F +
+−−++

= ,    (3.7) 

where kbbbak 1011 ))(( ++= . 
 

PFP WmmPP 21 ++=        (3.8) 
 

RPR WccPP 21 ++=         (3.9) 
 
As evident in equation (3.8), processing price is equal to farm price plus the marginal cost 
of processing the primary product in competitive markets. Similarly, equation (3.9) 
shows that retail price is comprised of processing price and the marginal cost of 
marketing when the markets are competitive4.  
 
The above analyses reveal that as long as the markets are competitive, the impact of a 
supply shock on farm prices is likely to be transmitted proportionately to the processing 
and the retail levels. Similarly, the effect of a demand shock on retail prices is also 
expected to be transmitted proportionately from the retail to the processing and the farm 
levels. However, the markets did not behave in the expected fashion during the BSE 
crisis. It appears from the data that farm prices dropped sharply and recovered very little, 
industrial prices were affected to a lesser extent, and retail prices recovered after a short 
period of initial shock. This brings the issue of probable market imperfection to the 
forefront. It is often argued that higher concentration may induce the relevant agents to 
exercise market power at different levels of markets along the supply chain. Market 
power in the form of oligopoly or oligopsony may affect prices, and thus, contribute to 
asymmetric price responses5.  
 
 
4.0 Modelling asymmetry in price transmission 
 
In this section, prices in two levels of the markets are considered for simplicity. The retail 
price in period t is denoted by R

tP  and the farm level price is denoted by F
tP . In addition, 

it is assumed that R
tP  is the output price, which is dependent on the input price F

tP  in 
time period t. Assuming symmetric and linear price adjustment, the following simple 
equation can be used to define price transmission in its simplest form: 

 
t

F
t

R
t PP μβα ++=         (4.1) 

                                                           
4. Given that the cost structure is unknown, one might argue that the marginal cost function could be non-

linear in quantities. Even in such a case, the structure of the equations will not change if the estimations 
are carried out with log transformation of the variables. The exponent of the quantity variable will be 
multiplied with the elasticity, thereby keeping the structural characteristics of the equations similar.  

 

5. The equations for prices changes with the market imperfection scenarios. Derivations with probable 
market imperfections are annexed in Appendix A. 
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Estimation of asymmetric adjustment has been traditionally carried out in the broader 
sense of irreversibility. In the context of price transmission, equation (4.1) can be written 
in an irreversible form as follows:  

 
t

F
t

F
t

R
t PDPDP μββα +++= −−++       (4.2) 

 
where +D  and −D are dummy variables with  1=+D  if F

t
F

t PP 1−≥  and 0=+D  
otherwise; 1=−D  if F

t
F

t PP 1−<  and 0=−D  otherwise. Using these dummy variables, 
input (farm) price is essentially split into two variables: one for the increasing and the 
other for the decreasing phases of input prices. Consequently, two input price adjustment 
coefficients are estimated instead of one as in equation (4.1). These are +β  for the 
increasing phases and −β  for the decreasing phases of input prices. If +β  and −β  are 
significantly different, asymmetric adjustment is inferred. 
 
Following a number of developments in irreversible equation modelling, Houck (1977) 
proposed a model that included first differences of the increasing and decreasing phases 
of the explanatory variables. Ward (1982) extended Houck’s model by including lags of 
both positive and negative phases of the explanatory variable as follows: 

 

t

n

j

F
jtj

m

j

F
jtj

R
t PDPDP υββα +Δ+Δ+=Δ ∑∑

=
+−

−−

=
+−

++

1
1

1
1     (4.3) 

 
where Δ is the first-difference operator; 1=+D  if 01 >Δ +−

F
jtP  and 0=+D  otherwise; 

1=−D  if 01 <Δ +−
F

jtP  and 0=−D  otherwise. The lag-lengths m and n are different as 

equal lag-lengths for the increasing and decreasing phases of F
tP cannot be expected a 

priori. 
 
Engle and Granger (1987) developed an Error Correction Model (ECM) from the Vector 
Auto-Regression (VAR) representation of the cointegrating relationship. In this approach, 
first the cointegrating relationship based on equation (4.1) is estimated. In the event of 
cointegration, a Vector Error Correction Model (VECM) is estimated with the lagged 
cointegrating residuals 1−tμ , which is represented by the lagged error correction terms 
(ECTt-1) in equation (4.4). A significant estimate of the parameter in ECTt-1 with a value 
of 10 −>>θ  validates the cointegrating relationship between the variables. In addition, 
lagged values of the dependent variable are included to account for the conditional 
distribution (Greene, 2003):  

 

tt

m

j

F
jtj

m

j

R
jtj

R
t ECTPPP εθβλα ++Δ+Δ+=Δ −

=
+−

=
− ∑∑ 1

1
1

1

    (4.4) 

 
The VECM was later modified to test for asymmetric price transmission between 
cointegrated price series by Granger and Lee (1989). In an Asymmetric Error Correction 
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Model (AECM), the lagged cointegrating residuals are split into positive and negative 
error correction terms ( −

−
+
− 11  and tt ECTECT ), representing positive and negative 

divergences, respectively, from the long-run equilibrium. The AECM is formulated with 
these error correction terms as follows: 

 

ttt

m

j

F
jtj

m

j

R
jtj

R
t ECTECTPPP εθθβλα +++Δ+Δ+=Δ −

−
−+

−
+

=
+−

=
− ∑∑ 11

1
1

1

  (4.5) 

 
Asymmetry in adjustment of the output price series towards its long-run equilibrium is 
estimated by testing the equality of the parameters in these two error correction terms.  
 
Since equation (4.5) is based on the relationship between output and input prices, it 
captures only the impacts of input price changes on output price adjustments. In this 
study, this specification is further extended for segregating the impacts of other variables 
on output price. Following the derivations outlined in Section 2, potential supply and 
demand shifters are included in the cointegration equation. These variables are also 
included in equation (4.5) in their first-differenced form in order to capture their impacts 
on output price adjustments. In this model, lagged price differences on the right-hand side 
are split into positive and negative phases to estimate asymmetry in adjustment of the two 
prices (Rapsomanikis et al., 2003). With all these modifications, the specification of the 
AECM that has been used in the estimation of asymmetric price transmission appears as 
follows: 

 

ttt

m

j
jtj

n

j

F
jtj

m

j

F
jtj

R
jt

m

j
j

R
t

ECTECTx

PDPDPP

εθθγ

ββλα

+++Δ+

Δ+Δ+Δ+=Δ

−
−

−+
−

+

=
+−

=
+−

−−

=
+−

++
−

=

∑

∑∑∑

11
1

1

1
1

1
1

1    (4.6) 

 
where Δ is the first-difference operator; 1=+D  if 01 >Δ +−

F
jtP  and 0=+D  otherwise; 

1=−D  if 01 <Δ +−
F

jtP  and 0=−D  otherwise; x is a vector of other (supply and demand 

shifter) variables in cointegrating relationship with the prices; and −
−

+
− 11  and tt ECTECT  are 

positive and negative phases of the lagged cointegrating residuals. 
 
In the context of equation (4.6), asymmetry occurs when positive and negative 
divergences from the long-run equilibrium between R

tP  and the right-hand side variables 
result in changes in R

tP  that differ in magnitude. This aspect of asymmetry results in 
unequal estimates of +θ  and −θ . Alternatively, in the context of two prices (i.e., prices of 
output and input), asymmetric transmission induces unequal lags for positive and 
negative changes in input price and/or significantly different estimates of +β  and −β .  
 
Asymmetry in price transmission can be either positive or negative (Peltzman, 2000). In 
the context of two prices, ‘positive asymmetry’ refers to a situation in which R

tP  
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responds with a higher magnitude and/or more rapidly to an increase in F
tP  than to a 

decrease. Alternatively, a greater and/or more rapid response of R
tP  to a decrease in F

tP  
than to an increase is termed as ‘negative asymmetry’. Significant estimates of positive 
asymmetry indicate imperfections in the market. 
 
 
5.0 Data descriptions and variable transformation  
 
The principal objective of this research is to study price transmission between retail and 
processed product markets, and between processed product and primary commodity 
markets for beef at the provincial level. The secondary objective of the study is to analyze 
the impacts of BSE on beef prices at the retail, processing and farm level markets. 
Considering the retail demand for beef, four provinces including Alberta, British 
Columbia, Ontario, and Quebec are selected for the analysis of retail prices. These four 
provinces account for more than 80% of domestic demand for beef in Canada owing to 
higher levels of population and per-capita disposable income.  
 
Provincial data on industrial beef prices could not be obtained due to confidentiality 
reasons6. Therefore, the national index for industrial price of beef is used to construct an 
industrial prices series by taking the most recent available prices of boxed beef that are 
found to be the closest match of the index in terms of movements. This series has been 
used as the processing level prices in the estimation of the provincial models for retail 
prices. A single equation for industrial prices is estimated using the modified national 
industrial price index and the data on beef cattle prices of four provinces – Alberta, 
Saskatchewan, Ontario and Quebec. About 90% of the domestic packing industry’s beef 
cattle supply comes from these four provinces. Equations for farm prices are also 
estimated for these four provinces. The analysis covers the period from January 1995 to 
December 2006. 
 
Monthly data on retail prices are obtained from the Prices Division of Statistics Canada. 
Representative retail prices are constructed through the aggregation of prices recorded for 
individual beef cuts according to the proportion of the carcass7 that they represent. Data 
on monthly producer prices are obtained from the Agriculture Division of Statistics 
Canada. All prices are deflated by the consumer price index (CPI) to adjust for inflation 
and converted to dollars per kilogram ($/kg). In order to facilitate comparison between 
the prices at retail and producer levels, all prices are converted to dollars per kilogram 
($/kg) of carcass weight equivalents for beef using the conversion factors published by 
the United States Department of Agriculture (USDA). The prices are then transformed to 
their log values. 
 

                                                           
6. Statistics Canada does not undertake a comprehensive survey of beef prices at the processing level.     

Because of limited number of processors and price quotes, these prices are confidential. 
 

7. Weights, Measures, and Conversion Factors for Agricultural Commodities and Their Products, USDA 
Agricultural Handbook Number 697, 1992.  
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Exogenous variables that are used in the models include per-capita disposable income as 
a demand shifter, retail prices of substitutes (e.g., pork and chicken) which may affect the 
slope of the retail demand curve for beef, and average hourly wage rates for retail grocery 
stores and for meat product manufacturing firms as indicators of changes in costs.  
 
The costs of electricity and fuel are often considered as significant contributors to prices, 
especially at the retail and wholesale levels. With a view to account for these costs, 
attempts are made to include the provincial CPI for energy in the models. However, the 
CPI for energy is found to have no long-term relationship with the prices in any of the 
provincial models. In order to assess the impact of BSE, an index of media coverage is 
used, which is based on the count of newspaper articles per month on the topic of BSE8. 
Four major newspapers, one for each province, were searched for the articles9.  
 
The effect of changes in supply on prices is estimated using the quantity of beef that 
enters the supply chain. Provincial level monthly data on weights of slaughter cattle and 
calves are obtained from the Agriculture Division of Statistics Canada10. The data on 
farm prices of beef cattle in the United States are obtained from the United States 
Department of Agriculture. The quantity data are transformed into thousands of tonnes of 
carcass weight equivalent for beef. The series are also used in the empirical analysis in 
log form. 
 
 
6.0   Estimation framework 
 
The estimation proceeds in four steps (Figure 2). First, each time series of each variable is 
tested for the order of integration. The Augmented Dickey-Fuller test (ADF) (Dickey and 
Fuller, 1979) is performed by including up to 12 lags of the differenced terms in the 
regression. The Weighted Symmetric test (WS) (Pantula et al., 1994), which is a 
weighted double-length regression that uses the same number of lags and leads with the 
weights of (t-1)/T and 1-(t-1)/T, respectively, is also performed. The appropriate lag 
length is chosen on the basis of the Akaike Information Criterion (AIC) by trading off 
parsimony against reduction in the sum of squares of the residuals. While a few of the 
series are found to be trend-stationary in their level form [I(0)], most of them are 
stationary in their first-differenced form, that is, the data series are integrated of order one 
[I(1)]. Since none of the series is found to be integrated of an order higher than one, the 
next step is to test for the cointegrating relationships between the series. 
 
 
 
 
 

                                                           
  8.  The search keywords include “BSE”, “Mad Cow” and “Bovine spongiform encephalopathy” for BSE.  
 

  9. The newspapers are the Calgary Herald for Alberta, the Vancouver Sun for British Columbia, The 
Globe and Mail for Ontario, and the Montreal Gazette for Quebec. 

 

10. The data for the quantity of beef cattle that enters the supply chain are collected twice a year and 
monthly supply data are generated using fixed weights. 
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Figure 2   
Estimation framework for studying asymmetric price transmission 
 
                                                           I(1) 
                                     
 
                                                                                 

 Cointegration 
 
 
 
 
 
 
 
 
                                                                               + 
                                                                                
                                                                                
 
 
 
 
 
 

 
 
 
Note:  VECM = Vector Error Correction Model  

ECT= Error Correction Terms 
AECM = Asymmetric Error Correction Model 

 
 
The time series representing the variables are grouped on the basis of the theoretical 
models specified in Section 2 for testing cointegrating relationships between them. The 
null hypothesis of no cointegration against the alternative hypothesis of at least one 
cointegrating vector is tested using the system approach following Johansen’s procedure 
(Johansen 1988, 1991), and also using the single equation approach following Engle and 
Granger (1987).  
 
Rejection of the null hypothesis of no cointegration is an indication that prices along with 
some other relevant variables move together and that the markets along the supply chain 
are integrated. If the null hypothesis of no cointegration is not rejected, the test is 
repeated with changing combinations of the variables until a cointegrating vector is 
found. If the test results indicate that the series representing the variables are 
cointegrated, the long-run causality between the prices series is tested following Granger 
(1969, 1988). The VECM is specified and estimated according to the direction of 
causality, stepwise simplified and re-parameterized.  
 
The error correction terms (ECTs) are split into positive and negative phases. The input 
price (i.e., prices of processed products in the retail price equation, and farm prices in the 

•  Test for long-run Granger causality 
• Specify and estimate VECM  

• Stepwise simplify and reparameterize  

Test for cointegration between the 
variables 

Test for the order of 
integration 

Decompose the errors  
into +ve and –ve ECTs 

Decompose input price 
changes into ∆P+ and ∆P- 

•  Specify and estimate AECM  
•  Test for transmission asymmetry 

•  Identify the market with imperfection  
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equation for processing prices) changes are also decomposed into positive and negative 
phases. Finally, the AECM is estimated as per equation (4.6). The parameters in the split 
ECTs are tested for the null hypothesis of symmetry in adjustment towards the long-term 
equilibrium. The nature of price transmission and the extent of market integration are 
studied using the parameters in input prices. 
 
 
7.0 Empirical results 
 
The series used in this study comprise 144 monthly observations on retail and farm prices 
of beef (RBt and FBt respectively), retail prices of pork and chicken (RPt and RCt 
respectively), industrial price of beef (PBt), quantity of beef entering the supply chain 
(QBt), international export of cattle (IECt), provincial export of cattle (PECt), average 
hourly wage rates for meat product manufacturing and grocery stores (WM t and WGt 
respectively),  disposable income per capita (YCt), and the index of media coverage on 
BSE (BSt). As mentioned earlier, retail price models are estimated for the provinces with 
higher demand: Alberta, British Columbia, Ontario and Quebec. Farm price models for 
the major beef cattle producing provinces – Alberta, Ontario, Quebec and Saskatchewan 
– and a national model for industrial beef prices are also estimated.  
 
All data series are first tested for the order of integration. The results of the ADF tests are 
reported in Table 1. The results indicate that most of the series are non-stationary in 
levels and stationary in first-differenced forms. A few series including wage rates at 
grocery stores (WGt) in Alberta and Ontario, wage rates for meat product manufacturing 
(WMt) in Alberta and Quebec, media coverage on BSE (BSt) in British Columbia, 
quantity of beef entering the supply chain (QBt) in Saskatchewan and also in Canada are, 
however, found to be stationary in level form.   
 
At the second stage, cointegration tests are conducted for each of the models to find long-
term relationships between the relevant variables. Both the system approach (Johansen 
trace test) and the single equation approach (Engle-Granger test) are followed. The 
system approach is generally relied upon. However, the result of the single equation 
approach is examined in cases where the system approach fails to reject the null 
hypothesis of no cointegration in any possible combination of the variables as per the 
theoretical relationships11 or a weak cointegrating relationship. 

 
Initially, the theoretical analyses in Section 3 are followed to include in the system all the 
variables that are likely to affect the relevant prices and to look for at least one 
cointegrating relationship. In the event that the null hypothesis of no cointegration cannot 
be rejected, the test is repeated by different combinations of the variables until at least 
one cointegrating relationship is found. The Johansen trace test is used to detect the 
presence of at least one cointegrating  vector in the system approach, while the  unit   root  
 
 
 
                                                           
11.  In addition to the variables listed in Table 1, other variables including gasoline prices and CPIs for  

energy were also tried for cointegrating relationships with prices. However, the results showed no long 
term relationship of these variables with prices either at the retail or at the processing level.  
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Table 1 
Augmented Dickey-Fuller test results for the data series  
 

Province Variable Level Form 
(Lag)

First Difference 
Form (Lag) Inference

AB
tRB  -2.01    (7) -5.15**  (6)   AB

tRB ~ I(1)
AB

tRP  -2.55    (2) -7.91**  (2) AB
tRP ~ I(1)

AB
tFB  -1.71  (12) -4.67** (12)   AB

tFB ~ I(1)
AB

tQB  -2.92    (9) -5.94**  (9) AB
tQB ~ I(1)

AB
tIEC  -1.95    (3) -6.68**  (2) AB

tIEC ~ I(1)
AB

tWG  -3.81*  (6)     … AB
tWG ~ I(0)

AB
tWM  -3.76*  (2)     … AB

tWM ~ I(0)
AB

tYC  -3.12    (5) -3.52*    (4) AB
tYC ~ I(1)

Alberta 

AB
tBS  -2.31    (9) -4.46**  (8) AB

tBS ~ I(1)
BC
tRB  -2.53    (2) -8.33**  (2) BC

tRB ~ I(1)
BC

tRP  -2.29    (3) -8.84**   (2) BC
tRP ~ I(1)

BC
tFB  -1.36   (11) -4.91** (10) BC

tFB ~ I(1)
BC
tQB  -1.64    (8) -6.58**   (6) BC

tQB ~ I(1)
BC
tWG  -2.73    (3) -7.45**   (3) BC

tWG ~ I(1)
BC
tWM  -1.76    (5) -6.66**   (4) BC

tWM ~ I(1)
BC
tYC  -2.60    (4)                     -5.66**  (3) BC

tYC ~ I(1)

British 
Columbia 

BC
tBS  -4.49** (2)     … BC

tBS ~ I(0)
ON
tRB               -2.53    (3)                     -7.92**  (2)    ON

tRB ~ I(1)
ON

tRP               -2.69    (7)                     -4.91**  (5) ON
tRP ~ I(1)

ON
tFB  -2.32   (11)                     -5.24**  (9)    ON

tFB ~ I(1)
ON
tQB  -1.14   (12) -4.42** (12) ON

tQB ~ I(1)
ON
tIEC  -1.98    (2) -6.52**  (2) ON

tIEC ~ I(1)
ON
tWG  -3.48*  (2)    … ON

tWG ~ I(0)
ON
tWM  -1.80    (4) -6.86**  (3) ON

tWM ~ I(1)
ON
tYC  -1.48    (3) -5.69**  (2) ON

tYC ~ I(1)

Ontario 

ON
tBS  -2.48    (6) -4.46**  (5) ON

tBS ~ I(1)
 

See notes at end of table. 
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Table 1 
Augmented Dickey-Fuller test results for the data series (continued) 
 

Province Variable Level Form 
(Lag)

First Difference 
Form (Lag) Inference

QC
tRB  -3.63    (9)                     -3.84*    (8) QC

tRB ~ I(1) 
QC

tRP  -2.71    (3)                     -3.78*    (2) QC
tRP ~ I(1) 

QC
tFB  -1.98    (6)                    -4.54**  (5) QC

tFB ~ I(1) 
QC
tQB  -2.78    (7)                    -6.70**  (6) QC

tQB ~ I(1) 
QC
tPEC  -2.50  (12) -4.72** (12) QC

tPEC ~ I(1) 
QC
tWG  -2.51    (3)                     -7.97**  (3) QC

tWG ~ I(1) 
QC
tWM  -3.72*  (2)      … QC

tWM ~ I(0) 
QC
tYC  -1.60    (4)                   -5.89**   (3) QC

tYC ~ I(1) 

Quebec 

QC
tBS  -2.93  (10)                    -3.43*     (9) QC

tBS ~ I(1) 
SK

tRP  -3.39    (6)                    -5.95**   (4) SK
tRP  ~ I(1) 

SK
tFB  -1.55   (11) -5.02** (10)   SK

tFB ~ I(1) 
SK
tQB  -3.79*  (4)     … SK

tQB ~ I(0) 
Saskatchewan 

SK
tIEC  -2.09    (2)                    -6.46**  (2) SK

tIEC ~ I(1) 
CA
tPB  -1.72  (11) -4.97** (11) CA

tPB ~ I(1) 
US
tFB  -1.51    (6)                     -6.38**  (6) US

tFB ~ I(1) 
CA
tQB  -3.63*  (6)      … CA

tQB ~ I(0) 
CA
tWM  -2.27   (11)                     -4.94**  (9) CA

tWM ~ I(1) 

Canada and 
U.S.  

CA
tBS  -2.61   (12) -4.01** (10) CA

tBS ~ I(1) 
 

Notes:   The subscript t denotes time in months and the superscript AB stands for Alberta, BC for British 
Columbia, ON for Ontario, SK for Saskatchewan, QC for Quebec, CA for Canada and US for the 
United States. The lengths of lag for the unit root test are selected according to the Akaike 
Information Criterion (AIC). The ADF regressions include a constant and trend both for levels and 
the first differences. The superscripts * and ** denotes a 5% and 1% level of significance, 
respectively. 

 
 
test of the errors is relied upon in the single equation approach. In both cases, a constant 
and a trend are assumed as deterministic factors. The number of augmenting lags in the 
relationship is selected on the basis of the Akaike Information Criterion (AIC). The 
results of the cointegration tests for the retail price models are reported in Table 2.  
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7.1 Models for retail prices 
 
The results of the cointegration analyses for the retail price models (Table 2) suggest the 
presence of at least two cointegrating relationships in the models for Alberta and British 
Columbia, at least one in the model for Ontario, and four in the model for Quebec. The 
series that are found to have cointegrating relationships in the retail price models for 
Alberta, British Columbia and Ontario represent the relevant provincial data on retail 
prices of beef (RB) and pork (RP), disposable income per-capita (YC), quantity of beef 
entering the supply chain (QB), wage rates at grocery stores (WG) and the media count 
index for BSE (BS).  
 
In the model for Quebec, cointegrating relationships between the variables fall apart if the 
series for per-capita disposable income is added to the system. The time series for meat 
product manufacturing wage rates are found not to have cointegrating relationships in any 
of the systems.  
 
The cointegrating vectors in Table 2 denote the long-term relationships between the 
variables in the models for retail prices. The signs of the vectors are as expected except 
that of the quantity variable in the model for British Columbia, which is positive (sign 
changes when the vector is transferred to the right hand side of the equation). Out of four 
major consuming provinces, British Columbia has the lowest level of own quantity of 
beef and obtains a major portion of its supply from Alberta. Hence, the positive 
relationship between quantity and price may be due to a supply response of prices to 
increases in demand. The positive sign of the vectors for the BSE media count index is 
worth noting. It reflects the commonly observed fact that retail beef prices in all 
provinces remained relatively steady even after the beef sector was hit by BSE. However, 
the short-run dynamics of adjustment of prices with the index will provide more 
information on the impact of BSE on retail prices. 
 
Based on the cointegrating relationships, AECMs for retail prices are estimated. In 
addition to the cointegrating variables, twelve monthly dummies (MDs) are used in the 
AECMs. The results are reported in Table 3. Two sets of parameters are important in the 
context of price transmission asymmetry – parameters in the error correction terms 
(ECTs) and the parameters in the variables for the changes in industrial prices. The speed 
of adjustment of retail prices towards the notional long-run equilibrium is captured by the 
parameters in positive and negative phases of the error correction terms ECT+(-1) and 
ECT−(-1). The Wald test statistics fail to reject the null hypothesis of no long-term 
asymmetry in all retail price models. However, the estimated parameters in the models 
for Quebec, Ontario and British Columbia suggest that negative deviations of retail prices 
from the long-run equilibrium adjust with a relatively faster speed compared to positive 
deviations. 
 
The parameters in positive and negative changes in processors’ prices (ΔPB+ and ΔPB− ) 
capture the dynamics of short-term adjustments in retail prices in response to positive and  
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Table 2 
Cointegration test statistics for the variables in the retail price models  
 

Province Series Cointegration 
Vector Eigenvalue1 H0 Trace 5% 

C.V.
AB

tRB   1.0000 0.3005 r = 0 169.45** 136.61 

 CA
tPB  -0.4417 0.2462 r = 1 120.85** 104.94 
AB

tRP  -0.3716 0.2039 r = 2  82.41* 77.74 

 AB
tQB   0.1205 0.1476 r = 3 51.39 54.64 

 AB
tYC  -1.4672 0.1343 r = 4 29.66 34.55   
AB

tWG  -0.1261 0.0525 r = 5 10.05 18.17 

Alberta 

 AB
tBS  -0.0010 0.0197 r = 6    2.71 3.74 

 BC
tRB   1.0000 0.3799 r = 0 185.90** 136.61 

 CA
tPB  -0.0609 0.3023 r = 1 124.74** 104.94 

 BC
tRP  -0.2648 0.2418 r = 2     78.67* 77.74 

 BC
tQB  -0.0221 0.1443 r = 3   43.23 54.64 

 BC
tYC  -2.4634 0.1003 r = 4   23.29 34.55   
BC
tWG  -0.5760 0.0597 r = 5     9.76 18.17 

British 
Columbia 

 BC
tBS  -0.0043 0.0146 r = 6     1.88 3.74 

 ON
tRB   1.0000 0.3211 r = 0 158.17** 136.61 

 CA
tPB  -0.1229 0.2361 r = 1  108.59* 104.94 

 ON
tRP  -0.5180 0.1824 r = 2  74.12 77.74 

 ON
tQB  0.1489 0.1453 r = 3  48.34 54.64 

 ON
tYC  -0.7851 0.1263 r = 4  28.24 34.55   
ON
tWG  -0.4169 0.0573 r = 5  10.95 18.17 

Ontario 

 ON
tBS  -0.0005 0.0262 r = 6    3.40 3.74 

 QC
tRB   1.0000 0.4998 r = 0 202.79** 104.94 

 CA
tPB  -0.0901 0.2661 r = 1 107.88** 77.74 

 QC
tRP  -0.3214 0.1547 r = 2 65.50** 54.64 

 QC
tQB   0.0611 0.1412 r = 3 42.48** 34.55   
QC
tWG  -0.0444 0.0841 r = 4    21.62* 18.17 

Quebec 

 QC
tBS  -0.0002 0.0676 r = 5     3.58 3.74 

 

1.  The eigenvalues are sorted from the highest to the lowest. 
Notes:   The 5% critical values (C.V.) are taken from Osterwald-Lenum (1992). The superscripts * and ** 

denotes a 5% and 1% level of significance, respectively.  
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Table 3 
Results of the estimated asymmetric error correction models for retail beef prices  
 

Alberta British Columbia Ontario Quebec 

Variable1 Estimate  
(t-Stat) Variable1 Estimate  

(t-Stat) Variable1 Estimate  
(t-Stat) Variable1 Estimate 

(t-Stat)

ΔRB (-1) 0.5580 
(3.54) ΔRB (-1) 0.5037

(3.45) ΔRB (-1) 0.1584 
(1.01) ΔRB (-1) 0.3554

(2.27)

ΔRB (-3) -0.1381 
(-1.97) … … … … ΔRB (-3) 0.2065

(2.63)

ΔPB+(-1) 0.9178 
(3.24) ΔPB+(-1) 0.3750

(2.10) ΔPB+(-1) 0.5153 
(1.87) ΔPB+(-1) 0.5849

(2.50)

… … ΔPB+(-2) 0.3718
(1.54) … … … …

    ΔPB– 0.5295 
(2.86) ΔPB–(-1) 0.2094

(1.87) … … ΔPB–(-1) 0.4616
(2.78)

ΔPB–(-2) 0.4691 
(2.14) ΔPB–(-2) 0.2626

(1.71) ΔPB–(-2) 0.7130 
(3.41) ΔPB–(-2) 0.3387

(1.94)

    ΔRP 0.2174 
(2.70) ΔRP 0.3769

(6.06) ΔRP (-1) 0.1506 
(2.22) ΔRP (-1) 0.1861

(3.27)

… … … … ΔQB (-1) -0.0855 
(-1.46) … …

ΔQB (-5) -0.0712 
(-2.43) ΔQB (-4) 0.0106

(1.68) ΔQB (-4) -0.1284 
(-2.18) ΔQB (-3) -0.0239

(-2.39)

… … ΔYC (-4) -2.1869
(-3.60) … … … …

ΔYC (-7) 0.9519 
(1.63) ΔYC (-5) 1.4234

(2.69) ΔYC (-5) 1.3880 
(1.96) … …

ΔWG(-5) -0.1100 
(-1.99) ΔWG(-4) 0.1565

(4.00) ΔWG(-3) 0.2052 
(2.28) ΔWG(-3) 0.0591

(1.10)

ΔBS (-3) -0.0005 
(-2.24) ΔBS (-6) 0.0009

(3.24) ΔBS (-3) -0.0004 
(-1.37) ΔBS (-6) 0.0010

(3.29)

ECT+(-1) -0.6253 
(-2.93) ECT+(-1) -0.7633

(-4.05) ECT+(-1) -0.5559 
(-2.80) ECT+(-1) -0.4666

-(2.08)

ECT–(-1) -0.5870 
(-3.06) ECT–(-1) -0.8536

(-4.35) ECT–(-1) -0.7237 
(-3.64) ECT–(-1) -0.6114

(-3.06)

    MD1 0.0284 
(3.83)     MD4 -0.0117

(-1.80)     MD6 0.0257 
(3.16) MD8 0.0163

(2.63)

    MD2 -0.0217 
(-2.87)     MD8 0.0153

(1.96) MD11 -0.0268 
(-3.48) … …

MD12 -0.0170 
(-2.35) … … … … … …

 

1. The lag lengths are in parentheses; the absence of a lag length indicates that the variable is not lagged. 
The superscripts plus (+) and minus (–) denote positive and negative changes, respectively, in the 
variable ΔPB and the error correction term (ECT). 

Note: Dependent variable: changes in retail price of beef (ΔRB) 
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negative changes in processors’ prices. The estimates for Alberta, Ontario and Quebec 
show that retail prices adjust faster in response to increases in industrial prices than to 
decreases. In Alberta, increases in industrial prices are transmitted to the retail level 
almost completely within one month; however, it takes two months for retail prices to 
adjust at a similar magnitude to falling industrial prices. In Ontario and Quebec, retail 
prices adjust partially to increasing industrial prices in one month and also partially to 
decreasing industrial prices in two months. In British Columbia, the magnitude of 
transmission of increases in industrial prices is relatively greater compared to that of 
decreases with no difference in adjustment lags. These indicate the presence of 
asymmetry in adjustment of retail prices to rising and falling industrial markets for beef.  
 
The short-run impact of BSE on retail prices, as indicated by the estimated parameters in 
the BSE media count index (ΔBS), is positive for Quebec and British Columbia, and 
negative for Alberta and Ontario. It is important to note that beef production in Ontario 
and Alberta jointly account for the largest share of total national beef production and 
exports, while Quebec and British Columbia consume most of their respective provincial 
production. 
 
Among other factors, the short-run impact of a demand shift is likely to be substantial as 
revealed by the estimated parameters in the changes in per-capita disposable income 
(ΔYC). However, the impact of changes in per-capita disposable income in British 
Columbia is complex as the signs of the parameters in two successive lags are different. 
The estimated parameters in the changes in retail prices of pork (ΔRP) as a substitute 
indicate significant impact of the changes in the slope of the retail demand. The 
significant parameters in the monthly dummies (MDs) indicate the presence of 
seasonality in the retail price cycles of beef that differ by province. Retail beef prices in 
Alberta tend to rise in January and fall in February and December. In Ontario, retail 
prices increase in June and decrease in November, while in British Columbia retail prices 
have tendencies to rise in August and fall in April. Retail prices in Quebec also tend to 
increase in August. 
 
 
7.2 Farm price models 
 
The cointegration test results for the farm price models are provided in Table 4. The 
results indicate the presence of at least three cointegrating vectors in the models for 
Quebec and at least one in the model for Ontario. In the model for Alberta, while the null 
hypothesis of no cointegrating relationship is strongly rejected (p-value 0.001), the null of 
the presence of at most one cointegrating relationship is rejected at the 9% level. 
However, the Engle-Granger test statistic (-6.37 at 6 lags; p-value 0.000) strongly 
suggests that the Alberta farm price series possesses a long-term relationship with the 
other variables in the model. In the model for Saskatchewan, the null of at most one 
cointegrating relationship is rejected at the 7% level if retail pork prices and the BSE  
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Table 4 
Cointegration test statistics for the variables in the farm price models 
 

Province Series Cointegration 
Vector Eigenvalue1 H0 Trace 5% C.V.

 AB
tFB   1.0000 0.4225 r = 0 126.89** 104.94 

 AB
tQB  -0.2614 0.3369 r = 1   74.74 77.74 
AB
tIEC  -0.0129 0.1690 r = 2   35.71 54.64 
US
tFB  -0.8996 0.1195 r = 3   18.12 34.55   

 AB
tYC  -0.5325 0.0597 r = 4       6.03 18.17 

Alberta 

 AB
tBS   0.0026 0.0019 r = 5   0.18 3.74 
ON
tFB   1.0000 0.4771 r = 0  162.85** 136.61 
ON
tQB   0.0893 0.3329 r = 1 105.80* 104.94 
ON
tIEC  -0.0189 0.3207 r = 2 70.18 77.74 
US
tFB  -0.6160 0.2003 r = 3 36.16 54.64 
ON

tRP  -2.7359 0.1217 r = 4 16.49 34.55   
ON
tYC  -0.1628 0.0366 r = 5   5.07 18.17 

Ontario 

ON
tBS   0.0026 0.0201 r = 6   1.78 3.74 
QC
tFB   1.0000 0.4441 r = 0  249.85** 136.61 
QC
tQB   0.5460 0.3855 r = 1 174.69** 104.94 
QC
tPEC  -0.0473 0.3680 r = 2 112.37** 77.74 
US
tFB  -0.8360 0.1962 r = 3    53.63 54.64 
QC

tRP  -0.6944 0.1105 r = 4 25.68 34.55   
QC
tWM   0.4511 0.0493 r = 5 10.69 18.17 

Quebec 

QC
tBS   0.0116 0.0324 r = 6   4.21 3.74 
SK
tFB   1.0000 0.3768 r = 0 92.40 104.94 
SK
tQB  -0.0267 0.1610 r = 1 47.48 77.74 

SK
tIEC  0.0171 0.1333 r = 2 30.80 54.64 

AB
tFB  -1.1444 0.0953 r = 3 17.21 34.55   
SK

tRP  -0.1678 0.0518 r = 4   7.70 18.17 

Saskatchewan 

AB
tBS   0.0012 0.0274 r = 5   2.64 3.74 

 

1. The eigenvalues are sorted from the highest to the lowest. 
Notes:  The 5% critical values (C.V.) are taken from Osterwald-Lenum (1992). The superscripts * and ** 

denote 5% and 1% level of significance, respectively.  
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media count index are taken out of the system. The Engle-Granger test statistic (-5.17 at 6  
lags; p-value 0.029), however, indicates the presence of a long-run relationship between 
the Saskatchewan farm prices series and the other variables including retail pork prices 
and the BSE media count index. 
 
The cointegrating vectors in Table 4 signify the long-term relationships between farm 
prices of beef cattle (FB) and other variables in the models. The signs of the vectors are 
as expected except that for the quantity variables (QB) in the models for Alberta and 
Saskatchewan, which is positive (sign changes as the vector is transferred to the right 
hand side of the equation). Alberta and Saskatchewan are net exporters of beef cattle, 
while Ontario and Quebec are net importers. Hence, the supply-side effect in Alberta and 
Saskatchewan is likely to be higher than the respective demand-side effect. The positive 
sign of the vectors for quantity in Alberta and Saskatchewan can be explained as the 
supply response of prices. The negative sign of the vector for the international export of 
beef cattle (IEC) in the Saskatchewan model can be explained in terms of opposite trends 
in provincial farm prices and international export quantities.  
 
The cointegrating vectors for farm prices of beef cattle (FB) in the United States in the 
models for Alberta, Ontario and Quebec suggest a substantial positive long-term impact 
of the variable on farm prices in these provinces. However, the U.S. farm prices do not 
have any long-term relationship with Saskatchewan farm prices. The cointegrating vector 
for Alberta farm prices in the Saskatchewan model is negative suggesting a positive long-
term relationship between these two provincial farm prices. On the contrary, 
Saskatchewan farm prices are found not to be cointegrated in the Alberta farm prices 
model. This supports the fact that the majority of Saskatchewan beef cattle are exported 
to Alberta, where the Saskatchewan producers are price-takers.  
 
The series on meat product manufacturing wages (WM) is found to be cointegrated only 
in the Quebec model. The negative relationship of the variable with farm prices 
corroborates the theoretical analysis in Section 2. An adverse (negative) long-term impact 
of BSE on farm prices is revealed by the positive sign of the vectors for the BSE media 
count index (BS)12.  
 
AECMs for farm prices are estimated on the basis of the cointegrating relationships. 
Asymmetry in terms of the speed of adjustment of farm prices towards the notional long-
run equilibrium is studied in these models. The test statistics involving the parameters in 
the positive and negative phases of the error correction terms ECT+(-1) and ECT−(-1) fail 
to reject the null hypothesis of no asymmetry in all provincial models (Table 5). 
However, the estimated parameters in the Saskatchewan model suggest that positive 
deviations of farm prices from the long-run equilibrium are adjusted at a relatively faster  
 
 
 
 
                                                           
12.  While Quebec farm prices appears to be the hardest hit, comparison of the results may not be 

appropriate as they are obtained from different indices based on provincial media coverage on BSE. 
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Table 5 
Results of the estimated asymmetric error correction models for farm prices of beef  
 

Alberta Ontario  Quebec Saskatchewan 

Variable1 Estimate  
(t-Stat) Variable1 Estimate  

(t-Stat) Variable1 Estimate  
(t-Stat) Variable1 Estimate  

(t-Stat)

  ΔFB (-1) 0.5797 
(7.96) ΔFB (-1) 0.5853

(5.43)  ΔFB (-1) 0.6133 
(3.27)  ΔFB (-1) 0.2247

(3.82)

  ΔFB (-2) -0.3996 
(-6.74) ΔFB (-2) -0.4057

(-6.76)  ΔFB (-2) -0.2503 
(-3.27)  ΔFB (-3) -0.2558

(-4.99)

  ΔFB (-4) 0.2909 
(4.53)  ΔFB (-3) 0.1227

(1.91)  ΔFB (-3) -0.2282 
(-2.75)  ΔFB (-6) -0.2695

(-5.29)

  ΔFB (-5) -0.3858 
(-6.77) … … … … … …

ΔQB (-1) 0.1925 
(2.04)  ΔQB (-1) -0.0302

(-1.22)  ΔQB -0.1647 
(-3.31)  ΔQB -0.0709

(-3.66)

    ΔIEC 0.0112 
(4.19) ΔIEC (-1) 0.0108

(4.13)  ΔPEC 0.0190 
(1.79) ΔIEC (-1) -0.0136

(-4.13)

ΔFBUS 0.5102 
(4.07)    ΔFBUS 0.4677

(4.20)  ΔFBUS 0.6935 
(2.97) … …

ΔYC (-1) 3.1559 
(2.51) … … ΔFBUS (-4) 0.6996 

(3.27)   ΔFBAB 0.9021
(14.13)

ΔYC (-3) -3.2886 
(-2.41)   ΔYC (-11) 2.3353

(1.73)  ΔWM (-2) -0.3596 
(-1.65) … …

… … ΔRP (-6) 0.1496
(1.25)   ΔRP (-6) 0.3453 

(1.39)  ΔRP (-10) 0.2552
(1.49)

    ΔBS -0.0025 
(-3.77) ΔBS (-2) -0.0036

(-4.32) ΔBS (-2) -0.0051 
(-3.63) ΔBSAB

 (-1) -0.0023
(-3.16)

ΔBS (-1) -0.0032 
(-5.46) ΔBS (-3) -0.0016

(-1.85) ΔBS (-3) -0.0061 
(-4.13) … …

ECT+(-1) -0.7153 
(-4.89) ECT+(-1) -0.6926

(-4.51) ECT+(-1) -0.7464 
(-3.52) ECT+(-1) -0.4688

(-4.22)

ECT–(-1) -0.6090 
(-3.37) ECT–(-1) -0.8619

(-5.29) ECT–(-1) -0.6220 
(-2.70) ECT–(-1) -0.2842

(-2.35)

    MD1 0.0375 
(2.18)   MD1 0.0262

(1.78)   MD1 -0.0753 
-2.63)   MD5 0.0369

(2.05)

     MD2 0.0260 
(1.55)    MD10 -0.0412

(-2.75)   MD5 0.0458 
(1.58)   MD10 -0.0332

(-1.78)

MD7 -0.0223 
(-1.37) … …   MD6 0.0519 

(1.87) … …

  MD10 -0.0195 
(-1.19) … …   MD10 -0.0515 

(-1.93) … …
 

1. The lag lengths are in parentheses; the absence of a lag length indicates that the variable is not lagged. 
The superscripts plus (+) and minus (–) signs denote positive and negative changes, respectively, in the 
error correction term (ECT). 

Note: Dependent variable: changes in farm price of beef (ΔFB) 
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speed compared to negative deviations. This reinforces the fact that Saskatchewan beef 
cattle farmers are price-takers in the market. 
 
The estimated short-run dynamics reveals that the farm prices in Alberta and Ontario 
adjust contemporaneously and partially to changes in U.S. farm prices. Quebec farm 
prices, however, adjust more than completely to the changes in U.S. farm prices within 
four months. The estimated parameters also indicate that Saskatchewan farm prices adjust 
to changes in Alberta farm prices contemporaneously and almost completely. The short-
run impact of BSE on farm prices as indicated by the estimated parameters in the BSE 
indices (ΔBS) is negative for all beef cattle producing provinces and appears with shorter 
lags and greater magnitude compared to the short-run impact on retail prices. 
 
The short-run impact of quantity is positive and significant for Alberta, negative but 
insignificant for Ontario, and negative and significant for Quebec and Saskatchewan. The 
parameters in the demand shifters such as the retail prices of substitutes and per-capita 
disposable income are positive except in the Alberta model. The signs of the parameters 
in per-capita disposable income in the Alberta model are different for the first and the 
third lags indicating no net effect. Similar to the long-term relationship, the short-run 
impact of meat product manufacturing wages is estimated to be negative in the model for 
Quebec.  
 
The parameters in the monthly dummies indicate that farm prices have tendencies to rise 
in January to February in Alberta, in January in Ontario, in May to June in Quebec and in 
May in Saskatchewan. They fall in July and October in Alberta, in October in Ontario, in 
January and October in Quebec, and October in Saskatchewan. 
 
 
7.3 Processing price model 
 
Price transmission between the farm gate and the processing firms at the provincial level 
cannot be modelled because of data limitation. In an attempt to discover the contribution 
of provincial farm prices to the national industrial price, a cointegration test (Table 6) is 
performed with the national industrial price series, farm price series for Alberta, 
Saskatchewan, Ontario and Quebec, quantity of beef entering the supply chain in Canada, 
and the BSE media count index13. While the hypothesis of no cointegrating relationship is 
rejected at the 1% level of significance, the hypothesis of at most one cointegrating 
relationship is rejected at the 10% level. In addition, the first five eigenvalues are 
considerably large. Hence, it is concluded that the cointegrating rank of the system is 
equal to one.   
 
The results indicate that the national industrial price series has positive long-term 
relationships with farm prices in Ontario, Alberta and Saskatchewan (Table 6)14. Farm 
prices in Quebec, however, are in a negative long-term relationship with national 
                                                           
13.  Other relevant data series such as meat product manufacturing wages, CPI for energy and US industrial 

prices of beef do not contribute to the cointegrating relationship. 
 

14. A positive cointegrating vector implies a negative long-term relationship and vice versa. 
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industrial prices. This might be due to the fact that Quebec farm prices for beef cattle 
remained at the lowest level compared to the other three provinces between June 2003 
and July 2005, regained a little in August 2005 to settle just above the level of 
Saskatchewan prices.  
 
 
Table 6 
Cointegration test statistics for the variables in the model for industrial beef prices  
 

Series Cointegration 
Vector Eigenvalue1 H0 Trace 5% C.V. 

 CA
tPB   1.0000 0.4405 r = 0        151.60** 136.61 

 QC
tFB   0.5135 0.3410 r = 1    100.49 104.94  

 ON
tFB  -0.7819 0.2862 r = 2           63.79 77.74 

 SK
tFB  -0.0151 0.1688 r = 3       34.13 54.64 

 AB
tFB  -0.3540 0.1129 r = 4        17.86 34.55   

 CA
tQB   0.2369 0.0600 r = 5          7.31 18.17 

 CA
tBS  -0.0012 0.0211 r = 6          1.87 3.74 

 

1. The eigenvalues are sorted from the highest to the lowest. 
Notes:    The 5% critical values (C.V.) are taken from Osterwald-Lenum (1992). The superscript ** 

denotes a 1% level of significance. 
 
 
The vector for quantity is positive indicating a negative long-term relationship between 
industrial beef prices and quantities. The vector for the BSE media count index is, 
however, negative (i.e., positive relationship) suggesting that the industrial prices moved 
in the same direction as the index.  
 
The dynamics of short-term adjustment of national industrial prices with provincial farm 
prices are captured in the results of the AECM (Table 7). The Wald test statistic fails to 
reject the null hypothesis of no asymmetry in overall adjustment of industrial prices in 
response to rising and falling farm prices in the provinces producing the major share of 
beef cattle. However, asymmetries in both magnitude and speeds of adjustment of 
industrial prices to rising and falling farm prices in Ontario and Quebec are evident in the 
estimated parameters. 
 
The adjustments to rising and falling farm prices in Alberta and Saskatchewan are 
estimated to be symmetric. The estimates also suggest that positive deviations of 
industrial prices from the notional long-run equilibrium adjust at a relatively faster rate 
compared to negative deviations. Among others, quantity has an insignificant negative 
impact and the BSE media count index has a small positive impact on industrial prices. 
No seasonality in adjustment is detected in this case. 
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Table 7 
Results of the estimated asymmetric error correction model for industrial prices of 
beef  
 

Variable1 Estimate 
(t-Stat) Variable1 Estimate 

 (t-Stat) 

ΔPB (-1) 0.2707
(2.32) ΔFBAB+(-1) 0.3549

(3.86)

ΔFBQC+(-3) 0.2317
(2.55) ΔFBAB–(-1) 0.3857

(3.84)

ΔFBQC– (-6) 0.1591
(1.99) ΔQBCA

 (-3) -0.0374
(-1.14)

ΔFBON+(-5) 0.4578
(2.56) ΔBSCA

 (-4) 0.0002
(1.71)

ΔFBON–(-7) 0.1930
(1.50) ECT+(-1) -0.7729

(-4.44)

ΔFBSK+(-2) 0.2291
(3.25) ECT–(-1) -0.4673

(-2.49)

ΔFBSK– 0.2513
(3.13) … …

 

1. The lag lengths are in parentheses; the absence of a lag length indicates that the variable is not lagged. 
The superscripts plus (+) and minus (–) signs denote positive and negative changes, respectively, in the 
variables for the changes in farm prices of beef (ΔFB) and the error correction terms (ECT). 

Note: Dependent variable: changes in industrial prices of beef (ΔPB) 
 
8.0  Conclusions  
 
This paper analyzes the dynamics of price transmission in the markets along the supply 
chain of beef and the impact of BSE on beef prices in Canadian provinces. Asymmetric 
Error Correction Models (AECMs) for retail prices are estimated for Alberta, British 
Columbia, Ontario and Quebec, the provinces that account for the major share of national 
demand. AECMs for farm prices are estimated for the major beef cattle producing 
provinces that include Alberta, Ontario, Quebec and Saskatchewan. An AECM for prices 
at the processing level is also estimated with national industrial prices of beef and 
provincial farm prices of beef cattle.   
 
The results indicate that retail prices adjust faster and at a relatively greater magnitude to 
rising compared to falling industrial prices of beef. Industrial beef prices also adjust faster 
and at a relatively greater magnitude in response to increases in farm prices of beef cattle 
in Ontario and in Quebec than to decreases in farm prices in these provinces. However, 
industrial prices do not exhibit any significant overall asymmetry in terms of magnitude 
of adjustment to increases and decreases in farm prices in the producing provinces. A 
very small impact of BSE on retail prices is estimated, which has been negative for 
Alberta and Ontario, and positive for Quebec and British Columbia. The impact of BSE 
on industrial prices has also been small and positive. On the contrary, it is evident that 
BSE had a strong and sustained negative impact on farm prices in the beef cattle 
producing provinces.  
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Based on the above results, we draw the following overall implications. Asymmetries 
may have resulted from market imperfections in the retail beef markets in Quebec, 
Ontario, Alberta and British Columbia. Market imperfections in a weaker form may also 
exist in beef markets at the industrial level. Analysis of the presence and the form of 
market imperfections, however, requires in-depth study involving industrial prices data at 
the provincial level. Supply shocks due to BSE have negative impacts on farm prices both 
in the long-run and in the short-run. The impact of demand shocks on beef prices is 
generally substantial and persists for long periods. The impact of supply shocks on beef 
prices is generally small and, depending on the source of the shock, it may be for a 
shorter term or persist for a longer period.  
 
The data for the beef cattle slaughter series are collected twice a year and monthly data 
are generated using fixed weights. Consequently, short-run variations in the series are not 
random, although the series may reveal a long-run trend. Therefore, the short-run 
responses relating to quantities of beef entering the supply chain may not reflect the 
reality. The lack of industrial prices data at the provincial level is also a limitation to a 
complete analysis of price transmission between producer, processor and retail levels. 
The concentration in beef processing and packing has been increasing in Canada and 
there has been an increase in the practice among packers (processors) to contract for their 
own cattle supplies and production. In order to analyze the impacts of these factors on 
prices, data availability in these areas will need to be “beefed up”.  
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Appendix A 
 
The supply chain of beef is characterized by a concentrated processing industry 
producing processed products and selling them to a concentrated retail industry. It is 
often argued that higher levels of concentration may induce the relevant agents to 
exercise market power at different levels of markets along the supply chain. Market 
power in the form of oligopoly or oligopsony may affect prices, and thus, contribute to 
asymmetries in price transmission. The following provides an analysis of the effects of 
market power in different forms and combinations on market outcomes at different levels 
of the markets. 
 
First, probable market imperfections at the retail level are considered. With a measure for 
oligopolistic behaviour of the retailers, the perceived marginal revenue curve of the 
retailers, PMRR, is derived from the retail demand function in equation (3.3) as: 
 

XaPaQaaPMR S
RRR 3310 )1( +++−= φ       (A.1)  

 
where Rφ  is the index of oligopoly power of the retailers. A value of 0=Rφ  signifies a 
competitive retail market, while 1=Rφ  refers to a monopoly. In an oligopolistic retail 
market, the derived demand at the processing level in equation (3.5) changes to: 
 

R
S

RRRRR WbXaPaQacaMCPMRDD 232110 )1( −+++−−=−=′ φ   (A.2)  
 
The retailers may also exercise oligopsony power in the wholesale market. In that case, 
the perceived marginal expenditure curve of the retailers, PMER, is derived from the 
supply (marginal cost) function of the processed product in equation (3.6) as: 
 

PRRPR WmZbQbmbQcPPME 221101 )1( +++++=+= ϕϕ    (A.3) 
 
where Rϕ  is the index of oligopsony power of the retailers. A value of 0=Rϕ  implies 
that the retailers are price takers in the wholesale market, while 1=Rϕ  refers to a 
monopsony.  
 
Concentration in the processing industry may also lead to a situation that allows the 
processors to exercise oligopoly at the processed product market. To account for such a 
situation, the perceived marginal revenue function of the processors is obtained from the 
derived demand in equation (3.5), which is the demand faced by the processors. Thus, 
with an index of processors’ oligopoly, Pφ , the perceived marginal revenue curve of the 
processors can be written as: 
 

R
S

RPP WbXaPaQacaPMR 232110 )1( −+++−−= φ      (A.4) 
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However, if the retailers are oligopolistic, the demand faced by the processors is the 
derived demand given in equation (A.2). In that case, the perceived marginal revenue 
function of the processors changes as follows: 
 

R
S

RRPP WbXaPaQacaRPM 232110 )1)(1( −++++−−=′ φφ    (A.4a) 
 
It is worth noting that the parameters Rφ  and Pφ  represent aggregate conjectural 
variations of the retail and the processing firms, respectively, in the relevant output 
market such that )/(∑ ∂∂= n

i iR QQφ  and )/(∑ ∂∂= n
i iP QQφ . Conversely, the parameters 

Pϕ  and Fϕ  represent aggregate conjectural variations of the retail and the processing 
firms, respectively, in the relevant input markets such that )/(∑ ∂∂= n

i iR QQϕ  and 
)/(∑ ∂∂= n

i iP QQϕ . The parameters Rφ  and Pφ  are used as indices of oligopoly, and Rϕ  
and Pϕ  as indices of oligopsony. Using the above equations, some probable situations of 
oligopoly and oligopsony and their effects on prices and margins are derived below.   
 
 
Retailers’ oligopoly and oligopsony 
 
The following market outcomes are obtained on the basis of assumptions that the retailers 
may exercise some degree of oligopoly in the retail market and some degree of 
oligopsony in the processed product market. The processors and the farmers are assumed 
to be price-takers. In such a case, equilibrium is at the intersection of equations (A.2) and 
(A.3) from which the following price equations can be solved: 
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where kbbabk RR 1110 ])1()1[( ++++= ϕφ . 
 

PFP WmmPP 21 ++=          (A.6) 
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where )())(( 11111100 bacbambak RR +++−−=′ ϕφ . 
 
When the retail industry is competitive (i.e., absence of oligopoly and oligopsony), 
equation (A.7) reduces to: RPR WccPP 21 ++= . 
 
In the absence of retailers’ oligopsony in the processed product market, the parameter Rϕ  
is equal to zero. Therefore, to account for an oligopolistic retail product market and a 
competitive processed product market, the factor 1bRϕ  has to be excluded from the 
numerators and the denominators of equations (A.5) and (A.7). In equation (A.7), 
significant estimates of the parameters in S

RP , X , Z, and PW  can be obtained only if one 
of the market power parameters is significantly different from zero. 
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Oligopolistic retailers and processors: Bilateral oligopoly  
 
In case of bilateral oligopoly, the intersection of equations (3.6) and (A.4a) provides the 
equilibrium. The retail price is determined on the retail demand, while the processors 
charge the retailers a price on the derived demand function as defined in equation (A.2). 
The price equations are obtained as follows: 
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where kacbak RRP 1111 ])1)(1[( φφφ ++++=′′ . 
 
The retail price equations in (A.7) and (A.10) have the same set of the right hand side 
variables, the parameters of which are influenced by market power indices. The 
processing price equations in (A.6) and (A.9) are, however, different. Processing price in 
equation (A.6) is equal to farm price and the processing cost. In contrast, the parameters 
in S

RP , X , Z, and RW  equation (A.9) are expected to be significant in the presence of 
oligopoly at the processed product market (i.e., Pφ  is significantly different from zero). It 
can be noted that equations (A.9) and (A.10) reduce to PFP WmmPP 21 ++=  and 

RPR WccPP 21 ++= , respectively, in competitive markets. 
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Retailers’ oligopsony and processors’ oligopoly: Countervailing market power 
 
In a scenario of so-called countervailing market power (CMP), the equilibrium is at the 
intersection of equations (A.3) and (A.4). Depending on relative bargaining power of the 
retailers and the processors, the processed product price settles at a point above the 
marginal cost of the processors and below the derived demand. To keep the algebra 
simple, it is assumed that the processors’ price settles on the perceived marginal revenue 
function of the processors. Thus, the prices and equations can be obtained as follows: 
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The equations for retail prices in bilateral oligopoly and countervailing market power 
scenarios are similar except for the indices of market power. However, for processors’ 
price, the expected signs of the parameters in S

RP , X , Z, and RW  are likely to change in 
equation (A.9), but remain unchanged in equation (A.12)15. In absence of CMP, equations 
(A.12) and (A.13) reduce to PFP WmmPP 21 ++=  and RPR WccPP 21 ++= , respectively. 
 
 
 
 
 
 
 
 
 
 

                                                           
15.  The parameter a1 is negative, and b1, φ  and  φ are positive by definition. The denominator would be 

positive as supply response is expected to be greater than the demand response. When φ  is 
significantly different from zero in equation (A.9), its multiplication with a1 would produce a negative 
number.  
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