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Market Power in the Canadian Beef-Packing Industry

The issue of market power within highly concentrated agricultural markets is not

a new concem and has been a subject ofconsiderable research in some sectors. There

has, however, been a dearth in market power research pertaining to the Canadian beef-

packing sector. This is odd, given the considerable interest on the issue. Recent issues

such as BSE and the prospect of mandatory country of origin labeling have enhanced the

potential for market power in this industry.

The objective of this research is to determine if the Canadian beef-packing sector

has the ability to exert market power over cattle producers and influence cattle prices.

To accomplish this objective, a four equation model, capable of measuring the

industry and firm specific conjectural elasticities within the cattle input market of the

beef-packing industry, will be constructed. This research uses firm level data throughout

the years 1993-2001supplied by Statistics Canada.

The results of this research reveal that there is more market power in the Canadian

beef-packing industry than has previously been estimated. As well, it is found the larger

beef-packing firms have significantly larger conjectural elasticities than the industry

average. The conjectural elasticities of the two largest firms in Canada are approaching

levels consistent with non-competitive behavior.

Abstract
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The Canadian, American, and Mexican markets for cattle and beef have been

closely interrelated and the three countries' markets have been considered as one.

However, the free flow of animals and meat has been threatened by recent events such as

the case of Bovine Spongiform Encephalopathy (BSE) in Canada and the potential for

mandatory Country of Origin Labeling (COOL) in the United States. The May 2003

discovery of BSE in a Canadian cow closed the border to live animals for an extended

period of time, two years at the time of writing, and COOL also has the potential to

segregate the Canadian market from the United States. Mandatory COOL may cause

transaction costs that will be prohibitively high and prevent the mixing of U.S. and

Canadian supply chains. This could lead to more cattle being slaughtered in Canada. If

all Canadian grown animals have to be slaughtered at home, there will be less

lntroduction

competition for these animals. Given a concentrated slaughter industry, the question

arises whether farm prices are being depressed because of the lack of alternative markets.

Do the beef packers in Canada have the ability to exert market power over the cattle

producers in Canada?

consistent with a competitive market, they can be accused of exercising market power.

The concern over the link between the beef packing concentration and market power in

Canada was expressed even in 7935,

lf Canadian meat packers are persistently able to behave in a manner not

"The two largest packing companies in the United States, Swift
and Company and Amour and Company, do not together account for as

high a proportion of the packing business in that country, as Canada



Packers, Ltd. alone accounts for in Canada. This dominating position of
the company emphasizes the national disparity in bargaining power
between the packer and the primary producer and facilitates unfair
competition in the distribution of packing house products by encouraging
price discrimination" - (Maclachlan, 2001).

The composition of the Canadian beef-packing industry has drastically changed, but this

concem is equally relevant today.

Non-competitive behavior can have far reaching impacts in the economy. The

most obvious consequence of oligopsonistic market power is the possible financial

impact to Canadian beef cattle farmers. If the beef-packers have the ability to reduce the

live cattle price below competitive levels, and producers receive retums for their cattle

lower than what would result in a competitive market, then their livelihood and the

viability of their farms are affected. This is a concern for govemments not only because

of the possible exposure for safety net programs but also because the government strives

to ensure that markets behave in a competitive fashion.

The objective of the research reported in this paper is to determine if the Canadian

beef-packing sector has the ability to behave in a non-competitive manner and reduce the

live cattle price to levels below what would be seen in a competitive market. This is what

is known as oligopsonistic market power. This research, the first of its kind in the

Canadian beef packing sector, will use firm level data provided by Statistics Canada's

Annual Survey of Manufacturers to model beef-packer behavior. Firm level data has

been used in studies of the United States beef-packers but has never been used to

examine the Canadian counterparts. This data will also be used to construct an accurate

concentration measure of the Canadian beef packing industry, based on f,rrm sales. Until

recently, Statistics Canada published national concentration measures based on the



Standard Industrial Classification (SIC). This opportunity will be taken to establish a

relevant and accurate concentration measure for this agri-food sector.

This study will primarily be of interest to Canadian beef cattle producers, the

beef-packing industry, and policy makers. The months following the border closure

found many beef cattle producers questioning why the retail price for beef did not move

to the same extent as the price of cattle. Producers and consumers suspected that market

power was the reason for the disparity in prices. The results of this research will provide

empirical evidence supporting the possibility of market power in the beef cattle market.

Finally, policy makers, who in general support competitive markets, should be interested

as well. Evidence of market power will be a concern for the govemment and may

manifest itself by fuither regulation of the industry.

This thesis will continue with a review of relevant literature in chapter two. The

topics discussed in chapter two will include the different approaches to measuring market

power, as well as problems encountered with these approaches. The issues of the

treatment of technology, scale economies, and identification are discussed with regards to

model building. The results from previous market power studies of the Canadian and

U.S. meat-packing industry are also presented.

The third chapter will develop an econometric model to test for oligopsony power

in the Canadian beef-packing sector. It will present a four-equation model derived from a

variable prof,rt function using Hotelling's lemma. This approach, similar to the approach

made famous by Appelbaum (1982), estimates a conjectural elasticity for the industry.

The conjectural elasticity is a window to firms' perceptions of the market. A value of

zero indicates industry behavior consistent with perfect competition and a value of one is



monopoly/monopsony behavior. Intermediate values imply increasing market power as

the conjectural elasticity approaches a value of one. The four equations of the model will

be adapted to account for the panel data set. A fixed effects model will be used, where

dummy variables represent the time and cross-sectional aspect of the data in the equation.

This technique also allows the conjectural elasticity to change according to year and firm.

The fourth chapter will present the results of diagnostic tests on the model and the

parameter estimates. This chapter will focus its attention on understanding and

interpreting the conjectural elasticity estimate for the industry as a whole and for selected

firms of interest. It will show that considerable market power was found compared to

other studies of a similar nature and discuss reasons for this finding. The three largest

firms in Canada were found to have larger conjectural elasticities than the industry

average. The chapter will also put forward current estimates of Canadian beef-packing

industry concentration.

The fifth and final chapter will provide conclusions based on the results discussed

in chapter four. This chapter discusses the implications of a beef-packing sector with

input side market power as it affects producers, processors, consumers and the

government. It also points out some possible weaknesses in the approach and data used

in this study and proposes possible extensions to this work.



2.1

The link between concentration and ability to exercise market power has been a

central theme in the economics of industrial organization. As early as 1938, economists

began developing a one-way causal link between industry concentration and non-

competitive pricing behavior and excess prof,rts (Mason 1939).

Introduction

Chapter Two

Literature Review

However, profitability and a concentrated industry are not necessarily a sign of

non-competitive behavior. It is also possible that with cost considerations, such as

increasing returns to scale, an industry will consist of relatively few firms but the prices

will be lower than with a less concentrated industry with higher unit costs.

Measuring market power and its relationship to concentration is not a

straightforward exercise. This chapter addresses a number of questions relative to the

best way to measure market power in the Canadian beef packing industry.

o What is market power and how is it measured?

o 'What 
is the link between concentration and market power? Is it a one-way

causal relationship or are there feedback effects? What does the economic

literature say about this relationship?

Measuring market power requires accounting for demand and supply

considerations. How can these aspects of the market be used to determine the

degree of market power?



. How do scale economies relate to market power?

The Canadian beef packing industry is a highly concentrated oligopoly in which

three firms control most of the market (Maclachlan, 2001). The high degree of

concentration is where the concem lies. If the beef-packing sector is able to exert

oligopsonistic market power, then Canadian cattle producers are likely being paid a price

lower than would result in a competitive market. This of course affects the producers,

their communities, businesses supplying the producers, and many others.

Economists have devoted alarge amount of research to this issue, especially

focused on the U.S. market, with approaches evolving throughout the years from simple

regressions, to very complex multi-equation systems attempting to simulate market

behavior. Several studies have surveyed competition research in U.S. meat packing

(Ward 2002, Azzam and Anderson 1996, and Sexton 2003). This chapter also reviews

the literature addressing the measurement of market power in order to determine the

appropriate method to measure market power in Canadian beef packing.

The first section outlines a clear definition of market power. Different approaches

to measure market power are then presented, along with the weaknesses associated with

the approaches. Results from relevant studies are discussed. The final section draws

conclusions in the context of the model chosen for this study, and discusses the best

choice given the goal ofthe research and the data available.



2.2 ltrlhat is Market Power?

Market power measures the ability of firms to set price at a level different than

that which would prevail in a competitive market. In the output market, a profit

maximizing firm's optimal decision rule is to set output where marginal cost equals

marginal revenue, which in a competitive market, will equal price. A monopolist is able

to exercise market power because it faces a downward sloping demand curve, unlike the

horizontal demand curve faced by competitive frrms, and can influence price. The

monopolist follows the same rule as a competitive firm in setting marginal revenue equal

to marginal cost at the optimal level of output, but the ability to influence price results in

a different outcome. This is a result of the marginal revenue curve being downward

sloping rather than horizontal.

For a monopolist, marginal revenue is defined as: P(1+1/r1) where P is output

price and r'¡1 is o*n-price elasticity of demand. However, this level of output is lower

than that of a competitive industry and the result is a higher market price. Lemer (1934)

restated this decision rule - (rf=;) rhe mark-up rule (ry)has come to

be associated with Lemer and is now known as the Lerner index. The Lerner index is

one of the common measures used by economists to discuss market power.

In a competitive industry, price is driven to marginal cost so that the Lerner index

is equal to zero. In the input market, the decision rule is the value marginal product

equals the marginal factor cost of the product. An analogous Lerner index is

I The technical definition of 1is ( aQ, p ) In words, elasticity of demand' l* Ø)
quantity demanded in response to a given small percentage change in price.

7

is the percentage change in



(vue - w 
= t.] The term w refers to the input price paid by the processor and VMP is

\ 1r t)

value marginal product, which is the marginal profitability of an additional unit of the

input. The term e is the price elasticity of supply2.

The Lerner index can be used to identify a market as competitive or non-

competitive. An oligopoly is associated with a few firms and this market structure will

fall between the extremes of a Lerner index of zero (competitive) and a Lerner index of

the reciprocal of the demand elasticity (monopoly). So a Lemer index of greater than

zero is evidence of market power.

2.3

One of the earliest ways used to quantifu the effect of concentration on market

functions was the Structure-Conduct-Performance paradigm (SCP), developed atHaward

University by Edward Mason (1939,1949). The SCP paradigm is based on the theory

that an industry's performance, generally measured as the price-cost margin, depends on

the conduct of the sellers, which in tum depends on the structure of the industry. It relies

on a one-\ilay causal link to explain behavior. An industry has a given structure that is

exogenous (determined outside the market), and that structure determines the conduct

(behavior)3 of the firms in the market. This behavior then determines the performance

(profitability)4 of the firms. This approach uses a measuÍe of performance as the

Structure Conduct P erþrmance

' Sirnilu, to elasticity of demand, elasticity of supply is the percentage change in quantify of supply with a

given small percentage change in price.

3 Conduct could be pricing behavior, advertising levels, or research and development expenditures
o Other performance measures include efficiency, rates of return, or Tobin's q (ratio of market value of the
firm to the replacement cost of its assets)

8



explanatory variable (a proxy for profitability) and regresses this measure against

indicators of market structure and other demand and supply variables. The market

structural indicators could include barriers to entry such as sunk costs (Kessides),

advertising level (Eckard) or concentration (Bain). These studies typically use cross-

sectional industry level data.

Bain (1951) examined 42 industries in the United States using data from the years

1936-1940 and regressed a profit measures on the 1935 CR-86. Buin found a demarcation

line between the exercise of market power in the results, "...a rather distinct break in

average profit-rate showing at the 70 per cent concentration line, and there is a significant

difference in the average of industry average profit rates above and below this line." It

was this observation that led to the proposition that there was a direct link between

concentration and profitability: higher concentration leads to the ability to price higher

than marginal cost, which in turn yields higher profits.

The early 1970s brought a resurgence of interest in the connection between

concentration and market power. In 1973, both Demsetz and McFetridge found a

positive link between industry concentration and profits using the S-C-P approach.

Demsetz compared the rates of return to the CR-4 for 95 industries in United States using

1963 data. He then suggested that industries with firms operating at similar efficiency

rates would have low concentrations and low average profits. However, if some firms

were more effrcient than others the industry will have higher concentrations and prof,rt

margins. This introduced the role of cost efficiency in the relationship between

s Bain used the ratio of annual net profit after income taxes to the net worth as of the beginning of the year
as the profit measure.
6 CR refers to concentration ratio. The CR-8 and the CR-4 is the market control of the 8 largest firms and 4
largest firms, respectively.

9



concentration and market power but a means to quantiff the opposing effects had not yet

been developed.

McFetridge also found that the price-cost margin was significantly correlated with

a variety of seller concentration margins. He found these results by researching forty-

three manufacturing industries based on the 3-digit Standard Industrial Classifications

(SIC) in Canada with data from 1965-69. He also found that concentration exerted

greater effect on price-cost margins in consumer goods than in producer goods. This

implies that a firm is better able to exert oligopoly power than it is to exercise oligopsony

power.

Another notable and more recent S-C-P study was by Domowitz, Hubbard and

Peterson (1936). They used a panel data setT to compare the price-cost margins and

concentration ratios of 284 industries for the years 1958-1981. Examining the industries

by high, medium, and low concentrations they found that industries with a high

concentration have high a price-cost margin but that these margins have been narrowing

over time.

The S-C-P approach has been used much less in recent years. The S-C-P

approach is good at making general inferences about the structural effect on performance

but it has been criticized because the results do not have an explicit interpretation. This

approach relies on a one-way causal effect of industry structure indicators on

profitability, however that may not be the case. The structural indicators used, such as

advertising levels and concentration, maybe endogenous or determined by the firms in

7 Panel data is data from a (usually small) number of observations over time on a (usually large) number of
cross-sectional units like individuals, households, firms, or governments. In addition to S-C-P studies,
panel data has been used in more complicated explicit market modeling techniques (MacDonald and
Ollinger 2000) and Klette (1999).

10



the market, so the interpretation of the simple regression results are not straightforward.

The results can not be explicitly interpreted as cause and effect. It is difficult to decide

whether the structure caused the performance level, or if the performance of the industry

caused the structure, or if the effects were simultaneous. It is also reasonable to assume

that the existing firms will make strategic decisions that affect the structure in a favorable

way. For example, a successful firm can choose levels of advertising that can create a

barrier to entry and make it difficult for other firms to enter the market. If firms behave

in this maffler by affecting the structure of the industry then the results of S-C-P studies

are even more questionable.

Also, this approach does not have the capacity to deal with the issue of increasing

returns to scale. If an industry is characterized by increasing retums to scale, then there

are cost efficiencies that are enjoyed with high concentrations. As Demsetz (1973)

hypothesized, industries became more concentrated through natural economies of scale

and the excess profits were a result of greater effrciency. This criticism and others

encouraged economists to revisit the Lerner index to find other ways to deal with the

issue of market power.

2.4 The New Empirical Industrial Organization Q'{EIO)

Market power has been defined âs, "...the ability of a firm to behave persistently

in a manner different from the behavior that a competitive market would enforce on a

corporation facing otherwise similar cost and demand functions" (Griffith, 2000). This

definition has three very important elements within it. The first element is persistency.

This implies that a firm or an industry must display this behavior for a prolonged amount

ll



of time. The second element is 'different from the behavior that a competitive market

would enforce'. Assumptions about competitive behavior must be made at this point. So

it is necessary to measure marginal cost to test if price equals marginal cost. The final

element is 'facing otherwise similar cost and demand functions'. To be able to compare

costs and demand conditions it is useful to take an explicit accounting of demand and

cost functions when accounting for market price. The S-C-P approach discussed in the

previous section was able to account for some of the elements from this definition, but a

more direct approach that explicitly accounts for the cost and demand functions was

needed. Recognizing this, other approaches were developed to measure market power

that included explicit cost and demand functions. This included a price wedge approach

that measured the difference between marginal cost/marginal value product and

output/input price, methods to determine the conjectural variation of an industry, and

explicit game theoretic approaches.

2.4.1 Price Wedge Model

The price wedge approach is a direct attempt to estimate a Lerner index. By

modeling supply, demand, and cost functions, the 'wedge' between marginal

cost/marginal value product and output/input price can be estimated. This method can

account for multiple inputs and outputs and also potentially be used to find both input and

output measures of market power. This method models firm and market behavior to find

estimates for marginal coslvalue marginal product in testing for oligopoly/oligopsony

power. It can also incorporate ways to measure cost efficiencies and compare that to

market power effects (Morrison-Paul 2000). To take full advantage of this approach

t2



cross sectional information that includes hrm specihc decisions should be used. This

also allows for a more focused study. The data can be divided geographically to account

for regional markets or can be divided by other criteria, such as firm size.

2. 4. 2 Conj ectural Elasticity

The pursuit of a conjectural elasticity is a method of sorting different types of

oligopoly models (e.g. Cournot behavior, Bertrand behavior, Stackelberg behavior) into a

common unified approach. A conjectural variation represents a ftrm's perception of how

other firms will react as it changes its output. The firm's prof,rt maximization problem

can be written as:

max p(Q)q-c(q)

The firm faces an inverse demand function where price þ) is a function of industry

output (Q). The firm's output (q) enters the revenue relation and the cost function. The

firm will have some perception of how market prices will change as it changes the output

(ap<Ot.1, so that the change in price depends on industry output, which in tum depends on

laq )

the firm's output (aefø ag.ì. Conjectural variation lâOl will depend on the firm's' lôa ôs) lar)

perceptions of others' behavior. In a Coumot model, each firm assumes other firms will

not change their output when it changes its own output. Under Cournot behavior, a

change of 1 unit of a firm's output will lead to a change of 1 unit of industry

t3



ovtpú(aO =,)*. fn. profit maximization first order condition (marginal revenue (MR) =
\aq )

marginal cost (MC)) from profit maximization is:

Conjectural elasticity is the conjectural variation multiplied by an individual firm's

market share. Marginal revenue can be written in terms of a conjectural elasticity

f t =(9+\ anderasticityordema'¿l,t=lg+ìlu, r[r .9] AmonoporyI taqQ)l " L'\ôPO)) I,t)\)
has a conjectural elasticity of I and perfect competition has a conjectural elasticity of 0.

All other forms of imperfect competition will fall between 0>0> I .

Iwata (Ig7Ðe was one of the first economists to attempt to measure conjectural

elasticity employing information about marginal cost. His initial attempt prompted a line

of research in oligopoly market power made famous by Appelbaurn (1979,1982). In

1982, Appelbaum developed a framework based on measuring conjectural variation in an

industry to measure market power. He estimated a system of equations including a final

demand equation, conditional input demand equations for each of the factors of

production, and a price equation based on a Lerner index with a conjectural elasticity for

the industry. The industry's cost structure was established by the conditional input

demand equations that were obtained by differentiating a cost function (Shephard's

plt*glgag1= MC
I agPôqQ)

'other structures include: 
U%r:o 

competitiv ",U%n:% :t coltusive (Monopoly)

e lwata applied his model to firm level data in the Japanese flat glass industry.

T4



Lemma). Cross-equation restrictions were used to identifli all the parameters in the

system. This framework was the basis of much of the subsequent work in this area.

The conjectural elasticity method has also proved to be quite adaptable to various

research goals and data availability issues. For example, this method has been expanded

to account for cost efficiencies gained through increasing plant size and increasing

returns to scale (Azzam 1997). A similar approach starts with a variable profit function,

rather than a cost function, and applies Hotelling's Lemma to derive output supply and

unconditional factor demand equations to describe the industry's technology (Murray

1995, Quangrainie et al. 2003). When the factor demands equations are solved

simultaneously with the pricing equation, an oligopsony Lerner index that relates the

input price with the value of the marginal product of the input is measured. Market

power is measured by allowing for a difference in the input price and the shadow value of

a good that is explained by conjectural variation and the input supply elasticityl0.

2.4.3 Game Theory Approach

Although conjectural elasticities fall within a range of zero to one, estimates of a

single parameter 0 (or a parameter that varies with time) does not say much about the

explicit optimizing behavior of individual firms. Modern theories of industrial

organizafion use game theory as a basic building block. "Game theory,..., deals with

players whose pay-offs are linked and who makes choices that are conditional upon rival

choices." (Slade). This is a useful tool to apply to oligopoly theory where firms make

decisions that recognize strategic interactions with other firms.

r0 This can be represented by: ,ft*%)=shadow value of the input
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A game theoretic model has an explicit optimization to determine a pay-off

þrofits) for each player and a method of accounting for how the firm takes the other

firm's reactions into account when determining its own pay-offs. Games can be single

period (static) or repeated (dynamic). All of the older models of non-cooperative, non-

competitive behavior; (Cournot (1938), Bertrand (1883), and Stackelberg (1952) etc.) can

be explained with single period game theory. An approach, similar to that described

above to measure conjectural elasticity, can be used to test hypothesis of altemate market

structure (e.g. Cournot vs. Stackelberg). In a repeated game, firms may use complex

strategies in which they change behavior in one period depending on the outcome in the

previous period. This form of multiperiod model allows more complex and realistic

interactions between firms but it is significantly more complex to model. Frequently the

question is asked whether a repeated game leads to collusive behavior.

The conjectural elasticity models can be thought of as representing the outcome of

some non-specified game. The approach is static and represents a Nash equilibriumll.

However, since this approach is a static game, it fails to take account of "dynamic

interactions between agents, namely, reactions to each other's quantity or price

strategies" (Sexton 2003). Slade (1995) scrutinized 10 market power studies done by

economists between the years I974-1992. These 10 studies all used static models to

explain firm behavior and Slade tested for Coumot behavior in intermediate good

industries and for Bertrand behavior in retail goods industries.12 In all but one industry,

rr A Nash Equilibrium is when no firm can obtain a higher payoff by choosing a different strategy (holding
the strategies of the other firms constant). In a Nash equilibrium, no firm wants to change its strategy.
r2 In a Cournot equilibrium, each firm sells the quantity that maximizes its profits given its beliefs about the
otherfirm'schoiceofoutput(Thedecisionvariableisquantity). InaBertrandmodel,eachfirmbelieves
its rival's price is fixed; by a slight price cut, the firm is able to capture all its rival's profits (The decision
variable is price).
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she rejected the hypothesis that the industry was in Nash equilibrium and the implication

was that static equilibrium models were being applied to industries that were not in static

equilibrium. It is worth mentioning that none of the studies she looked at were focused

on the beef packing industry.

Modeling dynamic games uses an explicit optimization equation over time (value

function), rules about the firm's pricing strategy which are introduced directly into the

value function, and a way to compare outcomes when imposing alternative behaviors. In

an agricultural example, Koontz, Garcia, and Hudson (1993) use a game theory approach

to test for collusive behavior in the input market for beef packers. They define a beef

packer value function, which is the discounted sum of present and future profits for the

firml3, an incentive constraint, and a trigger. Prof,rts are determined by the firm's pricing

strategy and the strategy used by all other firms. The incentive constraint states that value

of collusion must be greater than the value to a firm from cheating. When this constraint

binds there is no incentive to cheat. The model employs a trigger strategy; if the price of

cattle exceeds a predetermined level, competitive behavior returns, and the farm price of

livestock increases. For collusion to occur the firms' margins must exceed a threshold

margin. If the margin falls below the threshold non-cooperative pricing will start among

the firms. So, "...cooperation is enforced through threat of temporary high prices and

low profits."(Koontz, Garcia, and Hudson)

The game theory models can be very sensitive to model specifications and

assumptions. While game theory is widely applied to theoretical problems in modern

industrial organization, this approach is used much less frequently in an applied setting.

r3 A profit function is introduced into this value function. So the value function is a function of the price

paid for cattle, price paid for cattle by other beefpackers and various other inputs.
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The problem is that game theory approaches are too case specific and do not generalize to

a variety of situations. The results are extremely sensitive to small details in model

design.

2.5

Although NEIO approaches are generally seen as superior to the S-C-P models,

they are not without criticism. The problems associated with empirically implementing

NEIO models include problems with identifuing the model's parameters, the treatment of

technology, and issues arising with aggregation of data.

Problems Encountered

2.5.1 ldentification

Both the price wedge approach and conjectural elasticity approach depend on

identiffing a gap between the market price and marginal cost. They have a common

econometric problem of identification. Identification is the certainty that what you

estimate is what you say it is. For instance, in a competitive market, problems arise when

estimating demand and supply functions, because observed prices and quantities

represent intersections of the curves and not the locus of points describing a demand or

supply function. The solution to the identification problem is to add exogenous

information to help identiff the function in question. One option is to add variables that

explain shifts in the supply function to help identiff a demand function. An example

would be adding an exogenous variable such as feed prices when modeling the supply of

cattle. Variables that will shift þivot) both the demand and marginal cost functions must

be included to properly identify the presence of market power.
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Without knowing the oligopsonist's input demand curve, a researcher cannot distinguish

between a competitive or non-competitive equilibrium. Just and Chern theorized that an

exogenous technological change that shifts the supply curve can help identify market

power. The quantity under an oligopsony is determined by the intersection of the

marginal outlay schedule and the input demand cuwe14. In a competitive model, a

technology change that pivots the supply curve, but does not change the intersection point

of the supply and demand curves will not change equilibrium levels. However, the same

shift will change the intersection point of the marginal outlay schedule and demand

curve, which will change the equilibrium levels in an oligopsonistic market. Just and

Chem applied this theory to the tomato industry and the effect that mechanical harvesters

had on the supply function. They found that the resulting supply shift changed

equilibrium levels and concluded some level of oligopsonistic behavior.

The issue of identification can be a serious problem for empirical applications but

the inclusion of exogenous variables that shift the supply and demand curves help to

address this issue. Just and Chem measured the impact of a technical change in the

supply process, which is just one possible exogenous shifter to measure price changes.

Including exogenous demand curve shifters, such as income, can cause the demand curve

to pivot and allow for identification of the demand curye.

Just and Chem (1980) addressed the identification issue on the supply side.

ra The marginal cost to a monopsony (oligopsony) of buying additional units is described by a marginal
outlay schedule which lies above the input supply curve (average outlay schedule).
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2.5.2 Technology

Another area of concem when developing and econometric model to test for

market power is the treatment of processing technology. There are three specific issues

that enter into this topic. The first issue is the treatment of technical change and

improvements over time, the second issue is dealing with the various (increasing,

decreasing, and constant) returns to scale, and the final is treating inputs as either fixed or

variable proportions.

The first issue is how to measure market power when technical change occurs.

Technical change deals with an improvement in the processing stage that allows the same

amount of output to be produced with less input and this reduces processing costs. This

issue can be particularly problematic with studies using long time series data sets. For

example, the beef packing industry went through a considerable technical change in the

late 1970s and the 1980s where output changed from full or half carcasses to fabricated

boxed beef. In this example, the definition of the product changed. The corresponding

price change was due to the higher level of processing and not necessarily from technical

change or market power. Any studies that include this transitional era would misrepresent

industry conduct if the model did not account for this change in technology. More

generally, economists usually include a time trend variable in the regression. The time

trend variable is designed to pick the effects of technical change, however, it will also

pick up other unaccounted for effects, so it can not be strictly interpreted as technical

change and this approach will not account for a definitional change in an output. The

correct way to deal with these types of problems is a careful definition of the variables
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used to estimate the models and appropriate adjustments if the variable definitions

change.

Economies of scale are associated with cost efficiency gains due to increased

plant size and utilization. This occurs when average cost decreases as production

increases. As a firm increases its production, unit cost goes down. 'With increasing

returns to scale, both marginal cost and average total cost decline as output increases.

Furthermore, average cost exceeds marginal cost at every level of output. This precludes

competitive pricing because losses occur (ATC>MC:P). Therefore, there is a dual

problem of measuring market power and scale economies at the same time. This issue

was largely ignored empirically until recently. Since 1995 a few studies have tried to

address this issue in different ways (Azzam 1995, Morrison-Paul2000). The problems

with trying to address this issue are twofold. The first is the recurring problem of data

requirements. A model that takes into account cost efficiencies generally requires firm-

level data that can be difficult to acquire. Also, since these models are quite complex,

they can easily fall victim to misinterpretation and are sensitive to specification problems

(Hyde and Perloff 1995). This turns into an identification issue because it becomes

diffrcult to identify whether it is market power or returns to scale that is being measured.

Another area of concem is the treatment of technology as either f,rxed proportions

or variable proportions. Variable proportions technology assumes that there can be some

substitution between the various inputs, whereas fixed proportion assumes no substitution

between inputs. In the beef packing industry, for example, fixed proportion technology

imposes a fixed relation between 1 unit of input (usually measured by carcass weight of a

live animal) and the amount of beef produced regardless of the amount of other inputs
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(such as labor) used. The seriousness of this issue has been the subject of much debate. It

has been argued (Muth and Wohlgenant 1999) that there is evidence of substantial

substitution and the technological changes in the industry are allowing for even more

substitutability. However, Schroeter (1988) argued that fixed proportions is an accurate

representation because, "...the dressing yields for cattle have varied by less than 8%...in

the last 30 years". He asserted that if the meat yield per animal has not changed in thirty

years then there must be very little substitution between inputs. Sexton (2003) also noted

that studies using variable proportions typically use highly aggregated data so inputs are

substituted among several end uses and not several inputs are substitutable for one end

use. Sexton argued that the larger problem in this case is not the technology

specification, but that, "...researchers often use very poorly defined (and often overly

broad) product markets in their empirical analysis."

There are different ways to treat technology in empirical modeling. 'When 
an

economist creates a model to measure market power, decisions have be made with

regards to the treatment of technical change, returns to scale, and fixed vs. variable

proportions. How these issues are dealt with can effect the outcome of the study and the

modeler should attempt to reflect the characteristics of the market as closely as possible

and use the available information as accurately as possible.

2. 5. 3 Aggregation Issues

There are two aggregation problems. First, the choice to model individual firm

behavior or industry behavior must be made. Frequently only industry level data is

available, so what assumptions for a theoretically correct model, are required to go from
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the individual firm level to the industry level? Second, questions arise as to the

appropriate market at the industry level. A market can be defined geographically, where

the market borders are determined by transportation costs or by the degree of

substitutability between products.

The biggest problem is that most of the available data is at the industry level, but

the production theory and conceptual devices used to measure market power are at the

level of the individual firm. So does the same theory apply at the aggregate industry

level? What assumptions are necessary to make this aggregation? The typical

assumption to aggregate is that all f,rrms have homothetic technology. The implication is

that the same ratio (or mix) of inputs is used no matter what the scale of the operation is

and the expansion path originates in the origin. This is a difficult assumption to accept,

so a slightly more generalized technology - a quasi-homothetic technology is employed.

Appelbaum employed a functional form known as a Gorman polar which imposed a

quasi-homothetic functional form on the cost function he estimated. The assumption of

quasi-homothetic technology has become very common and is generally accepted. This

type of function still assumes that the capital-labor ratio is the same regardless of scale of

production, but fixed costs are included and the expansion path is not forced to start at the

origin.

A problem with over-aggregation, in a spatial (geographical) sense, arises when

the data set comprises a larger geographical area then the actual market area. This is

common in many time series studies because often the data used is national when many

markets are seen as regional. It has been argued (Koontz, Garcia, Hudson 1993) that the

appropriate market in the beef-packing sector is regional and national data will not
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represent the individual regional markets correctly. At a national level, concentration

was associated with higher prices to producers (Multop and Helmuth, 1980) and in

smaller regional markets, prices to beef producers tended to be lower as concentration

increased (Marion and Geithman, 1995).

The other aggregation issue arises with data sets including too broad a scope of

products. The proper definition of the product dimension of a market should include all

those products that are close demand or supply substitutes. Again, many of the studies

using a time series approach use the govemment-published national data that is organized

by standard industrial classification (SIC) codes. Often these classification systems are

very broad and may not be appropriate for a focused study. An example is the

classification set that beef packing falls under in North American Industry Classification

System (NIAICS). Beef packing data is combined with pork packing dxa under NAICS.

Since much of the pork and beef slaughter equipment is specialized, they may not be

substitutes in the input market when they are seen as substitutes in the output market.

Bloch (1981) tested the effect of using broad industry classifications for concentration

and profitability studies. He found two studies (McFetridge 1973, Jones et aL 1973)

using 3-digit Standard Industrial Classification had understated the impact of

concentration on profitability because of the broad classification.

Aggregation is really an issue of defining the relevant market and applying firm

level theory to industry level data. A market is defined spatially and by the degree of

substitutability between goods. It becomes problematic when the data used in an

empirical study does not reflect the relevant market. Applying firm level theory to

aggregate data requires certain assumptions, but they have become common and accepted
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as the noÍn. These problems are common with many time series studies because the data

is often national data when relevant markets are often regional.

2.6

Most of the empirical research done on market power in the beef packing industry

has focused on the U.S. beef packing industry. This section will examine the relevant

results from American studies, then look at the studies on the Canadian beef-packing

sector (see Table 1 for a summary of these studies).

Results from Previous Studies

2.6.I American Beef Packing Sector Results

Hall, Schmitz, and Cothern (1979) studied the connection between concentration

and profit on the U.S. meat retail market. While a great deal of attention has focused on

the U.S. beef-packing sector, very few studies have examined the retail sector. They

regressed the wholesale-retail price spread against the retail store wage and the CR-4 of

the food retail sector. The data was from 19 Standard Metropolitan Statistical Areas in

the years 1967 to 1973. They used a panel data approach to eliminate the possibility of

observing a short run effect and broadening the data set. A significant relationship

between concentration and the price cost margin in the retail food sector was found.

Specifically , a I}Yo increase in concentration was found to cause a 4Yo increase in the

price cost margin. But there is an interpretation problem with these results: Either the

meat retailers are exerting market power in the output market, or the input market, or in

both markets. It is not clear which of these possibilities might actually be occurring.
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Schroeter (i988) measured oligopoly and oligopsony market po\Mers using a

conjectural elasticity framework and a fixed proportions transformation of cattle to beef.

Using beef-packing data from 1951-1983 he found only slight oligopsony and oligopoly

power with a Lemer index of 0.01 in the product market and .04 in the factor market, as

well as a conjectural elasticity of 0.22 in this time period. To his surprise Schroeter

found that although concentration increased over time, the industry behavior was no less

competitive. This was the f,rrst attempt to apply the conjectural elasticity method to the

beef packing industry, and Schroeter relied on some restrictive assumptions. The first

limitation of this study was that he assumed fixed proportions (a constant conversion

factor is used to turn cattle into beef). This assumption made the modeling easier by

allowing Schroeter to simultaneously determine oligopoly and oligopsony market

powers. The limitation is that he was forced to assume identical conjectural elasticities in

both the input and output markets. The implication is that beef packers apply the same

market behavior with regard to both feedlots and the retail sector. This would not appear

to be a realistic assumption because the input and output markets a beef packer faces are

completely different. The input market is characterizedby several sellers and the output

market is a concentrated retail sector. Also, in order to aggregate data he had to assume

that each firm's conjectural elasticities are equal to the industry's elasticity in

equilibrium.

In response to Schroeter's limitations, Azzam and Pagoulatos (1990) developed a

model that did not assume fixed proportions. They pointed out, that Schroeter's outcome

of identical conduct in the two markets, ".. .is not an implication of oligopoly/oligopsony

theory but a result of the imposed technology". To correct for this weakness, they
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estimated a production function and derived share equationsls that do not rely on fixed

proportions. However, this approach has econometric problems associated with the

presence of endogenous variables in the production function. Azzam and Pagoulatos

used an instrumental variable technique in an attempt to deal with the endogenous

explanatory variables. Using annual beef packing data from 1959- 1982, they found an

oligopoly indexr6 of 0.46 and an oligopsony indexlT of 1.1. As the authors predicted, the

beef packing industry had more market power in the input market than the output market.

Muth and Wohlgenent (1999) developed oligopsony models that did not rely on

fixed proportions. Also, this model did not require information on labor and material

quantities. Applying their model to the beef packing industry they found no evidence of

oligopsony power over the studied period of 1967-1993.

Koontz, Garcia, and Hudson (1993) used a non-cooperative game theory

approach to attempt to explain collusive behavior in beef packing sector. They used

weekly data for two time periods that appear to be structurally stable (1980-82 and 1984-

86). They found evidence of collusion and oligopsony power based upon a trigger price

strategy and provided estimates of conjectured price distortion of 0.5 percent to 0.8

percent. Similar to the counterintuitive results found by Schroeter (1988), Koontz,

Garcia, and Hudson also found that as concentration increased oligopsony market power

declined.

In a follow up to their 1993 study, Koontz and Garcia (1997) expanded their game

theory framework to account for multiple markets. While the 1993 study could not find

It These are equations for the ratio of input share expense to the value of shipments, which was derived
from the production function. There is an equation for each ofthe four inputs.
'o The oligopoly index is defined as: Conjectural elasticity (output)/demand elasticity
r7 The oligopsony index is defined as: Conjectural elasticity (input)/supply elasticiry

27



evidence of market power, when the same data set was applied across markets they found

f,trms were more likely to apply oligopsony power when the f,rrms operated in several

markets rather than one market. Nonetheless, they found the magnitude of market power

to be small and not constant over time.

Perhaps it was the counterintuitive results from Schroeter and others, that market

power declined as concentration increased, that motivated research on the beef-packing

sector capable of testing for cost efficiency. The focus of research shifted to the trade-off

between improved cost efficiency gains through larger plant sizes versus the exercise of

market power. Azzam and Schroeter (1995) used data from the U.S. beef packing

industry for the years 1986-88 to develop a model to, "calculate the cost reductions

necessary to offset the anti-competitive effects of market power and to compare them to

actual cost savings achieved through plant scale or multi-plant operating economies".

They found that the efficiencies created by mergers outweighed the increased rent

seeking ability of the industry and concluded a cost saving of 2.4 percent would offset the

market power effects created by a 50 percent increase in concentration. They found a

cost savings of 4 percent over the period 1986-88. In other words, the firms were more

prof,rtable but not at the expense of the cattle sellers.

Azzam (1997) examined the U.S. beef packing industry using data from the 1970-

1992time period, and estimated two equations simultaneously. One equation was a

supply equation and the other was a two part equation for the material input margin. The

first part measured the market power effect that was explained by concentration,

conjectural elasticity, and supply elasticity. The second part was a cost equation capable

of determining scale economies. The results were split into market-power effects and cost
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efficiency effects. Consistent with his previous research, Azzam found that the cost

efficiency effects were approximately double the market power effects.

Morrison-Paul (2000) used a market model approach to measure market power

and cost efficiencies. Unlike the approach taken by Azzam she did not directly measure

conjectural elasticities. Paul used firm level, cross sectional data from 1992 and applied

it to a system of equations to measure the trade off between cost efficiency and market

power in the beef packing industry. This system of equations included input demand

equations for three variable inputs, two supply equations for cattle, four profit

maximizing beef supply equations and a cost function equation. The strength of this

model is its ability to deal with the multiple outputs and inputs. The model accounts for

several outputs, while at the same time accommodating the multi-plant efficiencies.

Large, multi-plant firms are able to gain efficiencies through devoting a plant to a

specific output. This model can also accommodate characteristics unique to the beef

packing industry, such as plant specialization. The result of this model is a measure of

the Lemer index. To accommodate the possibility of market power, 'wedges' were built

in the profit maximizing output supply equations and the cattle input supply equation.

She found little evidence of oligopsony povver and economies of scale offset the effects

of any non-competitive behavior.

Driscoll, Kambhampaty, and Purcell (1997) developed a nonparametric test for

short-run profit maximization and oligopsony/oligopoly behavior. They applied this test

using data from 15 beef packing f,rrms in two regions. They found little evidence of

oligopoly or oligopsony behavior. They also found that f,rrms did not produce where

marginal revenue equaled marginal cost. Driscoll et al. found that the firms did not
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operate at short run profit maximization. They concluded that the conjectural elasticity

approach was not appropriate when static profitmaximization was assumed.

The most recent attempt to measure the effects of cost efficiency and market

power came in 2002. Lopez, Azzam, and Lirón-España assessed the impact of market

power and cost efficiency on32 food-processing industries in the United States. The

previous study by Azzam (1991) focused on oligopoly power in the beef industry and this

study differed by the scope of the study (32 industries vs. one industry) and direction of

market power. Instead of oligopsony power, this study focused on possible oligopoly

power. In the time period examined (1972-1992), they found the increase in

concentration in the red meat packing industry created a slightly greater market power

effect than the cost efficiency effect.

2.6.2 Market Power and the Canadian Beef Industry

While there has been a lot of research done on measuring market power in the

U.S. beef packing industry, until recently the Canadian beef packing industry has been

largely overlooked. This section reviews the existing research on the Canadian beef

packing industry.

Lopez (1984) attempted to discover a connection between concentration and

oligopoly power in the Canadian food-processing sector. He employed a multi-equation

system capable of measuring the conjectural elasticity of the food processing industry in

aggregate. Lopez used annual data (1965-79) provided by Statistics Canada. He found

an average conjectural elasticity of 0.504 for the entire time period, and that the

conjectural elasticities were rising over time with a high of 0.579 in 1979. He also found
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that labor and energy were more responsive to price changes than capital and raw food

inputs.

Cranfield and Goddard (1999) studied the effects of brand versus generic beef

advertising in Canada and the United States. The objective was to determine if producers

benefited from the generic advertising paid for via producer check-off fees. It was

hypothesized that advertising increased demand, but producers would not benefit if the

packing industry was able to exert market power to capture those gains. They found that

both types of advertising (brand and generic) increased demand in both countries.

However the generic advertising in Canada resulted in a decrease in producer profit. The

adverse impact was attributed to the possibility of oligopsony power in the beef packing

industry that would allow the packers to capture the added surplus.

While looking at several agri-food processing sectors, Rude and Fulton (2001)

found an unexpected negative relationship between concentration and wholesale-farm

price mark up in the beef packing industry. With increasing concentration they found

decreasing margins. This result was accounted for in two ways. The first reason was the

inappropriateness of the aggregation level. Their data encompassed both slaughter and

fuither processing, but only animal slaughter should be compared directly to the U.S.

results. When animal slaughter and further processing data were separated it was found

that the concentrations in the animal slaughter sector had been increasing, while further

meat processing concentrations in Canada had been decreasing. (Harrison and Rude)

Also, the margin was calculated as the difference between industrial product price

indexes and material cost indexes, which was different from the margins traditionally

31



used to calculate mark-ups. Nevertheless, it did consistently show that the price for beef

did not increase disproportionately to the price of cattle.

The most recent study (Quagrainie et al. 2003) used hog and cattle data obtained

from by the Statistics Canada database, CANSIM, from the years 1960-1997. This study

was specifically designed to measure oligopsony power in the Canadian hog and cattle

market. They used an approach similar to the conjectural elasticity method, but used a

profit function and derived share equations from that function. They estimated an

oligopsony index ø =P/r)r8 similar to Azzamand Pagoulatos (1990). They impose 0<

{<1 where Azzam and Pagoulatos did not impose this restriction. They found a small

amount of oligopsony power in the cattle market from the years 1918-1997, but not prior

to that time period and no oligopsony power in the market for hogs

This section has presented several studies on the United States and Canadian beef

packing industry. Table I summarizes these studies and indicates the basic methods of

analysis used. Some of the studies found market power, while some did not, however for

all of the studies the degree of market power was relatively small. The more recent

studies attempted to account for the factthat firm consolidation may have been driven by

scale economies, and this may be one reason for the low degree of market power.

However, other reasons for not finding market power may be misspecification problems

such as over-aggregation.

't The index is conjectural elasticiry over supply elasticity.
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Table 1: Summary of Relevant U.S. Research on Oligopoly and Oligopsony Market Power

U.S. Studíes

Author(s)

Hall, Schmitz,
Cothern
1979

Schroeter
I 988

Oligopoly/
Olisonsonv

Oligopoly

Azzam,
Pagoulatos
1990

Oligopoly &
Oligopsony

Koontz, Garcia,
and Hudson
1993

Method, Data

S-C-P
t967-73
Panel data

Oligopoly &
Oligopsony

Conj ectural Elasticity
1951-83
Time series

Oligopsony

Ãzzam,
Schroeter
r995

Al0% increase in
concentration leads to a
4olo increase in
wholesale retail marsin

Conj ectural Elasticity
1959-82
Time series

Results

Azzam
1997

Game Theory
1980-82, t984-86
Daily,'Weekly,
Monthly

Oligopsony Lerner -
.04
Oligopoly Lerner - .01

Conj ectural Elasticity -
.22

Koontz, Garcia
r997

Oligopsony vs.
Cost Efficiency

Oligopsony vs.
Cost Efficiency

Oligopoly Index - .46

Oligopsony index - 1.1

Oligopsony

Driscoll,
Kambhampaty,
and Purcell
r997

C onj ectural Elasticity
I 986-88
Monthly

Behavior consistent
with trigger price
strategy
Conjectured price
distortion of .5-.8%
Concentration increase
brought oligopsony
power

Conj ectural Elasticity
r970-1992
Time Series

Game Theory
1980-82,1984-86
Daily,'Weekly,
Monthly

Oligopoly &
Oligopsony

Cost Effrciency gains
outweighed market
power effects
Cost efficiency effect
double that of market
Dower effects

Nonparametric test to
profit maximization,
emplying elasticities
with conjectural
variation

Evidence of
multimarket oligopsony
behavior across
geographic markets
Oligopsony power is
not constant over time

Little evidence of
Oligopoly and
oligopsony power
Firms do not display
short run profit
maximization behavior
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Paul
2000

Muth,
Wohlgenant
r999

Oligopsony vs.
Cost Efficiency

Lopez, Azzam,
and Liron-
Espana
2000

Oligopsony

Table 2: Summary of Relevant Canadian Research on Oligopoly and Oligopsony Market
Power

Wedge model
t992
Cross section

Oligopoly vs.
Cost Eff,rciency

Cønødian Results

Conj ectural Elasticity
1967-93
r lme Jenes

Author(s)

Lopez
1984

Conj ectural Elasticity
1972-92
Time Series

Little evidence of
oligopsony
Economies of Scale
offset oligopsony

Cranfield,
Goddard
t999

Oligopoly/
Olisonsonv

Rude and Fulton
2001

þo

Oligopoly

No evidence of market
power

wer

Oligopsony

Quangrainie et
al.
2003

Market power effect
greater than cost
effrciency effect

Method, Data

Oligopoly

Conjectural Variation
196s-79
Time Series

Conjectural Variation
1971-91
Time Series

Oligopsony

2.7

S-C-P
r 983-2000
Time Series

Conclusion

The purpose of this chapter was to define market power, describe different

methods to test for it, discuss the problems associated with the different methods and

present empirical results on studies of the American and Canadian beef packing
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Highest of .574 (in
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Results

Conjectural variation
t960-r997
Time Series
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Evidence of
competitive behavior
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Marginal but consistent
oligopsony power from
1978-1997



industries. The models described in this chapter vary in scope, detail and on whether

market power has been observed. Some studies have shown a link between increased

concentration and non-competitive behavior (Hall, Smitz, Cothem l9l9; Cranfield and

Goddard 1999; Koontz, Garcia and Hudson 1993; Azzarn and Pagoulatos 1990) while

others have shown little or no market power (Schroeter 1988; Muth and Wohlgenant

1999; Quagrainie et al. 2003). There have also been studies in the United States

comparing the cost efficiency effects to the market power effects of increased

concentration. It has been found (Paul 2000, Azzam 7997, Azzam and Schroeter 1995)

that the economies of scale effects outweigh the oligopsony market power effects but

studies determining this are sensitive to specification problems and results can be diff,rcult

to interpret because of the complexity of the model. Also the one study that compared

the cost efficiency effects to the oligopoly power of beef packers (Lopez, Azzam, and

Liron-Espana2}l2) found that the market power effects were greater than the cost

efficiency.

The difference in results can be explained by such factors as aggregation of the

data, time period estimated, accounting for cost efficiencies, the level of the market, and

the technology of the industry that is assumed. The one common theme that seems to

emerge from a review of the literature is that when market power is found, the degree of

distortion does not appear to be very big. Most of the studies used aggregate industry

data. Is the lack of observed market pov/er disguised by the level of aggregation or aÍe

there other factors at work that are not measured and may bias the results to not find

market power? Or does the industry act competitively even though it is highly
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concentrated? It is these questions that motivate future research and that are the impetus

for this thesis.

The literature review provids several examples of the pitfalls of modeling

imperfect competition. The problems include the issues of identification in econometric

estimates, the treatment of technology, and the possibility of retums to scale. The

conjectural elasticity approach, in varying degrees, is subject to the pitfalls, such as the

assumption that each firm's conjectural elasticity are equal to the industry conjectural

elasticity when using industry level data. However, this approach does have the

advantage over the S-C-P approach in that it allows for explicit modeling of demand and

cost considerations and is a closer representation of imperfect competition. More

disaggregated data will help relieve the aggregation issue and inclusion of appropriate

demand and supply shifters will help with identiffing the gap between the input price and

value marginal product.

The next chapter develops a model that will measure oligopsony power in the

beef packing industry while taking full advantage of the available data and addresses

many of the concerns raised in the chapter.
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Chapter Three

Model Specification and Empirical Appli cation

3.1 Introduction

Chapter two introduced the concept of market power and identified previous

studies that have attempted to measure market power in the U.S. and Canadian beef-

packing sectors. Although the U.S. industry has been the subject of considerable

amounts of research, there is little consensus on the existence and extent of market power

of firms within the industry. Thus, additional research is needed, especially in the

Canadian beef-packing sector where there has been less empirical research. This study

will begin to fill the research void that exists using firm level data.

This first step in filling this void is to select an appropriate econometric model.

The problems of identification, treatment of technology, the handling of returns to scale,

and problems associated with data aggregation, all mentioned in the previous chapter,

must be addressed. As well, the model should provide clear results on the existence and

extent of input-side market power.

The conjectural elasticity approach was chosen to satisff these requirements for

several reasons. One is that it does not have the same identif,rcation problems as the S-C-

P approach. Since there may not be a one way causal link between structure and

performance in the real world, it would not be appropriate to use the S-C-P model that

imposes such a link. The cross sectional price wedge approach (Paul 2000) was not

chosen largely because there are not enough firms in Canadian beef packing to

implement an econometric model for this approach.
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The goal of this chapter is to detail the econometric model used to represent the

Canadian beef-packing sector. To achieve this, this chapter will consist of three major

sections. The first section will discuss the conceptual framework of this market power

study and will present the economic theory of the oligopsonistic processing industry. The

second section will show the empirical application of the economic theory. The final

section will discuss the data sources and provide an in-depth description of the variables

used.

3.2 Conceptual Frømework ønd Theory

This section will discuss the conceptual framework and theory used as the

foundation for the empirical model. It will begin with a background to the Canadian

beef-packing sector, followed by the conceptual framework used in representing this

industry. It will also present and describe conjectural elasticity as a measure of market

power.

3.2.1 Background

It is important to understand the environment within which cattle producers and

processors operate when modeling market behavior. The cattle industry has been

following a similar trend as most of the rest of Canadian agriculture with a movement

toward fewer but larger firms. The 1996 Census of Agriculture revealed that over half

(51.35%) of the beef cattle in Canada were on farms with over 400 head. The category

comprised of the smallest farms (under 99 animal units) had the second greatest portion

of the beef cattle with26.8%;o of the cattle population. The 'cattle province' of Alberta

accounts for the largest cattle population in Canada, with Alberta and Saskatchewan

38



together accounting for over 60Yo of the beef cattle population. Ontario is a close third in

cattle population with 14%. With regards to the processing environment, there are a few

large beef packing firms and many smaller abattoirs. These abattoirs are mostly designed

to for small-scale cattle slaughter with little mechanizalion and are highly labor intensive.

The large packing firms are also labor intensive but have a high degree of mechanization

to ensure high throughput. It is logical that the major beef-packers then operate where

there is an available supply. Two of the top three beef-packing plants in Canada reside in

Alberta and the other is in southem Ontario. These plants provide over 7 5Yo of the total

beef slaughter capacity in Canada (AAFC). Beef-packers in Canada have three sources

of their cattle input: 1) small to medium sized beef cattle operation,2) independent large

feedlots, and 3) feedlots owned by the beef packers themselves. The limited number of

selling options for independent beef cattle farmers creates the concem that the beef-

packers may be exercising market power in the cattle input market.

3.2.2 Theory

The high degree of concentration in the beef-packing industry suggests that the

market may not be perfectly competitive, and processors may be able to influence the

price they pay for slaughter cattle. Other inputs, such as labor, energy and non-cattle

materials could be used in a variety of different industries so it is assumed that the non-

cattle inputs are purchased from a competitive market and the beef packers are price

takers in those input markets.
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Using a profit maximizing framework, and assuming the beef-packers are price

takers in the output market and the non-cattle input markets, the profit function for a beef

packer is:

This equation shows firm level profit as the difference between total revenue (TR)

and total costs (TC). The total revenue is comprised of the output price (P) and the firm's

output quantity (Q). The total costs are split between the cost associated with the cattle

max tr = PQ, -w f (* ;)* ; -w r x,l

input (X') and the non-cattle inputs 1Xk). as the j subscript implies on the cattle input

price (V/¡"), the firm has possible price influence, or market power, in the cattle input

market, which is related to the level of input (X'¡). The non-cattle inputs are; power

electricity, non-cattle materials, and labor.

The first-order conditions from the

3.1

competitive market. This shows that the value of marginal product (VMP) is equal to the

price of the input at optimal levels. In the case of a competitive industry, the marginal

factor cost (MFC) is the price of the good. In other words, firms will use an input until

its marginal factor cost is equal its value of marginal product. However, the cattle input

does not have the same interpretation because it is not from a competitive market. In a

non-competitive industry,the marginal factor cost of an input is equal to the price of the
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material input (W'¡) plus the market power influence (equation 3.3). The influence of

market po\ileï is represented by the marginal change in the input price (W') with a

marginal change in input quantity (X'¡) multiplied by the input quantity.

The first-order condition for the cattle input, with some manipulation, can be re-

written with a relationship involving input price, the price elasticity of supply (e)1e, and

conjectural elasticity (0). An explanation of the derivation can be found in Appendix

One.

Assuming that the beef packers face a positive supply elasticity, the value

marginal product will equal the marginal factor cost in a competitive industry (where

0:0), and will exceed marginal factor cost in a non-competitive market (where O>el1). It

is for this reason that a value greater than zero for 0 indicates some level of non-

competitive behavior.

P ô8 =w:(t*1.a1
ôX; ,\ E )

The next section will specify an empirical model that is derived from an explicit

profit function. Once a profit function is specified, a model to be evaluated that can use

the available data effectively and provide a measurement of conjectural elasticity can be

determined.

3.3 Econometric Specification

The next step is to specify a second order approximation to the true profit function

from which the factor demands can be derived. In creating a model capable of measuring

3.4

re The price elasticiry of supply is the percentage change in quantity supplied in response to a given small
percentage change in price.
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conjecfural elasticity, there are two frequently used approaches. A conjectural elasticity

model can use either a cost function or a profit function. Once the decision to use either a

profit or cost function has been made, then the most appropriate functional form has to be

chosen. This section will present the functional form, justifu the approach, and offer an

interpretation of the model.

The cost function approach is generally used when measuring market power in the

output market and the profit function is more conducive to measuring input side market

power. It is for this reason that the variable profit function was chosen for this research.

This approach distinguishes between the variable inputs and the quasi-fixed inputs, which

may not be at optimal levels in a given time period. "Rather than assuming that all inputs

adjust instantaneously to their full equilibrium levels, researchers in the last decade have

increasingly adopted a framework that distinguishes variable from quasi-fixed inputs,

where the latter adjusts only partially to their full equilibrium levels within one time

period" (Bemdt 1990). This functional form also facilitates the derivation of the value

marginal product of the inputs.

Equation 3.5 is the specified variable profit equation for Canadian beef-packing

firms. It is a function of the output price and quantity, the cattle input price and quantity

and the price of labor, energy and the level of capital. The profit function also includes

time dummy variables (T) for each of the factor inputs and a firm dummy variable (F)

associated with the quantity of cattle input purchased. The time dummy variables were

included to capture any changes in the market that would otherwise be missed in the

system The firm dummy variable was included in the cattle input equation to allow for

f,rrm specific influence on input pricing and market power. The eight largest (based on
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sales) beef packing firms each received a dummy identification in the estimation process.

The firm dummies were included to separate the impact large firms may have on the

market from the impact of small firms. It is reasonable to postulate that large f,rrms have

a greater ability to collude and therefore greater market power effects. The firm dummy

variables were included to test this theory.

Some general properties of the profit function are that they are non-negative and

non-decreasing in price. This means that profits are above zero and profits increase as

prices increase. Another property of a profit function is that is non-increasing in 'w'.

This means that as input prices (w) increase, profits will either stay the same or decrease,

ceteris paribus. Hofelling Lemma also applies to the profit function, which will be

discussed further as it directly relates to the empirical model.

The variable profit function is defined as follows:

tt=f(p,W',Wn,Q.",K)

Using a generalized Leontief variable prof,rt function, it is specified as follows:

n= þ*.P+ þ,,.W'+ þ"".'[4/"+2. P,,.(P.LIl)" +2. 8,"(P.W)" +2' P,"(W''77")" +

y*4 +y""4 +2.y."(Zo.Z")+þ,r'(P'Z)+þ,"(P'2")+þ,r(W'Z)+ 3.5

þ,"(W' ' Z") + þ"r(W"' Zo) + ø,"(W"' Z") +16,(f4/' '7,) +16"(W"'7,) +

L6,(P. \) +16.(2"' T,) +lø' (Z 
"' 

F)

With the following variables:

lI - Variable profit
P - Output price
WI- Labor Cost
W'- Energy Cost (competitive market)
Zx-Capital Quantity
Z"- Caltle Quantity
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T - Time

Q - Output Quantity
X1- Labour Quantity
X. - Energy Quantity
F- Firm Dummy Variable

The equations that will be estimated are derived from the above profit function

using Hotelling's Lemma (Hotelling 1932). Hotelling's Lemma states that differentiating

a profit function with respect to output price will yield output supply, while

differentiating it with respect to the price of a particular factor yields (the negative ofl the

corresponding factor demand. Equations 3.6,3.7, and 3.8 are found by applying

Hotelling's Lemma to the profit function to derive equations for output supply, labor and

energy demands.

Output Supply

O=#= þ*t Þ,,{w/r)" + P,"("/p)n tó,0(Zr)+ó,.(2")*2o,,r,, 3.6

Labor Demand

-x' =#= Þ,,+ Þ,,(P/¡4r,)^ + þ,,,(w'/w,)" +ó,r(zr)+ó,-(z-)*2n,,r,, 3.7

Energy Demand

ôn

Equation (3.9) equates marginal factor cost (MFC) with a derived value marginal

product (VMP) of the material input. This equation incorporates the definition of

marginal factor product found earlier to allow for the measurement of market power in

the form of a wedge between price and value marginal product.

aw' = P.,.,+ P,,,,(!/w")" * P,,,,(w/w)" +ú.,rØ)+ú,.-(z-)+Zr, 3.8
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Input PriceÀ4arket Power Equation

w " Q + e/u) = r = #- = 2/ ooz o + 2y 
^.,(z 

r) + þ,r (w' ) + þ,,r (w''

These four equations result in 33 parameters to be estimated. The B coefficients

describe the interactions or influence the input prices and output price have on the

optimal input quantity levels. The y coefficients represent the influence of capital and

material input quantities have on optimal input levels. The <p coefficients represent the

influence of the interaction variables between the prices and quantities. Finally, 0 is the

estimated conj ectural variation.20

The model relies on certain assumptions. As mentioned, it does not address the

possibility of oligopoly power; in fact it makes the assumption that the output market is

competitive. It is also assumed that the non-material inputs are purchased from a

competitive market but the firms may not be price takers in the raw material input.

Unlike the Schroeter (1988) article discussed in the previous chapter, this model is not

confined by the assumption of fixed proportions between the input and output quantities.

Schroeter justifies this assumption by asserting that "annual dressing yields for cattle

have varied less than 8%o in a gradual upward trend over the last ten years". That

assumption is not required since input and output quantities are known and can be

included explicitly. This avoids making a priori restrictions on input substitution

elasticities.

8
* Zr)+lD,T,

8+Iá F
n+l

3.9

Equation (3.9) gives the greatest insight to the industry behavior. Specifically, the

estimation of conjectural elasticity is the parameter of interest. This equation has the
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marginal factor cost (MFC) on the left-hand side and a parametrically determined value

marginal product (VMP) on the right hand side. The 'wedge' mentioned earlier is the

term attached to the price of cattle (W') on the left hand side. 0 is the firms' conjectural

elasticity and e is the price elasticity of supply. If input price (W') and VMP are found to

be equal, then 0 must be zero and a competitive market is implied. A difference between

the VMP and input price can be explained by the relationship between 0 and e. A spread

between VMP and input price implies a conjectural variation greater than zero and some

level of market power held by the beef-packers.

3.4 Seemingly Unreløted Regression Model

The four equations were estimated using an iterated Seemingly Unrelated

Regressions (ITSUR) model2l. The pricing equation that determines the conjectural

elasticity contains cross equation restrictions with the other three equations. Estimating

all four equations as a system enswes the Value of Marginal Product for cattle is

determined at an optimal solution. The cross equation restrictions allow for an optimal

solution and allow better identification of parameters. 'When 
one endogenous variable is

used as an explanatory variable for another endogenous variable there is not a causal

interpretation. This is an additional reason why the conjectural elasticity term was not

regressed against a structural characteristic of the market, such as concentration. If the

conjectural elasticity term was represented by an equation comprised of endogenous

20 Previous studies (Murray, Schroeter, and others) have suggests that a linear regression could be used to
help determine 0. The traditional regressors that would be included in such a model are concentration,
degree ofsunk costs, and transportation (for spatially defined markets), among others.
t' This was evaluated used the ITSUR option on the SAS proc model program with a convergence criteria
of .001
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structural characteristics the original causality issue that was highlighted as a weakness to

the S-C-P approach would cast the same issues on the results of this research.

Other estimation approaches, such as 2 stage least squares (2SLS) and Full

Information Maximum Likelihood (FIML) were considered for this empirical study. The

use of quasi-fixed inputs in this profit function reduces the identification issue and does

not require an instrumental variable technique designed to address that issue. It is for this

reason that the iterative seemingly unrelated regressions technique was deemed to be the

best approach.

3.5 Panel Døtø

The data used in this study is characterizedby a short time series (nine years) that

is firm specific. The majority of research of similar subject matter (Schroeter and Azzam

and others) uses a time series analysis of twenty to thirty years. Some authors use a cross

sectional approach (Morrison-Paul), but very few have used a panel study approach to

examine solely the beef packing industry.

A panel data set lends itself to 2 types of analysis; the data could be analyzed

either through a cross-sectional approach or a panel approach. The cross-sectional

approach can not be used in this case because there are not enough observations per year

to conduct the research. This leaves the panel approach as the final valid option.

Panel data analysis permits the researcher to study the dynamics of change with

short time series using repeated observations of enough cross-sections. The combination
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of time series with cross sections can enhance the quality and quantity of data in ways

that would be impossible using one of these two dimensions

The approach used in this study is called a fixed effects (or least squares dummy

variable) model as opposed to using a random effects model. The least squares dummy

variable model can have the intercepts differ according to time and cross-sectional units,

have the slopes differ by time and cross-sectional units, or some combination of the two.

The year dummy variables appear in each of the four equations of the econometric

model, so the intercept varies with time. The input price equation has a slope that differs

with individual firms, in addition to an intercept that can change by year. This is

accomplished by having the firm dummy variable interact with the input quantity. This

study employs nine cross sectional groups. The eight largest firms are each represented

by a dummy variable and the remaining smaller firms are the final group. The final

group did not get a dummy variable to avoid a linear dependence of the variables.

An alternate approach when using a panel data set is a random effects model.

Greene (2000) describes the random effects model as a regression with a random constant

term. The constant term is a function of a mean value plus a cross-sectional specific

random error. Greene explains that the random effects approach "would be appropriate if

we believe that sampled cross-sectional units were drawn from a large population" (Pg.

567). The fixed effects model was determined to be the more appropriate approach

because the data set was assumed to be the entire population of Canadian beef-packers.
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3.6 Døtct

This section will discuss the origin of the data and certain methodological changes

in the data source that have occurred within the study period. A detailed description of

each variable will also be included.

3.6.1 Data Sources

Manufactures (ASM) micro data. The ASM is a survey of the manufacturing industries

of Canada conducted annually since 1917. The population size is approximately 100,000

manufacturing establishments. These questionnaires collect data for about 12,000

commodities classified according to the Standard Classification of Goods (SCG). The

SCG is an 8-digit product code used to identify specific goods or products. It is similar to

the Harmonised System of Classification (HS) to the 6-digit level, but can be Canadian

specific for the final2 digits.

The primary source of data was Statistics Canada's Annual Survey of

The mailed questionnaires are "personalised" to the surveyed establishment. In

addition to the standard financial questions, only the commodity detail relevant to the

individual establishment is printed on the questionnaire. The information obtained from

the ASM is made available to the public in a yearly aggregated form on the CANSIM

database. Specific firm responses are not available due to confidentiality and privacy

agreements with the individual firms. This study was able to use the f,rrm level

information made available under the data liberation initiative at Statistics Canada with

the condition that the analytic work was done at Statistics Canada, the researcher

complied with the requirements of the Statistics Act to protect the confidentiality of the
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information, and the results were reported in such away that would not disclose any

individual company responses.

Even though this survey began in 1917, the data after 1990 is the only micro level

data available for use. This is due to the variety of industry classification systems that

have been used over time. The current system, the North American Industry

Classification System OIAICS), came into effect in 1999. Statistics Canadahas realigned

the data from 1990-1999 that was originally classified under the Standard Industrial

Classification system (SIC) to fit the newNAICS. This was done using the SGC

information to ensure each establishment is classified correctly. The ability to identiff

the establishment's activities is one of the great strengths of this database. That being

said, due to the poor data quality of the years 1990-1992, this study was only able to use

data from the years 1993 to 200I. The 2002 responses were not yet finalised at the time

of this study.

There was also a methodological change made to the ASM in 2000. Prior to

2000, the Annual Survey of Manufactures provided estimates of principal financial

statistics for all incorporated manufacturing businesses that had employees and had sales

of manufactured goods equal to or greater than $30,000. V/ith reference year 2000, the

ASM universe was expanded to cover all manufacturing units. This meant that, in

addition to the incorporated manufacturing businesses over $30,000 in sales of

manufactured goods and with employees, the new ASM would also include: i) all

incorporated businesses under $30,000 that had employees; ii) all incorporated businesses

that did not have any employees regardless of their annual sales value; iii) all

unincorporated businesse s.
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universe. Despite this tremendous increase in the number of establishments, the majority

are relatively small. In total, these additional units account for less than 5o/o of the total

revenue from the sale of manufactured goods (Statistics Canada). Also, as of 2000 the

head offices were no longer included, however this will not affect the results of this study

because establishments that show no sales or manufacturing employees (which were

generally head offices) were removed.

The addition of these units added approximately 60,000 units to the ASM

Related to this issue is how the data is reported. The ASM is reported at the

establishment level. This way of classification allows for distinguishing between

establishments or plants that produce different goods but are part of the same firm or

enterprise. This is particularly useful, especially with respect to this study. There has

been an increasing trend to higher levels of specialisation. It is not common for a

slaughter plant to process all types of livestock. Most livestock slaughter is done in

facilities devoted to either cattle or hogs. This characteristic of livestock slaughter

facilitates separation between slaughter operations.

Establishment information obtained from the ASM is grouped according to the

NAICS. The NAICS code used for this study is from is Animal Slaughter (except

poultry) (311617¡22. The official def,rnition of 311611 is "This Canadian industry

comprises establishments primarily engaged in slaughtering animals, except poultry and

small game. Establishments that slaughter animals and then prepare meat products are

included" (Statistics Canada). This is too broad of a classification for this study as it

t' The NAICS code 311614 includes establishments that process meat from a carcass. These firms were
not included in this study because they are not involved in the relationship between cattle producers and

processors. Although their position in the value added chain is very important it is not relevant to this input
side study.
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includes pork and beef packers. The establishment level information allows for accurate

identification and removal of firms not involved in beef packing. Using reported SCG

inputs and outputs, the separation was made easy. Only data on f,rrms listing bovine as

inputs and outputs were included in the study.

Not all the available observations were used. Firms with less than .0005% of

market share were removed similar to Klette (1999), whom in a similar study removed all

firms with less than five employees and firms with extreme value added per unit of labor

values. Klette removed the extreme values, as outliers can bias the estimate results.

This procedure reduced the total market size in this study by less than .lYo and was only

used in the years following 1999 because of the increase in universe size. This includes

the removal of the head off,rces which were a part of the survey prior to 2000. Firms that

appeared in the database but did not have information on sales and quantity were also

excluded.

3.6.2 Variable Desuiptions

Output Quantit.v (Q)

The output data provides quantities of individual products produced, by HS code,

and total value of the products. The firm specif,rc outputs were listed according to

quantity in kilograms. Most firms posted information of several outputs. The different

outputs represent different level of processing. For example, the SCG 0201.10.10 is the

code for a fresh or chilled carcass; the least processed beef, and the SCG 0202.30.50 is

the code for a frozen, boneless beef hindquarter23. The total output was the sum of all of

23 Appendix 3 offers a table of the possible SCG codes that may have appeared in this database.
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the reported outputs. This gave a total weight in output but did not distinguish between

processing levels.

Output Price (P)

The output price was slightly more complicated than quantity to derive. Some

firms listed as many as 6 output products ranging from Carcasses and half carcasses

(SCG 20110100) to boneless cuts (SCG 20130900). The detail of the data allowed for

deriving a price for each of the individual products, but what was required was a single

price for a specific firm in a given year. The price used in the model was an average

output price. This was simply total value I total output. Naturally, the price for the meat

increased with the level of processing. Some firms would process the meat to a further

degree than other firms. This could make a comparison of price and value troublesome if

this study focused on the output market. But, this is an exercise in input market power

where there is a relatively homogenous product and does not suffer from different levels

ofprocessing.

Labor

The quantity of labor used was a direct question on the survey that provided data

on the hours paid per year (Xl). Yearly expenditures on labor were available, so the price

of labor in terms of a hourly rate (Wl) was found by dividing total expenditures by hours

paid. It is possible that different employees will make different amounts according to

actual job and experience, and the salaries reported did not differentiate between regular

and overtime hours. But this method provides an average for the specific firm and gives

an indication to the relative wage rate. The survey also provided information on both
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manufacturing and non-manufacturing salaries however, only the manufacturing salaries

were included in the price of labor.

Enerqv

The survey provided information on yearly expenditures on energy, which is

primarily electricity, and also a quantity measured as kilowatt-hours (Kwh). However,

the Kwh was often left out so another way to measure the energy use had to be used. To

over come this, the electric power selling price indexes (non-residential) was used as a

proxy for the price of energy (W") and the quantity of energy (X') was the yearly

expenditures divided by the energy price index.

Input Ouantity (X')

The input quantity was determined the same way as the output quantity. The total

input demand in kilograms was the sum of the quantities of the individual inputs. Many

firms only listed one input, which was generally listed as 1029000 (SCG code for live

bovine animals). Some firms listed two inputs and the second input was 2010000 (SCG

code for meat of bovine animals). The f,rrms included in this study were primarily

engaged in the slaughter of cattle. Some of the beef-packers did, however, use carcasses

as a supplement to their inputs to further process and elevate on the value chain. Those

firms were included because their mere appearance in this category shows they were

primarily engaged in animal slaughter.

Input Price (W')

The input price was determined in the following way. The ASM provided

information on the quantity of specific inputs and the amount spent on that particular
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input. The firms that used a higher processed input (meat instead of cattle) paid more for

the input. The value used for the empirical work was then an average of two inputs. The

technique of using an average input price levels the frame of reference when comparing

these two different inputs. The firms that used meat as an input was a very small

percentage of the input value and\was used only to supplement their main input. The

firms that had meat as their primary input were classified differently under NAICS2a, so

these firms were not included in the study.

Capital

Individual capital expenditures were not available, so a proxy for capital cost was

used. Available on the Statistics Canada CANSIM database is an industry expenditure

amount. Assuming uniform technologies across frrms, individual firm capital costs were

determined by using their output market share as their share of the industry capital cost.

All aggregate data available from Statistics Canada is for the red meat processing

industry. So, the data used from CANSIM included both beef and pork processors. This

problem could not be fixed so this was used as a proxy for the true capital level. An

alternative method was attempted to try to determine capital level through depreciation

costs. If a standard accounting depreciation practice is assumed, then capital level can be

estimated from the depreciation costs. The ASM does have a question for total

depreciation and amortization costs but the responses were not consistent and responses

were often missing in many of the surveys.

'o NAICS classification 3l
(Statistics Canada)

1614 is defined as "Rendering and Meat Processing from Carcasses"
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Price Elasticitv of Suonlv

Estimating a supply function simultaneously is not viable in this study. The

prices are constant across the cross-section, so the supply elasticity can not be

determined. Previous studies have either estimated the supply elasticity simultaneously,

or ignored the elasticity of supply all together. This study chooses to impose a supply

elasticity using results from previous work in this field. It is assumed to be greater than

zero. Azzam (1997) found the cattle price elasticity of supply to be .844. This is the

value initially used in the regression. By using this technique it is also possible to

observe and assess the affect that changing supply elasticities can have on the exertion of

market power. All the results reported will be based on a supply elasticity of 0.844

unless otherwise stated. A sensitivity analysis of the value of supply elasticity was

conducted and is reported in the results section. The results show that the results are

moderately sensitive to the magnitude of the elasticity of supply.

3.6.3 Other Data Options

Financial Statements (ASFS). The ASFS is also confidential with firm level information

but was found to have two major weaknesses. First, the data prior to 1998 is organised

according to the outdated Standard Industrial Classification system. The years following

1998 have the data organised by the NAICS. The difference in classification systems

makes concordance of the two data sets very difficult. There is documentation and

software to assist in the concordance, however it gives only general information and does

not identiff the destination of any specific firm. Second, the ASFS is reported by

The only other option to use as a data source was to use Annual Survey of
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company unit, rather than establishment. A company may include several establishments

with different focuses so it is impossible to separate the data according to beef, or non-

beef processors. In previous work, this author has found numerous problems with using

the ASFS for highly focused empirical research such as this. (Hanison and Rude)

J./

This opportunity was taken to find current and accurate measures of concentration

in the Canadian Beef-packing sector. The Herfindahl index, CR-4, and CR-8 will be

reported using this data. The CR-4 and CR-8 report the market percentage controlled by

the fourth and eight largest ftrms, respectively. The Herfindahl index requires data on all

the firms in the market and is equal to the sum of the squared market shares for all f,rrms

in the industry. A good measure of concentration should be inversely related to the

number of firms and positively related to the magnitude of size inequalities. The

Herfindahl index takes into account both the number of firms and their relative size.

Squaring the share gives a relatively larger weight for large firms than for small firms.2s

C oncentr ati on Me asure s

this was seen as arare opportunity to examine firm level data of the beef-packing sector

separate from the aggregate red meat processing classification it generally is concealed

in. Also, calculating the Herfindahl index may assist in understanding the measures of

conjectural elasticity that the model presents.

Using the inter-corporate ownership data provided by the Industrial Organization

and Finance branch of Statistics Canada, a precise representation of market shares were

The concentration measures do not enter the specification explicitly26; however,

25 
See Appendix 2 for a detailed explanation of the derivation of the concentration measures

26 The option of making the conjectural elasticity as a function of concentration was not used.
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found. The Inter-corporate ownership data presents each enterprise and its holdings in

one location, showing country of control, classification, country or province of

residence of head office, voting equity percentage owned, and layer of ownership. The

ownership information is primarily based on returns filed under the Corporations Returns

Act, supplemented by research and analysis of various national and international sources

such as the Moody's and Who Owns Whom publications. Any company which was

more than 50% owned by another company was regarded as part of the parent company

and its sales contributed towards the parent company's market share. The concentration

measures will be reported along with the model results in chapter four.

3.8

This chapter presented the economic theory and empirical model for testing for

oligopsony power in the Canadian beef-packing industry. This system of equations

should not suffer from identif,rcation issues and does not force a fixed proportions

assumption. The data provided by the ASM will allow a 'new twist' þanel study

approach) on an 'old favorite' (conjectural elasticity method). The fixed effects model

will account for the panel data aspect of research and will also allow for a measurement

of individual year and firm influences on market power in the Canadian beef-packing

industry.

Summary
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4.1 Introduction

Chapter three outlined the model and data used to examine the Canadian beef

packing industry. This chapter will be devoted to the analysis of the econometric

approach. It will begin with the results of the misspecification tests of the model.

Chapter Four

Results

Reporting and interpreting the parameter estimates will follow, with close attention paid

to the resulting elasticity estimates and the market power results. In addition, this section

will present Canadian beef-packing sector concentration ratios derived from the ASM

data.

4.2 Misspecification Tests

heteroscedasticity. To test for heteroscedasticity, White's test was applied to each of the

four equations in the model. The Durbin-Watson test was used to detect autocorrelation.

The results of these tests, and the R-squared for each equation, are shown on Table 4.1 .

Heteroskedasticity occurs when the residuals have non-constant variances. An

example of heteroskedasticity, known as proportional heteroskedasticity, is when the

variance of the error term change with the magnitude of the explanatory variable(s). "The

standard ... model ... assumes that the regression disturbances are homoskedastic with

the same variance across time and individuals. This may be a restrictive assumption for

panels, where the cross-sectional unit may be of varying size and as a result may exhibit

Tests were conducted on the model to check for autocorrelation and
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different variation. For example, when dealing with gasoline demand across OECD

countries, steam electric generation across various size utilities, ..., one should expect to

find heteroskedasticity in the disturbance term." (Baltagi p9.77) IVhite's test revealed

evidence of heteroskedasticity in three of the four equations. The null hypothesis of

heteroskedastic residuals could not be rejected in the input demand equations and the

output supply equation. The null hypothesis of heteroskedasticity was rejected in the

input pricing equation. The cross-sectional aspect of the panel data set is likely to blame

for the heteroskedasticity. The ASM data set includes a few very large firms and many

very small firms. This size disparity may be the source of the non-constant error

variances. Despite the problem of non-constant residual variances heteroskedasticity

does not affect unbiasness or consistency of the parameters, so "assuming homoskedastic

disturbances when heteroskedasticity is present will still result in consistent estimates of

the regression coefficients, but these estimates will not be efficient." (Baltagi p9.77)

Unbiased and consistent estimators are expected to yield to the true population

parameters, in large or small sample sizes, unfortunately the variance of these estimates

are not as small as desired. A less effrcient estimator has a larger variance than one that

is more efficient.

White's test is a general test of misspecification and must be interpreted rn

general terms. The results of White's test may indicate heteroskedasticity or general

misspecification of the model. Two courses of action were taken to address this issue.

First, alternative specif,rcations, including but not limited to, a translog functional form

was used to examine problems with misspecif,rcation associated with functional forms.

This corrective method did not f,rx the problem of heteroscedasticity. Second, a

60



generalized least squares (GLS) estimation was used. GLS is a technique of reweighting

the observations in the estimation process. The generally accepted practice is to apply

more weight on the observations with smaller variances and less weight on the

observations with larger variances. This approach also did not eliminated the issue of

heteroskedasticity. This weighting technique puts a larger weight on the small abattoirs

and less weight on the very large beef-packers. Using this approach essentially implies

that the small firms have a larger influence on the beef-packing sector and are more

representative of industry behavior. This is not a reasonable restriction, and since the

modification did not fix the heteroskedasticity problem in the model, the re-weighting

technique was not used to obtain the final results.

The Durbin-Watson (DW) d-statistic was used to detect first-order autocorrelation,

which exists when error term in time (t) is correlated with the error term in the previous

period27. The existence ofautocorrelation does not create unbiased or inconsistent

estimators, but can cause inefficiency (Kennedy). The Durbin-Watson d-statistic can

take a value between zero and four. A value of 2.0 is strong evidence of no serial

correlation and the fuither the d-statistic deviates from2, the more likely it is that

autocorrelation exists. The d-statistic statistic was found to be between 1.6 and2.2 for

the four equations in this model. There is an upper and lower critical value used when

interpreting the d-statistic. A d-statistic below the lower critical value is evidence of

autocorrelation. A d-statistic above the upper critical value indicates that autocorrelation

is not a problem. If the d-statistic falls between these two values it is inconclusive

whether autocorrelation exists. The d-statistic for the output supply is within the upper

" Higher order autocorelation (when the error in (t) is correlated with (t-2), or (t-3)...) can also exist.
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critical region, which indicates that there is no autocorrelation. The d-statistic for the

input pricing equation falls with in the critical region, indicating the test for

autocorrelation is inconclusive. The results of the Durbin-Watson test for the two input

demand equations show evidence of autocorrelation. Greene þg.581) suggests having

the autocorrelation coefficient vary across groups when using a fixed effects model. This

approach was attempted by altering the specification of the two input demand equations

to allow the price and input quantity variables to differ by the firm dummy variables in

the equations with autocorrelation. Unfortunately, autocorrelation was still evident in the

two input demand equations.

Table 4.1 Diagnostic statistics

Equation

Beef Output
Labor Demand
Enersv Demand
Input priceAvlarket
Power

The R-squared was found to be as high as 0.79 (for the output equation) and as

low as 0.25 (for the input price equation). Panel data sets are a combination of time

series and cross sectional data sets. The coefficient of determination for cross-sectional

analysis is typically lower than for a time series. Therefore the R-squared for pooled data

can be expected to be between that normally seen in time series and cross sectional

studies.

R-Squared

0.7901

Durbin-

Watson

0.5649
0.4963
0.2493

2.049r

Durbin-Watson 5% Critical Values

d-lower d-upper

r.6229

The misspecification tests performed on this model revealed some level of

heteroskedasticity and autocorrelation. After trying different specifications, and re-

1.6013
2.2t30

-r.7430
-t.7430
-r.7430
-t.73r5

-i.830
-1.830
-l.830
-r.837
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weighting observations, these issues persisted, albeit with some improvement.

Nevertheless, the estimates maintain the more important properties of unbiasedness and

consistency.

4.3 Results

This section will present and discuss the estimated model parameters. The

parameter estimates will provide insight to industry and firm behavior as it relates to

purchasing and selling decisions. The discussion will include the price elasticity

estimates, as well as the conjectural elasticity parameter.

4.3.1 Estimated Parameters

The model outlined in the previous chapter (restated below) resulted in 33

estimated parameters. This includes the 18 dummy variable parameters and 15 non-

dummy parameters. The parameters Bqr, Fq", Fr", (pqc, Otc, and O". appear twice because

of symmetry, reducing the total number of parameters by six. Table 4.2 presents the

parameters, their standard errors, significance levels, and t-statistics.

The Econometric Model

O=#= þnnt Þ,,{w'/p)" * P,"(r%)n +óno(z)+øn"(2,)*f,u,,r,

t¡ r ôlr
ôwt

_ X''

= þ tt t Þ r, (!/¡ar,)''' + þ,, ( 7r,)"' + þ * (Z ) + ó,* (2,) + *, Et,Tn
n=l

l4r' (l + %) = 2' = 9I- = 2T rrZ t, + 2T t* (Z ) + ó * (W' ) + ú.0 (W'^ * Z o) + f U,,r, * f ', 
r,

QL* n=l n+\

õn

ôW ''
= þ,,,, * þ n^ (!/r,,)' + þ,,, (''/r,)n + ú 

^o 
(Z ) + ó.* (2.) * i ør,r,
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The estimated parameters can be separated into three groups. The first group of

parameters includes those describing the influence of prices and level of capital and cattle

input in the equations, the B coefficients. The other two groups are the time dummy

variables and the individual firm dummy variables. The parameters 'Etn' represent the

time dummy variable parameters and the parameters 'En' are for each of the 8 firm

dummy variables. All the non-dummy variables are signific ant at the 5o/o level except the

intercepts for the labor and energy demand equations. Most of the parameters have the

expected signs. A discussion of the important parameters and those that do not have the

expected sign follows.

The co-efficient u* appears in the input price equation and represents the impact

the quantity of cattle purchased has on the price of the cattle. The negative sign implies

that as cattle purchases increase, the price will decrease, and this is consistent with

oligopsonistic market power. The parameters qlk and <p.r are both negative. This

suggests that for both labor and energy there is an inverse relationship with the level of

capital. The elasticity section of this paper will show that energy and labor are

complements so it is not surprising that they move in a similar direction. However, the

direction could be viewed as questionable. For instance, as capital is increased, there is

less need for labor, due to mechanization, but more energy would be required to power

the increased mechanization. Another example is the parameter {pqc. This parameter

appears in both the output supply and the input price equation because of symmetry. It

represents the influence of input price on output supply and vise versa. This parameter

has a positive sign, so in the output equation it implies that an increase in the cattle input

will lead to an increase in output. In the equation for the price of beef, it represents the
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influence of the price of beef on the price of cattle. Its positive sign indicates a direct

relationship; the price of beef and cattle move in the same direction.

Table 4,2 -Parameter Estimates

Parameter

ßoo

ßol

ßo.
O.,"
(D^r

.28
ESUmate

ßr.
ßrr

-1.8379*.

Orr

1.0301**

Ol"

0.8050*"

ßoo

0.5613**

Oor.

0.2360**

Approx. Std. Error

O""

-1.4961"*

Occ

-0.1167**

dkc

-0.8155**

Ets¿

0.2788**

0.3178

Etss

-0.1715**

0.1751

Etqs

-1 .1 385**

Etot

0.2166

0.49'15**

0.0416

Etge

-0.0963"*

0.0409

Etss

t-ratio

0.0510**

0.2341

Etoo

0.2617**

0.2499

Etor

-5.98

0.3031**

0.0449

E1

5.91

0.2426"

0.0447

E2

5.24

0.1255

0.3774

E3

15.42

0.1 561

0.0684

E4

2.29

0.3729**

0.0683

E5

-5.77

0.2304*

0.0230

E6

-2.44

-0.2262

0.0227

E7

-15.48

0.1271

0.1257

E8

5.33

0.6518*"

0.1293

-2.11

o

-0.1922

0.1257

-14.36

28 ** Indicates statistical significance atÍhe 5o/o level and * indicates statistical significance at lTyo.
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0.4237

0.1259

6.49

0.0342

0.1278

-3.99

-0.066'l

0.1420

-0.4804*.

1.76

0.1 383

2.29

-0.8950**

0.1 438

2.01

0.3417**

0.2051

1.39

0.3257

0.43

0.2022

0.39

0.3215

2.15

0.3459

1.74

0.2321

0.33

0.1182

1.34

0.3831

2.09

0.1 260

-0.48

1.46

0.74

0.33

-3.25

-1.99

2.27



The parameter Bre appears in the labor and energy demand equations and also

demonstrates the expected sign. It is negative which implies that there will be a decrease

in the quantity of labor (energy) demanded with an increase in the price of energy (labor)

relative to the price of labor (energy). The next section will show that labor and energy

are complements so this result is not surprising. This implies that if the price of an input

rises then use of that input and its complement will drop.

The parameter o,¡. represents the influence that the capital level has on cattle input

price. It appears in the input price equation. When the input price equation is set to solve

for input price this parameter is in the numerator and the expression for the conjectural

elasticity is in the denominator. A positive sign is expected on this coeffrcient because

one might expect that as firm size (capital level) increases, ceteris paribus, conjectural

elasticity would increase as well.

The time dummy parameters (Et¡) representing 1994,1995 and 1999 are the only

time dummies found to be significant at 5%. This means that those were the only years

that the co-efficient was significantly different that zero. It shows that there were

important market influences not captured by the other variables in those years. To test

the overall significance of the inclusion of all of the time dummy variables, a Likelihood

Ratio test (LR) was used. The LR is a statistical test comparing the ability of two models

in explaining the data; a more complex model is compared to a less complex model. This

approach tests if the parameter estimates for the time dummy variables are jointly equal

to (Et¡: 0, i: 1994,..., 2001). The likelihood ratio test was used to determine the validity

of the inclusion of the time specific variables in the model. The results of these tests
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(Table 4.2) show the null hypothesis that the time dummy variables are jointly equal to

zero is rejected.

The firm binary variables were included to identifl'the cross sectional component

of the data. The results (Table 4.2) show that three of the eight parameters were

significant at 5%o. A similar test to the one performed on the time dummy variables was

conducted on the group of firm dummy variables. The LR tests were conducted on the

firm dummy variables to determine significance. The test compared the explanatory

power of the original model described earlier versus a model with no firm dummy

variables (Et : 0, i:l, ..., 8). Likelihood ratio tests rejected the null hypothesis that the

eight dummy variables are jointly equal to zero (Table 4.3). The firm dummy variables

will be further discussed in the section devoted to market power results.

Table 4.3 Results from Parameter Testing

Ho: Et¡ :0 i:2,...,9
(^No vear effects)

Test

Ho: Ei:0 i:l,...,8
fNo firm effects)

Type

4.3.2 Price Elasticities

Likelihood
Ratio

Elasticities are used to measure a percentage change in a dependantvariable (Z)

with respect to a change in an independent variable (Y). In general, this can be

mathematically represented by: I %:1. This section will present and discuss price' lôY z)

Likelihood
Ratio

57o Critical
Value

15.51

15.51

elasticities and substitution elasticities found using the estimated parameters.

Statistic

21.46

23.43

Pr > ChiSq

0,0060
(reiect Ho)

0.0029
(reiect Ho)
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Own-price elasticity measures the effect a price change has on its own demand

and cross-price elasticity measures the effect a change in price of one good has on the

demand of another good. The formula for an own-price elasticity of demand is

l++1. This measures the percentage change in quantity demanded of good (X) in
lôP, X¡)

response to one percent change in its own price (P¡). For the variable profit function used

in this study, the formula for the own price elasticity is: r,, =

The formula for cross-price elasticities t l+-+] qr+:l This measures the

lôPj xt)

percentage change in quantity demanded of good (X¡) in response to a one percent change

in the price of a different good (P¡). The formula for cross price elasticities for this

application is: áu =

elasticities.

A well-behaved prof,rt function should have own-price elasticities that are

negative in factor demands and positive in outputs. The results of this research met that

condition with the exception of the supply of beef. The labor and energy own-price

elasticities were found to be -0.3247 and -0.2327, respectively. The Quagrainie et al.

study found the labor demand to be much more elastic, with a value of -1.0540. The

own-price beef elasticity, which is the supply elasticity, was negative with a value of -

0.4656. Since it is the profit maximizing firm's output, it should increase with an

increase in price (positive own-price elasticity).
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Although the beef elasticity of supply results are atypical, they are not unexpected

if the industry exhibits increasing returns to scale. The negative sign implies an inverse

relationship between beef price and the quantity of beef supplied. If the beef packing

industry is characterized by increasing returns to scale, then a firm is able to reduce its

average cost by increasing output. The firm is able to reduce price as production

increases. Conversely, reducing output increases a f,rrm's marginal cost and the output

price will rise. The own-price elasticity of demand can not be determined for the cattle

input due to the model specification. Increasing returns to scale within the beef packing

industry is consistent with findings from Morrison-Paul (2000) and Azzam (1997).

Table 4.4 - Own-Price and Cross-Price Elasticities

Beef

Labor

Energy

The cross-price elasticities are equal in each direction because symmetry was

imposed on the model. The cross-price elasticity for labor and energy was found to be

negative, implying they are complements, as expected. If they are used in conjunction

and not substitutable, an increase in the price of one of these inputs will cause a decrease

in the demand for both. The cross price elasticities for each of the labor and energy

inputs, as well as the beef output, were found to be positive. This raises an issue as to the

Beef
(Std. Error)2e

-0.862r
(0.2464)

Labor
(Std. Error

0.4986
(0.038e)
-0.1750
(0.1 06 r )

)

2e Standard errors calculated as described in Kmenta, pp.486-87.
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Energy
(Std. Error)

0.2865
(0.077t)
-0.6762
(0.1 0s8)
-0.2825
(0.2213)'



reasons for an increase in factor costs increasing output levels. One possible explanation

could be the technology being characterized by increasing returns to scale. 'With

increasing returns to scale, eff,rciency gains create an incentive to produce more and this

incentive may be the reason for an increase in output with an increase in two factor

inputs. But since they are equal in either direction, it could also mean that the demand

for inputs (labor and energy) increases with increasing output prices. This is plausible

because as prices increase, firms want to produce more, thus requiring more inputs.

4.3.3 Market Power Results

The estimated value of the conjectural elasticity for the beef-packing industry

between the years 1993-2001, inclusive, was 0.3417 (Table 4.2). Previous chapters

showed that a conjectural elasticity value of zero indicated industry behavior consistent

with perfect competition and a value of one is consistent with monopsony behavior.

Intermediate values imply increasing market power as the conjectural elasticity

approaches a value ofone.

The value of 0.3417 shows a higher degree of market power than what has been

found in previous research. This magnitude of conjectural elasticity implies some level

of industry market power, but does not imply collusive behavior. Studies that have been

conducted on the U.S. meat packing industry have found conjectural elasticities from

0.04 (Schroeter 1988) to 0.178 (Azzam and Pagoulatos, 1990). There has not been much

market power research focusing on the Canadian beef-packing sector, except for the
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study by Quagrainie et al. (2003). They used CANSIM30 aggre gate datato find a test

statistic Õ, defined as conjectural elasticity/supply elasticity (0/e). They found a very

small value for (Þ, between 0.0 and 0.0085, throughout the time period of their study

(1960-1997). The market power parameter of the Quagrainie study is not the same as the

conjectural elasticity reported in this study. It is important to have the results in the same

context to compare the results. Dividing the average conjectural elasticity (0.3411) found

in this research by the imposed supply elasticity (0.844) yields a value of 0.405. This is

dramatically different than the results found by Quagrainie et al. This difference might

be explained by the detail of the datathat was used. The source of the data is similar in

both the Quagrainie et al. study and this research, however the detail and aggregation

level are not the same. The Quagrainie et al. study used data aggregated to the industry

level and this research used more detailed firm-level data. As well, they used a slightly

different methodological approach, employing a translog prof,rt function rather than the

generalized Leontief functional form used in this study.

It is important to remember that the magnitude of the conjectural elasticity, and

thus the magnitude of market power, is directly affected by the price elasticity of supply.

In the input price equation, conjectural elasticity varies inversely with price elasticity of

supply. The difference between input price and VMP is explained by the relationship

between conjectural elasticity and supply elasticity. A supply elasticity of 0.844 was

assumed in this evaluation of the data. If the true supply elasticity is smaller than the

resulting conjectural elasticities will be lower. A sensitivity analysis was conducted to

find the effect different supply elasticities would have on the conjectural elasticity. When

30 Canadian Socio-Economic Management System
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the supply elasticity was replaced with 0.2 and 0.4 the parameter estimates did not change

except for the conjectural elasticity which presented values of .0809 and .1619,

respectively.

Table 4.5 - Sensitivity Analysis Results

Supply Elasticity
0.2000
0.4000
0.6000
0.8440
0.9000

The inclusion of the f,irm dummy variables allowed for a closer examination of

individual firms' market power within the whole industry. The three largest firms in

Canada (represented by Firm Dummy I,2, and 4) have the largest conjectural elasticity

parameters and thus the most market power. When the individual firm conjectural

elasticities are calculated it reveals that the three largest firms in Canada also have the 3

largest individual conjectural elasticities3l. The average conjectural elasticity for these

firms during this time period were 0 .44, 0 .7 1 , and 0.9 1 respectively. As mentioned

previously, a conjectural elasticity of I indicates a monopsony. This result is significant

because it indicates that two of the three largest firms are operating at nearly perfect

monopsonistic levels. This would appear to support the claim that as firm size increases,

so does its potential for market power.

0.0809
0.1619

0

0.2429
0.34t7
0.3644

3r The individual firm conjectural elasticities were found by solving for the individual firm yearly VMP in
the input price equation and then determining the conjectural elasticity according to the Lerner Index
(vup-w -B). fhereportedvaluesaretheaverageoftheyearlyconjectural elasticities.l*=;)
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5.1 Introduction

The issue of market power in the beef-packing industry has been an area of

discussion, research, and concem for many years. The 1930's and 1950's" saw separate

federal government investigations into non-competitive behavior and the case of BSE in

2003, and subsequent border closure, brought this issue to the surface once again.

Isolation of the Canadian beef-packing market by BSE and other possible border

disruptions could reduce competitive pressures from American packing firms and create a

climate that would allow for greater levels of non-competitive behavior or exacerbate

existing market power. The purpose of this study was to determine the existence and

extent of market power in the procurement of fed-cattle by the Canadian beef packing

industry.

Chapter Five

Summary and Conclusions

To examine this issue, a four equation econometric model of the Canadian beef-

packing industry was constructed. The model included an output supply equation, two

input factor demand equations, and an input pricing equation. The model was designed

to measure the conjectural elasticity of the industry as well as individual firm conjectural

elasticities. In addition to the important empirical results this study contributed, this

research also contributed to existing research by utilizing an approach with panel data

that has never been attempted with a focus on the Canadian beef packing industry. The

32 RoyalCommission on Price Spreads (1934-1935) and Restrictive Trade Practices Commission (1959-
1e6l)



empirical results, which are contrary to many previous studies, show that market power is

a concern in the Canadian beef-packing industry and warrants attention.

5.2 Summary

To begin this research, an extensive survey of the relevant literature and analysis

of the possible ways to estimate market power was undertaken. The structure-conduct-

performance paradigm was evaluated as well as new empirical industrial organization

approaches. It was evident that the best approach for this study was an econometric

model to derive the conjectural elasticity for the industry. Previous studies of the U.S.

and Canadian beef-packing industries revealed mixed results with some studies showing

little market power (Morrison-Paul 2000, Quangrainie et al 2003) and some with

relatively high levels (Azzam and Pagoulatos 1990)

The econometric model was based on a variable profit function with quasi f,rxed

factors. Applying Hotelling's Lemma to the prof,rt function resulted in the four equations

to be estimated. The four equations consisted of a supply equation, two input demand

equations, and an input pricing equation. The input price equation equated the value of

marginal product (VMP) to the marginal factor cost (MFC). The estimation procedure

included cross-equation restrictions across the four equations that helped to identify VMP

at optimal input and output levels. The MFC term included the influence of market

power, measured by conjectural elasticity. This model did not impose fixed proportions

and the use of time dummy variables allowed for technological changes during the study

period.

A firm level data set, between the years 1993-200I was applied to the model.

This data was provided by the Statistics Canada Annual Survey of Manufacturers. The
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model was found to perform relatively well, though heteroskedasticity and

autocorrelation existed and could not be completely corrected. The model performed as

expected with the exception of the own price elasticity for beef being negative rather than

positive. The beef-packing industry has in some instances been found to have increasing

retums to scale (Monison-Paul 2000) and this is a possible explanation to the negative

output supply elasticity.

The results of the model revealed a conjectural elasticity of 0.3417, assuming a

supply elasticity of 0.844. This is a value that is much larger compared to previous

studies that have attempted to measure the conjectural elasticity of the Canadian beeÊ

packing industry. A 1998 study (Cranf,reld and Goddard) estimated the conjectural

elasticity as 0.038 and Quagrainie et al. (2003) offered an estimate of 0.05. A possible

explanation for the difference in the results from previous studies is the aggregation level

of the data. The previous studies used industry-level where this study used firm-level

data.

Individual firm conjectural elasticities were also available through the use of

dummy variables in the model. The three largest firms had conjectural elasticities larger

thanthe industry average, withvalues of 0.44,0.71,and 0.91. This has important

implications when you take into accountthat a conjectural elasticity is a firm's perception

of the market it operates in. These results show that two firms are close to monopsony

behavior. The interpretation is that the largest firms see the market as being non-

competitive, essentially recognizing their oligopsonistic market power. Obviously this

result is not shared with the smaller firms who have an average conjectural elasticity

below the industry level of 0.3417. This reinforces the fear that large firms with
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relatively high market share may have the ability to exert market power in the Canadian

beef-packing industry. This study was successful in determining the existence and extent

of market power, but now it is important to discuss the implications of oligopsonistic

market power in the beef -packing industry.

5.3

The primary implication of the results of this study is a strong indication of

market power in the Canadian beef-packing sector. The findings indicate the market to

be less competitive than previous studies suggest and should create some added interest

in the conduct of beef-packing plants in Canada.

Implications

The individual firm conjectural elasticities are a significant result from this

research. Results that show the largest beef-packing firms in Canada are operating in

what appears to be a non-competitive environment validates fears of market power. It is

common to believe that the firms with alarge market share will have more price

influence and the results of this research begin to substantiate those fears.

A beef-packing sector enjoying input side market power can have several

implications. The first, and most obvious result, is beef cattle prices lower than what

would be seen in a competitive industry. This would cause reduced profits for the cattle

producers and can cause unneeded exposure to publicly funded income stabilization

programs. Potentially, these programs are compensating producers for the beef packers'

inflated oligopsonistic margins. Essentially, the market power held by packers may

create the ability to capture the compensation payments offered by the Federal

government to producers.
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Second, this should be a strong sign to the government to promote and maintain

competitive pressures in this industry. This includes ensuring intemational trade in live

animals and promoting increased slaughter capacity.

A competitive industry can be fostered with increased marketing options for cattle

producers. The number of options available for Canadian producers is limited and was

reduced further with the border closure. This study used data from before the discovery

of BSE in Alberta. So, the results are actually from a time where there was greater

competition for fed cattle than when the Canadian market is isolated. It is reasonable to

suspect that the conjectural elasticity estimates (market power strength) would be larger

in an environment of reduced marketing options for beef cattle farmers.

In the months following the border closure there were many questions being

asked about the disproportionate decrease in live cattle prices compared to beef prices. In

July of 2004 the Report of the Auditor General on the Alberta goverrrment's BSE-related

assistance programs was released, and concluded the following:

"The three major Alberta-based packers benefited significantly from the impact of BSE
on the price and slaughter volumes of cattle. The substantial increase in their profrts of
$130 per slaughter head (281% increase) resulted from supply and demand forces at work
in a distorted market in which cattle supply significantly exceed their slaughter capaciry
and domestic and limited export consumers maintained the demand for their production"

Although, this report concluded that the increased margins were not a result of market

power, it punctuates the need for increased options for Canadian beef cattle producers. It

appears that these options may become available through an increase in slaughter

capacity in Canada and also specialized beef packing firms designed for cull cattle. This

should reduce Canadian dependence on the American slaughter market and create an

opportunity to further develop markets of higher processed goods.
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The results of this research are important to the Canadian agriculture industry. It

provides empirical evidence of market power in the beef packing sector. The

implications of an industry with market power have been clearly outlined and are shown

to be potentially harmful to the primary producers of beef cattle. The primary producer

in Canada is very important to the economic and social environment, but not only to the

local community but also national community. Economic factors that are harmful to

primary producers are then harmful to Canada as a whole.

5.4

It is not uncommon for an empirical study to face both data and model limitations.

This study is no exception. The data limitations include the use of proxies for the price of

energy and capital level. Ideally, the ASM would provide this information, however it

was missing or incomplete on many of the surveys so the proxy was relied on. Also, the

process of aggregating the input and output price data may possibly have an affect on the

results. The price used is an average from different levels of processing. When

comparing firm to firm output prices the firm average price was used and the level or

processing was not accounted for. Possible implications are results that are not easily

interpreted because the variables are not homogenous. This should not be a major

concern, since the focus was on the input market, not the output market.

This model was constructed for and applied to Canadian data. During the time

frame of this study, there was considerable trade in live animals and beef between

Canada and the United States. This model only measures price and quantities of cattle

and beef processed in Canada. It does not take into effect the price rcalized by shipping

Limitations and Extensions
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cattle to the U.S. Overlooking live cattle exports could potentially effect the value of

conjectural, however, the direction it would be effected is uncertain.

There are a few extensions that naturally flow from this research. One possible

path would be to use data from 2002,2003, and2004 when they become available. This

study hypothesized that the border closure would exacerbate the non-competitive

behavior. Data during that timeframe would permit a comparison between the pre- and

post BSE f,rrm and industry behaviors.

Finally, since it was postulated that the beef-packing industry is characterized by

scale economies, further research may involve measuring the extent of scale economies

and possible impact on market power and producer welfare.
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Appendix 1:

Mathematical explanation of expressing the cattle input's marginal factor cost in terms of
supply elasticity and Conjectural elasticify.

Step 1: Start with the First order condition.

ôW:
W' +----!- X;

Step 2: Remove W¡'yielding:
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step 3: Multiply * (*O)
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Step 4: Multiply or l{ì'\x)

Step 5: Interpreting terms gives:

w;lr-.!"e]

W; . ôw; x õx x¡
I J ' 

-a--
ôX Wi õX. X

]J\-------# \-J

:'

85



Appendix 2 - Procedure for finding Concentration Ratios.

Determine Total Market value
Using the ASM data, total manufacturing outputs (line 2054 of the survey) from all firms
identified as beef packers were summed to find the market value.

Find Market Share
Divide each individual firm's output by market value.

Find Concentrations
The Herfindahl is the sum ofthe squared market shares.
The CR-4 is the sum of the 4 largest firms' market share.
The CR-8 is the sum of the 8 largest firms' market share.
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Appendix 3 - List of SCG Codes used in the Annual Survey of Manufacturers

lnputs
102 Live bovine animals

102.1

0102.10.1

0102.10.11

0102.10.12

0102.10.9

0102.10.91

0102.10.92

102.9

0102.90.1

01 02.90.1 1

0102.90.12

0102.90.20

0102.90.3

0102.90.31

0102.90.32

0102.90.4

0102.90.41

0102.90.42

0102.90.5

0102.90.51

0102.90.52

0102.90.6

0'102.90.61

0102.90.62

0102.90.63

0102.90.64

0102.90.7

0102.90.71

0102.90.72

0102.90.9

M

I

E

E

I

E

E

M

I

E

E

E

Pure-bred breeding a

Dairy

Male

Female

Other

Male

Female

Other

Dairy cattle

Outputs
201 Meat of bovine

animals, fresh
or chilled

Weighing less than 90 kg

Weighing 90 kg or more
Bison

Other, weighing less than 90 kg

Male

Female

Other, weighing 90 kg or more
but less than 200 kg

Male

201.1

0201.10.10 s
0201j0.20 tES

0201.10.90 tES

201.2

0201.20j0 E

0201.20.20 ts
0201.20.30 I

0201.20.9 ES

0201.20.91 I

0201.20.92 I

0201.20.93 I

0201.20.99 r

201.3

0201.30.'10 E

0201.30.20 rs

E

E

E Female

Carcasses and
half-carcasses
Beef

Veal

Other

Other cuts with
bone in
Bison

Veal

Processed
(excluding veal)
Other

R¡b

Hip

Loin

Other

Boneless
Bison

Veal

Processed
(excluding veal)
Forequarter
(excluding veal)
Hindquarter
(excluding veal)

Other (further detail
available. lncluding
brisket, Chuckrib,
etc.)

Meat of bovine
animals, frozen

Other, weighing 200 kg or more
but less than 320 kg

Male

E Female

Other, weighing 320 kg or more,
for immediate slaughter

Steers

Bulls

Cows

Heifers

Other, weighing 320 kg or more,
for breeding
Male

E

E

E

E

0201.30.30 I

0201.30.40 I

0201.30.50 I

0201.30.9 ES

242 M

E Female

I Other

202.1 S

0202.10.20 tE

0202.10.90 tE

202.2 E

0202.20.20 ts
0202.20.30 I

0202.20.9 S

202.3 E

0202.30.20 ts

Carcasses and
half-carcasses

Veal

Other

Other cuts with
bone in
Veal

Processed
(excluding veal)
Other (further detail
available. lncluding
brisket, Chuckrib,
etc.)
Boneless
Veal

87



0102.90.91

0102.90.92

E Male

E Female

0202.30.30

0202.30.40

0202.30.50

0202.30.9

I

I

I

S

Processed
(excluding veal)
Forequarter
(excluding veal)
Hindquarter
(excluding veal)
Other (further detail
available. lncluding
brisket, chuck, rib,
etc.)
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Appendix 4 Canadian Beef-Packing Concentration
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0.05737826
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0.070184597

0.070100309

0.08'1518578

0.083922138

0.099953875

0.1 5381 21 96

0.141339295

1 998

--o-cR-4 -w-CR-8

70

1 999

35.54o/o

36.620/o

39.64%
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56.49%
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