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This thesis reviews the contemporary work in the area of 

the role of conjectural variations on the equilibrium 

price and quantity, in models of the oligopolistic indus-

try. Industry is shown to be capable of producing from 

the competitive output, to the monopolistic, depending on 

the conjectural variations of the industry members. Fur-

thermore, it is shown that the results are independent of 

the number of firms within the industry, as opposed to the 

classic Cournot model of the oligopoly. Additionally, the 

notion of consistency of conjectures is reviewed, that is 

when firms' conjectures regarding their rivals are correct. 

The imposed requirement of consistency of conjectures is 

shown to result in a unique price-quantity solution. This 

latter unique solution is further investigated, by incorpora-

ting simple transport costs into the oligopoly model. 
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CHAPTER I 

OBJECTIVE AND SCOPE 

Introduction 

This paper reviews the contemporary work in the 

area of conjectural variations associated with oligopolistic 

and duopolistic models of the firm. It begins with a review 

of the Cournot model and why the assumption of zero conjec

tural variation is naive. Chapter II then follows with a 

review of contemporary work that has attempted to address 

the shortcomings in the Cournot model. The contemporary 

models shun the Cournot assumption of zero conjectural va

riation, and the fact that industry price and quantity is 

simply a function of the number of firms within the indus

try, as is the case with the classic Cournot model. This 

recent work illustrates that the collective conjectured 

beliefs of these firms can directly impact industry total 

output and price, and that it need not depend simply on the 

number of firms. The entire range from monopoly to perfect 

competition is shown to be possible, based on the collective 

beliefs of the firms within the industry. The results are 

offered as an alternative to the classic Cournot model. 

1 
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Additionally, contemporary work associated with the 

notion of consistent conjectural variations is reviewed, to 

include how the requirement that conjectures be consistent 

at equilibrium, results in a unique price-quantity solution 

given the assumptions about the demand and cost functions. 

It is suggested that the imposed restriction solves the 

problem of too many possible solutions, by determining a 

single price-quantity solution. Chapter II then concludes 

with a summary of the work covered, including the economic 

implications. 

Chapter III provides a critical review of the work 

covered in the previous chapter, to include suggestions for 

additional work in the area of conjectural variations asso

ciated with models of the oligopoly. 

Background 

The equilibrium price and quantity in oligopoly theory 

is dependent upon the economic and behavioral assumptions 

that are employed. For example, predicted price can vary 

from marginal cost to positive mark-up from marginal cost, 

depending upon these assumptions. The quasi-competitive 

solution predicts an equilibrium price equivalent to margi

nal cost (MC). Cournot solution (for duopoly) predicts 

positive pricing (greater than MC), and the collusion solu

tion, the highest. The latter solution is also the most 
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profi~able of the two former. The problem is not one of too 

few solutions, but of deciding which solution is the most 

likely outcome. Historically, the structure of the industry 

has been used to predict whether marginal cost pricing, or 

positive cost pricing would likely result. 

One of the interesting points of the Cournot model, is 

that it yields the monopoly solution when there is just one 

firm, and the competitive one as the number of firms in

crease indefinitely (assuming average production costs are 

non-decreasing). Thus this model provides a direct link 

between the number of firms in the industry and the industry 

performance, performance being the closeness of the market 

equilibrium to the one that would prevail with perfect 

competition. 

The problem with the Cournot oligopoly model is that 

the link is based on the assumption that each firm regards 

the output of its rival as fixed, when making decisions 

about its own profit maximizing output level (Cournot as

sumes firms choose output levels instead of prices). Cour

not firms behave as if their rivals will not alter their 

output in response to changes in its own. The firm's belief 

about its rivals' change in output, in response to changes 

in its own, was named the conjectural variation (c.v.). The 

Cournot assumption is that the c.v. is zero. Cournot sugges

ted that firms would take output levels of their rivals as 
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given and establish their own profit maximizing output level 

accordingly, based on the firms reaction function. 

For example given the case of a two firm industry 

(duopoly) with the outputs of the two being perfect substi-

tutes, price is given by: 

(1.1) P = (q + q ) = P(Q) 
1 2 

Where in Equation (1.1) price is shown to be a function of 

total industry output. In addition, it is assumed that the 

firms' cost functions are given by: 

( 1. 2) c = C(q ) and c = C(q ) 
1 1 2 2 

The profit function for firm-1 is given by: 

( 1. 3) dii 
1 

= P(Q)q 
1 

C(q ) 
1 

The expression for maximizing profit with respect to the 

individual firm's output is determined by totally differen-

tiating Equation (1.3). 

d I I = p ( Q) ( dq ) + q ( p I ( Q) ( dq 
1 1 1 

+ dq ) 1 
2 

C I ( q )dq 
1 1 

Solving the above equation in terms of dq yields: 
1 



( 1. 4) dii/dq 
1 

5 

= P(Q) + q P' (0)[1 + dq /dq ) 
1 2 1 

C' (q ) = 0 
1 

Equation (1.4) above is the firm's first order condition for 

a profit maximization. It expresses the firm's profit 

maximizing output level, given the firm's cost function, 

demand curve P(Q), and the other firm's output q . The 
2 

reaction function is determined by solving Equation (1.4) 

for q in terms of q . This function dictates how the firm 
2 

will respond (in a profit maximizing way) given their compe-

titors output level. Equilibrium is achieved when neither 

firm is induced to alter their output level. 

The term dq /dq in Equation (1.4) is the firm's conje-
2 3.. 

ctural variation or the expected reaction by firm two, given 

firm one's change in output. Cournot argued that the c.v. 

was zero, because firm two's output level was expected to be 

constant. Cournot's assumption however has been criticized 

for logical inconsistencies. For example, if a rival's 

output was expected to be fixed (i.e. invariant with respect 

to changes in its own output) the only way to reach an 

equilibrium, if displaced from that initial equilibrium, is 

through a series of adjustments on the part of both firms. 

Therefore, each firm must expect that changes in its own 

output will induce changes on the part of the other firm. 

This alone is clearly in violation or disagreement with the 

Cournot assumption. 
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A second area of disagreement involves the firms' reac

tion functions. Firm-1, being aware of their own profit 

maximizing function, would (or should ) expect its rivals to 

also have their own reaction function. Futhermore, this 

awareness of the rival's reaction function may further induct 

the firm to speculate or conjecture about the slope of the 

function. This is again clearly in disagreement with the 

Cournot assumption. For these aforementioned reasons the 

zero conjectural variation assumption is argued to be naive. 

A third major criticism of the Cournot model is the 

result of contemporary work, summarized by Kamien and 

Schwartz (1983), which showed that an industry with a fixed 

number of firms, produced quantities which ranged from the 

competitive output, to the monopolistic, depending on the 

conjectural variations of the firms within that particular 

industry. Cournot's model which predicts market structure 

solely on the basis of total number of firms, appears to be 

more of a special case, considering the aformentioned experi

mental findings. It seems reasonable to conclude that a more 

comprehensive model would include a conjectural variation 

term to account for the impact of firms' beliefs on the 

equilibrium price and quantity. 

A fourth criticism of the Cournot model results from 

experimental work of the Japanese glass industry, and of the 

U.S. coffee industry, both summarized by Karnien and Schwartz 
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(1983), which indicates that the conjectural variations in 

these industries are not zero. That is, firms in these 

industries recognize that changes in their output level will 

induce their rivals to alter their levels as well. Irrespec

tive of whether this change is in the same or opposite direc

tion, the point is that one firm's change in output has an 

impact on the rest of the firms within the industry. 

Other criticisms of the widely used Counot model in

clude the fact that this solution does not result in maximi

zation of total industry profits. For example through col

lusion the firms within any particular industry could in

crease total industry profits by jointly controlling total 

output to a level lower than predicted by Cournot, thereby 

increasing industy price. Obviously one would expect ratio

nal thinking firms to be aware of the potential for additio

nal profits, and exploit them accordingly. On that basis 

one would expect firms to collude where governmental and/or 

other deterrents were not present, as opposed to the Cournot 

solution. 

The next chapter will review the contemporary work that 

has attempted to address these inconsistencies in the Cour

not model. 



CHAPTER II 

REVIEW OF THE LITERATURE 

Recent work in the area of oligopoly price-quantity 

equilibrium models, has attempted to relax the zero conjec

tural variation assumption for the reasons mentioned in 

Chapter I. Contemporary work by Kamien and Schwartz (1983) 

has resulted in the development of price-quantity models that 

include a non-zero conjectural variation term. The attempt 

of their work is to consider the impact of the beliefs of the 

industry firms, on the equilibrium price and quantity of the 

output produced by the industry, rather than just the raw 

number of firms as suggested by Cournot. 

Other work by Bresnahan (1981) and Shafter (1984) has 

attempted to narrow the number of possible solutions by 

requiring that the conjectures be consistent, that is, by 

assuming that firms not only conjecture about the rival's 

reaction, but are perfectly correct in their guess. Bresna

han argues that the additional constraint results in a unique 

price-quantity solution, given the assumptions about demand 

and cost. Furthermore, by requiring that conjectures be 

consistent, Bresnahan suggests that the problem of too many 

oligopoly concepts is solved by determining a single equili 

8 
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brium price and quantity. For example the two classic theo

ries of the oligopoly, Bertrand and Cournot, cannot both be 

correct under the same assumtions of demand and cost. The 

imposed restriction that conjectures be consistent results i1 

a solution that is consonant with Bertrand or with Cournot, 

or with a solution that lies between these two, depending on 

assumptions of demand and cost. This latter point can be 

clarified by remembering that the Cournot assumption is that 

the conjectural variation is zero. The Bertrand model on the 

other hand assumes that the conjectural variation is -1. 

That is, firms will react to changes in their rivals output 

by altering their own output by the same amount, but in the 

opposite direction. Bresnahan's model, with the requirement 

of consistency of conjectures, results in a unique price 

quantity equilibrium with conjectures that are consonant with 

the -1 of Bertrand, the zero assumption of Cournot, or with 

conjectures that lie between these two values, depending on 

the demand and cost assumptions. 

Kamien and Schwartz (1983) also investigate the notion of 

consistency of conjectures, however in a more general case in 

terms of the number of firms. Their analysis concentrates on 

establishing the family of demand functions that correspond 

to a consistent conjectures equilibrium, given the assum

ptions about the functional form of the conjectural varia

tion. Again the objective of their work in the area of 
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consistent conjectures, is to narrow the number of possible 

solutions by imposing the restriction that conjectures be 

consistent at equilibrium. This portion of their work fol 

lows logically from the first part and therefore makes for a 

more complete analysis of conjectural variations than Bres

nahan's work does. As a final note, Although both Kamien and 

Schwarz as well as Bresnahan's work address both diffe

rentiated products and perfect substitutes, only the latter 

case will be discussed in this paper. 

The next section will begin with a review of Kamien and 

Schwartz's work regarding the qualitative role of conjectu

ral variations, on industry equilibrium price and quantity. 

Secondly, the focus will be on the role of consistency of 

conjectures and the consistent conjectures equilibrium 

(CCE), and finally, with a summary of the economic implica

tions of the results. 

Conjectural Variations 

Kamien and Schwartz (1983) 

The work of Kamien and Schwartz looks at the impact of 

firms' beliefs, concerning their rivals output level, on the 

industry equilibrium price and quantity. They develop a 

model that shows that the collective beliefs of the firms, 

within a homogeneous market, contains information about 
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market structure (the number of firms) and the firms conduct 

(the extent to which they coordinate) for determining indus-

try output. This collective belief is contained in a term 
~ 

called the harmonic sum of the firms conjectural variations. 

Their work begins with the standard functional relatio-

nship for the inverse demand curve, that is: 

( 2 . 1 ) p = P(Q) where Q = q t q t ... t q 
1 2 n 

Where Q equals total industry output and, in the case of 

perfect substitutes, is the sum of the ouput of the n firms 

in the industry. The imposed restrictions on the demand 

curve are that it be twice differentiable, downward sloping 

and have a downward sloping marginal revenue curve. The 

first restriction simply implies that the demand function is 

non-linear. It is additionally assumed that marginal costs 

are constant and equal for all firms within the industry. 

The marginal cost assumption merely helps to s .implify the 

model. The profit function of firm-i is simply total reve-

nue minus total cost, and is given by: 

1 
The harmonic sum is defined as 1/n of the harmonic mean. 

Any standard math reference book explains the harmonic mean. 
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( 2. 2) dii(q ) = P(Q)q - cq 
i i 

Where q = output of the ith firm 
i 

i 

Differentiating (2.2) with respect to q establishes the 

firm's profit maximizing output level given the demand and 

cost constraints and yields: 

( 2. 3) dii/dq = P'(Q)q dQ/dq + P(Q) - c = 0 
i i i 

Equation (2.3) is the firm's first order condition for a 

profit max with the assumption that marginal cost is con-

stant. The term dQ/dq is the ith's firm belief regarding 

how it expects total industry output to change relative to 

changes in its own level of output. Note that with the 

assumption of perfect competition, this latter term is zero, 

as the firm doesn't consider that its change in output will 

impact total industry output and therefore, price. The 

first order condition in this case would then require the 

firm to equate price with marginal cost. Remembering Equa-

tion (2.1), dQ/dq can be expressed as: 
"-

( 2 . 4 ) w = dQ/dq = 1 + L: ( dq /dq ) 
i i j i 

Where w represents the ith firm's belief of the rate of 
"-
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change of industry output in response to changes in its own 

output level. The term dq /dq represents the conjectured 

change in firms j's output by firm-i, in response to i's 

change in output. It is expected that the firms will change 

their output levels no more than i, in response to i's 

change. It is also assumed that w > 0, i.e. an increase in 

firm i's output will result in an expected rise in industry 

ouput. In the situation where the n-1 firms match the 

output increase of firm-i then Equation (2.4) simplifies to: 

w = n 
i 

This special case essentially means that the total change in 

industry output where all n-1 firms match firm-1 would be 

"n" times firm-1's change. 

It should be noted here that w represents only the ith 

firm's belief of industry change in response to changes in 

its own output level. Each of the other n-1 firms within 

the industry would equally have their own conjectures. In 

order to simplify having to deal with the conjectures of 

each of the firms, the term W is defined : 

( 2 . 5 ) W = 1/ L (1/w ) 
i 

The right side of Equation (2.5) is defined as the harmonic 
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sum (as opposed to the arithmetic sum) of the individual 

firm's conjecture regarding the expected change in industry 

output in response to changes in its own output level. This 

term allows one to consider the beliefs of all the firms, 

on industry total output and price. The range of W is 

determined by remembering that: 

(2.6) 0 < w <= n 
i 

Where n = number of firms in the industry. 

The range of W is determined from Equation (2.6) by summing 

the middle and right hand portions, inverting, and 

substituting Equation (2.9). This results in: 

( 2. 7 ) 0 < w <= 1 

W will always be less than the value of 1 except when the 

conjectures on the part of each firm are identical. In this 

latter case, the value of W will equal 1. The other polar 

case occurs when any one of the firms believes that changing 

its output will have no impact on total industry output, in 

which case W tends to zero. 

Returning now to Equation (2.3) and substituting in 

Equation (2.4) yields: 
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(2.8) dii/dq = P(Q) + q P'(Q)w - c = 0 
i i i 

Equation (2 . 8) will hold for all firms, for example: 

P(Q) + q w P'(Q) = c for firm-1 
1 1 

P(Q) + q w P'(Q) = c for firm-2 
2 2 

Equating the two equations above yields: 

( 2.9) q w = q w = q w 
1 1 2 2 n n 

From Equation (2.9) it follows that: 

q = W q /W 
i 1 1 i 

Summing both sides of the equation above, and substituting 

Equation (2.1) and Equation (2.5) yields: 

(2.10) q /Q = W/w for all i 
i i 

The term on the left side of the equality is the market 

share of firm-1. This is shown to be directly related to W 

and inversely related to w . 

What this equation tells us is that the market share of 

any of the firms depends on the harmonic sum of the beliefs 
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of all the firms and, in addition, the individual firm's 

belief. The smaller the impact the individual firm believes 

it will effect, the greater its market share. For example 

the samller the value of w the larger the ratio and the 

greater the market share. The smaller w is associated with 

the individual firm believing that firms will not react (or 

react minimally) to changes in its own output. From an 

economic standpoint the results make sense, since if any 

individual firm did not feel its increase in output would 

affect total industry output and price, then it obviously 

believes it is in a perfectly competitive environment. The-

refore, by definition, it would charge a price equal to 

marginal cost. Clearly with a lower price, the firm would 

enjoy a greater market share. In the long run however one 

could argue that other firms would follow suit and therefore 

total industry output would rise, and prices fall. The long 

run adjustment may in fact impact the market share of the 

non-believing firm. Figure 2.1 illustrates the general 

relationship of market share versus w given the beliefs of 

the remainder of the n-1 firms. 

From Equation (2.10) it follows that w q = WQ therefore 

Equation (2.8) can be written as: 

(2.11) QWP'(Q) + P(Q) - c = 0 



q /0 
i 
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w 
i 

Figure 2.1 Relationship Of Firm's Market Share Versus 
Conjecture 

A few interesting points regarding Equation (2.11). The 

results suggest that industry output is a function of W. If 

W=1 (in Equation (2.11) above), this is the monopoly solution, 

as Equation (2.11) reduces to: 

QP'(Q) + P(Q) = c 

The right hand side of the equation above is the marginal 

cost, and the left side the marginal revenue. In the case 

where W = 0, Equation (2.11) reduces to: 

P(Q) = c 

This is the competitive solution. W approaches 0 when any 

of the w 's approach 0. As was suggested earlier, the 

latter would occur when any one firm did not believe that 

changing its output level would effect a response from its 

rivals. Figure 2.2 illustrates the level of industry output 
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versus the harmonic sum of the conjectural variations (W). 

Q 

Harmonic Sum (W) 

Figure 2.2 Industry Output Versus Industry Harmonic Sum 

The results to this point, it is argued, will hold 

whether W is constant or varies with output of the industry 

members. To show the latter case we first return to Equa

tion (2.11). 

( 2 .11) QWP'(Q) + P(Q) - c = 0 

Differentiating implicitly with respect to W: 

(2.12) Q[W(P"(Q)dQ/dW) + P' (Q) l + WP' (Q)dQ/dW + P' (Q)dQ/dW 

Expanding and rearranging yields: 

(2.13) QWP"(Q)dQ/dW + QP' (Q) + WP' (Q)dQ/dW + P' (Q)dQ/dW 
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Simplifying Equation (2.13) yields: 

( 2.14) dQ/dW = -QP' (Q)/QWP"(Q) + (1 + W)P' (Q) 

To determine the sign of dQ/dW in Equation (2.14), it is 

assumed that the marginal revenue curve and demand curve are 

downward sloping. Substituting the above back into Equation 

(2.14) shows that dQ/dW < 0. 

The economic implications of the results are as fol

lows. As W increases (up to a maximum value of 1), industry 

output declines, prices increase and profits are higher. As 

pointed out earlier, the W = 1 case is consistent with the 

monopoly solution. Conversely as W decreases, as a result 

of the perception of firms being less responsive to one's 

own actions, output rises and prices and profits are less. 

The interesting point of the above analysis is that 

unlike Cournot's model, the resultant market performance 

depends on the firms' beliefs and not directly on the number 

of firms within the particular industry. It is therefore 

conceivable that solutions from perfect competition to solu

tions where price exceeds marginal cost can exist irrespec

tive of the number of industry members. Considering the 

recent experimental evidence which suggests that the above 

scenario can occur, the approach is an improvement from 

Cournot. 
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Consistent Conjectural Variations 

The previous section developed a price quantity model 

that included a harmonic sum term of the firms conjectural 

variations. This term was shown to be useful in explaining 

the firms market share, industry output and performance . 

The oligopoly was shown to be capable of producing the 

monopoly output, the competitive output or any intermediate 

output, depending on conjectural variations. The more res-

pensive industry is thought to be to any firm's action, and 

the more similiar the beliefs about the other's response, 

the smaller the industry output and the higher the price and 

profits. 

This next section looks for cases where conjectures are 

consistent, that is, firms are correct in their beliefs 

regarding their rivals reaction. Put another way the firms 

are correct in their conjectures regarding their rivals 

reaction function slope. This is the essence of consistency 
2 

of conjectures. The basic rationale of this approach is to 

limit the number of possible solutions by requiring conjec-

tures to be correct. This constraint combined with certain 

assumptions regarding demand and cost, provides for what is 

called a consistent conjectural equilibrium (CCE). This 

2 
Differences exist in conceptual detail of what is 

precisely meant by consistent conjectures. See Kamien (1983). 
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unique equilibrium results in a single price and quantity, 

and is argued by Bresnahan, to solve the problem of too many 

oligopoly solutions. For example, in the case of a two firm 

industry, if products are perfect substitutes and we make no 

further assumptions regarding how these firms will behave, 

there is no way of knowing which solution will be achieved. 

But if the restriction of consistency of conjectures is 

imposed, then depending on the slope of the demand and cost 

function function, a unique solution will be achieved. A 

second although purely technical argument for the CCE is 

that it provides for a more rational and logical reason for 

why equilibrium is ultimately achieved. For example, the 

CCE results because the firms are producing their profit 

maximizing levels of output and have perfect knowledge of 

their rival's reaction function slope. Equilibrium is the

refore achieved for the correct reason, unlike the Cournot 

model. 

First a review of the Cournot model will follow to 

include an illustration of why it does not result in a 

consistent conjectures equilibrium, when demand is linear 

amd marginal costs constant. Later, cases will be investi

gated for the existence of a consistent conjectural equilib

rium. 
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Bresnahan (1981) 

Bresnahan's work is a rather straight forward approach 

to limit the number of possible solutions associated with 

the duopoly, based on what is called a consistency of conje

ctures constraint. This constraint, which is suggested to 

follow a rational expectations approach, ensures that firms 

are correct regarding the functions to which they are reac

ting. Bresnahan defines consistency of conjectures as 

the equating of the slope of one firm's reaction function, 

to the conjectural variation of the other firm. In other 

words, the rate conjectured by one firm (their conjectural 

variation) is exactly equal to the actual response on the 

part of the other firm. The firm is perfectly correct in 

their guess regarding how they expect their rival to res

pond. It is important to note that this view of consistent 

conjectures, is in fact only one view. The notion of consi

stent conjectures carries with it different philisophical 

meanings depending on the author. Daniel (1983) in a comment 

to Bresnahan's work, defined consistent conjectures as a 

simple simultaneous equating of the two reaction functions 

(in the case of a duopoly). Other studies have had similar 

conceptual differences but the main point is that the Cournot 

solution is inconsistent, and the contemporary work has atte

mpted to formulate a more logical approach as to why equilib

rium is achieved. Rather than dwelling on the conceptual 
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differences this section will concentrate on Bresnahan's 

work, as it is one of the more current. 

Bresnahan's work begins with basic assumptions and nota-

tion. It then leads into the mathematical definition of 

consistency of conjectures, and then examples of when the 

consistent conjectures equilibrium will occur. 

Industry price, when products are perfect substitutes, 

is defined by recalling Equation (1.1): 

( 1 . 1 ) p = P(q 
1 

+ q ) 
2 

= P(Q) 

Equation (1.1) merely depicts price as being a function of 

total industry output (Q). Additionally, the firms' cost 

functions were given by Equation (1.2). 

( 1 . 2 ) C = C(q ) and C = C(q ) 
1 1 2 2 

Equation (1.2) shows the firms' cost as being a function of 

its output (q). The conjectural variation term was derived 

earlier and is given by Equation (2.15). 

( 2.15) dq /dq = r (q ) 
j i ij i 

Equation (2.15) is read firm-i's conjecture about firm-j. 

Bresnahan points out the impact of the conjectures on indus-
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try price by differentiating Equation (1.1). 

( 2.16) dP/dq 
1 

= P'(Q)(1 + r ) 
12 

Note that if r = 0, then firm-1 follows Cournot since 
~2 

the firm expects no response from his rival. If r = -1, 

then the firm follows Bertrand model (i.e. price is a con-

stant in Bertrand model). In the case where r = 1, then 

the firm is a colluder, since the rival firm will follow the 

magnitude and direction of its rival's change in output. 

In the first example, it will be shown that the Cournot 

model is not a CCE, when demand is linear, and marginal 

costs constant. The approach is quite simple in that all 

that is needed to do is to derive the slope of the reaction 

function, and compare to the Cournot assumption of zero 

conjectural variation. If the Cournot model is consistent 

under the given assumptions of demand and cost, then the two 

should be equal. Recall Equation (1.4), the first order 

condition for a profit max. 

( 1. 4) dii/dq 
1 

= P(Q) + q P'(Q)(1 + dq /dq ) 
1 2 1 

c' (q ) = 0 
1 

Recall that for the Cournot model, the conjectural variation 

term (dq /dq ) is equal to zero. Therefore Equation (1.4) 
2 ~ 

may be simplified as follows: 



q P'(Q) + P(Q)- c'(q) = 0 
1 
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Implicitly differentiating the equation above, remembering 

that marginal costs (MC) are assumed to be constant, gives tl 

slope of the reaction function. 

dq /dq P' (Q) + q (P"(Q) (dq /dq + 1)1 + P'(Q)(dq /dq + 1) = 
1 2 1 1 2 1 2 

Simplifying yields: 

dq /dq ( P'(Q) + q P 11 (Q) + P'(Q)) + q P 11 (Q) + P'(Q) = 0 
1 2 1 1 

Solving for dq /dq yields: 
1 2 

(2.17) dq /dq = - ( q p II ( Q) + pI ( Q) ) I ( 2P I ( Q) + q p II ( Q) 1 
1 2 1 1 

The assumption of linear demand simplifies Equation (2.17) to: 

( 2. 18) dq /dq =- P'(Q)/2P'(Q) = -1/2 
1 2 

The same results would be achieved for firm-2, for example, 

if one were to derive the slope of the reaction function for 

firm-2, the slope would again be -1/2. What the results 

tell us at this point is that firm-1 will react to changes 

in their rival's output by altering their own by one half the 
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magnitude, and in the opposite direction. 

If the Cournot conjectures are to be consistent, then 

the slope of the reaction function established in Equation 

(2.18) must be exactly equal to its rival's conjecture. Sine 

its rival's conjecture is zero based on the Cournot assum-

ption, the conjectures are not consistent as is well known. 

The results above bring out a weakness in the Cournot 

model. Each firm assumes that the other firm's quantity is 

fixed, and yet each firm has a reaction function which 

establishes how the firm will react in a profit maximizing 

way, to changes in their rival's output level. The firm's 

optimal behavior differs from their assumptions about one 

another's behavior. Because of the non-consistent nature of 

the Cournot model under the given assumptions about demand 

and cost, Bresnahan argues that the Cournot solution is not a 

possible or logical outcome. 
3 

The next example shows that the Bertrand model is 

consistent when MC is a constant. This is shown to hold 

true for any demand function. The analysis again assumes 

linear conjectures (i.e. the conjectural variations are 

constant). Again recalling Equation (1.4), the first order 

condition for a profit max: 

3 
In the Bertrand model, the firm takes prices as given 

as opposed to quantities. 
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(1.4) dii/dq = P(Q) + q P'(Q)(1 + dq /dq) 
1 1 2 1 

Substituting r = dq /dq yields: 
2 1 

(2.19) P'(Q)(1 + r)q 
1 

+ P(Q) - C' (q ) = 0 
1 

c' (q ) = 0 
1 

The slope of the reaction function is determined by implici-

ty differentiating Equation (2.19) again noting that dr = 0 

(i.e. constant conjectural variations). 

dq /dq (P' (1 + r) + P' + q(1 + r)P") + q (1 + r)P" + P' = 0 
1 2 1 

Solving for dq /dq yields: 
1 2 

( 2. 20) dq /dq = -[q (1 + r)P" + P')/[P'(2 + r) + q (1 + 
1 2 1 1 

r)P"J 

Note that if r = -1 in Equation (2.20), which is the Bertrand 

model, the actual slope of the reaction function (dq /dq ) 
~ 2 

is also -1, a consistent conjectural equilibrium (CCE). 

The results from Equation (2.20) show that given the 

assumptions of constant marginal cost, goods being perfect 

substitutes, and constant conjectural variations, a CCE is 

achieved for the Bertrand model since the conjectured respo-

nse by one firm is equal to the slope of the rival's reac-
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tion function. Note that the same results would hold for 

firm-2, since the equilibrium is symmetric. 

The economic implications of the results, as suggested 

Bresnahan, are quite straight forward. Because the Bertrand 

model results in price being equal to MC, if one firm ' s 

strategy was to charge MC and meet all demand, the rival 

firm's only possible response would be to reduce output by 

an equal amount. For example, no other option or action 

that attempts to reduce industry output can work, since the 

rival firm will meet all demand. Secondly, because products 

are perfect substitutes and marginal cost~ constant, one 

would expect that competitive pricing would result, which is 

consistent with the Bertrand model. The other possible case 

however that Bresnahan does not address and that would seem 

to be a strong possibility is the case of collusion. 

In the next example, Bresnahan relaxes the constant 

marginal cost assumption and shows that as the slope of the 

marginal cost function moves from horizontal (constant) to 

vertical, the CCE moves from Bertrand to Cournot. Letting 

the total cost function being given by 

( 2. 21) c(q ) 
i 

= c + c q 
0 1 i 

2 

+ c q /2 
2 i 

and where c , c , c are all greater than zero. 
0 1 2 

Furthermore it is assumed that P(Q) is linear with slope = d. 
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The firm's first order condition is given by Equation (1.4 ) . 

(1.4) P(Q) + P'(Q)(1 + r)q 
1 

c' (q ) = 0 
1 

The slope of the reaction function is determined by implici-

tly differentiating Equation (1.4) with respect to dq . 
2 

P'(Q)(dq /dq + 1) + P'(Q)(l + r)dq /dq - c"(q )dq /dq 
1 2 1 2 1 1 2 

Noting that c" ( q ) = c , and that P"(Q) = 0 the ditteren-
1 2 

tiated expression reduces to: 

dq /dq { p 1 
( Q) + p 1 

( Q) ( 1 + r) - C ) = -p 1 
( Q) 

1 2 2 

Solving for dq /dq yields: 
1 2 

dq /dq = -P' (Q)/[P' (Q) (1 + (1 + r)) - c ] 
1 2 2 

Substituting P' (Q) = d (by assumption): 

(2.22) dq /dq = -d I d[(2 + r) - c 1 
1 2 2 

The results of Equation (2.22) can be seem by investigating 

two polar cases. If c = 0 (i.e. constant marginal costs), 
2 

then Equation (2.22) reduces to: 
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-1/(2 + r) 

This is the Bertrand solution discussed earlier. For exam-

ple if r = -1 then the slope of the reaction function is also 

-1 (i.e. dq /dq = -1). The second polar case occurs when 

c approaches infinity, a case of a vertical MC. Equation 
2 

(2.22) then reduces to: 

(2.23) dq /dq = -1 I [(2 + r) - ~ = 0 
1 2 

This is the Cournot solution and a CCE as the slope of the 

reaction function given by Equation (2.23) is equal to the 

conjectured slope (i.e. zero for the Cournot model). Thus 

the Cournot model provides for a consistent conjectural 

equilibrium when marginal cost is vertical, demand linear, 

products being perfect substitutes and conjectural variation 

constant. The slopes at the CCE for the general case are 

determined by equating the slope of the reaction function 

(dq /dq ) to the conjectural variation term r and remembe-
2 

ring that r = r = r in symmetric equilibrium (i.e. will 

hold for both firms at equilibrium). 

r = r = r = -d/[(2 + r)d- c J 
12 21 2 

Rearranging: 
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2 

dr + 2dr - rc + d = 0 

The above expression is in quadratic form. Therefore, sol-

ving for r yields: 

(2.24) r = (-1 + c (1 + (1- 4d/c )) )/2d 
2 2 

The negative root provides the only economically meaningful 

solution, as the positive root results in negative quanti-

ties. As can be seen from Equation (2.24), the consistent 

conjectural equilibrium will depend on the marginal cost and 

demand curve assumed, and lie between the Cournot (r = 0) 

and the Bertrand (r = -1) solutions. 

Kamien and Schwartz (1983) 

Thus far the cases that have been investigated for a 

consistent conjectural equilibrium have been limited to 

linear demand functions and linear conjectures (constant 

conjectural variations). Additionally the cases have been 

limited to two firm industries (duopolies). This section 

reviews the work of Kamien and Schwartz on the topic of 

consistent conjectural variations for more general demand 

and conjectures functions. Where ever possible, similari-

ties in their work to Bresnahan's will be pointed out. 

As was shown earlier, for linear demand functions with 
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constant marginal cost, products being perfect substitutes, 

and conjectural variations constant, a CCE does exist for 

the Bertand model. Kamien and Schwartz also show this to be 

true with a straight forward example. Recalling Equation 

(2.21) 

(2.21) dq /dq 
1 2 

q (1 + r)P"(Q)J 
1 

= -[q (1 + r)P"(Q) + P'(Q)]/[P'(Q)(2 + r) + 
1 

Assuming linear demand (i.e. P" = 0), Equation (2.21) reduces 

to: 

dq /dq = -P'(Q)/P'(Q)(2 + r) 
1 2 

Simplifying yields: 

(2.25) dq /dq = -1/(2 + k) 
1 2 

Where in keeping with the Kamien and Schwartz's notation, k 

= r = dq /dq , the firms conjectural variation of their 
2 :1.. 

rival. Equation (2.25) suggests that the profit maximizing 

firm will adjust output by one-half, and in the opposite 

direction, to changes in their rivals output level. Note 

from Equation (2.25) that if k = -1, then the slope of the 

reaction function is also -1 and the conjectures are consis-
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tent. This is the Bertrand case of perfect competition as 

previously discussed. 

Consistent conjectural variations in an oligopoly are 

more complicated than the simple two firm case that was just 

discussed. The requirement for consistency is again that 

the actual profit maximizing adjustment by one firm, be the 

rate conjectured by the other. However in the case of "n" 

firms, the conjectural variation is not simply the slope of 

the reaction function of, for example, firm-1 holding all 

others constant. In other words, in responding to a change 

in firm-n's output, firm-i should take into account not only 

the change in firm n, but the other n-2 firms and their 

profit maximizing adjustments. The rate of change of each 

firm's output in response to a change in n's output is 

profit maximizing for each, given the exogenous change in 

n's output. A common consistent consistent rate of 

output change of any firm is denoted by k. In keeping with 

the notation of the first section, w is defined as follows: 

(2.26) w = 1 + (n-1)k 

Equation (2.26) states that the expected industry rate of 

change is equal to one's change, plus the common rate "k" of 

the other n-1 rival firms. This common rate "k" obviously 

greatly simplifies the analysis, as unique conjectures for 
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each of the n-1 firms would prove too difficult to handle. 

However the common rate also means that all the firms are 

assumed to be identical in terms of their beliefs. There

fore, technically the results that will be derived are for 

the special case when conjectures are "common". The analy

sis would not hold if this assumption is relaxed. 

Substituting Equation (2.26) into Equation (2.6), and 

solving for "k" yields: 

( 2. 27) -1/(n-1) < k <= 1 

Rather than the simple assumption we previously had regar

ding constant conjectural variations, it will now be assumed 

that the conjectural variation is dependant upon output (Q). 

Kamien and Schwartz derive a general expression for a consi

stent conjectural equilibrium for any demand curve and con

jectures function assumed. It is shown that if the conjec

tural variations are to be consistent in symmetric equilib

rium (consistent for all firms), then the industry demand 

function must have the slope as defined by Equation (2.28). 

(2.28) P(Q) = -(a/(l+(n-l)k))e 
-S[n(~+k)/(~+(n-~)k)Q]dq 

where a > 0. 

Equation (2.28) shows he slope of the demand function for 
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any conjectural variation (k(Q)) that may be specified [1]. 

Stated another way, for a given k(Q), if the demand function 

has the slopes as specified in Equation (33), then the 

expectations of firm i, regarding the other n-1 firms profit 

maximizing output, will be fulfilled in symmetric equilib-

rium. In other words, if the conjectural variation 

function is defined by k(Q), and the demand function has the 

slope specified by Equation (2.28) then a consistent conjec-

tures equilibrium will be achieved. Additionally, firms 

will have maximized profits given their equilibrium quanti-

ties produced. 

What differs in Kamien and Schwartz's approach, as 

compared to what was reviewed in the previous section, is 

that Kamien and Schwartz establish the general family of 

demand functions that result in a CCE. Recall that in the 

last section, only specific examples were investigated. 

The derivation of Equation (2.28) begins by recalling 

Equation (1.4), the firms first order condition for a profit 

max. 

(1.4) P(Q) + q (P'(Q)( 1 + (n-1)k)- C' = 0 
1 

Note that Equation (1.4) has Equation (2.26) substituted into 

it. Totally differentiating (1.4) with respect to dq , and 
n 

recalling the results from Equation (2.4) yields: 
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(2.29) (1 + (n-1)k)(P'k' + P' + q ((1 + (n-l)k)P" + P'(n-
i 

1)k')) = 0 

Letting q = Q/n (assumption of identical firms) and rearra
i 

nging Equation (2.29) yields: 

(2.30) P"/P' + (1 + k + k'(n-l)Q/n) I (1 + (n-1)k) Q/n) = 0 

Equation (2.30) is a differential equation in the form 

d(ln(P' )) . Separating variables yields: 

(2.31) d(ln(P' )) + n(l+k)dQ/(l+(n-l)k)Q + d(ln(l+(n-l)k) = 0 

Integrating, taking the inverse natural log and rearranging 

yields Equation (2.28). 

Because of the complex nature of Equation (2.28), the 

case of n = 2 (duopoly) will be investigated. Substituting 

n = 2 into Equation (2.28) yields: 

p ' ( Q) = - (a/ ( 1 + ( 2-1) k) ) e 
-~(2(1~k)/1~(2-1)k)Q]dQ 

Integrating and simplifying yields: 

2 

(2.32) P'(Q) =- a/(1 + k)Q 
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Equation (2.32) gives the slope of the demand function for < 

consistent conjectural equilibrium, based on the functional 

form of the conjectual variation. If the conjectures are 

constant and n = 2, then Equation (2.28) simplifies to: 

2 

(2.33) P'(Q) = -a/Q 

Separating variables and integrating (2.33) yields: 

(2.34) P = b + a/Q 

The case is made by Kamien and Schwartz that for a duopoly 

facing a demand function given by Equation (2.34) that any 

conjectual variation less than one can be consistent in 

equilibrium. This can be shown by substituting (2.34) back 

into the firms first order condition (Equation (1.4)) and 

solving for the reaction function in terms of either q or 

q . This result is shown below. 
2 

2 

P'(Q) = -B/Q 

Substituting into Equation (1.4) yields: 

2 

q (1 + k)(-B/0 ) + B/Q- C = 0 
i 

~ 
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Noting that Q = q + q and substituting yields: 
1 2 

2 

C/B(q + q ) (q + q ) + q (1 + k) = 0 
1 2 1 2 1 

Rearranging the above expression yields: 

(C/B)q 
1 

2 

+ q ((2C/B)q 
1 2 

+ k) + (C/B)q 
2 

2 

- q 
2 

= 0 

Noting that the above expression is a quadratic, taking the 

positive root yields: 

2 2 J../2 

(2.35) q = -((Bk + 2cq) + (B k + 4BC(1 + k)q ) )/2C 
1 2 2 

Firm-2's reaction function is similar. Note that the reac-

tion function is in terms of the marginal cost (the C term) 

and the conjectural variation term k. Differentiating Equa-

tion (2.35) will solve for the slope of the reaction functior 

From that point a consistent conjectures equilibrium can be 

determined by equating the slope of the reaction function to 

the conjectural variation k. The latter is again the defi-

nition of consistent conjectural variations. 

Differentiating Equation (2.35) yields: 

2 2 J../2 

(2.36) dq /dq = B(1 + k)/(B k + 4BC(1 + k)q ) -1 
1 2 2 
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substituting in k for the dq /dq term, and solving the 
1 2 

resulting quadratic expression yields: 

( 2. 37) (-2Cq 
2 

+/- (2Cq 
2 

- B))/B 

Note that both roots result in meaningful solutions. If the 

positive root is taken, then expression reduces to: 

(2.38) k = -BIB = -1 

The solution in Equation (2.38) is consistent for any 

demand function specified, and is consonant with the per-

feet competition solution. The latter can be shown by 

substituting k = -1 solution back into the first order 

condition. This results in: 

P(Q) = C 

Note that this same result was shown in Bresnahan's model of 

duopolies with consistent conjectures. That is, a consis-

tent conjectures equilibrium can occur for any demand fun-

ction, with k = -1. The negative root in Equation (2.37) 

results in: 

( 2. 39) k = 1 - (4Cq /B) 
2 
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Thus a consistent conjectures equilibrium can occur, for th• 

duopoly facing the demand curve specified by Equation (2.34 

when conjectures are constant. Note that the consistent 

conjectual variation can occur over a range of q . The same 
2 

results would occur for firm-2 and be in terms of q in 

Equation (2.39). 

A few cases can be investigated from Equation (2.39). 

Note that the firm's (and industry's) output declines with t 

positive values of the conjectural variation. With k = -1, 

the perfect competion solution is the consistent conjectures 

equilibrium, and output is higher as one would expect. In 

the case where k = +1/2, the firm's (and industry's} output 

lower, prices and profits higher. Firms are acting in a 

semi-collusion fashion, as they each react in the same 

direction as their competitor (as opposed to opposite direc-

tion in the PC case). 

Figures 2.3 through 2.6 show the plots of the reaction 

functions from Equation (2.35), for the case of B = 1 and c 

= 1/2 and various values of the conjectural variation term 

k. Note that as the value of the consistent conjectures 

term k becomes more positive, that is, as industry behaves 

less competitively, the equilibrium quantity produced by 

the firms and industry declines. This equilibrium quantity 

coincides with a consistent conjectures equilibrium. conje-

ctural variation (k). 
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Reaction Functions For Duopo2y Wich k = - 3 / 4 
s ource: Kamien and Schwartz (1983) 

In the case of k = -3/4, the reaction functions are downward 

sloping, as shown above. Industry total output at the CCE i s 

less than the perfect competition solution but greater than 

Cournot . The CCE coincides with the intersection of the two 

functions. 

Figure 2.4 

q 
1 

q 
2 

Reaction Functions For Duopoly With k = -1/4 
Source: Kamien and Schwartz (1983) 

In the case of k = -1/4, the CCE occurs at a smaller output 

level than in the case of k = -3/4. Industry is behaving 

less competitive and as a result, equilibrium price and 

profits are higher. 
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Reaction Functions For Duopoly With k = 0 
Source: Kamien and Schwartz (1983) 

The case of k = 0 (shown above) is the Cournot assumption . 

Industry output is again progressively less than the previous 

examples. Note that the CCE occurs at the curve peaks. 

Figure 2.6 

q 
1 

q 
2 

Reaction Functions For Duopoly With k = 1/2 
Source: Kamien and Schwartz (1983) 

In this last case, industry outprit is less than in the pre-

vious examples, as the assumption of k = 1/2 implies that 

firms behave semi-collusively. 

Summary of Economic Implications 

When dealing with mathematical models, it is quite easy 
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to loose site of where one is trying to go with it all. The 

mathematics is not an end in itself, only a means to the 

economics that hopefully will come out of the mathematical 

results. Therefore, it seems appropriate and worthwhile at 

this point, to summarize the economics that was or should 

have been made apparent in this chapter. 

In the first part of Chapter II the work of Kamien and 

Schwartz was reviewed. In the first part of their work, a 

model was developed that showed that the collective beliefs 

of the industry members, that is, the conjectual variations 

of the firms within an industry, could be summarized in a 

term called the harmonic sum. This latter term reflected 

the beliefs of all the firms, regarding how each expected 

the remaining n-1 firms to respond to changes in its own 

output level. This harmonic sum term was integrated into 

the firm's first order condition for a profit max, and shown 

to be useful in explaining why marginal cost or positive 

cost pricing can result, irrespective of the number of firms 

within the particular industry. Additionally, the model was 

shown to be useful in explaining the market share of each 

firm based on this same conjectured belief. Why is this 

model an improvement over Cournot? Recall that although the 

Cournot model predicts positive pricing that decreases as 

the number of firms within the industry increase, the conte

mporary evidence suggests that this need not necessarily be 
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so. For example, evidence suggests that for a given number 

of firms within a particular industry, the whole range, fron 

perfect competition, to positive cost pricing has been obse

rved and seemingly dependent upon the conjectural variations 

of the firms. If one accepts the evidence as being true in 

the general sense, then the Cournot model, although seemingl _ 

flexible, must be incorrect or possibly just a special case. 

Secondly this chapter reviewed the contemporary work 

associated with the notion of consistency of conjectures. 

Bresnahan (1981) was first reviewed and it was shown for the 

duopoly, that by imposing the requirement that conjectures be 

consistent at equilibrium, then a unique price quantity solu

tion would be achieved. The problem of choosing between the 

Cournot versus Bertand was solved, by directly solving for 

the slope of the reaction function that coincided with a 

consistent conjectures equilibrium. Under the assumption of 

constant marginal cost, it was shown that the resultant slope 

at the consistent conjectures equilibrium coincided with Ber

trand for any demand function, when products are perfect 

substitutes and conjectural variations constant. The Ber-

trand solution, which results in marginal cost pricing, was 

argued to be the only logical outcome in this case. For 

example, when products are perfect substitutes and marginal 

costs constant, it makes ecomonic sense that firms would 

expect to be in a competitive environment. However, the 
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other possible case that also makes sense from an economic 

standpoint that Bresnahan does not address is the collusion 

solution. Considering that firms could increase total indus

try profits by colluding (if barriers to entry exist), one 

might expect that this latter solution is the only rational 

one for the case of the two firm industry. 

Cournot was shown to result in a consistent conjectures 

equilibrium under the same assumptions about demand and con

jectural variations, however the marginal cost in this case 

had to be vertical. Bresnahan argued that in this case, it 

would make economic sense that firms would in fact take 

their rival's output as given and maximize their profits 

accordingly. With marginal costs infinite, Bresnahan ar

gues, it wouldn't make sense for firms to consider anything 

other than their own level of output. The critical 

assumption however in these results was that conjectures 

were assumed to be constant. 

Finally Kamien and Schwartz's work associated with 

consistent conjectures was reviewed, and was shown to be a 

more general case of Bresnahan's work. For example their 

work dealt with the multi-firm oligopoly as opposed to the 

duopoly, and non-constant conjectures. Their work establi

shed the family of demand curves that correspond to a consi

stent conjectures equilibrium, when marginal costs are con

stant, products perfect substitutes, and conjectures that 



46 

were functionally dependant upon industry output. The one 

major simplfying assumption in their work however, was that 

firms were assumed to be identical allowing for a "common" 

consistent rate of output change, given the change in output 

by any one of the other firms. In other words, a change in 

output by any one firm, was expected to be met with a commom 

rate of change by the other n-1 firms within the industry. 

This "common rate" assumption greatly simplified the mathe

matics not withstanding the impact it may have had on the 

economic results. Their results, which were consistent with 

the first part of their work, showed that the more algebrai

cly positive the values of their conjectures, the smaller 

the total industry output, and the higher the corresponding 

industry price at the consistent conjectural equilibrium. 

The results make sense since if firms expect their rivals to 

respond to changes in their output level in the same direc

tion (i.e. an increase by one firm is followed by an in

crease by all the other firms), then firms are acting in a 

collusive manner. Therefore, total output would in fact be 

less and prices higher than if firms acted as though they 

were in a competitive environment. 



CHAPTER III 

CRITICAL REVIEW OF NON-ZERO CONJECTURAL VARIATION ASSUMPTION 
IN MODELS OF THE OLIGOPOLY 

Classic Models of the Oligopoly 

The organization of petroleum exporting countries (OPEC) 

cartel has most certainly brought to everyone's mind the 

role that the oligopoly can, and does play in world econo-

mics. Clearly this organization has been an example of how 

a relatively small number of countries (firms) can seemingly 

collude, and control total output and price of petroleum 

products. Interestingly however, the petroleum industry 

today shows signs of being a quasi-competitive industry. 

Economic models that can predict such performance are ob-

viously of great importance to the economist, government, 

and industry. 

Prediction of the aforementioned behavior however, is 

not so easy. Unlike the perfect competition and the monopo-

ly industries, the industries characterized by a relatively 

few number of firms are considered to be the most perplexing 

by economists, in terms of the development of predictive 

economic models. This problem is compounded by the fact 

47 
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that many industries in the economy are characterized by 

having only a few members. The obvious question at this 

point is why is the oligopoly industry, from a predictive 

standpoint, so perplexing? The answer to this question lies 

in the fact that because the oligopoly industry is, by 

definition, characterized by relatively few members, the 

participants must recognize their interdependance. This 

interdependance means that each firm's price/output action 

is likely to evoke a response from its rivals. The problem 

results from understanding or knowing the precice way in 

which the rivals will react. Firms will typically conjec

ture regarding how they expect their rivals to respond to 

changes in their own level of output, however different 

conjectures result in different oligopolistic soluti~ns. 

Depending on the specific assumptions that are made, diffe

rent models and solutions result. The outcome therefore is 

directly related to the behaviour assumption that is em

ployed in the oligopoly model. 

The economics does not tell one which assumptions are 

correct, therefore the models that are developed will ulti

mately be judged on the basis of their predictability. None 

of the current models of the oligopoly seem to be without 

criticism when judged on the basis of experimental evidence. 

The French economist Cournot, at the turn of the centu

ry, formulated a relatively simple model that explained how 
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a relatively few number of firms would behave regarding 

individual and industry output and price. His model sugges 

ted that industry performance was simply a function of the 

number of firms within the industry. The greater the numbe 

of firms, the more an industry approaches a competitive 

environment. Conversely, the fewer the firms, the higher 

the industry price, and the smaller the level of total 

industry output, as firms tend to control these latter two 

variables. Simply stated, the fewer the number of firms 

within a given industry, the higher the price, the lower the 

total output, and the higher the industry total profits. 

In the limiting case where there were only two firms 

within a particular industry (duopoly) Cournot further sug

gested that firms would not consider the output of their 

rivals when making decisions regarding their own output 

level. This zero conjectural variation assumption, which is 

the cornerstone of the Cournot model for the duopoly, has 

been used .to explain the price-quantity solution of the two 

firm industry. The resulting price is higher than that 

resulting from the quasi-competitive solution, and yet less 

than the collusion solution. His overall model of the 

oligopoly is truely simple and flexible in that it provides 

a price-quantity solution for the duopoly and, as the number 

of firms within an industry increase, can result in the 

quasi-competitive solution. This latter solution is based 
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on the assumption that the products provided by the firms 

are perfect substitutes, and that their cost functions are 

identical. This model has been the cornerstone of economic 

theory associated with the oligopoly. Unfortunately, for 

the reasons mentioned in Chapter I, the assumptions inherent 

in the Cournot model have been the subject of criticism. 

Other models of the oligopoly, such as the quasi

competitive, collusion, and Stackelberg, also depend upon 

the actions and reactions of the firms rivals. The 

competitive model requires that the firms equate price to 

marginal cost. This solution, which results in the lowest 

industry price, also results in the highest total industry 

output. Firms behave as though they are in perfectly compe

titive environment regardless whether there are more than a 

few firms within the industry, or merely two. 

The collusion solution, which results from firms recog

nizing their mututal interdependence, results in the highest 

industry profits. The solution is similar to the multi

plant monopolist in that total output is under a single 

control. The drawback with this solution, besides possible 

governmental intervention, results from the firms having to 

decide how the final profits will ultimately be distributed 

among the members. The advantage however, is that total 

industry profits are maximized. 

The other major classic model of the oligopoly is the 
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stackleberg model. What is required in order for equilib

rium to be achieved is for one firm to accept the role as a 

leader and the other to succumb to role as a follower, or 

for both to reach a collusive agreement. If the firms do 

not succumb to respective roles, then a Stackelberg disequi

librium results. This disequilibrium may ultimately result 

in economic warefare, until one firm succumbs to the role of 

leader, and the other to follower. Stackelberg believed 

that this disequilibrium was the most likely outcome. 

These latter three models however (perfect competition, 

collusion, Stackelberg), all require the firms to behave in 

a certain fashion. It is this behavior that determines the 

economic solution. Additionally, one could argue that the 

perfect competition and collusion solutions, are merely 

polar cases (minimum and maximum pricing respectively) of an 

infinite number of possible solutions, in terms of industry 

total output and the corresponding industry price. The 

Cournot model for the duopoly also requires behavioral assu

mptions on the part of the firms. Firms take the output of 

their rival as given when establishing their own profit 

maximizing output level, and clearly this is a behavioral 

assumption. As mentioned earlier, in some cases the Cournot 

model can result in the competitive solution, as the number 

of firms within the industry increase indefinitely. The 

Cournot model is therefore more flexible in this respect, 
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and probably explains at least partially why this model is 

still so widely used today. This latter point is still in 

spite of the fact that contemporary evidence suggests that 

predicting market structure solely on the basis of the 

number of firms, may not necessarily or always be correct. 

Contemporary work in models of the oligopoly, has attt 

mpted to better explain market performance with variables 

other than the raw number of firms, and price-quantity 

equilibrium by shunning precisely the assumption that is tr 

cornerstone of the Cournot model, that being the zero conje 

ctural variation assumption. Although the notion of a non-

zero conjectural variation is in fact another behavioral 

assumption, it is argued by contemporary authors that it is 

in fact a more reasonable assumption. What this important 

assumption means is that firms are assumed to consider thei 

rivals' response when making decisions regarding their own 

output level. Additionally the notion that market structurE 

is simply a function of the number of firms within the 

industry is also shunned. These two points are in direct 

contrast to the classic Cournot model. 

Ultimately what the contemporary work attempts to do is 

to provide for a more representitive model of the oligopoly, 

based on the contemporary experimental evidence. 
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Contemporary Models of the Oligopoly 

What factors then do explain the performance of an 

industry .if not just the raw number of firms, as suggested 

by the Cournot model, and in the case of the duopoly, if the 

zero conjectural variation assumption is naive, how does one 

determine which economic solution is the most likely? For 

example, if the zero conjectural variation term is found 

objectionable, then what assumption does one make regarding 

how firms will respond to changes in their rivals' output. 

Differing assumptions regarding conjectures, will result in 

differing equilibrium solutions, as was shown in Chapter II. 

Is the conjectural variation a function of the number of 

firms within the industry? Would a model that takes the 

latter into account better describe market performance? 

Contemporary evidence suggests that the answer is no. 

What recent evidence does in fact suggest, is that in cer

tain industries with a given number of firms, the entire 

range from perfect competition to the monopoly seems to 

exist, and based on the conjectural variations of these 

firms. In other words what seems to not matter when 

attempting to predict the market performance of a given 

industry is the number of firms. What does seem to have an 

impact are the beliefs of these firms regarding how each 

expects his rival to respond, to changes in its own output 

level, the firms conjectural variation. Additionally, this 
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belief does not seem to be related to the number of firms 

within the industry per se. If one accepts this as being 

true as a general case, then a more complete and accurate 

model of the oligopoly would in fact take these conjectural 

variations into account. 

Contemporary work by Kamien and Schwartz has attempted 

to address these widely recognized naive assumptions inhe

rent in the Cournot model, and the general inability to 

predict which solution will result. Other work by Bresnahan 

has attempted to also address these shortcomings in the 

Cournot model of the duopoly, by imposing certain require 

ments regarding the firms' beliefs thereby resulting in a 

unique price-quantity solution. A critical review of this 

work follows. 

Critical Review Qi Kamien and Schwartz-Conjectural Variation 

The derivation of the Kamien and Schwartz's economic 

model of the oligopolistic industry, does in fact seem to be 

an improvement from the Cournot model. Their model takes 

into account perceptions that rivals may have about each 

other. These perceptions, more formally called conjectural 

variations, are suggested to have a direct impact on indus

try output and price irrespective of the number of firms 

within the particular industry. As was shown in Chapter II, 

similar beliefs on the part of the firms resulted in pricing 
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higher than marginal cost. Conversely, if beliefs were 

dissimilar, marginal cost pricing, consistent with the qua

si-competitive solution, resulted. In this particular model 

the entire range from monopoly to perfect competition was 

possible depending on these beliefs (conjectural variations) 

and was shown to be irrespective of the number of firms. On 

that basis this model seems to be more flexible and consis

tent with the recent evidence, than the classic Cournot 

model of the oligopoly. What is not clear however, is 

whether Kamien and Schwartz's model is suggested to be a 

short or long run concept, and/or whether barriers to entry 

are assumed to exist or not. 

One of the main assumption in their work that seems 

worthwhile to discuss is the fact that their analysis was 

based on the evidence that industry price and quantity was 

seemingly a function of the conjectual variations of the 

industy members and not simply the number of firms. 

However one may ponder what impact the size of the firm with 

respect to one another may have on the conjectural varia

tions, from a short run and long run perspective. 

In Kamien and Schwartz's work, they assumed that the 

outputs of the firms were in fact not the same, which would 

suggest that the firms were of different size. This made 

for a more general model than simply assuming that firms 

were identical in marginal cost and individual output. Ho-
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wever if we assume for example that if two of the ''n" firms 

within this industry controlled the vast majority of the 

industry total output, would the analysis still make sense? 

One of the major conclusions in their analysis was that for 

this hypothetical industry, where marginal costs of produc

tion were constant, and products perfect substitutes, that 

industry price and quantity was qualitatively shown to be a 

function of conjectural variations of the industry members 

and not on the raw number of firms per se. If we now 

make the assumption that two of these firms control most of 

the industry total output, then does it even matter what 

their conjectures are regarding their smaller rivals from a 

short run perspective? Obviously these two larger firms 

recognize that changing their output will have an impact on 

total industry output even in the short run, but because the 

remaining firms are small in relation, these small firms 

cannot significantly impact industry total output in the 

short run. According to Kamien and Schwartz's analysis, if 

any one of the firms didn't believe that changing its output 

would impact total industry output, then it was argued that 

the competitive solution would be achieved. If for example, 

one of these smaller firms did expand its output, further

more recognizing that its action would not significantly 

impact industry price and quantity, then would the competi

tive solution result as predicted by Kamien and Schwartz's 
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model? It would seem that in the short run this would be 

impossible simply because the smaller firms could not expan 

their's and industry's total output enough to impact indus

try price. Why not expect the larger firms, at least in th 

short run, to recognize their roles as industry leaders, ant 

ignore the reaction of the much smaller rivals? Certainly 

one would expect either one of the larger firms to consider 

a response from their larger rival regarding a change in 

their respective output. Therefore in this context Kamien 

and Schwartz's work seems consistent when viewed in the 

short run. What seems inconsistent is that these larger 

firms would be forced in the short run into marginal cost 

pricing, if any of these smaller firms did not believe that 

changing their output would impact industry total output, as 

predicted by Kamien and Schwartz's model. 

Another example that tests the flexibility of their 

model is simply a variation of the last one. Let us assume 

that in this case one firm is sufficiently larger than the 

remaining number of firms. Again, what is meant by suffi

ciently large is that this one firm accounts for the vast 

majority of industry total output. Does it even make sense 

that the large firm would consider its rivals' short run 

response? For example, obviously none of the smaller firms 

could significantly impact industry price and quantity alone 

in the short run. If they recognize this fact, then accor-
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ding to the subject model, the end result would again be th 

competitive environment. This result seems hard to believe 

Why would this one large firm necessarily be forced into 

marginal cost pricing? Why not expect the larger firm to 

play the dominant role, similar to the Stackleberg solution~ 

and have the other smaller firms react as followers? It 

seems reasonable to expect the larger firm, that has the 

ability to impact industry price and quantity to a signifi

cant extent, to necessarily play the dominant role. 

Another, and possibly stronger criticism of Kamien and 

Schwartz's work regarding the role of conjectural varia

tions, is that the resultant price-quantity equilibrium is 

not as critically dependant upon the conjectures of the 

firms within the industry, as it is on their longer run 

conjectures of the potential entrants into the market. For 

example, if industry price exceeds marginal cost, then firms 

would or should be concerned about how this may influence 

potential entrants into the industry. In other words, if 

barriers to entry are non-existent, then is the equilibrium 

price and quantity strictly and solely determined by the 

conjectures of the firms within the industry, or is it 

equally dependant upon conjectured responses from potential 

entrants? If one takes this a step further, then under the 

conditions of perfect substitutes, and non-barriers to en

try, then the competitive output would automatically result 
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in the long run, and therefore their model is naive. In 

other words, the natural tendency of any market, with pro

ducts being perfect substitutes, constant marginal costs, 

and barriers to entry non-existent, is competitive pricing. 

To suggest that conjectural variations control this outcome 

therefore is meaningless. If on the other hand one makes 

the assumption that barriers to entry do exist, so that all 

we have to concern ourselves with is the firms currently 

within the industry, then possibly their analysis makes more 

sense. For example, if firms are of different size, and 

barriers to entry exist, then over the long run even a small 

firm would eventually impact industry total output and the

refore price, if it continues to expand its output. On that 

basis, Kamien and Schwartz's model does seem to follow. 

At this point, it may be interesting to further ex

plore the long run solution in Kamien and Schwartz's model 

with the assumption of barriers to entry, and firms of 

identical size. One of the critical assumptions in Kamien 

and Schwartz's work is that the marginal cost of production 

is assumed to be constant for all firms. One of the prob

lems that one may have with this constant and equal marginal 

cost assumption, is that products were also assumed to be 

perfect substitutes. If we further assume that the firms 

are approximately the same size, and government regulations 

do not prevent formation of, then why not collude? From a 
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pure profit standpoint, this solution would be the optimum. 

one of the classic problems associated with the collusion 

solution is the distribution of industry profits. It is 

argued that distribution may require negotiation etc., whic 

in itself may be a detriment to the formation of a collusiv 

industry. However in this case because the firms are of th• 

same size (quantity produced by each firm is equal), and 

marginal costs are equal, firms are essentially a collectio1 

of identical entities. Distribution of profits therefore i~ 

not a problem, as each firm would yield exactly the same 

level. For example, if industry total profits were equal tc 

"P", then each of the "n" firms would get exactly P/n pro

fit. The problem of negotiating distribution of profits 

therefore is solved. This solution seems to make much more 

sense from an economic standpoint, and in this special case, 

seems to make Kamien and Schwartz's model naive. 

In summary, if one looks at the Kamien and Schwartz's 

model from a short run perspective, then a case is made 

where the size of the firms within the industry could possi

bly play a role in determining whether their model would 

necessarily hold. If the firms are of similar size, in 

terms of its contribution to industry total output, then 

possibly their analysis is qualitatively predictive of the 

equilibrium that one would expect to result. As soon as one 

or few firms control the majority of the market share, it 
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would seem reasonable to expect their conjectures about one 

another to control the end result. This conclusion is based 

on the assumption that the smaller firms are not capable of 

expanding their output to the levels that would be needed to 

grossly impact industry total output in the short run. 

The long run credibility of this model is open to question, 

when one considers from a theoretical standpoint that wit-

hout barriers to entry, products perfect substitutes, and 

marginal cost of production constant, that the natural ten-

dency would be for competitive pricing to result. There-

fore, a model that makes qualitative predictions of the 

price-quantity equilibrium level, based on the industry 

members conjectural variations seems naive for the case 

mentioned. 

With barriers to entry and firms of identical size, it 

would seem possible to expect firms in the long run to 

collude. 

Critical Review of Kamien and Schwartz-Consistent Conjectu
ral Variations 

The first part of Kamien and Schwartz's work resulted 

in development of a model that made qualitative predictions 

of the price-quantity solution, based on the conjectural 

variations of the industry members. This next section pro-

vides a critical review of contemporary work on the topic of 
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consistent conjectural variations, that is where the conjec

tured responses on the part of firms, as discussed in the 

last section, are perfectly correct. The notion of consis

tency of conjectures, it is argued, provides for quantita

tive predictions of the price-quantity equilibrium (as op

posed to qualitative). 

It is argued that the imposition of this latter requi

rement that is, that conjectures be consistent, results in a 

unique price-quantity solution. Equilibrium quantities from 

the competitive output to the collusive output can result, 

based on the conjectural variation. Another purely techni

cal argument for the equilibrium that is achieved, is that 

it corresponds to one where the firms are correct regarding 

their conjectures about their rivals. In other words, the 

firms are correct regarding their conjectures about the 

slope of their rivals reaction function. Again, although it 

is a purely technical argument, firms in this case are 

correct for the right reason, unlike the Cournot model. 

The notion of consistency of conjectures, is a fairly 

new approach of trying to solve the problem of so many 

possible solutions for the oligopoly. The traditional ap

proach to studying the oligopoly includes covering the solu

tions that range from the polar cases of perfect competition 

and collusion, to something in-between such as Cournot. 

Other models such as Stackelberg, are somewhat of a varia-
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tion from Cournot, in that some of the criticized assum

ptions in the Cournot model, are handled by a leadership

follower type of approach. In this latter case, one firm 

adopts a leadership role, and the other follows. In the 

case of the perfect competition solution, the firms within 

the industry follow the competitive rule by marginal cost 

pricing. The collusion solution requires that firms act in 

unison and equate marginal revenue of the industry, to 

marginal cost of the industry. Cournot, as was discussed 

throughout this paper, predicts positive pricing (price 

greater than marginal cost) that decreases as the number of 

firms within the industry increase indefinitely. In the 

special case of the duopoly (two firm industry) a solution, 

that results in positive pricing, is achieved based on the 

firms assumption about his rival's behavior. 

All of these solutions require a certain behavior on 

the part of the firms, in order for a solution to be ac

hieved. Different behavior results in a different solution. 

If firms obey the competitive rule, then the competitive 

solution along with marginal cost pricing results. If firms 

play by Cournot's rules, then the Cournot solution is ac

hieved (albeit one that has been criticized for its logical 

inconsistencies). The point of all this is that it is 

difficult to predict which solution will result without the 

behavioral assumption. The obvious question then becomes, 
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how can one predict which outcome will result? 

The notion of consistency of conjectures is an attempt 

to answer this question by imposing a requirement at equili

brium. Although what is specifically meant by consistency 

of conjectures may differ in conceptual detail, as was 

pointed out in Chapter II, what this requirement does do is 

to determine a single price-quantity solution, by requiring 

that firms be correct in their conjectures regarding the 

slope of their rivals reaction function slope. 

Kamien and Schwartz derive an expression for an indus

try with "n" firms, that establishes the family of demand 

functions through which a consistent conjectural equilibrium 

may occur, given the functional form of the conjectures. 

The demand functions that result in a consistent conjectural 

equilibrium, are determined by the form of the firm's conje 

cture. For example, if constant conjectures are assumed, 

then the demand curve, and its corresponding slope, will 

take on a particular form, in order to insure that a consis

tent conjectural equilibrium will result. For non-linear 

conjectures, for example conjectures that are functionally 

dependent on industry output, a different family of demand 

functions that coincide with a consistent conjectural equi

librium result. 

The major simplifying assumption inherent in their 

work, is that firms are assumed to be identical, and in 
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addition, are required to take on a common conjectured rate 

defined by "k". It is understandable why Kamien and 

Schwartz made this assumption when one considers all the 

possible conjectures that could result in the very general 

case. This assumption however is in fact a special case, 

where firms are assumed to be identical in their response. 

What this assumption does is allow one to determine the 

demand function that provides for consistent conjectural 

equilibrium, given the functional form of the common rate 

"k''· A unique price-quantity solution is achieved that is 

dependant upon the conjectured response of the n-1 firms . 

In the case of the duopoly (as shown in Chapter II) any 

conjectural variation less than one (collusion) can be con

sistent, assuming a unitary elastic demand curve. One may 

wonder at this point why this model is better than the 

classic approaches. What this model attempts to do is to 

establish a cause and effect regarding why certain solutions 

result for oligopolies. The cause, is the firm's belief 

regarding how it expects its rivals to respond to changes in 

its own output level. The effect, is the resulting oligopo

listic solution (i.e. marginal cost pricing, positive cost 

pricing). The consistency of conjectures requirement is an 

integral part of this solution, by forcing firms to be 

correct in the long run about their rivals' reactions. This 

correctness, is offered as the logical reason why equilib-
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rium is achieved, and why specific output and pricing re

sults. 

Kamien and Schwartz established the family of demand 

functions though which a consistent conjectural equilibrium 

may occur. They showed that for the competitive solution, 

and linear conjectures (constant conjectural variations) any 

demand function function could result in a consistent conje

ctural equilibrium, when products were perfect substitutes, 

and marginal costs constant. For conjectures that were a 

function of industry output, a far broader range of solu

tions could occur. 

Although in the mathematical sense Kamien and 

Schwartz's work does seem to offer an improvement over 

classic models, in that quantitative solutions are based on 

the firms beliefs concerning their rivals and not on an 

assumed behavior. In fact, it is an analysis based on very 

specific conditions. Firms for example had to be identical 

in terms of their beliefs and marginal cost of production. 

Although the latter is a reasonable assumption, the former 

is clearly very specific, and one may wonder whether the 

analysis is in fact for an oligopoly, or in fact merely the 

duopoly. In other words, because the other n-1 firms were 

assumed to react at a common rate, in reality they were 

dealing with only two firms, the initiating firm, and the 

responding firm. Although understandable why they used this 
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common consistent rate, it does not take into account the 

exact beliefs of each of the firms. On that basis it is no1 

an exact model of the oligopoly. 

Not withstanding this last argument concerning the 

reasonableness of the common rate assumption, another area 

of Kamien and Schwartz's work is open to question. Recall 

that by definition, consistency of conjectures requires 

firms to be correct regarding their rivals response. Ob

viously, as the number of firms within the industry in

creases, the amount of required ''correctness" also grows. 

Firms are required to be more and more intelligent and more 

importantly correct, in order for equilibrium to be ac

hieved. In a dynamic market, where barriers to entry or 

exit do not exist, one wonders whether such correctness may 

ever exist. In the simple case of a duopoly, where barriers 

to entry exist, it seems reasonable to think that a consis

tent conjectural equilibrium may occur in the long run. The 

two firms would have a stable environment to analyze their 

rival's response over time, without new entrants distorting 

the picture. On that basis it seems doubtful that a consis

tent conjectural equilibrium would ever occur in an industry 

with numerous participants, and whether such models, al

though mathematically correct, are economically meaningful. 

Finally, it seems naive to think that any conjecture 

other than -1 would have any meaning, given the assumed 
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conditions. For example, from a mathematical standpoint 

Kamien and Schwartz's model suggests that in the case of the 

duopoly, any conjecture less than one can be consistent in 

equilibrium. What this means is that solutions can range 

from that just less than collusion, to perfect competition 

and be consistent. The solution will be dependant upon the 

conjectural variation of the firm. What is difficult to 

believe is that under the assumption of constant marginal 

cost, and products perfect substitutes, any solution other 

than perfect competition (-1 conjectural variation) would 

result. Without barriers to entry, positive pricing would 

encourage other firms to enter the industry. This driving 

force, over the long run, would result in marginal cost 

pricing. Kamien and Schwartz have suggested that positive 

pricing could result, and be a consistent conjectural equi

librium, if firms had the appropriate conjectures, and the 

demand curve fit the form specified in Equation (33). Al

though their solution from a mathematical standpoint, re

sults in a consistent conjectural equilibrium, that is fun

ctionally dependant upon the conjectural variation, from an 

economic standpoint, the results don't seem to follow. Both 

Kamien and Schwartz, and Bresnahan showed that for linear 

conjectures (constant conjectural variations), only the 

competitive solution would result in a consistent conjectu

ral equilibrium. This means that with linear conjectures, 
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the expected solution is marginal cost pricing. It isn't 

clear why non-linear conjectures would necessarily change 

this latter outcome from competitive pricing to one without 

positive pricing, just because the mathematics suggest that 

the outcome is possible. 

Critical Review of Bresnahan-Consistent Conjectural Varia
tions 

The basic rationale behind the consistent conjectural 

variation assumption should be clear at this point, there-

fore an introduction to Bresnahan's work and the purpose 

and why this approach is maybe better, should be obvious 

from the last section. However, what does need to be discu-

ssed is the basic differences between his work, and Kamien 

and Schwartz's, so that it is clear where results are in 

agreement, or where they differ. 

Bresnahan criticizes Cournot for the many reasons men-

tioned in Chapter II, and as is the case with Kamien and 

Schwartz, tries to improve the classic model of the oligopo-

ly. Bresnahan however concentrates on the two firm industry 

(duopoly) and constant conjectural variations. Bresnahan 

attempts to show examples of when a consistent conjectural 

equilibrium may occur, given assumptions about the demand 

and cost functions. These equilibriums are shown to be 

consistent with the Cournot model under certain conditions, 
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and the Bertrand model under others. For example, Bresnahan 

suggests that the Cournot model is not achievable from the 

standpoint of a consistent conjectural equilibrium, under 

the conditions of constant marginal cost, linear demand, and 

products are perfect substitutes, for the duopolistic indus-

try. Bresnahan does however suggest that under these same 

conditions, the Bertrand model (marginal cost pricing) is a 

consistent conjectural equilibrium. Kamien and Schwartz 

reached this same conclusion, under the assumption of con

stant conjectural variations, as was shown in Chapter II. 

Under different assumptions about demand and cost, Bresnahan 

then illustrates just the opposite, namely that Cournot 

results in a consistent conjectural equilibrium, and Ber

trand does not. His basic premise is that by forcing conje 

ctures to be consistent, a unique price-quantity equilibrium 

results. 

Is Bresnahan's work an improvement from the classic 

approach? He does argue that the consistency of conjectures 

requirement determines a single price-quantity equilibrium, 

and a resultant economic model, therefore on that basis it 

does seem to be an improvement. He furthermore argues that 

in the classic case of constant marginal costs, with pro

ducts being perfect substitutes, the Bertrand model is the 

uniquely correct one, since it is the only model that re 

sults in a CCE. The economic logic of this conclusion 
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is that in this aforementioned case, (and assuming no bar-

riers to entry), competitive pricing must result since posi-

tive pricing will result in additional firms entering the 

industry. In the long run therefore, marginal cost pricing 

will result unlike the Cournot model. For these reasons, 

the Cournot solution, under these conditions, is not a 

logical outcome. In this context, Bresnahan's work seems 

to predict the logical price-quantity outcome, as was argued 

earlier. 

The Cournot model results in a CCE only when the firms 

marginal costs are vertical. In this case Bresnahan argues 

that firms have no sensible choice but to take the output of 

their rival as given. This seems to make sense from an 

economic standpoint, in that firms with a vertical marginal 

cost curve would be inclined to take their rival's output as 

given, and concentrate on maximizing their own profit level, 

given these conditions of marginal cost. Again, Bresnahan's 

analysis seems to make economic sense, even though the 

conditions under which the Cournot model is consistent, is 

clearly a special case. 

Areas of Further Development-Consistent Conjectural Varia
tions 

With the review of the contemporary work complete, it 

seems appropriate to discuss what additional work in the 
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area of conjectural variations is potentially worthwhile. 

For example, in Kamien and Schwartz's work, they assumed 

that marginal costs were constant and equal industry wide. 

It would be interesting to investigate the impact of firm

unique marginal costs of production, and how they impact th 

consistent conjectural equilibrium. Although from a mathe

matical standpoint, the constant marginal cost assumption i: 

a simplifying one, a more general model would take into 

account differing cost functions. Bresnanhan investigated 

the consistent conjectural equilibrium for the case of the 

duopoly, where marginal costs of the firms were both non

constant and unequal. This latter more generalized approach 

to cost of production could be investigated in Kamien and 

Schwartz's model, which was derived for the case of "n" 

firms, however marginal costs, as mentioned, were assumed to 

be equal and constant. 

Another area that was not covered in Kamien and 

Schwartz's work, is the potential impact of location of the 

firms on the results that were achieved in their model. For 

example, with the marginal cost assumption relaxed, one may 

further be interested in exploring the impact of the loca

tion of the firm relative to the market, and these asso

ciated transport costs, on the general form of the model. 

Why is this latter point important? It is naive to think 

that firms (or the consumers) would necessarily all be 
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located at the market. What this means is that either the 

marginal cost of production, including transport costs woulc 

be unique for each firm, or that consumers would face a 

price that would include not only the price charged 

by the firm, but the explicit cost of getting to the market 

purchase this good. 

Transport costs may be viewed in two different ways 

namely, the cost incurred by the firm in shipping their 

goods to the market and/or, the cost incurred by the product 

end user in getting to the market to purchase the product. 

If we assume that the end users are concentrated at the 

market, (i.e. they do not have to travel to get to the 

market), then this cost, if applicable, would be incurred by 

the firm. This higher marginal cost of production would 

result in a corresponding profit reduction, because price 

would have to remain unchanged. This latter point can be 

clarified by remembering that if the firm tried to pass this 

cost on to the comsumer by raising their price, then because 

products are perfect substitutes, and because we assumed 

that consumers were concentrated at the market, then the 

consumer would not be motivated to purchase any units at the 

higher price. 

Application of the notion of transport costs to Bresna

han's model of the duopoly with consistent conjectures, 

would be straight forward. For example, recall from Equa-
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tion (2.20) that the Bertrand model results in a consistent 

conjectural equilibrium. If it is assumed that transport 

costs for the firm are a linear function of quantity pro

duced by the firm (i.e. the total transport cost is the cos · 

per unit times the number of units) and incorporated into 

the firm's first order condition for a profit max, then thi: 

term will vanish Equation (2.20). One would conclude that 

transport costs, when linear, do not impact or affect the 

consistent conjectural equilibrium that is achieved for the 

two firm industry with marginal costs constant, and products 

perfect substitutes. What this means is that for the case 

of the duopoly, with the simple transport function that was 

assumed, transport costs incurred by the firm do not appear 

to impact the equilibrium quantity produced. The fact that 

transport costs do not matter, at least in this simplified 

example, we can further conclude that the location of the 

firm relative to the market does not matter either. Conclu

ding that transport costs do not matter is mearly another 

way of saying that the location of the firm, relative to the 

market, does not matter. It is the distance factor that 

results in the firm having to incur transportation costs 

associated with shipping the goods to the market. In the 

case where transport costs are assumed to be non-linear (the 

second derrivative does not vanish) this term enters in the 

duopoly consistent conjectural equilibrium, although inte-
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rpretation of the results is not clear. What this essentia

lly means is that if one assumes a non-linear transport cost 

model, the derrivative of the function enters into the model 

and has an apparent affect on the equilibrium quantity 

produced by the firm, and by industry. The ultimate affect 

is not clear, however the main point is that assumptions 

regarding transport costs appear to impact the consistent 

conjectures equilibrium. Differing assumptions about tran

sport costs result in differing quantities produced at the 

consistent conjectures equilibrium. Whether these cases 

would hold for Kamien and Schwartz's more general model of 

the oligopolistic industry, would be an additional area for 

further analysis. 

As was previously mentioned, the other way of looking 

at transport costs is that explicit cost incurred by the 

consumer in getting to the market to purchase the goods and 

services. Development of a model that analyzes the impact 

this cost on the demand side of the equation is somewhat 

more complicated than the supply side analysis that has been 

done and reviewed in this paper. However some possible 

effects seem to be rather intuitive and therefore warrant 

discussion. All the work that was reviewed in this paper 

had, as its major assumption, products that were perfect 

substitutes. On that basis the consumer would purchase that 

product that yielded the lowest cost. However cost, in this 
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case, would be the price demand by the firm, plus the expli

cit cost incurred by the consumer in getting to the market. 

Furthermore, if we make the assumption that the marginal 

costs of production by the firms are constant and equal, 

then clearly the consumer will purchase all his goods from 

the firm that indirectly minimizes the consumer's transpor-

tation cost. If all of the consumers are concentrated at 

the market, then in the short run the firm that minimized 

the consumer's total cost of purchasing the goods, would 

sell virtually all he could supply. In the long run howe-

ver, one would expect the firms to locate at the market, to 

eliminate their competitor's cost advantage, else they would 

ultimately exit the industry. In the case where marginal 

costs were not assumed to be equal (however constant), then 

the firm would clearly want to price his product to minimize 

the consumer's total cost of purchasing the goods. An 

individual would be willing to pay a higher price, if the 

sum of the price, plus the transport cost, was less than the 

alternatives. 

How these results would impact the consistent conjec

tual equilibrium is not clear, however exploring this avenue 

associated with the model of the oligopoly seems worthwhile. 
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